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Background. Chimeric antigen receptor (CAR) T cell therapy is a clinically approved cancer immunotherapy ap-
proach using genetically engineered T cells. The success of CAR T cells has been met with challenges regarding effica-
cy and safety. Although a broad spectrum of CAR T cell variants and applications is emerging, this review focuses on
CART cells for the treatment of cancer. In the first part, the general principles of adoptive cell transfer, the architecture
of the CAR molecule, and the effects of design on function are presented. The second part describes five conceptual
challenges that hinder the success of CAR T cells; immunosuppressive tumour microenvironment, T cell intrinsic proper-
ties, tumour targeting, manufacturing cellular product, and immune-related adverse events. Throughout the review,
selected current approaches to address these issues are presented.

Conclusions. Cancerimmunotherapy with CAR T cells represents a paradigm shift in the freatment of certain blood
cancers that do not respond to other available treatment options. Well-frodden paths taken by pioneers led to the
first clinical approval, and now the journey continues down lesser-known paths to treat a variety of cancers and other
serious diseases with CAR T cells.

Key words: chimeric antigen receptor; adoptive cell therapy; cancer; cellular immunotherapy; gene-engineered
immune cells

Introduction standing the concepts of cancer immunotherapy,
which aims to enhance the immune system’s re-
sponses to tumour cells.

In the landmark study in 19883 ex vivo expand-

It took a series of ground-breaking ideas and
clever experiments to establish the role of the im-

mune system in controlling cancer (reviewed in!).
Current understanding of cancer immunosurveil-
lence also considers the notion that the immune
system not only controls tumour formation and
growth, but also influences the immunogenicity
of the tumour and potential outgrowth. This hy-
pothesis is referred to as cancer immunoediting,
in which the three phases of elimination, equilib-
rium, and escape can be distinguished (reviewed
in?). These foundations are important for under-

Radiol Oncol 2022; 56(4): 409-419.

ed autologous tumour-infiltrating lymphocytes
(TILs) in combination with human interleukin-2
(thIL-2) were developed and demonstrated objec-
tive responses in patients with metastatic malig-
nant melanoma. In addition, this work provided
the unequivocal evidence of tumour-specific T cell
mediated immunity leading to cancer recognition
and elimination in humans.?> The next milestone
was the development of a T cell-based cancer im-
munotherapy using genetically engineered T cells,

doi: 10.2478/raon-2022-0049
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Infusion of the cellular product
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Collecting immune cells of interest by leukapheresis

TCR f

Manufacturing cellular product
TCR :F CAR 1. Activation _
2. Reprogramming
3. Expansion

FIGURE 1. The principle of adoptive cellular immunotherapy.

CAR = chimeric antigen receptor; TCR = T-cell receptor

made possible by a better understanding of basic T
cell biology and genetic engineering approaches.*
Currently, the two most widely used immune
receptors that confer tumour specificity and func-
tionality to genetically engineered T cells are a tu-
mour-reactive synthetic chimeric antigen receptor
(CAR) and an identified (e.g., from TILs) or further
engineered T-cell receptor (TCR). To date, CD19-
targeting CAR T cells emerged as the most suc-
cessful cellular immunotherapy approach. Clinical
trials in relapsed or refractory paediatric acute
lymphoblastic leukaemia (ALL)*” and high-grade
B-cell lymphoma in adults®® have demonstrated
that CAR T cell immunotherapy can produce ef-
fective, long-lasting, and overall unprecedented
clinical responses. CD19-targeting CAR T cells
received the U.S. Food and Drug Administration
and European Medicines Agency approval in 2017
and 2018, respectively. To date, genetically engi-
neered T cell immunotherapies have mediated un-
precedented clinical responses in hematologic ma-
lignancies®¢ but the efficacy of these therapies is
limited in solid tumours and also in certain blood
cancers due to several factors, some of which are
discussed in this review. In addition, adoptive cel-
lular immunotherapies can cause potentially life-
threatening complications such as cytokine release
syndrome (CRS) and neurological toxicities.!”*®
Nowadays, cellular immunotherapies include
exciting research and clinical successes with TILs
and T cells genetically modified with TCRs and
CARs. In addition, alternative immune cells are
being engineered with CARs"** and CAR T cells

Radiol Oncol 2022; 56(4): 409-419.

are now being used outside of cancer treatment.?'-?
This review article focuses on CAR T cells to treat
cancer. First, the concepts of adoptive cellular im-
munotherapy with CAR T cells are introduced.
Then, the architecture of the CAR molecule is de-
scribed and how design affects function. Current
challenges and limitations regarding efficacy and
safety are then presented, focusing on the immu-
nosuppressive tumour microenvironment (TME),
T cell intrinsic properties, tumour targeting, cel-
lular product manufacturing and immune-related
adverse events. Throughout, this paper presents
selected recent next-generation approaches to the
development of CAR T cells that have the potential
to overcome some of these challenges.

Principles of cellular
immunotherapy

Adoptive cell transfer

In its broadest sense, adoptive T cell transfer (ACT)
involves the isolation of T lymphocytes from blood
and their reinfusion into patients for the treatment
of disease. Advances in the understanding of ba-
sic mechanisms in T cell biology, including target
recognition, T cell activation, signal transduction,
role of soluble factors, and co-stimulation signals,
have led to a better understanding of T cell func-
tion, expansion, and persistence.?® This knowl-
edge has been critical for establishing optimized
protocols for ex vivo culturing conditions, activa-
tion, and expansion. To redirect the specificity of
T cells, genetic engineering approaches had to be
developed to introduce the genetic cassette en-
coding TCR or CAR into primary T cells.* These
significant advances enabled the development of
sophisticated T cell-based therapies such as CAR T
cells that transformed oncology.

Current clinical adoptive transfer of CAR T cells
involves three steps (Figure 1). (1) Collection of T
cells: The patient’s own T cells (in the autologous
ACT setting), which are the body’s primary com-
ponent for fighting infection and cancer, are first
isolated from the blood in a procedure called leu-
kapheresis. These cells express endogenous TCR.
(2) Ex vivo reprogramming and manufacturing of
the cellular product: Primary T cells are first ac-
tivated using activation beads and then a genetic
cassette encoding the CAR molecule is introduced
into the primary T cells by viral transduction,
which transforms donor T cells into CAR T cells.
Introduction of these molecules reprograms T



cells to specifically recognize, target and eliminate
cancer cells, while ex vivo expansion allows man-
ufacturing of sufficient numbers of CAR T cells.
(3) Infusion: Patients are treated with a prepara-
tory chemotherapy and then reinfused with the
modified T cells. After ex-vivo expansion, the re-
programmed cells are infused back to the patient
where they find and eliminate the disease.?”

Design of a CAR molecule

The Chimera is a creature of Greek mythology
that consists of parts of various animals. Based on
this analogy, CAR is a molecule that combines the
properties of a monoclonal antibody that enables
antigen recognition with the components of the
TCR that drive T cell signalling and activation.
CAR is a molecule composed of different domains,
each of which contributes to a specific functional-
ity, and together they effectively redirect T cells
to the target of interest and elicit T cell responses
(Figure 2).

Design of CAR molecule continues to evolve as
we gain more knowledge from basic immunology
and clinical trials. First-generation CARs consisted
of an extracellular antigen-binding domain, usu-
ally in the form of an antibody-derived single-
chain variable fragment (scFv) linked to intracel-
lular signalling domains, most often derived from
the components of the TCR complex, for example
the CD3 zeta chain (CD3().3*% This molecule was
capable of recognizing antigens independent of
HLA (human leukocyte antigens) presentation.
First-generation CARs provided proof of principle
but did not enable long-term T cell persistence and
effector responses due to their limited signalling
capacity.® This section describes CAR molecule
architecture and its individual domains.

Antigen recognition domain

The specificity of the CAR molecule is defined by
the antigen-targeting ectodomain. In most current
designs, this is scFv, which is a fusion between
variable heavy and variable light chains of an an-
tibody connected by a flexible linker. The affinity
of CAR has been shown to have important effects
on the functions of CAR T cells. In a clinical study,
enhanced CAR T cell expansion and prolonged
persistence were observed with a low affinity
CD19 CAR compared to CAR T cells with FMC63,
a scFv in clinically approved CD19 targeting CAR
T cells.®® Interestingly, in a different study, linker
length has also been shown to influence CAR

Smole A / Cancer immunotherapy with CAR T cells

Linker

scFv

FIGURE 2. Schematics of the basic CAR architecture.

CAR = chimeric antigen receptor; scFv = single-chain variable fragment

clustering, antigen-independent signalling and
function of CAR T cells.®* ScFv have now been de-
signed to target several cell surface molecules as-
sociated with cancer, most often proteins, but also
glycans such as the aberrant cancer-associated Tn
glycoform of MUCI, which is expressed in a varie-
ty of cancers.®® Although the mechanism by which
binding of CAR to its cognate antigen leads to T
cell activation shares key similarities, it also differs
substantially from the mechanism by which TCR
binding leads to T cell activation. While CARs gen-
erally exhibit higher affinity that can also be tuned,
the sensitivity is higher in TCRs.* Currently, CAR
T cells that target CD19 (tisagenlecleucel, axicabta-
gene ciloleucel, lisocabtagene maraleucel and
brexucabtagene autoleucel) and B-cell maturation
antigen (BCMA also known as TNFRSF17) (ide-
cabtagene vicleucel, ciltacabtagene autoleucel) are
being FDA-approved and marketed®3 while sev-
eral others are in clinical trials, including CD20,
CD22, CD33, CD5, and CD7 (reviewed in%®). Some
of widely explored targets in solid tumours include
alpha folate receptor (FOLR1), human epidermal
growth factor receptor 2 (HER2), carcinoembry-
onic antigen (CEA), ganglioside G2 (GD2), meso-
thelin, epidermal growth factor receptor variant
IIT (EGFRVIII), mucinl (MUC1), interleukin-13 re-
ceptor subunit alpha-2 (IL13Ra2), prostate specific
membrane antigen (PSMA), B7 homolog 3 (B7-H3),
epidermal growth factor receptor (EGFR), and fi-
broblast activation protein (FAP) (reviewed in®4).

Radiol Oncol 2022; 56(4): 409-419.
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Hinge and transmembrane domain

The scFv domain is connected via a hinge region
to the transmembrane (TM) domain. The TM do-
main is often derived from CD8 or CD28 molecules
and functions to anchor CAR in the membrane
and facilitate signal transduction. The choice or
engineering of TM domain may affect the inter-
actions between CAR molecules themselves*, or
with other endogenous molecules such as CD28.42
Innovative designs in hinge and TM domains may
provide opportunities to tune CAR signalling.

Co-stimulatory domain

In the clinically approved CARs, the membrane
proximal intracellular domain is the co-stimula-
tory domain. The need for costimulatory domain
arose when limited clinical efficacy of the first gen-
eration CAR T cells was observed.®* The authors
concluded that genetically engineered tumour-
reactive T cells are safe but do not persist and that
strategies to prolong T cell persistence are needed.
The first domain included in the CAR design was
the CD28 costimulatory domain, initially alone*
and then in combination with CD3(.*54¢ The CD28
domain provides robust response with an effec-
tor phenotype and high levels of secreted IL-2 and
tumour lysis activity.*” The other widely used co-
stimulatory domain introduced into CAR design is
CD137 (4-1BB). Compared to CD28, 4-1BB provides
improved persistence, shift towards central mem-
ory phenotype differentiation, a lower propensity
to exhaustion and reduced toxicity.!>¥48 A recent
comparison between the two marketed products,
axicabtagene ciloleucel and tisagenlecleucel ex-
amined the differences between CD28 and 41BB
in relapsed or refractory diffuse large B cell lym-
phoma and concluded that axicabtagene ciloleucel
provides higher efficacy and also a higher toxic-
ity.# Other co-stimulatory domains are also be-
ing studied including CD27%, ICOS®, and OX-40,
each of which has certain favourable properties.
Finally, third generation CARs comprise a combi-
nation of two costimulatory domains and some of
these have already been tested in clinical trials.>
However, excessive stimulation can lead to dys-
functional CAR T cells.>

The design of the second-generation CARs,
which includes additional co-stimulatory domains
that enhance the expansion, persistence, and effec-
tor functions of CAR T cells, has been key to the
success of clinical trials. A recent study revealed
that CAR T cells persisted for more than ten years

Radiol Oncol 2022; 56(4): 409-419.

after infusion, with sustained remission in a pa-
tient treated with CD19 targeting 4-1BB CAR T in
2010.%* Selection of the co-stimulatory domain in-
fluences important parameters of CAR T cell ther-
apy including effector function, response kinetics,
expansion, differentiation, metabolism and toxic-
ity.#” Innovative studies are attempting to address
the complexities and unknowns by characterizing
multiple intracellular signalling domains in a high
throughput manner to identify to the CAR designs
that have improved functions compared to clini-
cally used CAR T cells.®

Activation domain

The distal intracellular domain is CD3(, a signal
transduction component of the TCR complex that
has been repurposed to drive CAR signalling after
recognition of its cognate target. Immunoreceptor
tyrosine-based activation motifs (ITAMs) are key
motifs in the CD3C domain. When the TCR recog-
nises its target, ITAMs are phosphorylated through
a series of molecular interactions mediated by Lck
kinase (lymphocyte-specific protein tyrosine ki-
nase). This leads to the recruitment and activation
of ZAP-70 (Zeta-chain-associated protein kinase
70), which orchestrates a series of downstream
phosphorylation events that result in the complex
and highly regulated signal transduction required
for T cell activation and effector functions.®*® CAR
signalling resamples key features of TCR signal-
ling but also differs in important ways. Analogous
to the “two-step” T cell activation model, CD3C
provides signal 1 whereas the co-stimulatory do-
main provides signal 2. CAR signalling is active
area of research in basic T cell biology and has
direct importance for the therapeutic implementa-
tions. As an alternative to the CD3(, other domains
are investigated for CAR T cell therapy including
the CD3e.”” An example of rational tuning and cal-
ibration of CAR activation and signalling demon-
strated that combinatorial mutation of ITAM mo-
tifs directs differentiation towards memory T cell
states, which translated in improved persistence
and therapeutic potency in preclinical mouse
models.® Moreover, using the genome editing ap-
proach, the TRAC locus was modified in primary
human T cells to target cell-surface molecules via
their TCR complex, which was reconfigured to use
the same targeting component as a corresponding
CAR. These HLA-independent TCRs, referred to
by the authors as HIT receptors, have been shown
to be particularly sensitive compared to CD28-
based CARs.%



Challenges and opportunities of
cellular immunotherapy

The success of CAR T cells is countered by chal-
lenges in efficacy in solid tumours* and immune-
related adverse events. Underlying causes of limit-
ed efficacy include immunosuppressive TME and
T cell and tumour intrinsic properties. In addition,
the manufacturing of the cellular product and lack
of tumour specific targets represent a major chal-
lenge. Here, some of these aspects are outlined and
selected recent publications are presented that at-
tempt to meet these challenges (Figure 3).

Immunosuppressive tumour
microenvironment

Immunosuppressive TME limits the efficacy of
CAR T cells by interfering with their function.
Various approaches have been developed to ad-
dress these challenges, including upgrading en-
gineered T cells with the expression of accessory
molecules. Pioneering work has been done with
tumour infiltrating-lymphocytes (TILs) engi-
neered with inducible expression of the potent im-
mune-enhancing molecule IL-12.%° This approach
was tested in human clinical trials and clinical
activity but also toxicity were observed. Similarly,
CAR T cells have been equipped with accessory
molecules to counteract various aspects of the hos-
tile immunosuppressive TME. These molecules
include IL-18-%4, PD-1%5, CTLA-4, or TIM3¢ block-
ing scFvs and minibodies, CD40L%, dominant-neg-
ative Fas® or Fas-41BB switch® receptors, pro-in-
flammatory neutrophil-activating protein (NAP)
from Helicobacter pylori”® and dominant-negative
TGFp Receptor.” Recently, a pooled knock-in plat-
form has been developed to screen for genetic
constructs that can improve T cell functions for
effective cell therapies when constitutively over-
expressed.”? Additional genetic approach coupling
expression of effector molecule with specific anti-
gen recognition was developed using a synNotch
platform.” These approaches improve the efficacy
of T cell therapy and highlight the need to develop
robust and efficient gene expression systems suit-
able for clinical translation.

Depleting of cells that limit the efficacy of CAR
T cells is a viable approach to increase CAR T cell
activity in TME. One approach is the depletion of
immunosuppressive M2 tumour-associated mac-
rophages (TAMs) by CAR-mediated targeting of
a folate receptor 3 (FRP) positive subset of TAMs
that exhibit an immunosuppressive M2-like pro-
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FIGURE 3. Challenges of cellular immunotherapy with chimeric antigen receptor

(CAR) T cells.

file. CAR T cells eliminated these FR(3+ TAMs,
resulting in recruitment of endogenous tumour-
specific CD8+ T cells, improved tumour control,
and prolonged survival.”*

Therefore, overcoming immunosuppressive
TME with innovative approaches is an important
pillar in improving the activity of CAR T cells.

T cell intrinsic properties

It is becoming increasingly clear that intrinsic T
cell dysfunctions, such as T cell exhaustion limit
the success of CAR T cells in solid tumours but
also in hematologic malignancies that induce
dysfunctional T cell states. A recent correlative
study examined the determinants of response at
genomic, phenotypic and functional levels and
demonstrated that clinical efficacy in patients with
chronic lymphocytic leukaemia (CLL) treated with
CAR T cells is affected by complex intrinsic im-
mune cell functions and dysfunctions.” Chronic
stimulation of T cells with an antigen, as occurs
also with CAR T cells targeting solid tumours, is
an important reason for the dysfunction.” One ap-
proach to overcome this problem is a temporary
resting period in which the functionality of the
CAR T cells is restored.”” Innovative approaches

Radiol Oncol 2022; 56(4): 409-419.
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have been developed to maintain functionality of
CART cells, including overexpression of c-Jun’ or
a combination of BATF and IRF4.” Recent studies
linked the heterogeneity of autologous CAR T cells
in terms of cellular and molecular characteristics
of the infusion products to differences in efficacy
and toxicity following CD19 CAR T therapy.®’ In
a distinct approach, CAR T cells were designed
to express interleukin IL-7 and CCL19 to mimic
a favourable milieu that forms and maintains T
cell zones in lymphoid organs.®! These upgraded
CAR T cells demonstrated enhanced recruitment
of T cells and dendritic cells into tumour and aug-
mented therapeutic effects against solid tumours.
Favourable effect on differentiation and persistence
of CAR T cells has been demonstrated with the
constitutive IL-7 receptor®?, IL-15%, and synthetic
receptors combining orthogonal extracellular IL-2
and intracellular IL-9 domains.? In a recent study,
overexpression of more than 10,000 barcoded hu-
man open reading frames (ORFs) identified posi-
tive regulators of T cell function, with the aim of
developing improved cellular immunotherapies
including CAR T cells.®

The intrinsic properties of T cells in the context
of CAR T cell therapy require careful study from
the perspective of basic immunology. This knowl-
edge is important to overcome the dysfunction
that limits the activity of CAR T cells.

Tumour targeting

CD19 is an example of a target that is also ex-
pressed on normal cells (B cells), but humans can
live with B cell aplasia and appropriate treatment,
namely intravenous immunoglobulin (IVIG) treat-
ment, which overcomes antibody deficiencies.
However, a major challenge in the development of
CAR T cells is to identify targets that are homoge-
neously expressed at sufficient levels on the sur-
face of tumour cells and are not present on healthy
tissues at levels that would cause damage. A tragic
example is described in a case report where CAR
T cells based on the humanized monoclonal anti-
body trastuzumab (Herceptin), which recognizes
ERBB2, led to the patient’s death.’® The authors
hypothesize that the large number of CAR T cells
infiltrated in the lungs and triggered cytokine
release after recognizing low levels of ERBB2 on
lung epithelial cells.

Acute myeloid leukemia (AML) is a candidate
disease for cellular immunotherapy. However, tar-
geting the myeloid marker CD33 in (AML) leads
to toxicity from destroying normal myeloid cells.
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The authors demonstrated the artificial generation
of a leukaemia-specific antigen by deleting CD33
from normal hematopoietic stem and progenitor
cells (HSPCs), generating a hematopoietic system
resistant to CD33-targeted therapy and enabling
specific targeting of AML with CAR T cells.¥” In
this approach, the host was genetically engineered
to avoid on-target and off-tumour toxicity.
Heterogeneity®® and loss of antigen expression
on cancer cells under selective pressure of targeted
immunotherapy can lead to evasion strategies by
cancer cells.® This has sparked the development of
CARs with multiple specificities. Examples for he-
matologic malignancies include a dual CD19 and
CD22 CART cells expressing two CAR receptors®
or CAR T cells with a tandem scFv CAR molecule
with dual targeting of CD19 and CD22 .12
Another approach that allows on demand mul-
tiple antigen targeting to mitigate a potential anti-
gen escape in CAR T cell therapy is adapter CAR
platform. One example is the universal immune
receptor based on SpyCatcher-SpyTag chemistry.
The SpyCatcher immune receptor redirects prima-
ry human T cells upon adding SpyTag-labeled tar-
geting ligands.®® Another example is the so-called
SUPRA CAR, a split-CAR design that allows the
development of CAR T cells with multiple features
and provides the ability to switch targets without
re-engineering the T cells.™
TCRs have been shown to enable targeting of
neoantigens®-% and recently CARs have also been
developed that specifically target peptides derived
from intracellular proteins presented by HLAs.”
These results demonstrate that CAR T cells are not
limited to recognizing molecules expressed on the
surface, but can now be engineered to recognize
intracellular targets presented by the HLAs, which
mimics recognition by TCRs. This significantly in-
creases the potential pool of CAR T targets.
Tumour targeting represents a challenge and
an opportunity for innovative approaches and
advances will be necessary to develop CAR T cell
therapies for new disease indications, particularly
in solid tumours.

Manufacturing cellular product

The manufacturing process, which involves the
collection of autologous T cells and the generation
of CAR T cells for each individual patient, is ex-
pensive and complex from an infrastructural and
logistical perspective. In addition, unexpected
challenges can emerge with some of the existing
pipelines. One such example is the discovery that



the lentivirally delivered CAR gene was inadvert-
ently introduced into a single leukemic B cell dur-
ing T cell manufacturing. This anti-CD19 CAR
molecule then bound the CD19 epitope on the sur-
face of the same leukemic cells, which masked it
from being recognized by the CD19-targeting CAR
T cells, resulting in relapse.l® Therefore, there is
great interest in optimizing the manufacturing of
the cellular product to make it safer, more effective
and broadly available.

Recent study presented the shortened process of
manufacturing of non-activated CAR T cells with
improved functionality.!®® Another study investi-
gated the approach where CAR T cells have been
manufactured from the defined CD4+ and CD8+ T
cell subsets and infused in a defined CD4+: CD8+
composition.!®? Recent study investigated the ef-
ficacy and safety of CAR T cells generated from
preselected naive/stem memory T cells, observing
a superior safety and efficacy profile compared
to unselected bulk T cells.'® In addition, alterna-
tive sources of donor T cells are being explored,
including allogeneic off-the-shelf approaches.1941%
Recently, the first human clinical trials were re-
ported with CRISPR/Cas9-engineered T cells that
edited PD-1 or even demonstrated multiplex
CRISPR/Cas9 editing of the endogenous T cell re-
ceptor and PD-1.1

Currently CAR T cells are produced via lentivi-
ral or retroviral transduction, where integration of
a gene encoding CAR is semi random and poses
certain risks and challenges. Recent studies have
demonstrated that genome editing technologies
can be used for CRISPR/Cas9-mediated targeted
integration of a CAR into an endogenous locus via
homology-directed repair (HDR) and an adeno-
associated virus (AAV) vector as a HDR donor
template.1%1% Further, a non-viral strategy using a
double stranded DNA as a HDR donor template for
CRISPR/Cas9-mediated targeted integration has
been demonstrated."? CAR T cells generated with
non-viral targeted integration have even been test-
ed in a clinical trial." Finally, approaches to gener-
ate CAR T cells in vivo are also being explored.!?

Bringing the manufacture of cellular products
to a level that enabled clinical approval required
extensive efforts by pioneers and now continues to
represent an area of opportunity to make CAR T
cells safer, more effective, and broadly available.

Immune-related adverse events

Unfortunately, adoptive cancer immunotherapy
carries safety risks such as cytokine release syn-
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drome (CRS) and neurologic toxicities!®, that have
led to life-threatening complications.”” Current
management strategies include systemic use of
the antibody tocilizumab, which blocks IL-6 re-
ceptor. CRS and neurotoxicity are the two main
toxicities associated with clinically used CD19-
targeting therapies. B-cell aplasia is on-target, off-
tumour adverse effect of CARs that target B-cell
differentiation antigens such as CD19" and can be
effectively managed by IVIG, as mentioned earlier
in the paper. Further, on-target off-tumour toxic-
ity can have devastating effects® as described in
previous sections.

A recent study illuminated a contributor to se-
vere neurotoxicity observed in a subset of patients
treated with CD19-targeting therapies. The au-
thors show that brain mural cells, which surround
the endothelium and are critical for the integrity
of the blood-brain-barrier, express CD19, implying
that on-target off-tumour toxicities may occur.!>

Several approaches are being developed to
mitigate toxicities, including platforms in which
the activity of CAR T cells can be regulated by ge-
netically encoded transient functions in a combi-
nation with the small molecules!*' or targeting
ligands.®>** Suicide switches based on inducible
caspase-9'¥ or on expression of surface molecules,
such as a truncated version of epidermal growth
factor receptor (EGFRt) are being developed. In the
latter case, EGFRt is expressed together with CAR
on the surface of T cells, so that CAR T cells can
be eliminated by addition of an antibody targeting
EGFRt.120

SynNotch enabled AND-gate combinatorial tar-
geting, in which the synNotch receptor first recog-
nized one tumour antigen, which led to the release
of a transcriptional activator domain to drive ex-
pression of a CAR targeting another tumour an-
tigen.!?!

New insights into the biology of CAR T cells,
experience from clinical trials, and advances in
engineering approaches now provide the basis for
making CAR T cells safer while maintaining their
efficacy.

Conclusions

This review article focuses on CAR T cells for can-
cer immunotherapy. However, it is important to
note that cellular immunotherapy using TILs!2%123
or T cells with engineered TCRs has achieved re-
markable success in clinical studies in solid tu-
mours and established approaches to target intra-
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cellular antigens presented in the context of ma-
jor histocompatibility complex (MHC) molecules
including neoantigens.”>*” The success of CAR T
cells in treating cancer has led to their use outside
of cancer treatment, including autoimmunity?-2,
infections?*?, senescence-associated pathologies?,
and cardiac fibrosis.?”!'2 Several cell types includ-
ing Natural Killer (NK)* cells and macrophages®
are being explored as alternatives to T cells that
have certain advantages and provide new features.
Cancer immunotherapy with CAR T cells repre-
sents a paradigm shift in the treatment of certain
blood cancers that do not respond to other avail-
able treatment options. Well-trodden paths blazed
by pioneers led to the first FDA and EMA approv-
al, and the journey now continues on lesser-known
paths to treat a variety of cancers and other serious
diseases with CAR T cells.
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Background. Hyperspectralimaging (HSI) is a promising imaging modality that uses visible light to obtain information
about blood flow. It has the distinct advantage of being noncontact, nonionizing, and noninvasive without the need
for a confrast agent. Among the many applications of HSI in the medical field are the detection of various types of
fumors and the evaluation of their blood flow, as well as the healing processes of grafts and wounds. Since tumor
perfusion is one of the crifical factors in oncology, we assessed the value of HSIin quantifying perfusion changes during
interventions in clinical oncology through a systematic review of the literature.

Materials and methods. The PubMed and Web of Science electronic databases were searched using the terms
“hyperspectral imaging perfusion cancer” and “hyperspectral imaging resection cancer”. The inclusion criterion was
the use of HSI in clinical oncology, meaning that all animal, phantom, ex vivo, experimental, research and develop-
ment, and purely methodological studies were excluded.

Results. Twenty articles met the inclusion criteria. The anatomic locations of the neoplasms in the selected articles
were as follows: kidneys (1 article), breasts (2 articles), eye (1 article), brain (4 articles), entire gastrointestinal (Gl) fract
(1 article), upper Gl tract (5 articles), and lower Gl tract (6 articles).

Conclusions. HSlis a potentially attractive imaging modality for clinical application in oncology, with assessment of
mastectomy skin flap perfusion after reconstructive breast surgery and anastomotic perfusion during reconstfruction
of gastrointenstinal conduit as the most promising at present.

Key words: hyperspectral imaging; oncology; resection; perfusion; cancer

Introduction

velopment and growth. Early studies have shown
that tumor growth is dependent on the develop-

Cancer is the leading health problem in the world.
Only in the EU-27 each year are 2.7 million people
diagnosed with cancer, while 1.3 million die from
the disease.! To deal with cancer, knowledge of
cancer physiology is essential, where tissue perfu-
sion is one of the most important physiological pa-
rameters. Perfusion of tumors is critical in their de-

Radiol Oncol 2022; 56(4): 420-429.

ment of vasculature that has the capacity to sup-
ply oxygen and nutrients to dividing tumor cells.?
However, the vasculature is important not only for
the supply of oxygen to tumors but also for the de-
livery of drugs into tumors.® Finally, vasculature
is also important for the response of tumors to
surgery and other ablative techniques, such as ra-

doi: 10.2478/raon-2022-0051
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NIR PI = near-infrared perfusion index; OHI = organ hemoglobin index; StO, = oxygen saturation of tissue; TWI = tissue water index

Taken from Pfahl et al.’s and reprinted with permission from the publisher.

diotherapy and thermal and nonthermal ablative
techniques.*®

It was demonstrated that information about
the tumor and healthy tissue perfusion can im-
prove therapy outcome either by guiding tumor
resection®” or monitoring the reperfusion of the re-
sected tissues (e.g.,, anastomosis or tissue flaps).*®
Conventional techniques for perfusion imaging
in oncology are CT and MR imaging.® CT per-
fusion imaging provides information on tissue
hemodynamics by analyzing the first passage of
an intravenous contrast bolus through the ves-
sels. On the other hand, MR perfusion imaging
utilizes either endogenous or exogenous tracers.
In the latter case, it is based on following an in-
jected bolus of contrast agent over time, which is
then used to determine the perfusion character-
istics of tissues. While both imaging techniques
are promising, radiation exposure (CT), potential
adverse events due to contrast (CT/MRI), limited
access (MRI), high cost (MRI), and inability to scan
at the bedside or in operating theater are disadvan-
tages of the conventional techniques.’’ To address
these shortcomings, various imaging techniques,
including optical imaging, have been explored for
tissue perfusion imaging.!"!? In optical imaging,
the optical contrast of tissues is intrinsically sen-
sitive to tissue abnormalities, such as changes in
oxygenation, blood concentration or scattering.’>
These changes are characteristic of many tumors,
since they include angiogenesis, hypervasculari-
zation, hypermetabolism, and hypoxia, making
optical imaging techniques promising candidates
for perfusion imaging in oncology.

Hyperspectral imaging (HSI) is an emerging
optical imaging technique that uses light to obtain
information about perfusion, or more specifically
about oxygenation, water content or hemoglobin
content of the tissue. The distinct advantage of HSI
is that it is a noncontact, nonionizing, and nonin-
vasive modality and does not require a contrast
agent. HSI integrates conventional imaging and
spectroscopy techniques by creating a set of im-
ages called a hypercube, which contains the spec-
tral signature of the underlying tissue and in turn
points to clinically relevant changes, such as angi-
ogenesis or hypermetabolism. Figure 1 illustrates
the structure and composition of hyperspectral
images and physiological parameters derived from
these images.

HSI was originally employed in remote sens-
ing applications'®!” and then expanded into other
fields, such as vegetation type and water source
detection'®", wood product control®, drug analy-
sis?, food quality control?*?, artwork authenticity
and restoration??, and security®. HSI is also an
attractive modality in the medical field and has
been successfully applied for the detection of vari-
ous types of tumors, particularly in conjunction
with histopathologic diagnosis.?>3! HSI has, inter
alia, already proven value in plastic and vascular
surgery, where assessing perfusion predicted the
outcome of healing processes in transplants and
wounds.>33

How valuable HSI could be in quantifying per-
fusion changes during interventions in clinical
oncology remains unclear, and to that end, we de-
cided to systematically review the literature with

Radiol Oncol 2022; 56(4): 420-429.
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the intention of exclusively focusing only on stud-
ies in which HSI was performed on patients in the
clinical oncology setting.

Materials and methods

Two authors (R.H. and M.M.) conducted jointly — to
preclude potential bias — a comprehensive litera-
ture search on October 3, 2022 through PubMed
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FIGURE 3. Images of the kidney depicting the percentage of HbO, as a function
of color. A dark red represents high values while the yellows and greens indicate

Taken from Best et al.®* and reprinted with permission from the publisher.
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and Web of Science electronic databases using the
following search terms: »hyperspectral imaging
perfusion cancer« and »hyperspectral imaging re-
section cancer«. No restrictions in publication date
or language were imposed. The inclusion criterion
was the application of the hyperspectral imag-
ing modality in the oncological clinical setting,
meaning that all animal and phantom, ex vivo, ex-
perimental, research and development, and purely
methodological studies were excluded. Special
care was taken that duplications were removed,
both across databases and across studies; for ex-
ample, if the study was first published in proceed-
ings and later in the journal, then proceedings ar-
ticle was considered a nonprimary publication and
therefore excluded. Studies were categorized with
respect to the anatomical location of the tumors.

Results

A flow diagram of the selection strategy is shown
in Figure 2; in total, 101 and 84 articles were found
to be of interest in the PubMed and Web of Science
databases, respectively. After excluding duplicates
and applying the exclusion criteria, first consider-
ing the title and abstract, and next, if necessary,
reading the entire article, 20 articles were identi-
fied for further analysis. The anatomical locations
of tumors in the selected articles were as follows:
kidneys (1 article), breasts (2 articles), eye (1 arti-
cle), brain (4 articles), entire gastrointestinal (GI)
tract (1 article), upper Gl tract (5 articles) and lower
GI tract (6 articles).

Kidneys

Pioneering effort in assessing perfusion by means
of HSI in clinical oncology was the work of Best et
al.%* They applied modality to monitor renal oxy-
genation during partial nephrectomy using the
parameter called the percentage of oxyhemoglobin
(HbO,) and categorized 26 patients into the preop-
erative groups of high (>75% HbO,) and low (<75%
HbO,) oxygenation. Parameter HbO, has proven
useful before, during and after the application of
a clamp, with an example of the image presented
in Figure 3. The study demonstrated that patients
with low oxygenation had a statistically signifi-
cant postoperative decline in estimated glomeru-
lar filtration rate. While further research is needed,
HSI indicates potential for assessing susceptibility
to renal ischemic injury in patients undergoing
partial nephrectomy.
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TABLE 1. Included articles reporting the use of hyperspectral imaging (HSI) to quantify perfusion changes in clinical applications in oncology

Year of

Number of

Reference publication  patients Oncologic intervention System Algorithm
Kidneys
Best3+ 2013 26 Partial nephrectomy DLP HSI, 520-645 nm Supervised multivariate
least squares regression
Eye
Rose3 2018 8 Radiation retinopathy Tunable laser, 520-620 PHYSPEC software
nm with 5 nm steps (Photon etc., Montreal,
QC, Canada)
Breasts
Chins3¢ 2017 43 Skin response to radiation OxyVu-2™ (Hypermed, The OxyVu-2™ software
Inc., Waltham, MA), (Hypermed, Inc.,
500-600 nm Waltham, MA)
Pruimbooms? 2022 10 Mastectomy skin flap TIVITA™ (Diaspective TIVITA™ (Diaspective
necrosis Vision GmbH, Am Vision GmbH, Am
Salzhaff, Germany), 500- Salzhaff, Germany)
1000 nm with 5 nm step
Brain
Fabelo® 2018 22 Craniotomy for resection Hyperspec VNIR A-Series Spectral angle mapper
of intraaxial brain tumor (HeadWall Photonics,
Massachusetts, USA),
400-1000 nm
Fabelos® 2018 5 Craniotomy for resection As in Fabelo® As in Fabelo¥
of intfraaxial brain fumor;
all 5 patients with grade IV
glioblastoma
Fabelo® 2019 6 Craniotomy for resection As in Fabelo¥ As in Fabelo¥
of intra-axial brain tumor;
all 6 patients with grade IV
glioblastoma
Fabelo* 2019 22 Craniotomy for resection As in Fabelo¥ As in Fabelo¥
of intfraaxial brain ftumor
Entire Gl tract
Jansen-Winkeln 2018 47 Gastrointestinal surgery As in Pruimboom? As in Pruimboom?
[Article in German] with esophageal, gastric,
pancreatic, small bowel
or colorectal anastomoses
Upper Gl tract
Kohler? 2019 22 Hybrid or open As in Pruimbooms? As in Pruimbooms?
esophagectomy followed
by reconstruction of
gastric conduit
Moulla#? 2020 Video presentation of As in Pruimboom? As in Pruimboom?
[Article in German] hybrid esophagectomy
Schwandner* 2020 4 Hybrid esophagectomy As in Pruimboom? As in Pruimboom?
followed by reconstructing
gastric conduit
Hennig* 2021 13 Hybrid esophagectomy As in Pruimboom? As in Pruimboom?
followed by reconstructing
gastric conduit
Moulla#s 2021 20 Pancreatoduodenectomy As in Pruimboom? As in Pruimboom?
Lower Gl tract
Jansen-Winkeln# 2019 24 Colorectal resection As in Pruimbooms? As in Pruimbooms?
Jansen-Winkeln* 2020 32 Colorectal resection As in Pruimbooms? As in Pruimbooms?
Pfahl 2022 128 Colorectal resection As in Pruimbooms? As in Pruimbooms?
Jansen-Winkeln* 2021 54 Colorectal resection As in Pruimbooms? As in Pruimbooms?
Jansen-Winkel0 2022 115 Colorectal resection As in Pruimbooms? As in Pruimbooms?
Barberio? 2022 52 Colorectal resection As in Pruimbooms As in Pruimbooms?

Gl = gastrointestinal
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FIGURE 4. (A) Red-Green-Blue (RGB) representation of the imaged brain, including normal and tumor tissue. (B) Extraction
of blood vessels from hyperspectral images using the spectral angle mapper algorithm (SAM). (C) Tissue classification map
generated from hyperspectral images: tumor tissue is red, normal tissue is green, blood vessels are blue, and background is

black.

Taken from Fabelo et al.®® and reprinted with permission from the publisher.

Eye

In the study of Rose et al.%, clinicians used Doppler
spectral domain optical coherence tomography
(SD-OCT) in 8 patients diagnosed with radiation
retinopathy to measure total retinal blood flow,
while retinal blood oxygen saturation was quan-
tified by a specially designed HSI retinal camera.
They found that blood flow in the retinopathy eye
was significantly lower than that in the fellow eye,
while arteriolar oxygen saturation and venular ox-
ygen saturation were higher in the retinopathy eye
than in the fellow eye. Unfortunately, researchers
conducted no follow-up studies, in which they
would further evaluate microvascular changes
due to radiation-induced retinopathy.

Breasts

Chin ef al.% studied a dose-response relationship
between radiation exposure and oxygenated hemo-
globin in 43 women undergoing breast-conserving
therapy radiation. The authors concluded that HSI
may prove useful as an objective measure of pa-
tients’ skin response to radiation dose. However,
they also noted that interpatient variability remains
a challenge, as approximately 40% of the variability
in change in oxygenated hemoglobin is accounted
for by dose, 25% by individual woman, and 35% by
causes that they could not identify.

Radiol Oncol 2022; 56(4): 420-429.

Pruimboom et al.® used HSI in a prospective
clinical pilot study enrolling women with breast
reconstruction and detected mastectomy skin flap
necrosis in 3 out of 10 patients. Somewhat analo-
gously to the study of Best ef al.34, they found that
tissue oxygenation was statistically significantly
lower in the group of patients who developed flap
necrosis than in the group of patients who did
not. It appears that HSI is specifically suited for
the early detection of flap necrosis, which could in
turn aid in the timely and accurate debridement
of necrotic tissue. Future work should confirm
the modality’s potential also in identifying partial
deep inferior epigastric artery perforator (DIEP)
flap necrosis.

Brain

Fabelo et al.% developed an intraoperative HSI
acquisition system and were able to assemble an
in vivo hyperspectral human brain image database
with the overall goal of accurately delineating tu-
mor tissue from normal brain tissue. As the brain
tumor typically infiltrates the surrounding tissue,
itis extremely difficult to identify the border; in ad-
dition, both overresection of adjacent normal brain
tissue and leaving tumor tissue behind have det-
rimental impacts on the results of the surgery and
patient outcomes, either adversely affecting the pa-
tient’s quality of life or causing tumor progression.



The work of Fabelo et al. was performed as a part of
the European Future and Emerging Technologies
(FET) project HELICoiD (HypErspectral. Imaging
Cancer Detection).

In their first methodological paper, they de-
signed a special cancer detection algorithm utiliz-
ing spatial and spectral features of hyperspectral
images from 5 patients with grade IV glioblas-
toma.*® They demonstrated that it was possible to
accurately discriminate between normal tissue,
tumor tissue, blood vessels and background by
generating classification and segmentation maps
in surgical time during neurosurgical operations,
as shown in Figure 4.

In their second methodological paper®, they
used data from 6 patients with grade IV glioblas-
toma and applied improved algorithms to create
maps, in which the parenchymal area of the brain
could be delineated; an overall average accuracy of
80% was achieved.

Their HSI system was systematically assessed
at two clinical institutions enrolling 22 patients,
and researchers found that results relevant for
surgeons were obtained within 15 to 70 seconds.*
They also made available to the public this first in
vivo hyperspectral human brain image database
specifically designed for cancer detection. While
authors were hopeful in their conclusion that HSI
could facilitate brain tumor surgeries, no further
studies beyond 2019 were published.

HSI files from the studies by Fabelo and co-
workers are available from http://hsibraindata-
base.ijuma.ulpgc.es database.

Entire gastrointestinal tract

During the past 3 years, the main focus of applying
HSI in clinical oncology has been in the domain of
the gastrointestinal tract, or more specifically, ad-
dressing anastomotic insufficiency, which is one
of the most serious postsurgery complications of
reconstructing the gastrointestinal conduit. As
anastomotic healing fundamentally depends on
adequate perfusion, HSI could be a suitable mo-
dality in assessing anastomotic perfusion in clini-
cal practice. In a pilot study, Jansen-Winkeln et al.#!
collected hyperspectral images in 47 patients who
underwent gastrointestinal oncologic resection
followed by esophageal, gastric, pancreatic, small
bowel or colorectal anastomoses. The recorded
hyperspectral images were analyzed to extract the
following specific physiological tissue parameters,
which were deemed characteristic for perfusion
changes at the sites of anastomoses: oxygen satu-
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FIGURE 5. Comparison of Red-Green-Blue (RGB) images and near-infrared
perfusion index (NIR Pl) images recorded in a patient with (A, B) and without

postoperative anastomotic insufficiency (C, D).

Taken from Kéhler et al.? and reprinted with permission from the publisher.

ration of the tissue (5tO,), organ hemoglobin index
(OHI), near-infrared perfusion index (NIR-PI), and
tissue water index (TWI); the most clinically rel-
evant appeared to be StO,. They concluded that
intraoperative HSI provided a noncontact, nonin-
vasive modality, which enabled real-time analysis
of potential anastomotic leakage without the use
of a contrast medium. Their group followed their
initial work with several studies focusing on the
upper and lower gastrointestinal tract, respective-
ly, described in more detail below.

Upper gastrointestinal tract

Kohler et al.® applied intraoperative HSI in 22 pa-
tients during esophagectomy to the tip of the
gastric tube, which later became esophagogastric
anastomosis; they compared physiological HSI
parameters (StO,, OHI, NIR PI and TWI) in 14 pa-
tients who underwent laparoscopic gastrolysis and
ischemic conditioning of the stomach with those in
8 patients without pretreatment. They noted that
the values of physiological HSI parameters were
higher in patients with ischemic preconditioning
than in patients without ischemic precondition-
ing; however, only StO, exhibited weak statistical
significance. In a single patient who developed
anastomotic insufficiency of the intrathoracic es-
ophagogastric anastomosis, all physiological HSI
parameters were substantially lower than those in

Radiol Oncol 2022; 56(4): 420-429.
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FIGURE 6. Hyperspectral imaging (HSI) acquisition system in the operating room. Hyperspectral images were acquired within
a few seconds with physiologic HSI parameters displayed in false colors.

Taken from Moulla et al.*> and reprinted with permission from the publisher.

other patients. Figure 5 compares the NIR PI im-
age recorded in this patient with the correspond-
ing image taken in the patient without postopera-
tive anastomotic leakage. Hybrid esophagectomy
along with intraoperative HSI used in the paper of
Kohler et al.® was presented as a video article by
Moulla et al.#2, while another clinical group* cor-
roborated the findings of Kohler ef al. by reporting
a case study including four patients.

Hennig et al.* continued the systematic evalu-
ation of the capabilities of intraoperative HSI in
13 consecutive patients who underwent hybrid
esophagectomy and reconstruction of the gastric
conduit. Researchers also decided to use both in-
traoperative HSI and fluorescence imaging with
indocyanine green (FI-ICG) to define the optimal
position of anastomosis. While there are no thresh-
old values yet established to define adequately and
insufficiently perfused tissues, they decided that
HSI physiological parameter StO, at >75% deter-
mined the well-perfused area. It was noteworthy
that imaging modalities recorded simultaneously
in 10 out of 13 patients identified the perfusion
border zone more peripherally than the one desig-
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nated subjectively by the surgeon. While HSI and
FI-ICG may complement each other as intraopera-
tive modalities, Hennig et al.** were of the opinion
that HSI may be advantageous due to “the lower
costs, noninvasiveness, and lack of contraindica-
tions”.

Moulla et al#® expanded oncological clinical
applications in the domain of pancreatic surgery.
Hyperspectral images were recorded during pan-
creatoduodenectomy in 20 consecutive patients
before and after gastroduodenal artery clamping.
In this pilot study, they were able to detect by the
means of physiologic HSI parameter StO,improve-
ment in liver perfusion after median acute liga-
ment division in one patient with celiac artery ste-
nosis. The HSI acquisition system in the operating
room is shown in Figure 6.

Lower gastrointestinal tract

Jansen-Winkeln ef al.® applied intraoperative HSI
in 24 patients to define the transection line during
colorectal surgery. They found that the transec-
tion line subjectively delineated by the surgeon



deviated from the border line determined by HSI;
in 13 patients subjectively, planned resection was
up to 13 mm too distal in the poorly perfused area,
while in 11 patients, it was too far in the well-per-
fused area. Similar to esophagectomy*, intraop-
erative HSI has shown potential in determining
the optimal anastomotic area during colorectal
surgery.

Jansen-Winkeln ef al.#” applied further intraop-
erative HSI along with FI-ICG in 32 consecutive
patients undergoing colorectal resection and con-
cluded that both modalities provided similar in-
formation in specifying the perfusion border zone
and could complement each other. To optimize
the performance of both modalities, Pfahl et al.*
constructed the combined FI-ICG and HSI system,
which was tested in 128 patients.

In another study*, Jansen-Winkeln et al. imaged
colorectal tumors in 54 consecutive patients dur-
ing colorectal resections and found that HSI used
in combination with a neural-network algorithm
was able to classify cancer or adenomatous mar-
gins around the central tumor with a sensitivity of
86% and a specificity of 95%. Recently, they pub-
lished a large study® enrolling 115 patients who
underwent colorectal resection to systematically
assess the feasibility of HSI in quantifying tis-
sue perfusion, and in accordance with a smaller
patient series, they found that “well-perfused
areas were clearly distinguishable from the less
perfused ones only after one minute”.*4” Similar
conclusions were reached in a group of 52 patients
undergoing colorectal surgery by Barberio et al.%,
who also found that the physiological HSI param-
eter 5tO0, was significantly lower in patients receiv-
ing neoadjuvant radio/chemotherapy than in other
oncological patients. Figure 7 illustrates the use-
fulness of HSI in establishing the transection line
during colorectal surgery.

Discussion

Based on this literature review, the following in-
ferences could be made: HSI is still finding its
place in oncological clinical applications with the
assessment of (i) mastectomy skin flap perfusion
after breast reconstructive surgery® and (ii) anas-
tomotic perfusion during reconstruction of gastro-
intenstinal conduit’#44548-50 a5 the most promising,.
However, caution needs to be advised because re-
cently much research has been done in the arena of
using HSI during brain surgery for glioblastoma,
yet this clinical effort has not been sustained.
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FIGURE 7. Usefulness of hyperspectralimaging (HSI) in establishing transection line
during colorectal surgery. The Red-Green-Blue (RGB) image (A) and $tO, map (B)
show a patient in whom the clinical transection line (confinuous line in black) and
HSI transection line (dotted line in blue) were aligned; (C) and (D) show the RGB
image and $tO, map, respectively, of a patient in whom the clinical transection
line deviated from the HSI fransection line.

Taken from Barberio et al.5! and reprinted with permission from the publisher.

In addition, the need for an obvious expansion
of the study of Pruimboom ef al.8 to a larger patient
group, which would also include cases of DIEP flap
necrosis, a meaningful and robust establishment
of cutoff values for physiological HSI parameters
is mandatory if HSI is to retain its clinical appeal.
In their study, oxygen saturation of tissue StO, ap-
peared to be the most useful HSI index, and the
cut-off value of 36.3% predicting tissue necrosis
was found; this value was close to that defined by
a pilot study® enrolling mostly nononcological pa-
tients (19 out of 22), in which the values of both
5tO, and NIR PI above 40% indicated regular heal-
ing without any revision surgery; furthermore, op-
erators in that study noted that HSI was superior to
assessments based on clinical and Doppler ultra-
sound monitoring both in accuracy and speed. It is
worthwhile to emphasize that HSI parameters are
in general easy to follow by the operator as they
are visualized as false-colour images (Figure 1).

When evaluating applications of HSI in assess-
ing anastomotic perfusion during reconstructing
gastrointestinal conduits, two main challenges be-
come apparent: (i) the first challenge is, as in the
case of breast reconstructive surgery, related to
the establishment of a clear cutoff value indicating

Radiol Oncol 2022; 56(4): 420-429.
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adequate tissue perfusion so that the operator can
convincingly identify the optimal anastomosis ar-
ea; (ii) the second challenge is related to HSI being
limited to open surgery due to the large size of the
HSI camera. The first challenge will need to be ap-
proached by enrolling progressively larger patient
groups undergoing various oncological surgical
interventions. It appears that the group of Jansen-
Winkeln et al.#%%0 is already moving in this direc-
tion by conducting progressively larger clinical
studies. However, with the application of neural
networks, requirements for cohort sizes become
far higher but could also be partially satisfied with
the data augmentation. The second challenge has
been recently addressed by the same group®®, with
ex vivo testing of laparoscopic HSI camera and a
highlight that the clinical trial with minimally in-
vasive HSI has commenced already.

Comparison of HSI and FI-ICG*#4® revealed
similar results in defining the perfusion border
of anastomosis, while both modalities were docu-
mented to be reliable, fast, and intuitive. Even if
HSI is completely noninvasive, injection of ICG
rarely provokes allergic reactions. Since there is a
potential for each of the two modalities to contrib-
ute complementary information, it is not surpris-
ing that Pfahl et al.*® constructed a combined HSI
and FI-ICG recording system.

In conclusion, HSI is at this stage emerging as
an attractive imaging modality to quantify perfu-
sion in oncological patients. Hopefully, a larger
number of clinical sites will initiate clinical trials
to address the challenges, which still preclude the
final acceptance of this promising imaging tech-
nique in the oncological clinical setting.
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Background. Gestational frophoblastic disease (GTD) is a heterogeneous group of rare tumours characterised by
abnormal proliferation of frophoblastic fissue. It consists of benign or premalignant conditions, such as complete and
partial molar pregnancy and variants of malignant diseases. The malignant fumours specifically are commonly re-
ferred to as gestational frophoblastic neoplasia (GTN). They consist of invasive mole, choriocarcinoma, placental-site
frophoblastic tumour (PSTT) and epithelioid frophoblastic fumour (ETT).

Conclusions. Patients with GTD are often asymptomatic, although vaginal bleeding is @ common presenting symp-
tfom. With the advances in ultrasound imaging in early pregnancy, the diagnosis of molar pregnancy is most com-
monly made in the first frimester of pregnancy. Sometimes, additional imaging such as chest X-ray, CT or MRl can
help detect metastatic disease. Most women can be cured, and their reproductive function can be preserved. In this
review, we focus on the advances in management strategies for gestational frophoblastic disease as well as possible
future research directions.

Key words: gestational trophoblastic disease; hydatidiform mole; molar pregnancy; gestational frophoblastic neo-
plasia; human chorionic gonadotropin; invasive mole; choriocarcinoma

Introduction

Gestational trophoblastic disease (GID) is a het-
erogeneous group of rare tumours characterised
by abnormal proliferation of trophoblastic tissue.
Complete and partial molar pregnancy are the
most common GTDs. They are generally consid-
ered to be benign disorders, but they can develop
into gestational trophoblastic neoplasia and can
be considered as premalignant conditions. The
malignant tumours specifically are commonly
referred to as gestational trophoblastic neoplasia
(GTN). They consist of invasive mole, choriocarci-
noma, placental-site trophoblastic tumour (PSTT)
and epithelioid trophoblastic tumour (ETT).! The
malignant trophoblastic disorders are collectively
known as gestational trophoblastic neoplasia.?
GTD and GTN may both arise after normal preg-
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nancies, miscarriage, ectopic pregnancies, or abor-
tion, but most GTNs will develop from complete
molar pregnancies.> Hydatidiform mole (HM) is
the most common type of GTD. In most parts of
the world, the incidence of hydatidiform mole is
1 per 1000 pregnancies, although higher frequen-
cies have been reported.’* A classification of GTD
with incidences is presented in Figure 1. The aim
of this review is to provide up-to-date information
on current evaluation and management strategies
for gestational trophoblastic disease.

Hydatidiform mole

Our understanding of HM has changed consider-
ably over the last decades. It wasn’t until the late
1970s that a partial mole was distinguished from
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a complete mole.® Clinical presentation of HM also
changed dramatically over the years. In the 1960-
1970s, the mean gestational age at diagnosis was 16
weeks and classic clinical signs were vaginal bleed-
ing, uterine enlargement greater than expected for
gestational age, theca-lutein cysts due to ovarian
hyperstimulation by high serum hCG values, hy-
peremesis, preeclampsia, hyperthyroidism, and
respiratory insufficiency.’*” Nowadays, many pa-
tients are asymptomatic at diagnosis due to wide
use of ultrasound scans in early pregnancy.! At
present, mean gestational age at diagnosis is 10-12
weeks. A HM is therefore detected before the onset
of classic clinical signs. However, vaginal bleed-
ing continues to be the most common presenting
symptom and it can occasionally present with pas-
sage of hydropic villi.'” Because bleeding may be
prolonged and occult, patients may be anaemic at
presentation.® Symptoms can be vague and resem-
ble complaints often present in normal pregnancy.!

Classification of hydatidiform moles

HM can be classified as a complete hydatidiform
mole (CHM) or partial hydatidiform mole (PHM)
based on histopathological exam and genetics.®
The common pathology of these lesions is excessive
proliferation of trophoblast.® In both conditions, the
placental villi become oedematous, forming hyda-
tidiform structures.” In CHM hydrops is fully de-
veloped and most villi are involved. In PHM how-
ever, the hydrops remains characteristically focal.®
In CHM foetal parts are absent.” In PHM evidence
of foetal development, such as amnion vessels with
foetal red blood cells, is a prominent pathologic
feature” HMs are genetically characterised with
two copies of the paternal genome. Typical CHMs
are diploid and androgenetic with both sets of
chromosomes derived from the paternal genome
and no contribution to the nuclear genome from
the mother.®? The monospermic 46, XX karyotype
is most common, resulting from fertilisation of
an ovum by a single sperm that then duplicates
its DNA.81 About 10% of CHMs are 46, XY, aris-
ing by dispermy. 46, YY embryos are presumed to
be non-viable.®! PHMs are almost always triploid,
having an additional set of chromosomes from the
father of the embryo. Most have a 69, XXX or 69,
XXY karyotype usually resulting from fertilisation
of an ovum by two sperms, or less frequently a dip-
loid sperm.”® Trisomy with XYY karyotype is rarely
seen and YYY karyotype has not been observed.”
Most molar pregnancies are sporadic. A small sub-
set of women has an inherited predisposition to re-
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FIGURE 1. Classification of GTD with incidence rates.

current molar pregnancies, referred to as familiar
recurrent hydatidiform mole (FRHM).%°

Diagnosis of hydatidiform mole

The diagnosis of HM is usually suspected on ul-
trasound imaging. Clinical signs, symptoms, and
human chorionic gonadotropin (hCG) levels can
be helpful in the diagnostic process.!! Diagnosis
should always be confirmed by histology with or
without ancillary techniques such as genotyping
and p57kip2 staining."?

Ultrasound

Ultrasound (US) is the imaging modality of choice
for an initial diagnostic suspicion of GTD."® The ad-
vances of ultrasound imaging in the last decades
and the wide availability of high-resolution trans-
vaginal ultrasound (TVUS) in early pregnancy
have shifted the diagnosis of HMs from the second
to the first trimester of pregnancy.*®> This allows
the detection of HM before the onset of systemic
manifestations such as anaemia, hyperemesis,
preeclampsia, hyperthyroidism or even signs of
metastatic disease.!®

In the first trimester, accurate US diagnosis of
a CHM is more frequent than that of a PHM, be-
cause the latter has subtler US changes.® In a co-
hort study of 295 women'* US imaging diagnosed

Radiol Oncol 2022; 56(4): 430-439.
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TABLE 1. Ultrasound characteristics of partial hydatidiform mole (PHM) versus complete hydatidiform mole (CHM)'3.1¢18

Feature

CHM

PHM

US characteristics

Foetal parts

Colour-power

Enlarged uterus filled with a heterogeneous predominantly
echogenic mass with several hypoechoic foci (snowstorm

appearance), multiple small anechoic cystic spaces

varying in size from 1 to 30 mm (cluster of grapes). Theca
lutein cysts presenting as multiple large, bilateral, functional

ovarian cysts can be present.

Absent, except in the rare event of a CHM with a coexisting

diploid ftwin.

Variable

Doppler of the uterus

Subtler US changes. Hydropic changes of some villi
are often not visible before 10 weeks of gestation.
Enlarged placenta relative to the size of the uterine
cavity with internal cystic changes producing a
"Swiss cheese pattern” is often seen. Theca lutein
cysts are infrequent.

Present as amorphous echoes. If a foetus is formed,
it carries a typical spectrum of severe abnormalities.
Growth retardation is common.

Variable

a significantly (p < 0.001) higher number of CHM
(74.2%) than PHM (40.7%). These data show that
for PHM the diagnosis is more difficult. Hydropic
villi in PHM are only focal and difficult to differ-
entiate from the hydropic changes associated with
prolonged retention after foetal demise often seen
in missed abortions.!®

Ultrasound feature suggestive of a complete
molar pregnancy is thick, cystic tissue within
the uterine cavity without a visible gestational
sac. Partial hydatidiform mole is often suspected
in women with intact gestational sac with cystic
placental changes. The accuracy of ultrasound to
diagnose molar pregnancy is difficult to assess in
modern practice as the majority of miscarriages
are managed conservatively and histological con-
firmation of diagnosis is available only in a minor-
ity of women.” The available data show that ul-
trasound diagnosis of complete molar pregnancy
is very sensitive with the reported detection rates
between 80% and 95%.1%"” The diagnosis of partial
molar pregnancy is less accurate with the detec-
tion rates between 20% and 30%. The accuracy of
US diagnosis is also operator dependent, therefore
a broader awareness of the early US signs of HM
should improve the detection rate of molar preg-
nancy in women presenting with early pregnancy
complications.”®

Doppler US does not seem to differentiate be-
tween CHM and PHM. However, it is a useful tool
in the diagnosis of GTN because abnormal myo-
metrial vascularisation and lower uterine artery
Doppler indices seem to be correlated with inva-
sive disease.?

Human chorionic gonadotropin (hCG)

Most GTDs secrete hCG which is therefore a sen-
sitive tumour marker.! HCG is a glycoprotein hor-
mone produced by trophoblastic tissue. It compris-
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es an a and a 3 subunit. The a subunit is shared
with other members of the glycoprotein hormones,
including thyroid-stimulating hormone (TSH), lu-
teinizing hormone (LH) and follicle-stimulating
hormone (FSH). In hCG, the a subunit can mimic
the a subunit of the other glycoprotein hormones
and therefore cause symptoms seen in hyperthy-
roidism.!* The 3 subunit is a unique part of the
hCG structure that allows the production of highly
specific antibodies and the utilisation of highly spe-
cificimmunologic assays.? In a healthy pregnancy,
intact hCG is the predominant protein, whereas in
cancer patients various hCG isoforms can be pre-
sent. These include intact hCG (a & f3), the partially
degraded or nicked forms of hCG (hCGn) and hCGp3
(hCGpBn) and the p-core fragment (hCG fcf)).22 The
combination of US findings with elevation of hCG
above expected for gestational age is highly sug-
gestive of molar pregnancy’ and is crucial in diag-
nosis of GTD or GTN.! Due to hyperplastic troph-
oblastic cells in CHM, patients will have marked
elevations in hCG, sometimes greater than 100.000
IU/L. However, such elevations are seen in fewer
than 10% of patients with PHM.!!

Histological confirmation of diagnosis

HM is sometimes diagnosed only by pathology
after suction dilation and curettage (D&C) is per-
formed for a suspected early embryonic demise.
When HM is suspected beforehand, it should be
evacuated as soon as possible.” Histological confir-
mation of GTD after evacuation is mandatory.!?

Treatment of hydatidiform mole

The initial treatment of HM in women who wish
to preserve fertility is D&C.?® Pre-treatment evalu-
ation consists of measurement of serum quantita-
tive beta-hCG, complete blood count, clotting stud-
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ies (PT, PTT), renal and liver functions, blood type
and screen, pelvic ultrasound examination, chest
X-ray and thyroid function test if hyperthyroidism
is suspected.” Where available, D&C is performed
under ultrasound guidance which helps to remove
all molar tissue and avoid uterine perforation.!»?
Usually, it is performed under general anaesthe-
sia.” Intravenous oxytocin infusion may be started
at the onset of suction D&C and may be continued
for several hours after operation. Oxytocin enhanc-
es uterine contractility and decreases blood loss.?
There is theoretical concern over the routine use of
oxytocic agents, because of the potential to embo-
lise and disseminate trophoblastic tissue through
the venous system.?”> However, the authors recom-
mend the use of oxytocin in management of molar
pregnancy.>”?* The risk of bleeding after suction
D&C increases with uterine size. When the uterus
is greater than 16 weeks in gestational size, blood
transfusion should be available.** Because RhD
factor is expressed on trophoblastic tissue, RhD
immunoglobulin should be administered at the
time of uterine evacuation in Rh negative women.
If HM is diagnosed at early gestational age, com-
plications during or after evacuation are uncom-
mon.? Most common complications are excessive
bleeding, uterine perforation, and respiratory dis-
tress syndrome.” Respiratory distress syndrome
may be caused by trophoblastic embolization,
high-output congestive heart failure caused by
anaemia, hyperthyroidism, preeclampsia, or iatro-
genic fluid overload.” At the end of suction D&C,
the evacuated tissues should be inspected and sent
for histological examination.?” Uterine evacuation
by medication only method is not recommended
due to high failure rates, risk of haemorrhage, in-
creased risk of post-molar GTN and increased ma-
ternal morbidity.”?

Hysterectomy with salpingectomy is an alter-
native method to suction D&C if molar pregnan-
cy is presumed and childbearing is complete. 242
Hysterectomy is especially used in women older
than 40 years, because these patients have a higher
risk of post molar GTN. Hysterectomy eliminates
the possibility of local myometrial invasion as a
source of persistent disease and hence reduces the
need for subsequent chemotherapy.”?? Usually
the adnexa may be preserved, even if theca lutein
cysts are present. Theca lutein cysts usually re-
gress over few months after uterine evacuation as
hCG levels decrease.”?” Hysterectomy, compared to
uterine evacuation, has a significant advantage in
preventing post-molar GTN with an approximate-
ly 80% reduction in risk.?*?® Because hysterectomy

does not eliminate the possibility of post molar
gestational trophoblastic neoplasia these patients
should also be monitored postoperatively with se-
rial hCG measurements.”

Prophylactic administration of either metho-
trexate or actinomycin D chemotherapy at the time
of or immediately following molar evacuation is
associated with a reduction in the incidence of
post molar GTN to 3%-8%. However, it should be
limited to special situations where adequate hCG
follow-up is not possible and the risk of post molar
GTN is much greater than normal.?

Surveillance after molar evacuation

The gold standard for clinical management of
women diagnosed with a HM is to monitor the
hCG levels in urine or serum.? Following evacu-
ation of molar pregnancy, monitoring of hCG
levels postoperatively is mandatory to identify
and manage post-molar GTN.?” HCG is used as a
marker in post molar monitoring because of the
correlation between hCG levels and trophoblas-
tic tumour burden, allowing early diagnosis and
treatment of GTN.?” The mean time to hCG nor-
malization in case of partial HM is 6 weeks and in
case of complete HM 7 weeks. For both complete
and partial HM, 95% of patients reached normal
serum hCG concentrations within 14 weeks after
evacuation.’® FIGO recommends hCG monitoring
every 1-2 weeks until hCG is normalised, and then
on monthly intervals. For PHM, one additional
confirmatory normal hCG measurement 1 month
after first hCG normalisation is recommended. For
CHM, monthly hCG measurements are required
for 6 months after hCG normalisation.?””?! After
evacuation of a HM effective contraception is cru-
cial because a new pregnancy may confound the
interpretation of hCG levels.?

Gestational trophoblastic
neoplasia (GTN)

GTIN includes invasive mole, choriocarcinoma,
placental site trophoblastic tumour (PSTT), and
epithelioid trophoblastic tumour (ETT). Recently,
atypical placental site nodule (APSN) has been
added to the GTD spectrum.?

The reported incidence of GTN after molar preg-
nancy is 18% to 29%. This rate appears to be stable
despite the progressively earlier diagnosis of HM.!!
Choriocarcinoma affects approximately 1 in 40.000
pregnancies and 1 in 40 HMs. It is 1000 times more

Radiol Oncol 2022; 56(4): 430-439.
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FIGO criteria for diagnosis of postmolar
gestational trophoblastic neoplasia

When the plateau of hCG lasts for four measurements over
a period of 3 weeks or longer; that is, days 1, 7, 14, 21.

When there is a rise in hCG for three consecutive weekly
measurements over at least a period of 2 weeks or more;
days 1,7, 14.

If there is a histologic diagnosis of choriocarcinoma.

FIGURE 2. FIGO criteria for diagnosis of postmolar gestational trophoblastic

neoplasia (GTN).24

likely after a CHM than another pregnancy event.
50% of choriocarcinoma cases arise from HMs,
25% follow abortion or tubal pregnancy and 25%
are associated with other gestational events.!t*
PSTT and ETT are rare subtypes of GTN with an
incidence of 1 in 100.000 pregnancies. They repre-
sent approximately 1% of all GTN cases.!

Post-molar GTN

Most GTN will arise after the evacuation of a HM.!
GTN following a HM is referred to as post-molar
GTN.% Post-molar GTN includes invasive mole
and choriocarcinoma."" In contrast, PSTT and ETT
can develop after any type of antecedent pregnan-
cy, including normal pregnancy, non-molar abor-
tion, or ectopic pregnancy.” Risk factors for post
molar GTN include age 40 years, hCG levels more
than 100.000 IU/L, excessive uterine enlargement,
and/or theca lutein cysts larger than 6 cm.!! In most
patients, HMs regress spontaneously after evacua-
tion of the molar tissue, but in approximately 15%
- 20% of CHMs and 0.5% - 1% PHMs, trophoblastic
tissue remains active. Consequently, hCG levels
have a sustained rise or plateau, which indicates
the need for evaluation and treatment.” At the
FIGO Gynaecology Oncology Committee meeting
in 2000, the definition of postmolar GTN based on
hCG level changes were agreed (Figure 2).2243
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Invasive mole

Invasive mole arises from invasion of CHM or
PHM into the myometrium and/or uterine blood
vessels.”!! The tendency of invasive mole to invade
myometrium can result in uterine perforation and
extension to adjacent organs. However, some de-
gree of myometrial invasion of the trophoblast is
probably present in most moles.” The diagnosis of
invasive mole can only be histologically confirmed
after hysterectomy.! As hysterectomy is nowadays
rarely performed, chemotherapy is usually started
without histologic confirmation of the diagnosis.
Chemotherapy is essential to prevent further com-
plications, although invasive moles rarely metasta-
size and are usually self-limited.””

Choriocarcinoma

Choriocarcinoma is the most common malignant
GIN. It is characterised by abnormal trophoblas-
tic hyperplasia and anaplasia, absence of chorionic
villi with varying degrees of haemorrhage and ne-
crosis.”** The tumour is mainly uterine but extrau-
terine sites such as fallopian tubes and ovaries can
also be involved. Patients with gestational chorio-
carcinomas tend to develop early systemic metas-
tasis.” Metastases have been reported in the lung,
liver, spleen, kidney, bowel, or brain.?? In contrast
to ectopic tubal or ovarian choriocarcinoma, pri-
mary choriocarcinoma in other organs is likely to
represent non-gestational carcinoma with tropho-
blastic differentiation.’

Placental-site trophoblastic
tumour (PSTT) and epithelioid
trophoblastic tumour (ETT)

PSTT and ETT are the rarest subtypes of GTN.
PSTT originates from the intermediate trophoblast
on the maternal side of the placental bed with half
of the cases invading deep into the myometrium.
Chorionic villi are absent.? In contrast to chorio-
carcinoma, PSTT forms uterine lesions with less
haemorrhage. Tumour necrosis is often extensive.*
ETTis evenrarer, and it develops from the chorionic
type of intermediate trophoblast.! Nearly half arise
in the cervix or lower segment of the uterus and
some in the fundus or broad ligament. The char-
acteristic nodular and expansive growth mimics
cervical carcinoma.?*? PSTT and ETT share several
overlapping features. They are both slow growing
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tumours and can occur months to years after any
type of antecedent pregnancy.*® They both produce
less hCG and metastasize in later stages. Typically,
both tumours have limited chemosensitivity.!”

Clinical signs and symptoms

GIN has a varying presentation depending on
the antecedent pregnancy event, disease type and
extent. Post molar GTN can be associated with ir-
regular bleeding after initial treatment for molar
pregnancy, an enlarged and irregular uterus, and
bilateral ovarian enlargement. However, these
signs may be absent.!! Patients often present with
symptoms of metastatic disease. The most common
metastatic sites are the lungs, but metastatic lesions
can also be found in vagina, liver, brain, spleen,
kidneys, and bowel. Characteristically, gestational
choriocarcinoma forms a rapidly growing tumour
with the ability to metastasize to virtually every
body site and present with widespread dissemi-
nation. Metastatic lesions often produce abnormal
bleeding because trophoblastic tumours have frag-
ile vessels.”!! Embolization of trophoblastic tissue is
also possible, and it can cause dyspnoea, coughing,
chest pain, tachypnoea, and haemoptysis. Vaginal
metastases can present with bleeding, which can-
not be distinguished from the uterine blood loss.
A gynaecological examination upon presentation
is therefore important.! Liver metastases are rare
and often have a poor prognosis, especially if they
present with intra-abdominal bleeding, which is
life-threatening. Central nervous system lesions
may be asymptomatic or produce subtle neuro-
logic symptoms such as headache. Symptoms from
brain metastases can also be very severe, even fa-
tal if they cause intracranial haemorrhage.!” PSTT
and ETT often present with irregular bleeding after
some time has passed from a previous pregnancy
and there may also be signs of metastatic disease.!!
Other rare symptoms such as virilisation and ne-
phrotic syndrome have also been described.

Diagnosis of GTN

GTIN is most frequently diagnosed based on hCG
values as discussed above, most often without his-
tologic verification.” It is essential to measure hCG
in any woman of childbearing age who has unex-
plained metastatic disease.®® A serum hCG deter-
mination and exclusion of normal pregnancy is
essential to diagnose GTN in these circumstances,
which can spare the patient an unnecessary sur-
gery to establish the diagnosis.”

When a GTN diagnosis is made or suspected,
immediate evaluation for metastases is needed.
Along with the history and physical examination,
the following evaluation should be performed:
complete blood count, clotting function studies,
renal and liver function studies, blood type and
determination of pre-treatment hCG concentra-
tion.”¥ A gynaecological examination should
be done to exclude vaginal or pelvic metastases.
Biopsy of metastatic lesions without the ability
to control bleeding is highly risky due to abun-
dant vascularisation of this type of tumours and
is not essential before starting chemotherapy.!*3
However, where complete excision is possible, his-
tologic confirmation of the diagnosis is also valu-
able.%

Extensive radiographic evaluation should be
performed. Chest X-ray is appropriate to diagnose
lung metastases and can be used for counting the
number of lung metastases to evaluate the risk
score. Lung CT may not be used in the risk score.
Liver metastases may be diagnosed by US or CT.
Brain metastases may be diagnosed by MRI or
CT.11/24

Classification and staging of GTN

To categorise patients with GTN, two different sys-
tems can be used. They both correlate with clinical
outcomes and identify patients at risk for failure of
treatment.” Currently, the 2000 FIGO staging sys-
tem is the standard classification (Table 2).

Patients are also assigned a modified World
Health Organisation (WHO) prognostic index
score based on prognostic factors modified as
FIGO score (Table 3). It comprises age, anteced-
ent pregnancy, interval from index pregnancy (in
months), pre-treatment hCG (in mIU/mL), largest
tumour size including uterus (in cm), site of me-
tastases including uterus, number of metastases
identified and previous failed chemotherapy.* A
WHO risk score of 6 or lower is classified as low-
risk and scores higher than 6 are classified as high-
risk.”?* Staging notation uses a Roman numeral in-
dicating FIGO anatomical staging followed by an
Arabic numeral that represents WHO prognostic
scoring.” FIGO risk scoring is not recommended
in PSTT and ETT, although it may be of value in
guiding management.®

Treatment of low-risk GTN

Low-risk GTN (FIGO/WHO score 0-6) is primar-
ily treated with one of two single-agent drugs,
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TABLE 2. FIGO staging and classification for gestational frophoblastic neoplasia?
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FIGO stage

Description

Gestational trophoblastic tumours strictly confined to the
uterine corpus

Gestational frophoblastic fumours extending to the adnexa
or to the vagina but limited to the genital structures
Gestational frophoblastic tumour extending to the lungs and
may or may not involve the genital fract.

Gestational trophoblastic tumours extending to all other
metastatic sites

methotrexate (MTX) or actinomycin-D (Act-D). A
variety of doses and infusion schedules for these
drugs have been utilized.?#? To date, there is not a
clearly superior regimen between these two drugs.
Treatment therefore is often determined by institu-
tional preference.?® In Europe and North America,
the methotrexate with folinic acid (MTX-FA) 8-day
and MTX 5-day regimens are favoured over Act-D
as first-line treatment.®® Single-agent chemothera-
py induces complete remission in 83.5% patients
with stage I GTN, 80% patients with low risk stage
II GTN and 81.8% patients with low risk stage III
GTN.¥ Chemotherapy response is monitored by
hCG measurements at least every 1 or 2 weeks.
Chemotherapy resistance is indicated by plateau
in hCG over 3 consecutive cycles or a rise in hCG
over 2 consecutive cycles.!! Approximately 25-30%
of low-risk patients develop resistance or exces-
sive toxicity to initial single-agent chemotherapy.*
Resistance to initial single-agent chemotherapy is
up to 70-80% in patients with FIGO/WHO score 5
or 6. Current challenge is whether these patients
should be still considered low risk and initially
treated with single-agent chemotherapy or treated
with more intensive therapy from the onset.3%4
Low-risk patients experiencing treatment failure
with one single agent are treated with other.

Patients with low-risk GIN resistant to either
single-agent chemotherapy or relapsed disease
following complete response to initial single-
agent chemotherapy, are treated with multi-agent
chemotherapy. Most commonly with EMA-CO
regimen (etoposide, methotrexate, actinomycin D,
cyclophosphamide, vincristine).®*4 Multi-agent
chemotherapy is associated with increased short-
and longer-term toxicities. For this reason, promis-
ing new strategies are being investigated. For ex-
ample, the use of carboplatin and immunotherapy
agents (programmed death protein 1 (PD-1) in-
hibitors and programmed death ligand 1 (PD-L1)
inhibitors).34>4 In women who no longer wish to
retain their fertility, first-line hysterectomy can be
considered as an alternative to chemotherapy for
treatment of low-risk non-metastatic GTN.” Once
hCG has normalised treatment is continued for a
minimum of four weeks, which represents at least
two consolidation cycles.238

Treatment of high-risk GTN

High-risk GTN (FIGO/WHO score > 6) is treated
with multi-agent chemotherapy, with or without
adjuvant surgery or radiotherapy. The most used
chemotherapy protocol is EMA-CO.?* In EMA-CO
failures, the most employed regimen is EMA-EP
(substituting etoposide and cisplatin for cyclo-
phosphamide and vincristine in the EMA-CO reg-
imen).? In high-risk GTN patients EMA-CO regi-
men induces complete response at rates of 71-78%
and long-term survival rates of 85-94%.*> Unlike
for patients with low-risk GTN, primary hysterec-
tomy is not effective in reducing requirement for
chemotherapy or improving cure rates in patients
with high-risk GTN.?” As with low-risk disease,
chemotherapy for high-risk disease is continued
for at least 2 to 3 consolidation courses after the

TABLE 3. World Health Organization scoring system based on prognostic factors modified as FIGO score?*

FIGO score 0 1 2 4

Age <40 >40 - -
Antecedent pregnancy Mole Abortion Term

Interval from index pregnancy, months <4 4-6 7-12 >12
Pretreatment hCG IU/L <103 >10%-104 >104-10° >10°
Largest tumour size including uterus, cm - 3-4 >5 -

Site of metastases including uterus Lung Spleen, kidney Gastrointestinal fract Brain, liver
Number of metastases identified - 1-4 5-8 >8
Previous failed chemotherapy - - Single drug Two or more drugs
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TABLE 4. Ongoing clinical trials involving treatment of gestational trophoblastic disease

a37

Recruitment

Trial Drug Design Reg. Nr. el
Immunotherapy Camrelizumab combined with apatinib for recurrent resistant GTN NCT04047017 Completed
Pebrolizumab for resistant GTN NCT04303884 Noft yet recruiting
Camrelizumab combined with apatinib in patients with high-risk GTN NCT05139095 Noft yet recruiting
Avelumab combined with methotrexate for low-risk GTN NCT04396223 Recruiting
Avelumab in chemo-resistant GTN NCT03135769 Completed
gl'?emrrzilfiﬁé:r;%ki combined with bevacizumab in high-risk GTN after combined NCT04812002 Recruiting
TRC105 and/or bevacizumab in refractory GTN NCT02664961 Terminated
Chemotherapy Paclitaxel plus cisplatin vs EMA-CO in high-risk GTN NCT02639650 Unknown
Rescue regimen with MTX vs high-dose MTX protocol in persistent GTN NCT03280979 Unknown
Pemetrexed disodium as salvage therapy for failed low-risk GTN NCT00096187 Terminated
Dactinomycin in patients with persistent or recurrent low-risk GTN NCT00003688 Completed
Single dose MTX vs MTX and Actinomycin-D single dose vs MTX multiple courses NCT01823315 Unknow
Biweekly actinomycin-D treatment vs multi-day methotrexate in low-risk GTN NCT04562558 Recruiting
Methotrexate vs dactinomycin in low-risk GTN NCT00003702 Completed
Methotrexate for prevention of postmolar GTN NCT01984099 Completed
Dactinomycin vs methotrexate in low-risk GTN NCT01535053 Completed
Chemotherapy vs follow up in hydatidiform mole with lung nodule NCT03785574 Recruiting
Pemetrexed in recurrent or persistent low-risk GTN NCT00190918 Completed
Srvéeotrl’;ostixote vs methotrexate plus actinomycin in low-risk GTN patients with NCT03885388 Recruiting
f::g::gm Hysteroscopic repeat curettage vs methotrexate in low-risk GTN NCT03703271 Recruiting
Total abdominal hysterectomy and methotrexate vs methotrexate plus folinic acid ~ NCT02606539 Unknown
Second uterine evacuation vs chemotherapy in low-risk GTN NCT04756713 Recruiting
Second curettage in low-risk, non-metastatic GTN NCT00521118 Completed
Single evacuation vs double evacuation of mole NCT01630954 Unknown

* accurate date as of 22th January 2022; EMA-CO = etoposide, methotrexate, actinomycin D, vincristine, cyclophosphamide; GTN = gestatinal tfrophoblastic neoplasia;

hCG = human chorionic gonadotropin; MTX = methotrexate

first hCG normalization.!"*! A separate category of
ultra-high-risk GTN, defined as WHO score 13 or
more, identifies women at high risk of early death
and poor outcome.?#! These patients are treated
with low dose induction chemotherapy before
initiating multi-agent chemotherapy. Induction
chemotherapy reduces the risk of life-threatening
complications, predominantly haemorrhage from
metastatic implants.?® For induction chemother-
apy combination of low dose etoposide (100 mg/
m?) and cisplatin (20 mg/m?) (EP on days 1 and 2
every 7 day, one to three cycles) is used.?4° Active
areas of investigation include the utilization of
high-dose chemotherapy with stem cell support,
use of immunotherapy and other chemotherapy
regimens.!2

Treatment of PSTT and ETT

Treatment of PSTT and ETT is determined by two
independent poor prognostic factors: an inter-
val of 248 months from the causative pregnancy
and stage IV disease. Stage I tumours (confined to
the uterus) arising <48 months since the anteced-
ent pregnancy are treated with a total abdominal
hysterectomy including removal of any suspicious
pelvic and retroperitoneal lymph nodes. Adjuvant
systemic therapy is not required. In contrast, if
the PSTT/ETT originated from a pregnancy > 48
months previously, then such stage I patients and
stage II-IV patients should be offered aggressive
platinum-based chemotherapy including the op-
tion for experimental treatments such as high-

Radiol Oncol 2022; 56(4): 430-439.



438

Lukinovic N et al. / Gestational trophoblastic disease

dose chemotherapy or immunotherapy.*! Residual
masses after treatment should be excised wherever
possible to confirm no active cancer remains.>#
The survival rate is approximately 100% for non-
metastatic disease and 50-60% for metastatic dis-
ease.s

The future in GTN management

Research in GTD is mainly focused on the de-
velopment of new treatment strategies (Table 4).
Especially, finding alternatives to multi-agent
chemotherapy and associated short- and longer-
term toxicities.®® The use of immunotherapy is
an important development in the management
of GTN, particularly in drug-resistant disease.*
The programmed cell death ligand 1 (PD-L1) is
expressed in all pre-malignant and malignant
GTD and anti-PD-1 monoclonal antibodies, such
as pembrolizumab, are becoming important part
of the management of relapsed chemo-resistant
GTB.384144 The use of immunotherapy must be fur-
ther evaluated, particularly because of the high
cost and lack of longer-term safety data.®

Surveillance after GTN

Remission of GTN is defined as three consecutives
normal hCG (hCG normalisation).?® Posttreatment
surveillance for low and high-risk GTN consists
of weekly hCG measurements for 6 weeks af-
ter normalisation, then monthly for at least 12
months.?4142 Surveillance for ultra-high-risk GTN
is longer and consists of monthly hCG measure-
ments for 24 months after completion of consoli-
dation chemotherapy.®® A minimum of 5-year-
follow-up is advised.”? Rising serum hCG in not
sensitive for identifying recurrence of PSTT and
ETT. Therefore, in cases of PSTT and ETT surveil-
lance with 6 monthly MRIs is recommended.?
Throughout surveillance period, patients must
use reliable contraception because a new pregnan-
cy may confound the interpretation of hCG levels
[24]. Because of the 1-2% risk for a second mole in
subsequent pregnancy, early ultrasound examina-
tion is recommended during all future pregnan-
cies in addition to histologic evaluation of the pla-
centa, and postdelivery hCG.”

Roots for further investigation

There is a need for possible future investigations to
identify factors, predicting which molar pregnan-

Radiol Oncol 2022; 56(4): 430-439.

cies will resolve spontaneously, persist as GTN or
transform into choriocarcinoma, PSTT or ETT.?>

It has become evident, a redefinition of the
FIGO/WHO scoring system to predict resistance
to single-agent chemotherapy, is needed. With an
“intermediate” risk group patients scoring WHO
5 and 6 can be identified for more intensive multi-
agent chemotherapy from the outset.?>3

Although medical outcomes of GTD have been
widely explored, limited data are available regard-
ing the related psychological, sexual and fertility
issues.* Improved understanding of the impact of
GTD on women and their families, and how they
may suffer is warranted.?

Conclusions

GTD is a rare disease and was historically asso-
ciated with significant morbidity and mortality.
Nowadays, many patients are asymptomatic at
diagnosis due to wide use of ultrasound in early
pregnancy. Initial detection of suspected HM is
usually made based on ultrasound imaging, clini-
cal signs, symptoms and hCG levels, which are
above expected for gestational age. In a smaller
proportion of patients, GTD leads to post molar
GTN. This requires further systemic or surgi-
cal management. Posttreatment surveillance for
GTN consists of regular hCG measurements. Most
women with GTD can be successfully managed.
One of the main future challenges in this regard
is the optimization of treatment for patients with
resistant GTN.
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Background. In the setting of primary hyperparathyroidism (PHPT), ['8F]fluorocholine PET/CT (FCH-PET) has excellent
diagnostic performance, with experienced practitioners achieving 97.7% accuracy in localising hyperfunctioning
parathyroid tissue (HPTT). Due fo the relative friviality of the task for human readers, we explored the performance of
deep learning (DL) methods for HPTT detection and localisation on FCH-PET images in the setting of PHPT.

Patients and methods. We used a dataset of 93 subjects with PHPT imaged using FCH-PET, of which 74 subjects had
visible HPTT while 19 controls had no visible HPTT on FCH-PET. A conventional Resnet10 as well as a novel mPETResnet10
DL model were trained and tested to detect (present, not present) and localise (upper left, lower left, upper right or
lower right) HPTT. Our mPETResnet10 architecture also contained a region-of-interest masking algorithm that we evalu-
ated qualitatively in order to try to explain the model’s decision process.

Results. The models detected the presence of HPTT with an accuracy of 83% and determined the quadrant of HPTT
with an accuracy of 74%. The DL methods performed statistically worse (p < 0.001) in both tasks compared to human
readers, who localise HPTT with the accuracy of 97.7%. The produced region-of-interest mask, while not showing a
consistent added value in the qualitative evaluation of model’s decision process, had correctly identified the fore-
ground PET signal.

Conclusions. Our experiment is the first reported use of DL analysis of FCH-PET in PHPT. We have shown that it is pos-
sible to utilize DL methods with FCH-PET to detect and localize HPTT. Given our small dataset of 93 subjects, results are
nevertheless promising for further research.

Key words: primary hyperparathyroidism, deep learning, nuclear medicine, fluorocholine, PET/CT

Introduction prevalence ranging from 1 to 21 per 1,000 among

the general population.! PHPT is the result of hy-
Primary hyperparathyroidism (PHPT) is the third  perfunctioning parathyroid tissue (HPTT), which
most common endocrine disorder with a reported  becomes insensitive to the inhibitory effect of hy-
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percalcemia. Histologically HPTT can be either an
adenoma (in approximately 80% of cases), multi-
ple adenomas, hyperplasia or rarely a carcinoma
(in approximately 1% of cases).? The treatment of
PHPT typically requires surgical removal of HPTT.
Modern, minimally invasive surgical techniques
require precise preoperative localization of HPTT.
For this task, [*®F]fluorocholine PET/CT (FCH-PET)
is one of the most promising imaging modalities,
with reported sensitivities of 94-100% and specifi-
cities of 88-100%.3'3 Performance of FCH-PET was
repeatedly shown to be superior to other HPTT
localization methods, while at the same time hav-
ing lower radiation exposure compared to other
nuclear medicine modalities.*

Deep learning (DL) techniques with convolu-
tional neural networks (CNN) have proven to be
useful in various computer vision tasks, such as
super-resolution, image synthesis, denoising, clas-
sification, segmentation and object detection.!>?2
In medical imaging, CNNs have shown promis-
ing performance, even exceeding experts in some
specific cases, such as grading diabetic retinopathy
from fundus images, detecting skin cancer from
photographs and detecting abnormalities on chest
X-ray images.”?? Research of CNNs in nuclear
medicine showed its potential in reducing the PET
radiation dose, improving image quality, lesion de-
tection and segmentation as well as prediction of
prognosis .23

Given the excellent human performance of ana-
lysing FCH-PET for the presence and localisation
of HPTT, an interesting opportunity to challenge
DL techniques is presented. An automated analy-
sis pipeline of FCH-PET that would classify HPTT
presence and location would allow for efficient
surgical planning and could serve to double check
the experts’ reports. Such analysis would also al-
low for more accurate and objective comparison of
potential follow-up studies; these are not often re-
quired, but unavoidable in cases of persistent or re-
current hyperparathyroidism. Furthermore, if the
model could visualise the pathological uptake in
the study, it would provide more visual feedback
to the surgeon in axial images to allow for better
visualisation of HPTT and would allow faster in-
terpretation of interplay of surrounding anatomi-
cal structures. Our aim was to explore the perfor-
mance of DL analysis of FCH-PET in the setting of
PHPT, since the use of DL for FCH-PET analysis
in PHPT has not yet been thoroughly investigated.

To this end, we developed a classification model
which classifies whether HPTT is present in the
study and its location. We also attempt to model

in a novel unsupervised manner the regions-of-
interest fed to the model. Furthermore, we aimed
to provide a preliminary comparison of the diag-
nostic accuracy of the DL models to human experts
to determine clinical applicability, as the model
should be as accurate as an expert in evaluating
FCH-PET studies to be clinically applicable.

Patients and methods

This was a retrospective analysis of prospective
clinical trial data (NCT03203668) performed at the
University Medical Centre Ljubljana and Institute
of Oncology Ljubljana. The clinical trial was ap-
proved by the Medical Ethics Committee of the
Republic of Slovenia (approval number 77/11/12).
The trial only included patients with biochemical-
ly confirmed primary hyperparathyroidism; hy-
percalcemic patients had elevated or inappropri-
ately normal parathormone (PTH) levels, whereas
normocalcemic patients had inappropriately ele-
vated PTH levels. All included patients were older
than 18 years and had no clinical history of onco-
logical, inflammatory, or infectious disease of the
head and neck. No pregnant women were includ-
ed in the trial. The retrospective use of the data
was approved by the Medical Ethics Committee of
the Republic od Slovenia (approval number 0120-
582/2021/4) and the patient consent was waived
due to the retrospective nature of the analysis.

The study only included images of patients
with biochemically confirmed PHPT at time of
FCH-PET imaging. Since the trial did not include
healthy controls, data of patients with the follow-
ing criteria were chosen as “controls” no visible
HPTT in FCH-PET at time of imaging; have not un-
dergone surgery in thyroid region; were biochemi-
cally normocalcemic at 6 months’ follow-up.

Dataset description and PET-CT image
acquisition

We used the data of 79 participants (22 male, 57
female) with visible HPTT lesions on FCH-PET
(referred below as patients) and 19 participants (7
male, 12 female) without visible HPTT lesions on
FCH-PET (referred below as controls). Average age
(+ SD) of patients was 58.7 + 12.7 years and average
age of controls was 60.1 + 11.8 years. Both patients
and control groups were comparable in terms of
age (p = 0.659) as well as male to female ratio (p
= 0.852), as determined by Student t-test and nor-
malised Chi-square test, respectively.®”38

Radiol Oncol 2022; 56(4): 440-452.

441



442

Jarabek L et al. / Primary hyperparathyroidism on ['®F]fluorocholine PET/CT using deep learning

FCH-PET imaging was performed at the
Department for Nuclear Medicine of the University
Medical Centre Ljubljana. The acquisition details
were the same as in Cuderman et al.® The patients
fasted 6 hours prior to the examination, were
well hydrated and injected with 100 MBq of [**F]
Fluorocholine (FCH). Acquisition was performed
on a Siemens Biograph mCT® PET/CT (Siemens
Healthineers AG, Miinchen, DE) 5 minutes and 60
minutes after the FCH application. The imaging
region extended from the angle of mandible to the
aortic arch. The imaging consisted of a low-dose
CT (120 kVp, 25 mAs, CARE Dose 4D, FBP recon-
struction), followed by PET imaging (one bed posi-
tion of 4 minutes). PET images were reconstructed
using Siemens HD PET software with iterative
TrueX + TOF OSEM method (2 iterations, 21 sub-
sets) with 400 x 400 matrix, zoom 1 and Gaussian
filter with FWHM of 4 mm. To train and evalu-
ate DL models, we used only images acquired 60
minutes after FCH application, where the balance
of image quality and target-to-backround ratio is
typically highest.

All patients with HPTT present on FCH-PET
were surgically treated at Institute of Oncology
Ljubljana. Ground truth HPTT presence and loca-
tion for training the CNNs was based on the post-
surgical histopathological results. Furthermore,
our dataset included formatted information from
FCH-PET reports as used by Cuderman et al. that
we used to compare the performance of DL mod-
els with human experts.® These reports were used
to guide the subsequent surgical removal of the
HPTT.

For simplicity, we only used patients who had
single gland disease and had HPTT in the typical
anatomic location of parathyroid glands. HPTT
was thus in one of 4 possible locations: upper left
(UL, 21 patients), lower left (LL, 27 patients), up-
per right (UR, 5 patients) and lower right (LR, 26
patients). Since the UR location in our dataset con-
tained only 5 patients, it was removed from the fi-
nal analysis due to under-representation. For the
final model development and evaluation, we used
19 controls and 74 patients, among them 21 with UL
HPTT, 27 with LL HPTT and 26 with LR HPTT.

Image pre-processing

We used the same pre-processing pipeline for all
analyzed images. First, we resampled the CT im-
age using bivariate spline interpolation from scipy
library to match the PET image matrix of 200 x 200
x 56. 3D interpolation was not needed as CT was
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FIGURE 1. mPETResnetl0 architecture. First, PET-CT images
are fed intfo UNet with a single channel output and tanh+1
activation function. This output is the PET mask. This mask is
elementwise multiplied with PET image to produce a masked
PET image. Masked PET is concatenated with the original
CT and the masked PET-CT is fed into the ResNet10 classifier.
Gray boxes represent deep-learning models, coloured boxes
represent data, and circles represent operations of tanh+I,
multiplication (mul) by element and concatenation (concat).

reconstructed at same slices as PET. Both images
were concatenated to produce a 200 x 200 x 56 x 2
matrix representing the PET/CT. Next, we cropped
the desired region of interest containing the hy-
perfunctioning parathyroid tissue to the matrix of
size 64 x 64 x 32. For all patients, the region was
cropped at same PET/CT coordinates, which were
chosen empirically, such that it contained HPTT in
all studies. In this way, there are lower memory re-
quirements to run deep learning models.

The labels for an image were represented by a
one-hot encoded vector of length 4, representing
locations UL, LL, LR and a dummy variable repre-
senting “healthy” controls.

Modelling

For modelling, we defined 2 tasks: (i) a task of clas-
sifying whether the HPTT is present in the image
or not (CPr, classification of presence) and (ii) a
task of classifying in which quadrant the HPTT
was present in the image (CLoc, classification of
location). CPr is a simple binary classification task
where p(HPTT) = 1 — p(healthy). CLoc is a multi-
class classification task where each output of the
model is analogous to the probability of HPTT be-
ing present at one of three considered locations
UL, LL and LR.

With normalized PET-CT images represented by
a matrix of shape 200 x 200 x 56 x 2 as input, the
output of the model was a vector of length 4, acti-
vated by SoftMax activation function, correspond-
ing to p(UL), p(LL), p(LR) and p(healthy) (Figure 1).
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The model was therefore trained for both CPr and
CLoc simultaneously. Furthermore, the dataset
was well balanced, containing a similar number of
cases for each of the 4 classes, and thus ensured sta-
ble training using cross entropy as a loss function.®
For training, batch size of 5 was used with stochas-
tic gradient descent optimizer with momentum of
0.9 and weight decay of 0.005. The initial learning
rate was determined by a grid search in log space
and learning rate decay on plateau scheduling was
used. Identical procedure was used for all models.
All models were trained from scratch.

For both CPr and CLoc classification tasks, we
performed baseline experiments using the 3D ver-
sion of Resnetl0 (RN10) architecture and using
our novel architecture as described below.442 Our
choice of architecture of Resnetl0 was based on
extensive experiments which included other state-
of-the-art, and larger architectures, namely us-
ing 3D versions of Densenet121%, wideResNet101*,
PreActResnet101%, Resnet1014' and Resnet50. For all
architectures except our novel architecture, imple-
mentations from Kensho et al. were used.*2

We provide comprehensive comparison between
the performance of RN10 and proposed architec-
ture “masked-PET Resnet10” (mRN10), as well as the
comparison of mRN10 to experts’ performance.

Masked-PET Resnet10

We developed a novel architecture designed to
mask PET signals from unimportant (i.e, physi-
ological uptake) regions with high signal (eg.
muscle tissue, salivary glands) before entering the
RNI10 classifier. This is important as the FCH-PET
images are heteroscedastic, with some regions -
like muscle - having high variance between sub-
jects and other regions - like air - having low vari-
ance. To mitigate this, and to improve conditioning
of the data and therefore the stability of the classi-
fier,* we decided to allow the model itself to opti-
mize for differentiable masking of these potential-
ly problematic regions. We named the proposed
architecture “masked-PET Resnet10” (mRN10).

The mRN10 consisted of 2 parts. First, a Unet
architecture was used to mask the PET-CT.#
Next, Resnetl0 was used to classify the masked
PET-CT. We decided on Unet architecture since
it is commonly used in segmentation tasks® and
we deemed the task of masking to be similar to
segmentation of the region-of-interest. Masking
was achieved by first activating per-voxel output
of Unet with activation function f(x) = tanh(x)+1.
These output values were in interval (0,2), such

that regions where Unet output was negative were
closer to 0, while regions where Unet output was
positive were closer to 2. This matrix, representing
the mask, was then multiplied elementwise by the
PET matrix, to produce a masked PET image.

The architecture of mRNI10 is depicted on
Figure 1. Regions in PET image where Unet output
was negative were multiplied by values close to 0
and were therefore effectively “masked” from the
PET image. This masked PET was then concatenat-
ed with CT and the masked PET-CT was used as
input for the Resnet10 classifier. The entire mRN10
was trained end-to-end, therefore the masking
was optimized for the lowest loss in the classifica-
tion task of the downstream Resnet10 classifier.

The models were written in python 3.8.0 us-
ing Pytorch 1.10 framework and trained on a sin-
gle GTX 1080Ti graphics card (Nvidia Corporation,
Santa Clara, US).*5% The code is freely available on-
line at: https://github.com/ljarabek/AI_FCH

Training and evaluation

For training, we used 12-fold cross-validation with
data split into a test set of 10 random subjects, with
the remaining subjects being randomly split into
a training set (90% of the remaining subjects) and
validation set (10% of the remaining subjects).
Data was normalised using z-score normalization
upon splitting accordingly, such that the mean and
standard deviation were computed only using the
training set. Sets were sampled such that each set
contained at least 1 subject from each class (UL,
LL, LR and control). For testing, the model with
the lowest validation loss was used. The confusion
matrix for CPr evaluation was computed by sum-
ming the confusion matrices for the test set across
the 12 data splits, providing 120 total samples. The
confusion matrix for CLoc was obtained by sum-
ming the 3 confusion matrices for evaluated lo-
cations UL, LL, LR across the best performing 12
data splits, providing 360 “samples”. Similarly, the
area under the receiver operating characteristic
curve (AUCROC) was computed.

We used epiR package for R to determine the
diagnostic performance metrics and McNemar test
from DTComPair package for determining statis-
tically significant (p < 0.05) differences.’*> Only
binary diagnostic performance metrics were used
for evaluation, even though CLoc is theoretically
a multi-class classification task. In this way, the
results comparable to studies evaluating the per-
formance of FCH-PET, since they also mostly used
binary classification metrics.>*®
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TABLE 1. Confusion matrices for CPr (A) and ClLoc (B) for both RN10 and mRN10 models. Note that the confusion matrices for CLoc have more
samples (360 in total), as they were computed by summing the confusion matrices for each of the three included locations (UL, LL, LR)

®

CPr task with RN10

CPr task with mRN10

HPTT not HPTT not
HPTT present present sum HPTT present present sum
Model output Model output
HPTT present 79 8 87 HPTT present 70 n 101
Model output Model output
HPTT not 20 13 33 HPTT not 9 10 19
present present
sum 99 21 120 sum 99 21 120
Cloc task with RN10 Cloc task with mRN10
HPTT not at HPTT not at
HPTT at GTLoc GTloc sum HPTT at GTLoc GTloc sum
Predicted Predicted
GTloc 35 51 86 GTloc 53 50 103
Not predicted Not predicted
GTloc 61 213 274 GTloc 43 214 257
sum 96 264 360 sum 96 264 360

CPr = classification of presence; ClLoc = classification of location; GTLoc = ground truth location based on postsurgical histopathological reports; HPTT = hyperactive

parathyroid tissue; MRN10 = novel masked-PET Resnetl0 model; RN10 = baseline Resnefl0 model

Results

We determined the best performing models for
both RN10 and mRN10 were trained using the ini-
tial learning rate of 0.013. The confusion matrices
for RN10 and mRN10 are presented in Tables 1A
and 1B, while the diagnostic performances for
both tasks using the RN10 and mRN10 models are
presented in Table 2. Both models had compara-
ble performance in the CPr task. The mRN10 had
a significantly higher accuracy for the CLoc task
than the RN10 and was therefore used for compar-
ison with human performance.

We performed a comprehensive comparison
with human expert evaluation only for the CLoc
task. Healthy controls had, by definition, no HPTT
visible on FCH-PET (as reported by human ex-
perts), so the comparison could not be made for
the CPr task, as human performance for CPr was
100%. Comparison of performance metrics for the
CLoc task between the mRNI10 model and hu-
man performance (based on the same subset of 83
patients used for the DL model development) is
shown in Table 3.
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Studies with different architectures

Studies across multiple models were performed
to determine the use of RN10 as the base architec-
ture. The results of other models are stated below,
as well as the number of trainable parameters and
optimal initial learning rate. Mean CPr AUCROC
and 95% confidence intervals were computed as
population statistics of 50 models obtained from
5 runs of 10-fold cross-validation at optimal learn-
ing rate. The highest performance among the mod-
els tested was achieved with RN10 and mRN10.
The performance of other models is noted in the
table below.

PET masking qualitative results

Qualitative results were evaluated across all sub-
jects and using an iteration of the model trained
from a single data split. The qualitative results did
not change in a significant manner with repeated
training. In qualitative analysis of PET masking re-
sults, the region-of-interest mask correctly identi-
fied the foreground, while we have found that in
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TABLE 2. Diagnostic performance metrics of RN10 and mRN10 as well as p-values as determined by McNemar test comparing both models for

each task (except AUCROC)

CPr CPr CPr Cloc Cloc Cloc
RN10 MRN10 p-value RN10 mRN10 p-value
Sensitivity 0.800 0.909 0.028 0.365 0.552 0.018
[95% CI] [0.719;0.877] [0.852; 0.965] : [0.268; 0.460] [0.453; 0.652] :
Specificity 0.619 0.476 0.257 0.807 0.811 0.910
[95% CI] [0.411; 0.827] [0.263; 0.690] . [0.759; 0.854] [0.763; 0.858] :
Positive
predictive 0.908 0.891 0.407 0.515
value 0.847; 0.969] [0.830; 0.951] 0.507 0.303; 0.511] [0.418; 0.611] 0.089
[95% Cl]
Negative
predictive 0.394 0.524 0.205 0.777 0.833 0.021
value [0.227; 0.560] [0.302; 0.751] : [0.728; 0.827] [0.787; 0.878] :
[95% Cl]
Accuracy 0.767 0.833 0.050 0.689 0.742 0.031
[95% CI] [0.681; 0.839] [0.756; 0.895] : [0.638; 0.736] [0.693 0.786] :
AUCROC 0.815 0.849 / 0.702 0.770 /

AUCROC = area under the receiver operating characteristic curve; CPr = classification of presence; CLoc = classification of location; mRN10 = novel masked-PET Resnetl0

model; RN10 = baseline Resnetl0 model

all but 3 subjects, 1 with LL HPTT and 2 LR HPTT,
that the mask completely obscured (masked) the
original location of HPTT on masked PET. In the
3 subjects with visible HPTT in the masked PET
in the original location, the mask still partially ob-
scured the HPTT, as seen in Figure 3, rows d), f)
and g).

Figure 2 shows a typical example of mRN10
masking, where HPTT was masked and cannot
be distinguished in masked PET image. The net-
work correctly classified the subject in Figure 2 as
having lower right HPTT. The region of air outside
the patient is masked to approximately 25% of the
original PET signal, with mask having a value of
approximately 0.25. The high signal from the sali-
vary glands is masked in all cases, whereas signal
from the thyroid gland is only partially masked in
all cases, as seen in Figure 3.

Discussion

The aim of the study was to evaluate the poten-
tial of DL models in classifying HPTT presence
and location in FCH-PET studies in the setting of
PHPT. For our experiments to be representative of
results of such a model in practice, we used data
of representative cohort of subjects with PHPT.
Classification of FCH-PET studies was performed
using multiple common DL models and we found
that the simplest among the models tested, RN10,
achieved the highest performance. Furthermore,
we improve the model’s performance by modify-
ing the architecture to include a region-of-interest

masking step, which produced a region-of-interest
mask, which successfully identified the foreground
of PET. The mRN10 achieved superior performance
to models of similar size. Overall, given the size of
our dataset and achieved performance, we found
that the use of deep learning is highly promising in
potential evaluation of FCH-PET in PHPT.

Dataset and patient characteristics

Both our patients and the controls had representa-
tive demographic characteristics of patients with
PHPT, with male-to-female ratio in literature being
1:3 to 1:4 and the peak incidence of 62 + 13 years.>*
Therefore, the models were more likely to have
learned the correct features to classify HPTT pres-
ence and were trained on a relatively representa-
tive dataset that would be encountered in real-life

TABLE 3. Comparison of mRN10 and human performance for the Cloc fask.

p-values were determined by using the McNemar test

Cloc Cloc
MRN10 human (RIS
Sensitivity 0.552 0.917 <0.001
[95% Cl] [0.453; 0.652] [0.857;0.958] .
Specificity 0.811 0.997 <0.001
[95% Cl] [0.763; 0.858] [0.986; 0.999] .
Positive predictive value 0.515 0.992 <0.001
[95% CI] [0.418; 0.611] [0.945; 0.999] .
Negative predictive value 0.833 0.972 <0.001
[95% CI] [0.787; 0.878] [0.952; 0.984] .
Accuracy 0.742 0.977 <0.001
[95% Cl] [0.693; 0.786] [0.960; 0.988] .

Cloc = classification of location; mRN10 = novel masked-PET Resnetl0 model; RN10 = baseline

Resnetl0 model

Radiol Oncol 2022; 56(4): 440-452.
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FIGURE 2. Example of novel masked-PET Resnet10 model (mRN10) masking of PET signalin a subject with parathyroid adenoma
in the region of lower right parathyroid gland (black arrow in row c). Each row represents a different slice through the pre-
processed ['8F]fluorocholine PET/CT (FCH-PET) images ((A) - mandibular region, (B) — upper neck region (C) - lower neck
region containing parathyroid adenoma). The first column shows a pre-processed PET/CT image (64 x 64 x 32 mafrix), where
colours toward the “warm” (red) part of the spectrum indicate higher PET signal and colours toward the “cool” (blue) part
of the spectrum indicate lower PET signal. The second column shows the mask, where regions coloured toward the red part
of the specfrum have higher weights (non-masked) and regions foward the yellow part of the spectrum have lower weights
(masked). The third column represents the final masked PET/CTimages computed by multiplying the mask with the original PET/
CT. The image was correctly classified as containing the adenoma in the lower right region.

application. Representation per quadrant of HPTT
in our cohort was also congruous to numbers re-
ported in the literature. Marzouki et al. provide
95% confidence intervals of HPTT ratio per site as
follows: lower left 32-51%, lower right 25-42%, up-
per left 10-23% and upper right 4-15%.5-¢0
Unfortunately, the dataset was imbalanced
with respect to patients vs “controls”. However,
obtaining negative FCH-PET studies is difficult
due to high positivity rate of finding HPTT in

Radiol Oncol 2022; 56(4): 440-452.

FCH-PET, since only patients with biochemically
confirmed PHPT are imaged. Such patients are
highly likely to have visible HPTT, as reported in
studies exploring the effectiveness of FCH-PET.>13
Since healthy subjects are generally not referred to
undergo FCH-PET imaging, the best attempt was
made to select the criteria for choosing “controls”
among patients with negative visual assessment of
FCH-PET. Our controls therefore had negative im-
aging findings and biochemical criteria for PHPT
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FIGURE 3. Some examples of masking of hyperactive parathyroid tissue (HPTT), which is indicated by an arrow in column (I).
The images are shown in the same format as in Figure 2. Rows (D), (F) and (G) represent the only 3 cases where HPTT was not
completely masked.

Radiol Oncol 2022; 56(4): 440-452.



448

Jarabek L et al. / Primary hyperparathyroidism on ['®F]fluorocholine PET/CT using deep learning

TABLE 4. Performance of several models on CPr task

Model name mMRN10 RN10 Resnet50 Resneti0] Densenetl0l PreActResnetl0] WideResnetl01
# Trainable
parameters (millions) 33.5 14.3 46.2 85.2 112.9 85.2 85.2
Optimal initial *10- *10)- *10)- *10)-
learning rate 0.0136 0.0136 2.15%103 1.47*104 0.316 1.47*104 2.15%103
Mean CPr AUCROC 0.850 0.812 0.754 0.527 [8;%2, 0.739 0.752
[95% CI] [0.734;0.998] [0.716; 0.994] [0.624; 0.980] [0.410; 0.639] 0 '905]’ [0.486; 0.998] [0.653; 0.966]

AUCROC = area under the receiver operating characteristic curve; CPr = classification of presence; mRN10 = novel masked-PET Resnet!0 model; RN10 = baseline Resnet10

model

resolved at follow-up after 6 months without sur-
gical treatment.

For ground truth location, histopathological re-
sults were used as opposed to expert visual assess-
ment of FCH-PET, in order to simulate real-world
use of the models in guiding surgical removal of
HPTT.

Deep-learning model architecture

We have chosen the 3D Resnetl0 as our baseline
model since multiple research groups have shown
it provides promising results in classification tasks
on both medical and non-medical images and is
the basis of modern architectures.*¢% Resnet10
also achieved the highest performance among the
models tested. The other tested models with more
parameters performed worse, as they seemed
overparameterized and likely learned aberrant
features, thus overfitting to the training data. Not
many studies explore this phenomenon in detail,
but a similar phenomenon was noted in the results
of a recent study of Bailly ef al.% studying the ef-
fects of dataset size, dataset complexity, and model
complexity on performance.

The main motivation behind the design of
mRN10 and implementation of masking is the way
experts interpret FCH-PET. Experienced nuclear
medicine physicians know that HPTT usually ap-
pears around the thyroid region, and we wanted
to allow for the model to learn to mask regions
that were deemed unimportant for classification.
Furthermore, these unimportant regions (e.g,
muscle) commonly produced high intensity PET
signal that might affect the classifier. Using end-
to-end training with only cross-entropy classifica-
tion loss, we allowed the network to learn to mask
these unimportant regions in an unsupervised
manner by carefully tailoring the architecture.
Given how experts interpret FCH-PET, mRN10
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was an attempt to integrate expert knowledge into
the model to improve the Resnet10 classifier.

The Unet was chosen as the masking architec-
ture as we deem our masking to be a task that is
comparable to segmentation. For the activation
function, we used tanh (hyperbolic tangent), since
it was shown to be more stable in backpropagation
compared to sigmoid function.®® Since our initial
goal was to mask unimportant parts of the image,
and tanh is a function bound between -1 and 1, we
used tanh + 1, such that regions where the Unet
output was very negative were close to 0 and sub-
sequently masked when multiplied by the PET sig-
nal intensity. The use of batch normalisation lay-
ers in the downstream Resnet10 in mRN10 ensures
stable training even when masked PET is the in-
put, which is not explicitly normalized apriori. The
masking Unet was trained end-to-end along with
Resnet10 in the mRNI10 architecture for optimal
performance of the classification task. This was an
attempt to explain the classification decision of the
classifier by allowing it to optimize for masking of
unimportant parts of the image as well as increase
the performance by improving the conditioning of
the input data to the classifier.*

Classification results

One of the goals of the study was to compare
the model’s performance to nuclear medicine ex-
perts. The task of detecting and localizing HPTT
on FCH-PET is relatively “trivial” for human ex-
perts, with reported accuracies of up to 98%.31> We
therefore feel that a small dataset is sufficient for
training a model to similar performance. However,
the results differed from our expectations, as the
achieved performance was significantly below the
one of humans for both of our tasks. It is most like-
ly that by increasing the dataset to several hundred
subjects, the performance gap would be closed.
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Given the size of our dataset, our results are
comparable to other published studies on other
medical imaging related tasks. The study with a
similarly sized dataset (85 subjects) in the classifi-
cation of cardiac sarcoidosis by Togo et al. achieved
sensitivity and specificity of 84% and 87%.% In line
with the established best practice, Lu ef al. explored
the diagnosis of Alzheimer disease from PET and
MRI images using a multimodal approach on a
dataset of 397 subjects and achieved 93% accuracy
at detecting Alzheimer disease; Ma et al. used a DL
method to classify thyroid diseases from SPECT
with a dataset of more than 2000 subjects and
achieved accuracy of up to 100% for some tasks.®¢8
Because the aforementioned tasks are different
and generally have different difficulty compared
to ours, these comparisons and potential conclu-
sions are hypothetical, but they give us a rough
estimate of the number of subjects needed to sub-
stantially improve the performance of our model.

We feel that by increasing the size of our data-
set to several hundred patients, similar levels of
performance metrics to human performance could
most likely be achieved. One supporting data
point for this assumption is that the upper-bound
of the 95% CI of AUC in the population statistics of
50 model iterations used in experiments was 0.998.
Given the right data split, the model could perfect-
ly classify the test set.

PET mask discussion

Qualitatively, we observed interesting properties
of the mask created using the UNet, with exam-
ples depicted in Figures 2 and 3. In Figure 2 row
a), we can see that the physiological signal from
the salivary glands was masked, and the weak
signal of the paravertebral musculature is ampli-
fied. In row b), the physiological signal from the
red marrow in the vertebral body was masked and
signal from the neck musculature on the left was
enhanced. In row ¢), the physiological signal from
the thyroid gland and paravertebral musculature
were masked, contradicting findings in row a).
The model likely learns to amplify the weak signal
from the musculature with low uptake of FCH and
to suppress strong signal from salivary glands and
certain muscle groups with high uptake.

The physiologically high PET activity in sali-
vary glands and the thyroid were correctly
masked. This is likely because there is usually high
PET activity in these regions. The masking of the
thyroid region is especially problematic since the
signal from HPTT can also be masked along with

the thyroid. This resulted in HPTT being masked
in all but 3 cases, as shown in Figure 3. Still, this
did not always result in a false classification of the
HPTT location. The parathyroid adenoma in row
¢) is crucial to the task for experts and yet it was
masked in this case by the network. Even though
the model masked the adenoma, the mRN10 mod-
el output in this case was still correct (lower right
adenoma location). It is likely that UNet learns to
encode the information of adenoma into the mask
that is passed to the Resnet10.

Regions near the skin and the skin itself were
always enhanced - we assumed that this was an
important signal to the model, as skin-air inter-
face exhibits high contrast on PET and CT and acts
as a rough anatomical landmark. It is also much
higher in contrast than soft tissue interfaces of the
structures in the parathyroid region and produces
stronger gradients in training. The region outside
the patient (air) was not masked to 0, but to ap-
proximately 25% of the signal (value of mask was
0.25), since it is irrelevant to the classification and
likely does not produce a gradient in training, so
the Unet output for this region is closer to the ini-
tialization state.

We find the obtained masks to be interpret-
able in terms of optimizing downstream Resnet10,
yet they did not enhance HPTT signal on masked
PET as could be expected. Highly active PET re-
gions were therefore always masked (thyroid, sali-
vary glands). The regions which produced high
PET activity only in some subjects (musculature)
were masked only if they produced high PET ac-
tivity (Figure 2, row ¢), if not, these regions were
enhanced (Figure 2 row a), introducing noise to
masked PET. This further makes the masked PET
uninterpretable as the intensity of the introduced
noise is higher than the masked signal from the
parathyroid adenoma, which can itself be masked.
However, in terms of optimizing the Resnet10 clas-
sification performance, these findings make sense,
since the mechanism acts to adaptively scale the
inputs to stabilize Resnet10 classifier.

While the proposed mRN10 model, using Unet
and Resnet sequentially for region-of-interest iden-
tification and classification tasks, respectively,
somewhat resembles the state-of-the-art region
proposal algorithms, we have not found such a
model presented in existing literature. Firstly, it
is unlikely that such architecture would achieve
superior performance on other tasks as Resnet is a
good classifier on its own if it is trained on a large
enough database.?’#! Secondly, the masking results
we achieved did not appear to consistently add
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value to FCH-PET interpretation when explored
by humans, however, according to our results, the
mask can be clearly interpreted in terms of opti-
mizing downstream Resnet10 performance.

Namely, we found the mRN10 to be superior
in performance to the RN10 in CLoc task. This is
probably due to the improved conditioning of the
masked input to Resnet10 in mRN10, leading to in-
creased stability, which in turn increases the per-
formance of the trained model.*

Limitations of the study

In the model selection, we found that the model
with lowest number of parameters performed the
best. This is one limitation of our study since ex-
periments with even simpler models were not car-
ried out. Another potential performance improve-
ment could be using transfer learning, but we have
not found suitable pretrained models for the FCH-
PET images.

Our PET masking was an attempt to make the
model more interpretable. Most notable similar
mechanisms that exist within literature are the
attention mechanisms.”” The main problem with
most attention mechanisms is that they rely on
weighing of the image features, which are ob-
tained by embedding a small image patch into a
vector. Because of this, the spatial resolution of the
attention map is limited by the size of the image
patch, which is commonly 16 x 16 in visual trans-
formers.” In analogy, if we used 16 x 16 x 16 for our
theoretical attention, the feature map of our entire
image would be of spatial dimensions 4 x 4 x 2,
which is too low detailed enough interpretation.
Another method of explaining the model output
is the class activation mapping (CAM), which also
relies on feature embeddings before fully con-
nected layers and therefore entails a loss of spatial
resolution;”! in case of the RN10, the CAM resolu-
tion would be 4 x 4 x 2. Gradient-based attribution
methods, which do provide pixel-level (or in our
case voxel-level) input attribution to the model
output, have received criticism due to their incon-
sistency and poor theoretical foundations.”

Conclusions

We provide extensive experiments in deep learn-
ing analysis of FCH-PET using standard classifica-
tion model RN10 and a novel architecture tailored
to the task. As deep learning for FCH-PET anal-
ysis in PHPT has to our knowledge not yet been

Radiol Oncol 2022; 56(4): 440-452.

described in literature, our experiments provide
a baseline for future work. Even though inferior
performance to human experts was achieved, the
results seem very promising considering the small
dataset and the achieved accuracy of 83% for de-
tecting HPTT and 74% accuracy for localizing the
quadrant of HPTT.
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Background. Recurrent disease in post-irradiation patients with cervical cancer is often difficult fo delineate on mag-
netic resonance imaging (MRI), because posttreatment changes can have a similar appearance, and further evalu-
ation is often required. The aims of the study were to evaluate positron emission tomography/computed tomography
with 18F-fluorodeoxyglucose (FDG PET-CT) diagnostic role in suspected recurrent cervical cancer after radiotherapy,
compare it to MRI, and assess their prognostic impact in these patients.

Patients and methods. This cohort retrospective study included patients previously treated with radiotherapy for
carcinoma of uterine cervix with suspected recurrence, who had undergone MRI of abdomen and pelvis, and were
subsequently evaluated on FDG PET-CT, with minimum follow-up period of 12 months.

Results. In the total of 84 patients included in analysis, MRI vs. FDG PET-CT showed sensitivity, specificity and accuracy
of 80.1%, 52.4% and 66.7%, vs. 97.6%, 61.9% and 79.8%, respectively. Patients with positive findings on MRI (Log Rank, p
=0.003) and PET-CT (Log Rank, p < 0.001) had shorter progression-free survival (PFS) than those with negative results. In
univariate Cox regression models, MRI and FDG PET-CT results were found to be related to PFS (p = 0.005 and p < 0.001,
respectively). However, multivariate analysis proved only FDG PET-CT fo be independent prognostic factor, where
patients with positive FDG PET-CT results had almost nine times higher risk of progression (p < 0.001).

Conclusion. FDG PET-CT represents useful diagnostic tool in suspected recurrent cervical cancer after radiotherapy,
showing high sensitivity in its detection. In addition, it is an independent factor in predicting progression-free survival
in these patients.

Key words: uterine cervical neoplasms; recurrence; PET-CT; MRI; progression-free survival; sensitivity and specificity

Introduction Recurrent disease is defined as tumor re-ap-
pearance or development of metastatic disease
Cervical cancer is the fourth most frequently diag- more than six months after the end of treatment.

nosed cancer and the fourth leading cause of can-  The recurrence rates of International Federation

cer-related death in women.! In low-and middle-
income countries, it is even more common, being
the second most common cancer among women
and the third most common in terms of mortality.?
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of Gynecology and Obstetrics (FIGO) stage IB-
ITA and IIB-IVA cervical cancer are 11% to 22%
and 28% to 64%.° Treatment options in recurrent
cervical cancer are limited. Patients with local
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recurrence may be candidates for radical retreat-
ment, with disease free survival rates reaching
up to 40%.* However, more widespread disease
can only be subjected to systemic chemotherapy
with minimal chances of success or supportive
care. Therefore, improved survival and outcomes
require early detection of recurrence and precise
localization of the disease spread.®

Magnetic resonance imaging (MRI) plays a sig-
nificant role not only in guiding the primary treat-
ment in women diagnosed with cervical cancer,
but also in treatment response assessment and
surveillance. However, recurrent disease in post-
irradiation patients is often difficult to delineate,
because posttreatment changes can have a similar
appearance, and further evaluation is often re-
quired.*

Positron emission tomography/computed to-
mography with ¥F-fluorodeoxyglucose (FDG
PET-CT) provides functional data about the glu-
cose metabolism of the tumor, nodes, and metas-
tases, in addition to morphological data from CT
which are used for topographical localization and
attenuation correction. One of the most impor-
tant advantages of FDG PET-CT is its whole-body
evaluation, i.e. the ability to detect disseminated
disease along with locoregional status, compared
to standard MRIL. FDG PET-CT has an important
role in cases of suspected recurrence where MRI
or CT are equivocal, as suggested by the Royal
College of Radiologists guidelines and in cases of
local vaginal recurrence seen on CT or MRI as per
the Cancer Care Ontario guidelines.® However,
Updated National Comprehensive Cancer
Network (NCCN) guidelines Version 1.2021, state
FDG PET-CT as the preferred modality for surveil-
lance imaging in stage II-IV disease and in sus-
pected recurrence or metastasis.

The prognosis of cervical cancer is influenced
by the disease stage, tumor grade and histological
subtype, patient age, intratumoral oxygenation,
tumor vascularity, DNA ploidy, and the presence
of HPV infection.” Patients with higher FIGO stage,
over 50 years old, with adenocarcinoma compared
to those with epidermoid carcinoma, as well as
with high, compared to low and intermediate-
grade tumors, tend to have worse prognosis.?® Pre-
treatment MRI and FDG PET-CT were also shown
to have prognostic role in cervical cancer patients.
Maximal standardized uptake value (SUVmax),
lymph node status and volume-based FDG PET-
CT parameters such as metabolic tumor volume
(MTV) and total lesion glycolysis (TLG), as well as
the mean apparent diffusion coefficient (ADC) on
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MRI have been shown to be of prognostic value in
a number of studies.1015

With increasing data available on imaging in
various malignancies, there is no doubt that the in-
formation provided by FDG PET-CT is invaluable
in guiding patient’ management. However, data
on FDG PET-CT imaging in gynecological malig-
nancies are limited and more studies are needed to
establish its utility especially in cancer of uterine
cervix.” Therefore, the aims of this research were
to evaluate diagnostic performances of FDG PET-
CT in suspected recurrent cervical cancer after ra-
diation therapy, and its prognostic impact in these
patients, with comparison to MR], clinical and his-
topathological factors.

Patients and methods
Study population

This retrospective cohort study included all con-
secutive patients previously treated with radia-
tion for carcinoma of the uterine cervix (with or
without surgery and chemotherapy), who under-
went PET-CT examination for suspected recurrent
disease from January 2014 until December 2019,
and who fulfilled certain criteria. Indications for
FDG PET-CT were: symptoms suspecting recur-
rence, new lesions on surveillance imaging stud-
ies, or abnormal results on physical or cytologic
examination on routine surveillance. Inclusion
criteria were: (1) histopathological confirmation
of cervical cancer; (2) previous treatment by the
standard therapeutic option which included ra-
diation treatment, and was completed at least six
months prior to PET-CT examination; (3) available
data regarding initial disease stage and tumor his-
topathology; (4) MRI of the pelvis and abdomen
within three months of FDG PET-CT examination;
(5) follow-up for at least one year after FDG PET-
CT. Exclusion criteria were previous histopatho-
logical confirmation of another malignant tumor,
and unavailability of obtaining all necessary clin-
ical and follow-up data. Data regarding initial dis-
ease stage and tumor histological type and grade
were acquired from patients’ medical documen-
tation. Initial clinical staging was performed ac-
cording to the FIGO 2009 classification system for
cancer of uterine cervix. WHO criteria from 2004
were used in defining histopathological type, and
tumor grade was determined according to the
modified Broder’s system or architectural and cy-
tological criteria.’*’” The study was approved by
the Institutional Ethics Committee (approval No.
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668/6) and written consent was obtained from all
patients.

FDG PET-CT imaging

PET-CT examination was performed on hy-
brid PET-CT scanner Biograph True64 (Siemens
Medical Solutions USA Inc, Malvern, PA, USA).
Patients were given an average dose of 5.5 MBq/kg
body weight ¥F-FDG intravenously, after starving
period of at least 6 hours, and with blood glucose
level below 11 mmol/l. After resting period (60-90
minutes following FDG administration), patients
underwent low-dose CT (120 kV, 40 mAs, slice
thickness 5 mm, pitch 1.5, rotation time 0.5 sec)
without contrast, for topographic localization and
attenuation correction. That was followed by PET
acquisition (standard whole-body procedure) of
region from the base of scull to the mid-thighs (3
minutes per bed, 6-7 beds per examinee) in three-
dimensional mode. Obtained PET-CT data were
interpreted on Syngo Multimodality Workplace
VE31A (Syngo 2008B, Siemens, Medical sys-
tems, Erlangen, Germany). Any lesion with high
BE-FDG uptake on PET-CT was defined as posi-
tive for recurrent disease if any abnormal *F-FDG
uptake was observed after exclusion of benign
and physiological lesions, with or without clearly
visible corresponding CT malformation. Lesions
were analyzed qualitatively and semi-quanti-
tatively. For assessment of glucose metabolism
level in active disease sites, SUVmax was used,
that is singular voxel within volume of interest
with maximal standard uptake value, calculated
as follows: activity in tissue (count/pixel/s) mul-
tiplied by calibration factor and divided by dose
applied (MBg/kg of body weight). Tumor lesions
were defined by volume of interest (VOI) placed
around every suspected focus of increased FDG
uptake, with 50% threshold. The measurements
of SUVmax were done on reconstructed images,
after using ordered subsets expectation maximi-
zation as statistical reconstruction method, but
no absolute cut-off value of SUVmax was used for

TABLE 2. Diagnostic performance of MRI and PET-CT

TABLE 1. Patients’ characteristics

4SS

Characteristic Valuve
Age (years)

Mean + sd 53+ 11
Initial FIGO disease stage, n (%)

IB 9 (11%)

A 2 (2%)

1B 38 (45%)

Il 26 (31%)

\% 9 (1%)
Tumor histological type, n (%)

Squamous cell 70 (83%)

Adenocarcinoma 11 (14%)

Adenosquamous 2 (2%)

Small cell 1 (1%)
Tumor grade, n (%)

Low grade 6 (7%)

Infermediate grade 50 (60%)

High grade 10 (12%)

Unknown 18 (21%)
Previous tfreatment, n (%)

Surgery with (chemojradiotherapy 11 (13%)

Radiotherapy only 10 (12%)

Radiotherapy with concurrent chemotherapy 49 (58%)

Primary (chemo)radiation with salvage hysterectomy 14 (17%)
MRI findings, n (%)

Positive 54 (64%)

Negative 30 (36%)
PET-CT findings, n (%)

Positive 57 (68%)

Negative 27 (32%)

MRI = magnetic resonance imaging; PET-CT = positron emission tomography/computed

tomography

TP(n) TN(n) FP(n) FN(n) Sensitivity (%) Specificity (%) Accuracy (%)
MRI 34 22 20 8 80.1% 52.4% 66.7%
PET-CT 4] 26 16 1 97.6% 61.9% 79.8%

FN = false negative; FP = false positive; MRI = magnetic resonance imaging; PET-CT = positron emission tomography/computed tomography; TN = true negative; TP = true

positive

Radiol Oncol 2022; 56(4): 453-460.
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FIGURE 1. (A) A 51-year-old patient, with squamocellular carcinoma, presenting
on FDG PET/CT with metastasis in left upper lung (blue arrow), and left iliac
lymphadenopathy (red arrow). On MRI only left iliac disease was detected. (B)
A 5%9-year-old patient, with adenocarcinoma, presenting on FDG PET/CT with
active locoregional disease in pelvis (red arrow) also seen on MRI, and peritoneal
deposit in front of the right liver lobe (blue arrow) which was missed by MRI.

the diagnosis. Images were interpreted separately
by two nuclear medicine physicians, unaware of
results of other imaging modalities. In cases of
discrepancy, images were presented to multidis-
ciplinary team and experts’ opinion was adopted.
Findings were classified as positive or negative for
recurrent disease, and positive findings were fur-
ther categorized as locoregional recurrence only,
or distant spread of disease (with or without lo-
coregional disease).

MR imaging

FDG PET-CT findings were compared to written
reports of MR imaging. T1 weighted, T2 weight-
ed, diffusion-weighted images (DWI), as well as
contrast enhanced images of abdomen and pelvis
were acquired in all patients. All findings were
classified as positive or negative, based on stand-
ard evaluation criteria by visual characteristics.
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Final diagnosis of recurrent disease, which was
used as a gold standard in calculating diagnostic
accuracy parameters for MRI and PET-CT, was
made by either histopathological examination or
clinical and imaging follow-up within the first six
months after PET-CT.

Follow-up

Follow-up data were obtained from medical re-
cords, surveillance was done clinically, with im-
aging (CT and/or MRI and/or FDG PET-CT) per-
formed once a year, with maximum follow-up
period up to 5 years. Progression was defined as
occurrence of cancer related death, new lesions
seen on follow-up imaging, or progression in
size and/or metabolic activity of existing lesions.
Progression-free survival (PFS) was calculated
from the day of FDG PET-CT examination until
detected disease progression, or the end of follow-
up period if no progression was detected. Median
follow-up duration time was 18 months.

Statistical analysis

All statistical analyses were performed with IBM
SPSS Statistics for Windows, Version 25.0. (IBM
Corp, Armonk, NY, USA). Kaplan-Meier survival
curves and Log Rank tests were used to analyze
the survival data in patients with positive/nega-
tive MRI, positive/negative PET-CT findings, and
with negative/only locoregional disease/distant
disease present on FDG PET-CT. Univariate and
multivariate Cox regression analyses were fitted to
estimate the impact of patients’ age, initial tumor
stage (stages IB and IIA vs. stages IIB, III and IV),
histological type (squamocellular vs. other), tumor
grade (grades 1 and 2 vs. grade 3), MRIresults (posi-
tive vs. negative) and FDG PET-CT results (positive
vs. negative). Calculated p value < 0.05 was consid-
ered statistically significant. Sensitivity, specificity
and accuracy for MRI and PET-CT were calculated
on a patient-based level.

Results

A total of 84 patients were included in the analy-
sis, with mean age 53 + 11 years. The majority of
patients were presented with locally advanced dis-
ease on initial diagnosis, where stage IIB or higher
was diagnosed in 73 patients (87%), while the mi-
nority was diagnosed with early disease (i.e. stage
IB or IIA). Most common histological tumor type
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FIGURE 2. Kaplan-Meier survival curves showing progression
free survival for patients with positive and negative magnetic
resonance imaging; Log Rank, p = 0.003.
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FIGURE 3. Kaplan-Meier survival curves showing progression
free survival for patients with positive and negative
fluorodeoxyglucose positron emission tomography/
computed tomography; Log Rank, p < 0.001.
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FIGURE 4. Kaplan-Meier survival curves showing
progression free survival for patients with normal findings
on fluorodeoxyglucose positron emission tomography/
computed tomography, locoregional recurrence,
and presence of disseminated disease (with or without
locoregional disease); Log Rank, p < 0.001.
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TABLE 3. Univariate Cox regression analysis of possible progression-free survival

predictors in suspected recurrent cervical cancer (n = 84)

HR (95%
Predictor confidence p value
interval)
Age 1.013 (0.987-1.040) 0.336
Initial stage (IB/IIA vs. I1B/I1I/1V) 2.024 (0.753-5.962)  0.155
Histological type (squamocellular vs. other) 1.245 (0.597-2.598) 0.558
Histological grade (1/2 vs. 3) 0.831 (0.448-1.905) 0.831
MRI (positive vs. negative) 2.873 (1.370-6.027) 0.005t
PET-CT (positive vs. negative) 9.491 (3.302-27.274) <0.001f

HR = hazard ratio; MRI = magnetic resonance imaging; PET-CT = positron emission tomography/
computed tomography; * = analysis was conducted on n = 66 patients with known tumor

grade; = statistical significance (p < 0.05)

TABLE 4. Multivariate Cox regression analysis of possible progression-free survival

predictors in suspected recurrent cervical cancer (n = 84)

HR (95%
Predictor confidence p value
interval)
Age 0.995 (0.966-1.024) 0.727
Initial stage (IB/IIA vs. 1IB/III/IV) 1.605 (0.520-4.957) 0.411
Histological type (squamocellular vs. other) 0.892 (0.419-1.898) 0.766
MRI (positive vs. negative) 1.959 (0.888-4.323) 0.096
PET-CT (positive vs. negative) 8.787 (2.877- <0.001"

26.834)

HR = hazard ratio; MRl = magnetic resonance imaging; PET-CT = positron emission tomography/

computed tomography; ‘statistical significance (p < 0.05)

was squamocellular carcinoma, which was proven
in 70 patients, and other types were adenocarcino-
ma in 11 patients, 2 adenosquamous cancers and
one small cell carcinoma. Histological tumor grade
was known in 66 patients, whereas in remaining
18 patients data regarding tumor grade were not
available. All clinical, histopathological and imag-
ing data are presented in Table 1.

Magnetic resonance imaging results were
positive for recurrent tumor in 54 patients (64%),
while 30 patients (36%) had normal MRI findings.
Sensitivity of MRI in detecting recurrent disease
was 80.1%, with 52.4% specificity. Positive predic-
tive value of MRI was 63% and negative predictive
value was 73.3%. Overall accuracy of MRI in sus-
pected recurrent cervical cancer was 66.7%.

Twenty-seven patients (32%) had negative FDG
PET-CT findings, with no recurrent disease. Out
of the remaining 57 patients that were positive,
29 (35%) had only locoregional hypermetabolic le-
sions, six (7%) were diagnosed with distant metas-
tasis, while 22 women (26%) had both locoregional

Radiol Oncol 2022; 56(4): 453-460.
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and distant spread of the disease (Figure 1). FDG
PET-CT showed better diagnostic performance
compared to MRI, with sensitivity 97.6%, specific-
ity 61.9%, PPV 71.9%, NPV 96.3% and overall accu-
racy of 79.8% (Table 2).

Disease progression was detected in 44 pa-
tients during follow-up. In two patients, disease
progression was confirmed by histopathology, 16
women had progressive disease on follow-up PET
scan, and in remaining 26 women, progression
was diagnosed based on clinical signs/examina-
tion and conventional imaging (CT/MRI). Patients
with positive MRI had mean PFES time of 27.2 + 3.6
months, whereas in those with normal findings,
PFS was 40 + 3.6 months (p = 0.003) (Figure 2). With
regard to FDG PET-CT, PFS in patients with de-
tected recurrence was 22.3 + 2.6 months, and for
those with negative PET scan results was 55.2 + 3.7
months (p < 0.001) (Figure 3). In addition, patients
with only locoregional disease on FDG PET-CT
had longer PFS (24 + 3.3 months) than women with
distant metastases on PET scan (17.6 + 3.1 months)
(p <0.001) (Figure 4). In univariate Cox regression
models, MRI findings and FDG PET-CT results
were found to be related to PFS (p = 0.005 and p
< 0.001, respectively), whereas age, initial disease
stage, histological type and tumor grade were not
proven to be predictors of progression (Table 3).
However, in multivariate analysis only FDG PET-
CT remained statistically significant predictor of
progression with HR 8.787 (95% CI = 2.877-26.834)
(Table 4).

Discussion

This study evaluated diagnostic performances of
FDG PET-CT and MRI in women with suspected
recurrent carcinoma of uterine cervix previously
treated with radiation therapy, and their impact
as prognostic factors, together with age, disease
stage, and histopathological tumor type and
grade, in predicting progression free survival in
these patients. The results suggest that FDG PET-
CT is more sensitive and accurate in detection of
recurrence and metastases of carcinoma of uterine
cervix after radiation than MRI. Moreover, posi-
tive FDG PET-CT findings are associated with the
disease progression.

MRI showed good sensitivity and low speci-
ficity. That is only partially in concordance with
literature data, where the reported sensitivity and
specificity of MRI in pelvic recurrence is higher,
and varies between 82 and 100% and between 78
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and 100%, respectively, in the systematic review
and meta-analysis by Meads et al.'® However, our
sample included only patients previously treated
with radiation, and it is known that capabilities of
MRI could be subpar in these settings. With regard
to FDG PET-CT, the same authors found pooled
sensitivity of 94.8% and specificity of 86.9% by
analyzing nine studies with mostly symptomatic
patients, which is comparable with our study in
terms of sensitivity, whereas we had lower speci-
ficity. However, the sensitivities and specificities
of the detection of local and distant recurrence
with FDG PET-CT in all researched papers ranged
between 83 and 100% and between 50 and 100%,
thus being in concordance with our results. In
another meta-analysis, by Chu et al.’, which in-
cluded eight PET-CT papers, the pooled sensitiv-
ity and specificity were 94% and 84%, respectively.
Overall low specificity in our research, of both
MRI and FDG PET-CT, could be explained by high
number of false positive findings, caused mostly
by nonspecific inflammatory changes and in two
cases by occurrence of another malignancy (renal
cell carcinoma and low-grade malignant mesen-
chymal tumor).

To the best of our knowledge, this is the first
study to directly compare FDG PET-CT with MRI
on a patient level in suspected recurrent uterine
cervix cancer, in terms of diagnostic accuracy. In
our research, FDG PET-CT had better diagnos-
tic performance than MRI in detecting recurrent
disease, with regard to both sensitivity (97.6% vs.
80.1%) and specificity (61.9% vs. 52.4 %). Pallardy et
al.? evaluated PET-CT in 40 patients with suspect-
ed recurrence, and compared it to CT or MRI, with
a sensitivity of 94% for PET-CT compared to 42.5%
for conventional imaging. Bjurberg ef al.?! also ana-
lysed PET-CT in 36 suspected recurrent patients,
and comparison was done with conventional im-
aging (CT or MRI). They achieved 100% sensitivity
and specificity for PET-CT, and 92% sensitivity and
78% specificity for CT/MRI. A prospective study of
40 patients with recurrent cervical carcinoma that
underwent restaging on PET identified significant
superiority of PET imaging compared to CT/MRI
in detection of metastatic lesions (sensitivity 92%
vs. 60%).22 In another study, by Yen et al.2? CT/MRI
falsely downstaged 38.4% of the 125 patients and
falsely upstaged 17.6%, with 85.4% of the falsely
downstaged patients having extra-pelvic recur-
rence. In contrast, FDG PET falsely downstaged
only 15.2% and falsely upstaged 16% of patients.
The authors concluded that, for recurrent cervical
cancer, the benefits of FDG PET exceeded those of
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CT/MRI owing to the ability of FDG PET to iden-
tify extra-pelvic metastases and its higher sensitiv-
ity and specificity.

In our research, MRI and PET-CT findings in pa-
tients with suspected recurrence following radio-
therapy were found to be linked with progression-
free survival in both, Kaplan Meier analysis and
univariate Cox analysis. However, only FDG PET-
CT was proven to be an independent prognostic
factor by multivariate analysis, and patients with
positive PET scan have almost nine times more
chance of disease progression. In addition, women
with only locoregional disease tend to have bet-
ter chances of disease-free survival than patients
with distant metastasis detected on FDG PET-CT.
Patient age, initial disease stage, histological type
and grade did not have effect on PES in our study
cohort. With regard to PET-CT detection of recur-
rence and its impact in prognosis, it is important
to mention that the disease evaluation is not only
based on tumor visibility but also on tumor meta-
bolic activity, and tumors with high metabolic
activity generally have a poor prognosis. In the
literature, there are mostly studies that evaluated
FDG PET in therapy response assessment and its
impact on prognosis, i.e., Grigsby et al.?* showed in
their research on 152 patients with mean time of
3 months between end of the standard treatment
and PET scan, that patients with new, residual,
or no disease demonstrate 5-years survival rates
of 0%, 46%, and 92%, respectively. Schwarz et al.»
reported that visual analysis of the PET data in
therapy response assessment with three categories
(complete metabolic response (CMR), partial meta-
bolic response (PMR), and progressive disease
(PD)) predicts survival. The 3-year PFS rate was
78% for CMR, 33% for PMR, and 0% for PD. Kim et
al.? found in their systemic report and meta-anal-
ysis, based on 11 studies, that response results of a
18F-FDG PET after definitive radiotherapy with or
without chemotherapy were significant prognos-
tic factors in patients with uterine cervical cancer.
With regard to patients with CMR after definitive
chemoradiotherapy, TLG and MTV are predictive
of both overall survival and PFS.# On the other
hand, Chung et al.%8, conducted a research that in-
cluded 276 patients evaluated on PET-CT for sus-
pected recurrent disease. It was shown that the
5-year PFS and OS rates of patients with a negative
PET-CT scan for recurrence were significantly bet-
ter than those with a positive PET-CT (98.62% vs.
17.8 3%, p < 0.0001 for PFS, 99.31% vs. 85.38%, p =
0.0015 for OS), which agrees with our results, how-
ever there is some difference in study population,

as we only included patients previously treated
with radiotherapy.

There are some limitations of our study. It is
mostly retrospective study design, which could
lead to bias in the choice of patients. However, all
patients fulfilled the inclusion criteria with suspi-
cion of recurrence. Furthermore, not all of the pro-
gression was proven by histopathology. However,
clinical follow-up justifies presence or absence of
the disease progression. There is also an issue of
heterogeneity in imaging follow-up of patients,
which was done by different imaging modalities
(CT, MR, PET-CT), which could influence the time
of detected disease progression since not all mo-
dalities have the same sensitivity.

Conclusions

Our results suggest that FDG PET-CT is an im-
portant tool in clinical practice in the detection of
suspected recurrent cervical cancer in post-irradi-
ation patients, with high sensitivity. In addition, it
is proved to be an independent factor in predicting
progression-free survival in these patients.
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Background. The aim of the study was to compare the performance of full-field digital mammography (FFDM), digi-
tal breast fomosynthesis and a dedicated digital specimen radiography system (SRS) in consecutive patients, and to
compare the margin status of resected lesions versus pathological assessment.

Patients and methods. Resected tissue specimens from consecutive patients who underwent intraoperative breast
specimen assessment following wide local excision or oncoplastic breast conservative surgery were examined by
FFDM, tomosynthesis and SRS. Two independent observers retrospectively evaluated the visibility of lesions, size, mar-
gins, spiculations, calcifications and diagnostic certainty, and chose the best performing method in a blinded manner.
Results. We evaluated 216 specimens from 204 patients. All target malignant lesions were removed with no tumour-
on-ink. One papilloma had positive microscopic margins and one patient underwent reoperation owing to extensive
in situ components. There were no significant differences in measured lesion size among the three methods. However,
tomosynthesis was the most accurate modality when compared with the final pathological report. Both observers
reported that tomosynthesis had significantly better lesion visibility than SRS and FFDM, which tfranslated into a signifi-
cantly greater diagnostic certainty. Tomosynthesis was superior to the other two methods in identifying spiculations
and calcifications. Both observers reported that tomosynthesis was the best performing method in 76.9% of cases. The
interobserver reproducibilities of lesion visibility and diagnostic certainty were high for all three methods.
Conclusions. Tomosynthesis was superior to SRS and FFDM for detecting and evaluating the target lesions, spicula-
tions and calcifications, and was therefore more reliable for assessing complete excision of breast lesions.

Key words: breast cancer; radiography; digital breast tomosynthesis; surgery; mammography

Introduction

ing better aesthetic results and less morbidity,
Breast conserving surgery (BCS) is an established =~ without compromising survival, compared with
treatment modality for early breast cancer, offer- radical mastectomy."?
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A clear resection margin after surgical exci-
sion is associated with a reduced risk of local re-
currence. Positive margins are associated with a
2-fold increased risk of ipsilateral recurrence.® This
risk is not eliminated by radiotherapy, systemic
chemotherapy or endocrine therapy. Therefore, to
achieve the best local disease-free survival, a nega-
tive margin must be achieved during surgery and
confirmed by the final microscopic assessment of
the excised tissue.

The published reoperation rates for patients
with early stage breast cancer vary considerably,
between 10% and 60%, depending on the treating
centre and the surgeon’s practice, with an average
rate of ~20%.* To reduce the rate of reoperation in
patients with non-palpable lesions, intraopera-
tive assessment is performed to confirm adequate
removal of the detected lesions and margin. The
resected sample is imaged, most commonly by
digital mammography, while the patient is under
general anaesthesia. The images are analysed and
information about the resection margins is given
to the surgeon. Proper assessment of the margins
reduces the need for reoperation, the cost of hos-
pital stay and the subsequent psychological or
cosmetic impact on the patient. Failure to achieve
negative margins usually results in re-excision or
mastectomy.®

Digital breast tomosynthesis eliminates tissue
superimposition and provides a clearer view of
dense breasts because it provides three-dimen-
sional (3D) images unlike mammography, which
provides two-dimensional (2D) images.® Specimen
tomosynthesis was previously shown to be supe-
rior to digital mammography for depicting excised
lesions and evaluation of resection margins.”!®
Mobile, dedicated digital specimen radiography is
arapid method for intraoperative specimen assess-
ment that can image the excised specimen in the
operating room, thus avoiding the need to send
the specimen to the radiology department. This
shortens the duration of anaesthesia, reducing
morbidity and mortality, and decreases operating
room occupancy, thus reducing costs, while still
providing comparable results to digital mammog-
raphy.14-16

The aim of this study was to directly compare
the diagnostic performance of full-field digital
mammography (FFDM), digital breast tomosyn-
thesis and a dedicated digital specimen radiog-
raphy system (SRS) for the evaluation of resected
breast lesions in consecutive patients, and to com-
pare the margin status of resected lesions versus
the final pathological report.

Radiol Oncol 2022; 56(4): 461-470.

Patients and methods

This study was undertaken as part of the con-
tinuous improvement, quality control and inter-
nal validation of modern surgical specimen im-
aging technologies at the Breast Unit at Kuopio
University Hospital (Kuopio, Finland). During the
study period, clinical decisions concerning lesion
removal and margin status were made by experi-
enced breast radiologists and surgeons and based
on all available images.

The detailed analyses and intertechique com-
parisons described here were performed retro-
spectively and did not affect patient management.
The Chair of the hospital district waived the need
to obtain written informed consent from the pa-
tients owing to the retrospective nature of the anal-
yses (Approval: FinMargins 5063573; 508/2021). All
clinical investigations were conducted according
to the relevant guidelines and the principles ex-
pressed in the Declaration of Helsinki.

Study population

The study population comprised all consecutive
patients who required radiological intraoperative
breast specimen assessment at our tertiary uni-
versity hospital between April 2018 and December
2019. Patients were included in this study if they
were diagnosed with invasive breast cancer, ductal
carcinoma in situ (DCIS) or high-risk and atypical
lesions and had been referred to our tertiary uni-
versity hospital for further evaluation and breast
surgery.

All patients were evaluated preoperatively with
a minimum of a two-view mammogram and ul-
trasound. Any suspicious lesions were evaluated
using additional lateral and spot-compression
views. All mammograms were re-evaluated upon
referral by an experienced, specialist senior breast
radiologist, and further workup was performed if
deemed necessary. Breast magnetic resonance im-
aging is not routinely performed preoperatively in
all patients at our centre; instead, it is performed
according to national guidelines that are in con-
cordance with the European Society of Breast
Cancer Specialists’ recommendations.”” Patients
underwent ultrasound-guided core biopsy or ste-
reotactic vacuum-assisted biopsy and were histo-
logically diagnosed with breast cancer and high-
risk or atypical lesions before surgery. If lesions
were found in both breasts, each specimen was
evaluated separately. Patients who underwent ne-
oadjuvant chemotherapy were excluded from this
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FIGURE 1. Specimen radiographs of a spiculated invasive ductal carcinoma excised after ultrasound guidewire localisation. The tumour and
spicules are clearly visible in all three imaging modalities (closed arrows). (A) Specimen radiography system, (B) full-field digitalmammography and
(C) tomosynthesis (1 mm reconstructed image at the level of the tumour). Metal clips indicate the anatomical position (open arrows; 1 clip-lateral

and 2 clips-medial). The position of the specimen is constant in all three imaging modalities.

study. The final analyses comprised 216 specimens
from 204 women (mean age 62.5 + 10.6 years, range
33-95 years).

Lesion localisation and surgery

The surgical procedure was planned individually
according to the patient’s preference, tumour size,
tumour location, clinical findings, breast shape
and breast size. All patients were evaluated at
multidisciplinary meetings, at least twice, pre- and
postoperatively.

Non-palpable tumours were localised pre-
operatively using at least one guidewire (breast
localization needle Duo, SOMATEX® Medical
Technologies GmbH) under ultrasound or ste-
reotactic guidance. Two-view mammography
(CC and lateromedial) was routinely performed
to confirm the position of each lesion relative to
the guidewire, and the location of the lesion was
ink-marked on the skin, including supine MRI-
guided localisation projections.!® Tumours were
excised en bloc from the subcutaneous area to the
muscle, and the overlying skin was removed in pa-
tients with superficial lesions to achieve a healthy
macroscopic surgical margin of >1 cm, in accord-
ance with national guidelines, and hence achieve
microscopically negative margins (defined as no
“tumour-on-ink”). In ductal carcinoma in-situ
(DCIS), the need for reoperation is evaluated in a
multidisciplinary meeting whenever DCIS mar-
gins are less than 2 mm. Intraoperatively, the

specimens were placed on a Styrofoam slab, fixed
with wooden sticks, and the location of the exci-
sion was anatomically marked. Metallic clips were
placed directly on the specimen to indicate the ori-
entation. The fascia posterior to the tumour was
removed and fixed aside if removed separately
(Figure 1, 2). The specimen was then placed in a
plastic container and immediately transported to
the Breast Radiology Unit.

Imaging protocol

Each specimen was first imaged by 2D FFDM
in craniocaudal and lateral projections (Selenia
Dimensions® breast tomosynthesis system,
Hologic Inc., Bedford) followed immediately by
tomosynthesis (images reconstructed into a series
of I-mm-thick slices at 1-mm intervals) and radi-
ography using a dedicated digital SRS (Xpert 40;
Kubtec Medical Imaging, Stratford, CT). The speci-
men was imaged bare, without tissue compression,
in all three modalities.

Retrospective image analysis

All images were stored in the regional picture
archiving and communication system and were
evaluated retrospectively by two radiologists, with
12 and 2 years of experience, in a blind, independ-
ent manner. In order to minimise possible bias, the
observers analysed the images obtained by each
modality separately, presented in a random order,

Radiol Oncol 2022; 56(4): 461-470.
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FIGURE 2. A 44-year-old female presented with a 5 x 4.5 cm multifocal invasive lobular carcinoma and underwent supine
magnetic resonance imaging-guided oncoplastic conservative resection. Although the irregular area of the tumour (thick
arrows) is visible on the specimen radiography system (A) and full-field digital mammography (B) images, the tumour margins
are best delineated by tomosynthesis (C) (1 mm reconstructed image at the level of the ftumour). The pleomorphic lobular
carcinoma in situ is clearly depicted by tomosynthesis as an area of linear calcifications (thin arrows). The shortest margins
at imaging were 4 mm (open arrow; superior) and 5 mm at final pathology. The fascia at the level of tumour was removed
separately (dotted arrow).

with a short interval before analysing the images
obtained from the next modality, which was also
presented in a random order. Both observers were
blinded to the clinical and pathological features of
the lesions and were only allowed to refer to the
preoperative images when assessing each image.
The detectability and visibility of the main lesions,
margins, spiculations and calcifications, meas-
ured lesion size and diagnostic certainty were re-
corded using 5-point scales for each modality. In a
final session, the observers independently evalu-
ated all images simultaneously and decided which
method performed best in their subjective opin-
ion. Specimen radiography was not routinely per-
formed for additional intraoperative resections,
and margin analysis was evaluated and compared
with the pathological assessment of the primary
resected specimen.

Mammographic features were described ac-
cording to the 5% edition of the Breast Imaging
Reporting and Data System (BI-RADS) by the
senior radiologist as masses, calcifications, asym-
metry, and architectural distortion. Masses were
further classified by their shape and margins, and
calcifications were further classified by their mor-
phology and distribution. The amount of peritu-
moral fibroglandular tissue was documented in
quartile percentages.

Radiol Oncol 2022; 56(4): 461-470.

Histopathological evaluation

The specimens were measured, photographed,
margins ink-marked and sliced upon arrival at
5-mm intervals. All macroscopically detected and/
or guidewire localised areas were examined metic-
ulously under a microscope and the size and char-
acteristics of each tumour were reported separate-
ly. The extent of involvement between the invasive
and/or in situ cancer in each margin was reported
in all six directions. The histopathological data, in-
cluding the margin status, tumour size, histologi-
cal grade, estrogen receptor status, progesterone
receptor status, human epidermal growth factor
receptor 2 status and Ki-67 index, were obtained
from the structured histopathological reports.

Statistical analysis

All statistical analyses were performed with
SPSS for Windows version 27 (IBM Corporation,
Armonk, NY, USA). P values of < 0.05 were con-
sidered to be statistically significant. The interclass
correlation analysis (ICC) was used to evaluate the
agreement between lesion visibility and diagnos-
tic certainty recorded by both observers. Pearson’s
correlation coefficient was used to assess the lin-
ear association between the diameters measured



Almasarweh S et al. / Assessing tomosynthesis, n

TABLE 1. Characteristics of the patients, surgical procedures

and tumours

Mean age years (range) 62.5 (33-95)
Mammography negative 20 (9.3%)
Surgery

Wide local excision 158 (73.1%)

Oncoplastic 58 (26.9%)
Specimen diameter (mm)

Mean 97.65

Median 89.0

Range 25-285
Histology n (%)

Invasive ductal 120 (55.6%)

Invasive lobular 27 (12.5%)

Mixed malignant 7 (3.2%)

Pure DCIS 26 (12.0%)

Other malignant 11 (5.1%)

Benign 25 (11.6%)
Size of tumour mean mm (range) 15.69 (0-70)
Presence of DCIS 114 (52.8%)
Grade

1 62 (28.7%)

2 94 (43.5%)

8 35 (16.2%)
T-stage

Tis 27 (14.1%)

T 122 (63.9%)

12 40 (20.9%)

13 2 (1.0%)
N-Stage

NO 145 (75.9%)

N1 39 (20.4%)

N2 6 (3.1%)

N3 1(0.5%)
ER-Status

Positive 152 (92.2%)

Negative 13 (7.8%)
PR-Status

Positive 147 (89.2%)

Negative 18 (10.8%)
HER2-Status

Positive 12 (7.3%)

Negative 153 (92.7)

graphy and sp

DCIS = ductal carcinomaiin situ; ER = estrogen rec eptor; HER2 = human
epidermal growth factor receptor 2; N = node; PR = progesterone
receptor; T =tumour;

1 radiography in breast excision specimens
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FIGURE 3. A é8-year-old female presented with invasive ductal carcinoma,

papillary ductal carcinoma in situ, and papillomatosis,

and underwent

oncoplastic conservative breast resection. (A) Shows the excised skin area above
the tumour that was deemed noft visible by both observers on the specimen
radiography system image (B). (C) Full-field digital mammography shows a small
oval lesion (arrow). (D) Tomosynthesis (1 mm reconstructed image) shows the full

extension of the large spiculated area (arrows).

using the imaging modalities and histopathology.
Bland-Altman analysis and plots were used to as-
sess the differences between mean diameters, as
measured by the observers and histopathology,
among the two observers.

Results

The final analyses included 204 patients with a
mean age of 62.5 years (range 33-95 years). The
patient characteristics, histological diagnosis and
surgical procedures are presented in Table 1. The
majority of lesions were treated by wide local exci-
sion (158/216, 73.1%), and oncoplastic conservative
breast resection was performed for more than a
quarter of lesions (58/216, 26.9%). The mammo-
graphic features of the lesions are presented in
Table 2.

Regarding interobserver agreement, the ICC
was high for lesion visibility (0.787) and diagnostic
certainty (0.684) with tomosynthesis. Similar re-
sults were observed for SRS and FFDM, with ICCs
of 0.742 and 0.804 for lesion visibility and 0.671 and
0.683 for diagnostic certainty, respectively.

As shown in Table 3, both observers felt that
tomosynthesis was the best performing imaging

Radiol Oncol 2022; 56(4): 461-470.
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TABLE 2. Mammographic features and lesion descriptors according to the Breast Imaging Reporting and Data System, 5™ Edition
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Breast density

A 57 B 121
Peritumoral density %

<25% 90 25%-50% 20
Mass Shape

Oval 17 Round 70
Mass Margin

Circumscribed 4 Obscured 7
Indistinct 27 Spiculated 71
Calcifications

Amorphous 2

Coarse Heterogenous 2

Calcification distribution

Regional 9

Grouped 33

Architectural Distortion

Yes 15

© 34 D 4
50%-75% 24 75%-100% 60
Irregular 58

Microlobulated 36

Fine Pleomorphic 42

Fine linear or branching 7

Linear 6

Segmental 5

No 201

modality in 76.9% of cases (Figure 2, 3). SRS was
the least favoured method, chosen only once (0.5%)
by observer 1 and six times by observer 2 (2.8%).

Table 4 presents the results reported by both
observers. For both observers, tomosynthesis pro-
vided significantly better lesion visibility than SRS
and FFDM, which translated into a significantly
greater diagnostic certainty. Moreover, tomosyn-
thesis was superior to the other two methods for
identifying spiculations and calcifications. The
high performance of tomosynthesis was not af-
fected by peritumoral density (p = 0.851).

All three methods showed comparable results
for estimating the diameters of the excised lesions
(Table 5). Observer 1, who was more experienced,
estimated the lesion sizes with greater accuracy
relative to the final pathological report than ob-

TABLE 3. The preferred imaging modalities for individual
lesions selected by the two observers

Observer 1 Observer 2
Tomosynthesis 166 (76.9%) 166 (76.9%)
SRS 1 (0.5%) 6 (2.8%)
FFDM 21 (9.7%) 14 (6.5%)
All equall 5 (2.3%) 12 (5.6%)
None 23 (10.6%) 18 (8.3%)

FFDM = full-field digital mammography; SRS = specimen radiography
system

Radiol Oncol 2022; 56(4): 461-470.

server 2, who was less experienced and tended
to overestimate the lesion sizes using all three
methods. The Pearson’s correlation coefficient for
tomosynthesis relative to the final pathology was
greater than those for SRS and FFDM. The Bland-
Altman plots constructed using the lesion diame-
ters measured by the three imaging methods rela-
tive to the final pathological report are shown in
Figure 4 for both observers. The plots illustrate the
greater accuracy of observer 1 compared with the
less-experienced observer 2, as well as the superior
agreement of tomosynthesis to the final pathologi-
cal report. The plots also indicate that the differ-
ences in measurements increase with increasing
lesion diameter for each imaging modality.

Of 204 patients included in this study, only one
underwent reoperation owing to inadequate mar-
gins. Small invasive ductal carcinoma foci were
associated with a 6.5 x 5.5 cm DCIS close to three
margins. Upon re-resection, a 2.5 cm residual
grade 3 DCIS was found. Intraoperative findings
revealed multicentric disease in one patient that
was confirmed by pathological assessment of fro-
zen section, and mastectomy was performed. The
margins of that specimen were found to be mac-
roscopically and microscopically adequate. One
patient with papilloma had a small, microscopic
extension to the edge of the specimen. In addition,
nine cancers (one DCIS, one invasive lobular and
seven invasive ductal cancers) that were not vis-
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FIGURE 4. Bland-Alfman plots of tumour diameters compared with the pathological report, as measured by observer 1 (A-C) and observer 2 (D-F)
using tomosynthesis (A,D), specimen radiography system (B,E), and full-field digital mammography (C,F).

FFDM = full-field digital mammography; SRS = specimen radiography system

ible on preoperative imaging were found on the
marginal resection specimens removed by the
surgeons for cosmetic or additional marginal pur-
poses; all nine had negative margins.

Discussion

Intraoperative assessment of resected specimens
is particularly important for successful BCS. To
the best of our knowledge, this study is the first
to compare the performance of three imaging mo-
dalities performed simultaneously in the same
patients. Of the three modalities, digital tomos-
ynthesis was superior for visualising lesions,
calcifications and spiculations in the majority of
specimens, and therefore provided the best con-
firmation of complete removal of the target lesion.
Moreover, both observers, with different levels of
experience, felt that tomosynthesis was the supe-
rior imaging modality for the majority of cases and
reported greater certainty of diagnosis compared
with the use of FFDM and SRS.

The cross-sectional capability of tomosynthesis
reduces the effect of breast tissue superimposition
and therefore helps to delineate the tumour mar-

gins. In this study, tomosynthesis was superior to
the other imaging modalities, regardless of the fact
that the majority of our patients had fatty breasts
(BI-RADS density A or B) and approximately two-
thirds of the lesions had low peritumoral tissue
densities. This may reflect the better image quality
of tomosynthesis compared with 2D techniques.
Our results are in concordance with those of prior
studies.!2131

The underperformance of SRS is noticeable be-
cause it did not visualise one in five lesions. Prior
studies showed that using mobile SRS in an oper-
ating theatre reduced the duration and cost of sur-
gery significantly®*16, at the expense of inferior
image quality."* However, a mobile SRS equipped
with tomosynthesis exhibited greater accuracy
than standard mammography and reduced the
rate of re-excision.!

The reoperation rate after BCS varied markedly
in earlier studies. Tumour-related factors that may
influence decisions regarding reoperation include
focality, presence of DCIS and tumour size*, and
non-tumour-related factors include inadequate as-
sessment of the extent of macroscopic disease at di-
agnosis, inaccurate impalpable disease localisation
and limited use of intraoperative specimen radi-

Radiol Oncol 2022; 56(4): 461-470.
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TABLE 4. Evaluated parameters of the specimen with three different imaging modalities by both observers
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Margins >10mm 6-10 <5mm

Observer 1 2 1 2 1 2

Tomosynthesis 156 114 20 37 19 49

SRS 132 126 15 15 8 23

FFDM 158 135 14 38 13 28

Diagnostic Certainty Not at all Somehow Certain Average Almost Certain Completely Certain
Observer 1 2 1 2 1 2 1 2 1 2
Tomosynthesis 21 19 12 6 15 22 40 46 128 123
SRS 61 53 21 12 22 26 59 40 53 85
FFDM 32 23 13 19 18 34 61 58 92 87
Lesion Visibility 0% 01110% 100150% 50090% 9001100%
Observer 1 2 1 2 1 2 1 2 1 2
Tomosynthesis 22 16 15 18 13 24 34 40 132 118
SRS 60 50 20 51 26 50 65 85 45 30
FFDM 32 21 15 27 18 40 57 60 94 68
Spiculation visibility Not visible Partially visible Completely visible No spiculations

Observer 1 2 1 2 1 2 1 2

Tomosynthesis 1 8 23 30 45 103 147 75

SRS 1 32 43 68 3 5 159 m

FFDM 5 31 54 67 9 42 148 76

Cailcifications Present Less visible Equally visible More visible

Observer 1 2 1 2 1 2 1 2

Tomosynthesis 48 53 4 13 25 30 19 10

SRS 47 41 40 30 7 9 0 2

FFDM 49 53 18 28 28 21 3 4

FFDM = full-field digital mammography; SRS = specimen radiography system

ography.*> BCS is not specifically limited based on
cut-off values for tumour size; instead, surgeons
should balance their decision between the assessed
tumour size and the total breast volume. More in-
traoperative tissue sampling — such as shaving the
resection margins after lumpectomy in certain sit-
uations or oncoplastic BCS techniques — may help
reduce the rate of reoperation.>® In this study, the
reoperation rate was low, which is presumably
multifactorial. All preoperative imaging findings
were re-evaluated by specialist breast radiologists
and multidisciplinary specialists. Every effort was
made to evaluate the tumour extent preoperatively
and to transfer these findings to the surgical po-
sition by ink-marking the skin. Furthermore, all
procedures were standardised, including tumour
localisation, macroscopic resection margins of 21
cm, en bloc resection for anterior and posterior
margins, structured specimen orientation, speci-

Radiol Oncol 2022; 56(4): 461-470.

men fixation, imaging and structured histopatho-
logical reporting. All of these factors might help to
reduce positive margins.

The efficacy of specimen mammography for
margin assessment is not yet well established.
Laws et al. reported that the use of any margin as-
sessment technique did not improve margin sta-
tus compared with guidewire localisation alone.?!
According to a meta-analysis, specimen radiogra-
phy to assess the surgical margin had lower sen-
sitivity than frozen sections (53% vs. 86%, respec-
tively).2? However, frozen section is a resource-
demanding procedure, is not always readily avail-
able and it might prolong the duration and cost
of surgery. By contrast, intraoperative imaging is
simple, rapid and readily available. In our opinion,
its lower accuracy is due mainly to the inability to
comprehensively evaluate the microscopic tumour
extension from the target lesion. Mammography
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TABLE 5. Diameters of the excised lesions evaluated by the two observers using three imaging modalities and in the final pathology report

Lesion diameter Mean (mm) Median (mm) Minimum (mm) Maximum (mm) Pearson’s coefficient (r)
Observer 1
Tomosynthesis 16.82 12.70 2.90 84.10 0.471
SRS 17.45 13.90 2.10 96.90 0.421
FFDM 16.96 12.60 2.00 90.10 0.452
Observer 2
Tomosynthesis 23.04 19.00 4.00 88.00 0.614
SRS 21.31 17.00 5.00 97.00 0.457
FFDM 20.21 15.00 3.00 95.00 0.550
Final Pathology

15.69 14.00 0 70

FFDM = full-field digital mammography; SRS = specimen radiography system

tends to underestimate the size of DCIS and, al-
though the sensitivity of specimen imaging is
higher for invasive cancers, it is lower for DCIS.?
A greater resection margin threshold may reduce
the risk of missing a positive margin but increases
unnecessary resection of healthy tissue.?> Mazouni
et al. determined the sensitivity and specificity of
different radiological threshold values (1, 5 and 10
mm), and found that the 10 mm threshold value
had the highest sensitivity (75%).2* Britton et al. re-
ported that a maximum distance of 211 mm from
the lesion to the specimen edge was associated
with a 77% likelihood of having a clear final histo-
logical margin.? Leung ef al. reported that a 15 mm
radiological margin showed the highest combina-
tion of sensitivity and specificity for predicting a
positive margin.?® DCIS is often associated with
invasive cancer and, in this study, half of the speci-
mens included DCIS components. Therefore, the
consistent wide macroscopic resection margins in
this study presumably contributed to the micro-
scopically clear margins.

It is difficult to directly compare the results of
studies assessing the clinical value of specimen ra-
diography because of marked heterogeneity in the
study designs and inclusion criteria, as well as the
methodology and terminology used, thus making
comparisons inconclusive.”” Inconsistencies may
be due to different imaging protocols, specimen
compression, selective inclusion of patients with
different stages of cancer, inclusion of mainly in-
vasive or DCIS patients and the definitions of the
outcome measures.”? In this study, we sought
to include all consecutive patients treated at our

institution. We excluded only those patients who
underwent BCS after neoadjuvant therapy because
some of these patients only have residual micro-
scopic disease or marking clips. Therefore, the pa-
tient population in this study closely represents
clinical practice at a specialist tertiary hospital.

This study has limitations to consider. This was
a single-centre study and the analysis was per-
formed retrospectively. The observers had varying
years of experience, which may contribute to the
interobserver variability and is consistent with a
previous report.?” Furthermore, we could not per-
form more extensive analysis of the diagnostic ac-
curacy of each method in the evaluation of margins
owing to complete primary resection of the lesions
without positive margins for malignant lesions.
Regardless of these limitations, we analysed a co-
hort of consecutive patients, which is consistent
with and representative of actual clinical practice.
Moreover, we included 216 specimens from 204
patients, a considerably larger cohort than most of
the related studies reported to date. We also per-
formed three different imaging modalities for each
specimen, which allowed us to directly compare
radiographs obtained in the same orientation for
all imaging methods and thus remove some poten-
tial sources of error.

In conclusion, tomosynthesis was superior to
SRS and FFDM for the detection and evaluation
of target breast lesions, and detected spiculations
and calcifications. Therefore, tomosynthesis was
more reliable than other intraoperative imaging
modalities for evaluating complete excision of
breast lesions.
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Background. Ultrasound (US) has been proven fo be reliable in the assessment of early haemophilic arthropathy in
the adult haemophilic population, however few studies so far focused on the reliability of US specifically in the pae-
diatric haemophilic population. We were interested if the changing appearance of the growing bone hinders the
ultrasonographic evaluation of the pathologic processes caused by haemophilic arthropathy. The aim of the study
was to assess the reliability of US for evaluation of haemophilic arthropathy in children in comparison to magnetic
resonance imaging (MRI).

Patients and methods. The study included all children aged 6 years or more with severe haemophilia in the country
(n =10). We assessed their elbows, knees, and ankles bilaterally by US and compared the results to the MRI as the
reference standard. Pearson correlation coefficient (r) was used to analyse correlation.

Results. The correlation with MRI for the US for the total score was excellent for all joints (r = 0.849 for the elbows, r
=1 for knees, r = 0.842 for ankles). The correlation of scores for specific joint components showed fair, moderate, or
excellent correlation for all joint components in all joints. The correlation was the lowest for the evaluation of cartilage
and bone in the ankles (r = 0.546 and r = 0.478) and bone in the elbows (r = 0.499).

Conclusions. Our study proved that US using the HEAD-US method performed by paediatric radiologists is a reliable
tool for detection and quantification of haemophilic arthropathy in children in comparison to MRI.

Key words: haemophilia; children; haemophilic arthropathy; HEAD-US; ultrasound; magnetic resonance imaging

Introduction

tional impairment.! As the development of HA
ordinarily begins during childhood, albeit with

Haemophilic arthropathy (HA) is caused by recur-
rent bleeding into joints and is characterized by
synovial hypertrophy with hemosiderin deposi-
tion, cartilage destruction, and structural changes
of subchondral bone. Long-term repeated hemar-
throses lead to joint destruction and severe func-

Radiol Oncol 2022; 56(4): 471-478.

minimal changes, early detection is indispensable.
Early recognition of subclinical arthropathy based
on the imaging modalities is fundamental as it en-
ables appropriate prophylactic treatment modifi-
cation and prevents further disease progression.??
Among the imaging tools, magnetic resonance

doi: 10.2478/raon-2022-0040
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imaging (MRI) with its high spatial and contrast
resolution is superior to the other modalities and
enables the most precise assessment of early ar-
thropathic changes.* As MRI is a time-consuming
modality with limited availability, a high cost, and
requires sedation in young children, routine as-
sessment of multiple joints with it is not feasible.
Ultrasound (US) has been proven to be highly reli-
able in the assessment of early inflammatory and
destructive joint changes in the adult haemophilic
population®?, however very few studies so far
focused on the reliability of US in the paediatric
haemophilic population. The US has even more
advantages in the paediatric population: it is a safe
technique without radiation, it enables a quick as-
sessment of multiple joints, and sedation is not re-
quired even in young children. Thus, with possible
detection of joint effusions, synovial hypertrophy,
cartilage changes, and subchondral bone erosions
it may be an invaluable tool for recognition of sub-
clinical HA in children.®’

We were interested if the changing appearance
of the growing bone hinders the ultrasonographic
evaluation of the pathologic processes caused by
HA. Hitherto, a paucity of data has been published
regarding US measurements of hyaline cartilage
thickness in healthy children in comparison to
MRI measurements. Consequently, published
values are not standardised and require further
research to distinguish unaffected growing bone
from the pathologic processes caused by HA.10-1
The aim of our study was to assess the reliability of
the US for evaluation of haemophilic arthropathy
in children in comparison to the MRI.

Patients and methods
Board approval

The study was approved by the National Medical
Ethics Committee (reference number 0120-
523/2015-8). The participants in this study were
children, therefore informed consent for the par-
ticipants was signed by their parents. The par-
ticipants, however, gave their informed assent to
the study. Research was conducted following the
Helsinki Declaration.

Patients

The study included all children with severe hae-
mophilia A in the country. The patients were re-
cruited at the Slovenian National Haemophilia
Comprehensive Care Centre at the University

Radiol Oncol 2022; 56(4): 471-478.

Medical Centre Ljubljana. The inclusion criteria
were: diagnosis of severe haemophilia A, prophy-
lactic treatment with factor concentrates, and age
between 6 and 18 years. The age of 6 years as the
low cut-off was chosen to avoid the need for an-
aesthesia for the MRI The exclusion criteria were
non-cooperation and contraindications for the
MRI. Patient history (history of joint bleeds, hae-
mophilia joint health score (HJHS), prophylaxis
information) was retrieved from their medical re-
cords.

Ultrasonography

A ProSound F75 US scanner with a 13-5 MHz
electronic linear-array transducer (Hitachi Aloka
Medical, Ltd. Tokyo, Japan) was used to perform
the US examinations. US was performed by an ex-
perienced paediatric radiologist (7 years of subspe-
cialty experience). The assessment of each joint was
made using the HEAD-US protocol and scoring
method. This standardised method includes bi-
lateral systematic evaluation of the elbows, knees,
and ankles in defined positions for the detection of
hypertrophied synovium and osteochondral dam-
age. The results for each joint are expressed on a
9-point scale (0-8; 0 corresponds to the best joint
condition, while 8 corresponds to the worst joint
condition).® The total scanning time per patient for
all joints combined was approximately 20 minutes.
A series of images and clips from all examinations
for each patient were additionally independently
reviewed and scored by another paediatric radiol-
ogist (2 years of subspecialty experience) to deter-
mine the inter-rater reliability. Both US reviewers
were blinded to the results of MRI examinations.

Magnetic resonance imaging

MRI was performed on a 3T Achieva unit (Philips
Healthcare, Eindhoven, The Netherlands). Phased
array coils were used for the imaging of each joint.
The protocol included 3D T2*-weighted water selec-
tive gradient echo sequence (FOV, 160x160x108mm;
voxel size, 0.58x0.58x0.50mm; flip angle: 15%
TE 9.2/6.1ms; TR 26ms), and 3D proton density
(PD) weighted turbo spin echo sequence (FOV,
160x160x161mm; voxel size: 0.52x0.52x0.52mm; TE
33ms; TR 1000ms). The total scanning time for
each joint was approximately 15 minutes. In each
patient, all joints were scanned in a single session
for a total examination time around 1.5 hours.
The MRI examinations were scored according to
the International Prophylaxis Study Group (IPSG)
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TABLE 1. Characteristics of subjects included in the study

Age: mean; range (years) 11.5; 6-17
Age at the start of prophylaxis: mean; range (years) 3;0.8-6.6
Primary prophylaxis — 5 patients: 2.2;0.8-3.8
Secondary prophylaxis — 5 patients: 3.8;2.5-6.6
Duration of prophylaxis: mean; range (years) 9.1, 3.2-14.7
Haemophilia Joint Health Score (HJHS): mean; range 0.9;: 0-7
Number of previous joint bleeds per patient: mean; range 16.2; 0-83
Number of previous joint bleeds per joint: mean; range 2.5, 0-71
Number of previous joint bleeds: Elbows Knees Ankles Overall
0 (number of joints) 14 7 9 30
1-4 (number of joints) 5 12 8 25
> 5 (number of joints) 1 1 3 5
MRI scale. The IPSG score includes evaluation of ~Results

joint effusion, hypertrophied synovium with he-
mosiderin deposition, and osteochondral dam-
age. The IPSG score uses an 18-point scale (0-17;
0 corresponds to the best joint condition with no
disease present, while 17 corresponds to the worst
joint condition with progressive arthropathy).®
The presence of HA was defined as IPSG score > 0.
The scoring was performed independently by two
experienced musculoskeletal radiologists (19 and 4
years of subspecialty experience) who were blind-
ed regarding the results of the US examinations.

Statistical analysis

Descriptive statistics were obtained to describe
the characteristics of the study group. Pearson
correlation coefficient (r) was used to analyse the
correlation between US and MRI examinations.
Correlation was considered poor if r was < 0.3, fair
if r was < 0.6, substantial if r was < 0.8, and excel-
lent if r was > 0.8.° The correlation results were
graphically illustrated. The inter-rater reliability of
HEAD-US and IPSG MRI scoring system for the
total scores was made with Lin’s concordance cor-
relation coefficient (CCC) and for all the sub-scores
using Cohen’s kappa statistics (with quadratic
weights). The results of US were referenced to the
results of MRI in order to obtain measures of di-
agnostic accuracy (specificity, sensitivity, positive
predictive value, and negative predictive value).
Statistical analysis was performed using IBM SPSS
Statistics for Windows software, version 25 (IBM
Corp.). A two-tailed P value < 0.05 was considered
to indicate statistical significance.

Patient and joint characteristics

The study group included a total of 10 patients (age
range 6 to 17 years, mean age 11.5 years). In each
patient, six joints (elbows, knees, and ankles bilat-
erally) were systematically examined first using
the US, followed by MRI, according to the proto-
cols. Altogether in the study we assessed 60 joints:
20 elbows, 20 knees, and 20 ankles.

All the patients included in the study have
been receiving prophylactic treatment with clot-
ting factor concentrates. The type of prophylaxis
for the patients was primary or secondary. The
patients were on three times per weekly regimen.
A proportion of patients were on individual pro-
phylactic regimens according to population-based
pharmacokinetic tools. Two patients developed in-
hibitors to prophylactic treatment. In one patient
the inhibitors were successfully eradicated by im-
mune tolerance induction. Details on treatment
and joint-bleeds history are shown in Table 1 along
with other study group baseline characteristics.

Results of US and MRI

Descriptive statistics for US and MRI results are
gathered in Table 2.

MRI results were used as a reference standard
for joint status. The results of the correlation be-
tween US and MRI for detection and evaluation
of HA in children are summarized in Table 3. The
correlation with MRI for each joint type is graphi-
cally depicted in Figure 1. The correlation with
MRI for US for the total score was excellent for all

Radiol Oncol 2022; 56(4): 471-478.
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FIGURE 1. Concordance plot for depicting agreement between US and MRI
scores for all three joints. Equal size of the fields denotes perfect agreement. The
plots demonstrate overall an excellent agreement between the methods. It can
also be observed, that in most cases of discordance, US slightly undervalued the
progression of the joint disease.

joints (r = 0.849 for the elbows, r = 1 for knees, r =
0.842 for ankles). The correlation of scores for spe-
cific joint components showed fair, moderate, or
excellent correlation for all joint components in all
joints. The correlation was the lowest for the evalu-
ation of cartilage and bone in the ankles (r = 0.546
and r = 0.478) and bone in the elbows (r = 0.499).
Figures 2-5 show images from the study.

The inter-rater reliability of interpretation was
excellent for the US examinations of all joints. The
Lin’s CCC values for the total scores ranged from
0.986 to 1.000. The inter-rater reliability for the MRI
was also excellent for all joints with the CCC val-
ues for the total scores ranging from 0.957 to 0.993.

Measures of diagnostic accuracy

Our study included 49 joints (15 elbows, 20 knees,
and 14 ankles) with no signs of HA on MRI (IPSG
scores were 0) and 11 joints with HA (5 elbows and
6 ankles). The IPSG MRI score of joints with HA
ranged from 1 to 8, mean was 4.8. Two joints that
showed signs of HA on MRI (two elbows in the
same patient with IPSG MRI scores 4 and 1) were
scored 0 on the US. There was one false positive on
the US, an ankle with a score of 1. The calculated
measures of diagnostic accuracy for HEAD-US are
presented in Table 4.

Radiol Oncol 2022; 56(4): 471-478.

TABLE 2. Descriptive statistics for US and MRI assessment
scores

Joints Statistic us MRI
% of zeros 85 75
Median 0 0
Elbows  \ean 0.35 1.05
SD 0.93 2.82
% of zeros 100 100
Median 0 0
Azes Mean 0 0
sD 0 0
% of zeros 65 70
Median 0 0
Ankles Mean 0.8 1.6
SD 1.2 2.2
% of zeros 83.3 81.7
Median 0 0
Overall  \ean 0.38 0.88
SD 0.92 2.16

TABLE 3. The results of the correlation analysis

Pearson’s correlation coefficient (r)

US vs MRI

Elbows Knees Ankles
Total score 0.849 1 0.842
Synovium 0.841 1 0.722
Cartilage 0.829 1 0.546
Bone 0.499 1 0.478

Note: all the reported correlations are statistically significant (p <0.05).

Discussion

Our study aimed to evaluate the reliability of US
(HEAD-US scanning protocol and scoring meth-
od) for the detection and evaluation of haemophil-
ic arthropathy in children in comparison to MRI
(ISPG MRI scoring scale). We evaluated the three
most commonly affected joints (ankles, knees, and
elbows) in all children with severe haemophilia
A in our country (n = 10). Overall, we evaluated
60 joints. The results of the correlation analysis
showed a very high correlation for the evaluation
of haemophilic arthropathy between the US and

TABLE 4. Measures of diagnostic accuracy for detection of
haemophilic arthropathy by US (HEAD-US) in comparison to
MRI (IPSG MRI score) as the reference standard

Specificity 81.8%
Sensitivity 98%
Positive predictive value 90%
Negative predictive value 96%
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16 years

FIGURE 2. Anterior fransverse US images over the distal humeral epiphysis in a 7-years and 16-years old healthy boys. A wavy
osteochondral surface consisting of the convex capitellum and the concave trochlea is shown. Note the age-dependent
anatomic differences: subchondral bony surface in the younger child (A) shows physiological irregularities (thick arrow); the
articular cartilage, which appears as a uniform hypoechoic band overlying the subchondral bone (thin arrows), is thinner in

the older child (B).

MRI for all the joints (r = 0.849 for elbows; r = 1
for knees; r = 0.842 for ankles). Excellent inter-rater
reliability for both the US and MRI in our study
further supports the validity of both methods for
haemophilia imaging in children.

These results show that the HEAD-US method
is reliable in comparison to MRI for the detection
and quantification of HA in children. High speci-
ficity and sensitivity (81.8% and 98%) confirm the
method as a dependable tool for the recognition
of the presence of HA, whereas high correlation

proves the method is also reliable in the quanti-
fication of the disease progression. Our results
indicate that US is reliably applicable for all evalu-
ated joints (elbows, knees, and ankles), however
the detailed analysis of the joint components (syn-
ovium, cartilage, bone) showed some important
differences. The correlation between the methods
was the lowest for the evaluation of the cartilage
and bone changes of the ankles (r = 0.546 and 0.478)
and bone changes of the elbows (r = 0.499) in com-
parison to other joint components (r > 0.7). The

FIGURE 3. PD weighted MRI of ankles in sagittal plane. Image (A) shows an ankle with no signs of haemophilic arthropathy
in an 11-years old boy, while image (B) shows a severely affected ankle in a 17-years old boy. The thin arrow marks a talar
osteochondral defect, while the thick arrow marks synovial hypertrophy with hemosiderin deposition.

Radiol Oncol 2022; 56(4): 471-478.
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FIGURE 4. An example of good concordance between HEAD-US and MRI in a 7-years old child. US image of the femoral
tfrochlea in the transverse plane is shown (A). T2* weighted MR image in the transverse plane (B) of the same knee is shown
for comparison of the corresponding structures. The smooth bone surface and normal thickness tfrochlear joint cartilage with
homogenous structure are shown (white arrow); the corresponding intact structures are shown on MR image. On MRI, there
were also no additional arthropathic changes in the parts of the joint not visualized by the US. The images show a perfect
concordance between US and MRI findings in this knee with no signs of haemophilic arthropathy.

lower correlation for the evaluation of osteochon-
dral changes in the ankles was due to the limited
visualization of the central weight-bearing part
of the osteochondral surface of the ankle joint by
US, which is a more commonly affected area of
the joint. Comparable results were observed in our
previously performed study in the adult popula-
tion.”” Similarly, the lower correlation for the bone
changes in the elbows was due to inability of the
US to detect centrally located subchondral cysts.
Nevertheless, as noted above, the overall correla-

FIGURE 5. An example of a lesion causing a discordance between the US and
MRI. A T2* weighted MR image of an ankle of a 16-years old boy in the sagittal
plane is shown. A small subchondral cyst covered with intact cortical bone and
articular cartilage (white arrow) is shown. MRl demonstrates a defect which
cannot be visualized by US.

Radiol Oncol 2022; 56(4): 471-478.

tion between both methods for all the joint com-
ponents for all the joints was still substantial. In
our study in the adult population, we observed a
lower correlation between the US and MRI for the
detection and evaluation of synovial hypertrophy
in the ankles (r = 0.561). In this study in the paedi-
atric population however, this was not the case (r =
0.722). We believe this can be attributed to a gener-
ally better ability of US to differentiate soft tissues
in children due to a higher tissue water content.
As synovial hypertrophy is the earliest sign of HA,
high reliability to evaluate this finding in all joints
in children is important for the clinical application
of the method.

In the published literature, the comparisons
of the joint assessment between the US and MRI
within the paediatric haemophilic population are
scant. Only three studies included exclusively chil-
dren within their study group. Doria et al. evalu-
ated ankles and knees in children with haemo-
philia and von Willebrand disease and reported
that if performed by experienced radiologists US is
highly reliable for assessing soft-tissue abnormali-
ties and substantially to highly reliable for assess-
ing osteochondral changes in these joints. These
results are concordant with the findings of our
study. However, it is worthy to note that in their
study the US interpreters were unblinded to the
MRI results.® Prasetyo et al. evaluated knees in 27
children with haemophilia, employing a complex
US examination including Doppler evaluation and
evaluation of hemosiderin deposits, and reported
moderate correlation between the US and MRI
scores.’® In another study that evaluated ankles in
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11 boys with haemophilia, Prasetyo et al. evaluated
only the ability of US to detect hemosiderin depos-
its within the joint and determined that the asso-
ciation between the US and MRI for detection of
hemosiderin deposits was weak.” Additional two
studies included children as a part of their study
group. Sierra Aisa ef al. included patients with HA
between the age of 4-82 years and reported sen-
sitivity, specificity, positive predictive value, and
negative predictive value for diagnosing HA with-
in the same interval as presented in our study.®
Acharya et al. evaluated the use of US with Power
Doppler in comparison to contrast-enhanced MRI
to detect haemophilic synovitis in subjects be-
tween the ages of 6-60 years and concluded that
the correlation between the methods is good.?
All of the aforementioned studies already showed
great potential for the use of US in the diagnostics
of HA in children, however, each study had some
limitations, such as different and complex US pro-
tocols or evaluation limited to specific joints or
joint components. Therefore, in our study we used
a simplified standardized US protocol (HEAD-US)
for the joint evaluation, which allows quick exami-
nation with great repeatability, we systematically
evaluated all three most commonly involved joints
in haemophilia, and made sure the US evaluators
were blinded to the results of the MRI examina-
tion.

The findings of the currently presented study
and our previously published study in the adult
population'” made us reconsider our clinical prac-
tice. Due to the good availability of US machines
and reliability of the US to detect even early HA
in clinically asymptomatic joints, we incorporated
the US into our regular clinical yearly follow-up of
paediatric patients with haemophilia. All the chil-
dren with severe haemophilia in our country have
been included in the screening program, even chil-
dren younger than 6 years old. During this time,
we found early HA in clinically asymptomatic
joints with no previously recorded bleeds in two
children and consequently modified their prophy-
lactic treatment regimen.

The study had some research design limitations.
Although our study group included all children
with severe haemophilia A in the country, due to
the rarity of the disease, the overall number of pa-
tients was relatively low (n = 10). Furthermore, we
couldn’t include the youngest children with hae-
mophilia aged under 6 years due to the require-
ment of general anaesthesia to perform MRI in
this group of children. Most joints we evaluated
in our study were either healthy or had only early

HA. This is because HA is a progressive chronic
disease and all of the included patients had pro-
phylactic treatment since the early youth, therefore
more progressive disease forms were prevented.
However, extensive studies evaluating the value of
US in comparison with MRI in patients with pro-
gressive HA have been already performed in the
adult population and, moreover, diagnosing early
HA remains the challenge for today’s medicine.

Conclusions

Our study proved that US using the HEAD-US
method performed by paediatric radiologists is
a reliable tool for detection and quantification of
haemophilic arthropathy in children in compari-
son to MRI. Due to its simplicity, availability, and
reliability, HEAD-US is an invaluable tool in di-
agnostics and regular follow-up of children with
haemophilia and can be safely included into the
regular screening protocols of children with se-
vere haemophilia where possible. Further stud-
ies are needed to answer some important ques-
tions regarding the use of HEAD-US in children
with haemophilia: what is the ideal start age for
the screening? How often should the screening be
performed during the childhood, and who should
perform the scanning (radiologist, clinician, physi-
otherapist)?

Acknowledgments

This study was funded by Pfizer Inc., USA. The au-
thors have no competing interests. We would like
to thank Anja Silic, Marko Gabrijel¢i¢, Damjana
Kljucevsek, and Lidija Kitanovski for their contri-
bution to the study.

References

1. Gualtierotti R, Solimeno LP, Peyvandi F. Hemophilic arthropathy: current
knowledge and future perspectives. J Thromb Haemost 2021; 19: 2112-21.
doi: 10.1111/jth.15444

2. Plut D, Faganel Kotnik B, Preloznik Zupan |, Kljuéeviek D, Vidmar G, Snoj 7,
et al. Detection and evaluation of haemophilic arthropathy: which tools may
be considered more reliable. Haemophilia 2021; 27: 156-63. doi: 10.1111/
hae.14153

3. Pergantou H, Platokouki H, Matsinos G, Papakonstantinou O, Papadopoulos
A, Xafaki P, et al. Assessment of the progression of haemophilic ar-
thropathy in children. Haemophilia 2010; 16: 124-9. doi: 10.1111/j.1365-
2516.2009.02109.x

4. Kilcoyne RF, Nuss R. Radiological assessment of haemophilic arthropa-
thy with emphasis on MRI findings. Haemophilia 2003; 9: 57-64. doi:
10.1046/j.1365-2516.9.51.11.x

Radiol Oncol 2022; 56(4): 471-478.

a477



478 Plut D et al. / Haemophilic arthropathy detection with ultrasound in children

5. Sierra Aisa C, Lucia Cuesta JF, Rubio Martinez A, Fernandez Mosteirin N,
Iborra Mufioz A, Abio Calvete M, et al. Comparison of ultrasound and
magnetic resonance imaging for diagnosis and follow-up of joint lesions
in patients with haemophilia. Haemophilia 2014; 20: e51-7. doi: 10.1111/
hae.12268

6. Doria AS, Keshava SN, Mohanta A, Jarrin J, Blanchette V, Srivastava A, et al.
Diagnostic accuracy of ultrasound for assessment of hemophilic arthropa-
thy: MRI correlation. Am J Roentgenol 2015; 204: W336-47. doi: 10.2214/
AJR.14.12501

7. De la Corte-Rodriguez H, Rodriguez-Merchan EC, Jimenez-Yuste V. Point-of-
care ultrasonography in orthopedic management of hemophilia: multiple
uses of an effective tool. HSS J 2018; 14: 307-13. doi: 10.1007/s11420-018-
9604-x

8. Martinoli C, Casa Alberighi O Della, Di Minno G, Graziano E, Claudio Molinari
A, Pasta G, et al. Development and definition of a simplified scanning proce-
dure and scoring method for haemophilia early arthropathy detection with
ultrasound (HEAD-US). Thromb Haemost 2013; 109: 1170-9. doi: 10.1160/
TH12-11-0874

9. Di Minno MND, lervolino S, Soscia E, Tosetto A, Coppola A, Schiavulli M,
et al. Magnetic resonance imaging and ultrasound evaluation of “healthy”
joints in young subjects with severe haemophilia A. Haemophilia 2013; 19:
e167-73. doi: 10.1111/hae.12107

10. Keshava SN, Gibikote SV, Mohanta A, Poonnoose P, Rayner T, Hilliard P, et al.
Ultrasound and magnetic resonance imaging of healthy paediatric ankles
and knees: a baseline for comparison with haemophilic joints. Haemophilia
2015; 21: e210-22. doi: 10.1111/hae.12614

11. Soliman M, Daruge P, Dertkigil SSJ, De Avila Fernandes E, Negrao JR, de
Aguiar Vilela Mitraud S, et al. Imaging of haemophilic arthropathy in grow-
ing joints: pitfalls in ultrasound and MRI. Haemophilia 2017; 23: 660-72. doi:
10.1111/hae.13249

12. Samanta M, Mitra S, Samui PP, Mondal RK, Hazra A, Sabui TK. Evaluation
of joint cartilage thickness in healthy children by ultrasound: an experi-
ence from a developing nation. Int J Rheum Dis 2018; 21: 2089-94. doi:
10.1111/1756-185X.13374

13. Spannow A, Stenboeg E, Pfeiffer-Jensen M, Fiirgaard B, Haislund M,
Ostergaard M, et al. Ultrasound and MRI measurements of joint cartilage
in healthy children: a validation study. Ultraschall Med 2010; 32(Suppl 1):
$110-6. doi: 10.1055/5-0029-1245374

14. Sidharthan S, Yau A, Almeida BA, Shea KG, Greditzer HG, Jones KJ, et al.
Patterns of articular cartilage thickness in pediatric and adolescent knees:
a magnetic resonance imaging—based study. Arthrosc Sport Med Rehabil
2021; 3: 381-90. doi: 10.1016/j.asmr.2020.09.029

15. Lundin B, Manco-Johnson ML, Ignas DM, Moineddin R, Blanchette VS, Dunn
AL, et al. An MRI scale for assessment of haemophilic arthropathy from the
International Prophylaxis Study Group. Haemophilia 2012; 18: 962-70. doi:
10.1111/j.1365-2516.2012.02883.x

16. Chan YH. Biostatistics 104: correlational analysis. Singapore Med J 2005; 46:
153-60.

17. Plut D, Kotnik BF, Zupan IP, Kljucevsek D, Vidmar G, Snoj Z, et al. Diagnostic
accuracy of haemophilia early arthropathy detection with ultrasound
(HEAD-US): a comparative magnetic resonance imaging (MRI) study. Radiol
Oncol 2019; 53: 178-86. doi: 10.2478/raon-2019-0027

18. Prasetyo M, Gatot D, Tulaar A, Pandelaki J, Bardosono S, Sukrisman L, et
al. Association between US and MRI scores and correlations with urinary
C-terminal telopeptide Type Il collagen levels for early detection of hemo-
philic arthropathy of the knee. J Phys Conf Ser 2018; 1073: 042022. doi:
10.1088/1742-6596/1073/4/042022

19. Prasetyo M, Mongan AE, Chozie NA, Prihartono J, Setiawan SI. Hemosiderin
deposition evaluation in hemophilic ankle joints: association between US
finding and gradient-recalled echo MR imaging sequence. Insights Imaging
2021; 12: 1-7. doi: 10.1186/s13244-021-01050-1

20. Acharya SS, Schloss R, Dyke JP, Mintz DN, Christos P, Dimichele DM, et al.
Power Doppler sonography in the diagnosis of hemophilic synovitis - a
promising tool. J Thromb Haemost 2008; 6: 2055-61. doi: 10.1111/j.1538-
7836.2008.03160.x

Radiol Oncol 2022; 56(4): 471-478.



research article

MRI-identified multidimensional nodal features
predict survival and concurrent chemotherapy
benefit for stage Il nasopharyngeal carcinoma

Yang Liu', Jianghu Zhang', Jingbo Wang', Runye Wu', Xiaodong Huang', Kai Wang',
Yuan Qu', Xuesong Chen', Yexiong Li', Ye Zhang', Junlin Yi'2

" Department of Radiation Oncology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital,
Chinese Academy of Medical Sciences and Peking Union Medical College, China

2Department of Radiation Oncology, National Cancer Center/National Clinical Research Center for Cancer/Hebei Cancer
Hospital, Chinese Academy of Medical Sciences (CAMS), China

Radiol Oncol 2022; 56(4): 479-487.
Received 10 September 2022

Accepted 11 October 2022

Correspondence to: Junlin Yi, M.D., Ph.D., 17 Panjiayuan Nanli, Chaoyang District, Beijing, 100021, P.R. China and Tongxi Road, Guangyang
District, Langfang, Hebei Province, 065001, P.R. China. E-mail: yijunlin1969@163.com and Ye Zhang, MD, PhD, 17 Panjiayuan Nanli, Chaoyang
District, Beijing, 100021, P.R. China. E-mail: dr_zye1983@163.com

Dr. Yang Liu and Dr. Jianghu Zhang contributed equal to the work.
Disclosure: No potential conflicts of interest were disclosed.

This is an open access article distributed under the terms of the CC-BY license (https://creativecommons.org/licenses/by/4.0/).

Background. Reliable predictors are urgently needed to identify stage Il nasopharyngeal carcinoma (NPC) patients
who could benefit from concurrent chemoradiotherapy (CCRT). We aimed to develop a nomogram integrating
MRI-identified multidimensional features of lymph nodes to predict survival and assist the decision-making of CCRT for
stage I NPC.

Patients and methods. This retrospective study enrolled 242 stage Il NPC patients treated from January 2007 to
December 2017. Overall survival (OS) was the primary endpoint. Perfformance of nomogram was evaluated using cali-
bration curves, Harrell Concordance Index (C-index), area under the curve (AUC) and decision curves analysis (DCA)
and was compared with TNM staging. According to the individualized nomogram score, patients were classified into
two risk cohorts and therapeutic efficacy of CCRT were evaluated in each cohort.

Results. Three independent prognostic factors for OS: age, number and location of positive lymph nodes were
included into the final nomogram. T stage was also incorporated due fo its importance in clinical decision-making.
Calibration plots demonstrated a good match between the predicted and our observed OS rates. C-index for
nomogram was 0.726 compared with 0.537 for TNM staging (p < 0.001). DCAs confirmed the superior clinical utility of
nomograms compared with TNM staging. CCRT compared to intensity-modulated radiotherapy (IMRT) delivered OS
benefit to patients in the high-risk group (5-year: 89.9% vs. 72.1%; 10-year: 72.5% vs. 34.2%, p = 0.011), but not in the
low-risk group.

Conclusions. This lymph node features-based nomogram demonstrated excellent discrimination and predictive ac-
curacy for stage Il patients and could identify patients who can benefit from CCRT.

Key words: nasopharyngeal carcinoma; stage II; concurrent chemotherapy; nomogram; nodal features

Introduction complex anatomical location and high radiosensi-

tivity, radiotherapy (RT) has been the mainstay of
Nasopharyngeal carcinoma (NPC) is a disease treatment. The predominant failure pattern of dis-
in head and neck that is especially prevalent in  tant metastases highlights the importance of chem-
Southeast Asia, with an age-standardized inci- otherapy to improve survival outcomes in NPC
dence rate of five per 100,000 population.! Givenits patients.2® Currently, the National Comprehensive
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Cancer Network (NCCN) guidelines recommend
that concurrent chemoradiotherapy (CCRT) be
the primary treatment for T1-2NIMO patients and
T2NOMO patients with high-risk features.* This is
based on a prospective phase III study that showed
that CCRT provided survival benefits over two-
dimensional (2D) conventional RT alone for stage
IINPCS5

With rapid technological advances, intensity-
modulated radiotherapy (IMRT) has yielded excel-
lent treatment outcomes for patients with stage II
NPC, with 5-year overall survival (OS) and local
control rates exceeding 90%.° A recent phase II
randomized clinical trial demonstrated that CCRT
might be unnecessary for stage II patients treated
with IMRT, as it failed to improve treatment effi-
cacy while increasing the incidence of toxicity.” A
similar recommendation can be found in the latest
European Society for Medical Oncology (ESMO)
guidelines.® Nonetheless, the survival outcomes
remain poor for certain populations screened us-
ing adverse prognostic determinants (e.g, high
plasma Epstein-Barr virus [EBV] DNA levels).>1
The latest American Society of Clinical Oncology/
Chinese Society of Clinical Oncology (ASCO/
CSCO) guideline also highlights that CCRT can be
offered when a bulky tumor burden is present.!!
Therefore, the application of CCRT should con-
sider risk assessment, and more effective prognos-
tic factors are urgently needed to identify stage II
NPC patients who may benefit from CCRT.

American Joint Committee on Cancer (AJCC)
N staging is consistently recognized as one of the
most important determinants for prognosis pre-
diction and treatment decision-making in stage II
NPC. However, N1 disease represents a heteroge-
neous setting in which the size of the lymph node
ranges from 1 to a 6-cm mass. Furthermore, the
unresolved issue is the accuracy and consistency
of N staging, which merely considers nodal size,
laterality and location. With advances in imaging
modalities, MRI imaging-based analyses have ex-
tracted diverse nodal features containing essen-
tial information closely related to NPC staging,
treatment, and prognosis.’?® As morphological
lymph node features, high-level extranodal exten-
sion and central nodal necrosis have consistently
been proven to be predictors of distant metasta-
ses.”® Furthermore, the burden-related lymph
node features, such as volume and number of posi-
tive lymph nodes (PLNs), and number of positive
lymph node regions, are proved prognostic factors
for NPC progression.??> However, to the best of
our knowledge, no comprehensive lymph node

Radiol Oncol 2022; 56(4): 479-487.

feature-based prognosis stratification and concur-
rent chemotherapy decision-making protocol has
been reported for patients with stage II NPC.

In this study, we explored the prognostic value
of multidimensional lymph node features in stage
II NPC patients and established a lymph node
feature-based nomogram. Furthermore, we exam-
ined the clinical validity of this model in guiding
CCRT utility for patients with stage Il NPC.

Patients and methods

This study was approved by the Ethics Committee
of our institute, and the requirement for informed
consent was waived due to its observational na-
ture. The present study was conducted in accord-
ance with the guidelines from the Declaration of
Helsinki.

Patients

Between January 2007 and December 2017, 242
stage II NPC patients were consecutively includ-
ed (restaged according to the 8th AJCC staging
system,). The eligibility criteria were as follows
(Supplementary Figure 1): (1) histologically con-
firmed World Health Organization (WHO) type
[I-1IT NPC; (2) no evidence of distant metastases;
(3) complete pretreatment evaluation and having
complete baseline MRI scans of the nasopharynx
and neck; and (4) treatment with IMRT or CCRT
(cisplatin, cumulative dose =200 mg/m?).

MRI image acquisition

Head and neck T1- and T2-weighted MRI images
(TIWI, T2WI) were obtained with a 1.5 or 3T scan-
ner (GE Healthcare, Discovery MR, United States)
axially, coronally, and sagittally. The axial slice
thickness was 3 mm from the suprasellar cistern
to the inferior margin of the sternal end of the
clavicle.

Nodal characteristics identified on MRI
images

The gross volumes of the primary tumor and nodes
were identified as GTVnx and GTVnd, respectively.
The diagnostic criteria of positive lymph nodes in-
cluded: (1) any cervical lymph node with the short-
est diameter > 10 mm, any retropharyngeal lymph
node (RPLN) in thelateral group with the minimum
diameter > 5 mm, and any visible RPLN in the me-
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dian group; (2) central nodal necrosis or a contrast-
enhanced rim; (3) extranodal extension; and (4) > 3
contiguous converging lymph nodes, each with an
minimum diameter > 8 mm.?* When more than two
lymph nodes could not be distinguished from each
other, they were counted as one. The maximal ax-
ial diameter of lymph nodes was measured on the
largest plane of cross-sectional images. Extranodal
extension was assessed on Tl-weighted fat-sup-
pressed contrast images and classified as follows
(Figure 1): Grade 0, without extranodal extension;
Grade 1, infiltrating the surrounding fat; Grade 2,
matted nodes; and Grade 3, infiltrating the adjacent
muscle, parotid gland, vessels and skin.!* Central
nodal necrosis was identified as a focal area of high
signal intensity on T2WI."?

Treatment

All 242 patients completed whole-course simulta-
neous-integrated boost (SIB) IMRT. Doses of 69.96
Gray (Gy)/33 fractions were prescribed for GTVnx
and GTVnd. High- and low-risk regions of the clin-
ical target volume (CTV) received a prophylactic
dose of 60.06 Gy/33 fractions and 50.96 Gy/28 frac-
tions, respectively. The concurrent chemotherapy
plan included a weekly (40 mg/m?) or three-weekly
(80-100 mg/m?) cisplatin regimen.

Clinical outcomes and follow-up

The primary endpoint was OS (date of treatment
start, to date of documented death from any cause
or last follow-up). The secondary endpoints were
disease-specific survival (DSS, date of treatment
start to date of documented death from NPC-
related cause or last follow-up), regional recur-
rence-free survival (RRFS, date of treatment start
to date of the first observation of regional recur-
rence) and distant metastasis-free survival (DMFS,
date of treatment start to date of the first observa-
tion of distant metastases).

Patients were followed up at least every three
months for the first two years, every six months
for the third to fifth years, and then yearly.
Evaluations included complete physical examina-
tion, fiberoptic nasopharyngoscopy, MRI of the
nasopharynx and neck, chest X-ray/CT, and abdo-
men sonography/CT with or without bone scans.
Other additional investigations (e.g, FDG PET/
CT) would also be scheduled if clinically neces-
sary. Late toxicities were assessed according to the
Common Terminology Criteria for Adverse Events
(CTCAE) version 4.0.

481

FIGURE 1. Axial T1-weighted fat-suppressed contrast MRl images of grade 0-2
extranodal extension (ENE) in four stage Il nasopharyngeal carcinoma patients.
(A) Grade 0: without ENE; (B) Grade 1: lymph node (LN) infiltrating surrounding
fat; (C) Grade 2: matted LNs; and (D) Grade 3: LN infiltrating sternocleidomastoid
muscle (wight arrows).

Statistical analysis

The Kaplan-Meier method was performed to es-
timate survival rates, and log-rank test was used
to examine the significance of differences. Youden
indexes derived from the time-dependent receiver
operating characteristic (ROC) analysis were uti-
lized to dichotomize continuous variables into
categorical variables and determine the optimal
cutoffs. Cox proportional hazards regression with
backward selection was performed in multivari-
able analysis (MVA) and to calculate hazard ratios
(HRs). To assess the effect of the continuous vari-
ables on OS, an additive Cox model was used to
generate pointwise estimates of HR curves by us-
ing the “smoothHR” package.?” Based on the risk
factors identified by MVA, a nomogram was devel-
oped. The calibration curves, Harrell concordance
index (C-index), area under the curve (AUC) and
decision curve analysis (DCA) were used to evalu-
ate the performance of nomogram. Each patient
was stratified into low- or high-risk groups based
on the final sum of the nomogram scores. R (ver-

Radiol Oncol 2022; 56(4): 479-487.
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TABLE 1. Characteristics of 242 patients with stage I
nasopharyngeal carcinoma

Characteristics No. (%)
Age, median (range) 50 (18-76)

<50 120 (49.6)

250 122 (50.4)
Sex

Male 173 (71.5)

Female 69 (28.5)
AJCC 8th T stage

T1 104 (43.0)

T2 138 (57.0)
AJCC 8th N stage

NO 30 (12.4)

N1 212 (87.6)
AJCC 8th subgroup

TINTMO 104 (43.0)

T2NOMO 31 (12.8)

T2N1MO 107 (44.2)
GTVnx volume (cm?), median (range) 19.1 (2.1-74.0)

<137 70 (28.9)

>13.7 172 (71.1)
GTVnd volume (cm?), median (range) 8.7 (0-71.0)

<29.1 212 (87.6)

>29.1 30 (12.4)
Lateral of RPLNs

None 90 (37.2)

Unilateral 113 (46.7)

Bilateral 39 (16.1)
LN located in level Il

Yes 195 (80.6)

No 47 (19.4)
LN size (cm) 1.7 (0-6.0)

MAD < 2.2 152 (62.8)

MAD = 2.2 90 (37.2)
Number of positive LN 2 (0-9)

0 30 (12.4)

1 69 (28.5)

2 60 (24.8)

8 51 (21.1)

4 19 (7.9)

25 13 (5.4)
TENE grade

Grade 0 153 (63.2)

Grade 1,2 52 (21.5)

Grade 3 37 (15.3)

CNN

No 179 (74.0)

Yes 63 (26.0)
Treatment

IMRT 158 (65.3)

CCRT 84 (34.7)

TENE Grade 0 = none; Grade 1 = LN Infiltrating surrounding fat; Grade
2 = matted nodes; and Grade 3 = LN infiltrating adjacent muscle and
(or) vessels and(or) skin

AJCC = American Joint Committee on Cancer staging system; CCRT
= concurrent chemoradiotherapy; CNN = central nodal necrosis;
ENE = extranodal extension; GTVnx/GTVnd = gross target volume of
nasopharyngeal tumor/lymph nodes; IMRT = intensity-modulated
radiotherapy; LN = lymph node; MAD = maximum diameter; RPLN =
refropharyngeal lymph node
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sion 4.1.0) and SPSS (version 26.0) were adopted for
the statistical analysis. All the tests were two-sid-
ed, and significance was defined as p < 0.05.

Results
Patient characteristics

The general characteristics of the 242 stage II pa-
tients are summarized in Table1 (median age
50-years old, range 18-76; 173 men, male-to-female
ratio 2.5:1). Overall, 158 (65.3%) patients received
IMRT, and 84 (34.7%) received CCRT.

Survival and toxicities after treatment

With a median follow-up of 10.3 years (range: 0.6—
17.5 years), the 5-year and 10-year OS, DSS, RRFS
and DMEFS rates of the entire cohort were 91.9%
and 79.1%, 93.6% and 86.7%, 96.5% and 93.6%, and
92.3% and 89.1%, respectively. At the last follow-
up, 42 (174%) patients had died, and 45 (18.6%)
experienced treatment failure. The patterns of
treatment failure and causes of death are shown in
Supplementary Table 1.

Compared with IMRT, patients receiving CCRT
had significantly higher rates of Grade 1-2 gas-
trointestinal reactions, ear toxicities and severe
(Grade 3-4) leukopenia. No significant differ-
ences were observed in terms of the incidence or
severity of late toxicities between the two groups
(Supplementary Table 2).

Risk score model and risk stratification

The ROC-determined optimal cutoffs for GTVnx
volume, GTVnd volume and lymph node size to
predict OS were 13.7 cm? 29.1 cm?® and 2.2 cm, re-
spectively. Smooth HR trend showed that the log
HR of overall death increased linearly with an in-
creasing number of PLNs from 1 to 4 and reached
a plateau from 5 and above (Supplementary
Figure 2). Therefore, the number of PLNs was cat-
egorized into 6 groups (i.e., from 0 to 4 and > 5).
Univariate analysis showed that age > 50 years,
GTVnd 2 29.1 cm?, lymph nodes located in level IIT
(Figure 2A), lymph node size > 2.2 cm (Figure 2B),
PLN number (Figure2C), and positive central
nodal necrosis (Figure 2D) were associated with
poor OS. MVA demonstrated that age, location
and number of PLNs were independent determi-
nants for OS (Supplementary Table 3). T stage was
also included in the nomogram for its importance
in clinical decision-making (Figure 3A). The cali-
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bration curves manifested excellent consistency in
terms of the 5- and 10-year OS (Figure 3B-C).

The C-index of the nomogram in predicting
OS was 0.726 (95% CI: 0.638-0.813) in comparison
with 0.537 (95% CI: 0.498-0.608) for TNM stage (p
< 0.001). Analysis of AUCs revealed that the total
nomogram score for predicting OS was also sig-
nificantly superior to TNM staging (Figure 4A).
Likewise, DCAs indicated that the risk model had
a higher net benefit for predicting 5- and 10-year
OS than TNM staging for almost all threshold
probabilities (Figure 4B—C).

The linear correlation between the nomogram
score and the hazard of overall death is shown in
Supplementary Figure 3. Based on cutoffs for the
total score, patients were stratified into low-risk
(score: 0-134) and high-risk groups (score: >134).
There were no significant differences in any end-
point among the TIN1IMO, T2NOMO, and T2N1MO0
subgroups (Figure 5A-D). The high-risk group had
significantly worse OS, DSS, RRFS or DMFS rates
than low-risk group (Figure 5E-H).

Nomogram-based adaptive utilization of
CCRT

Based on the stratified groups derived from the
nomogram, we further analyzed the clinical effi-
cacy of CCRT in two cohorts with different prog-
noses. Although a trend that CCRT improves
OS was observed in the whole population, it did
not reach a significant difference (Figure 6A).
Nevertheless, high-risk patients could benefit
from CCRT compared to IMRT (5-year OS 89.9%
vs. 72.1% and 10-year OS: 72.5% vs. 34.2%, p = 0.011),
while low-risk patients failed to benefit from CCRT
(Figure 6B-C, Figure 7). CCRT did not improve the
OS rates among the TINIMO, T2NOMO, and T2N1
MO subgroups (Figure 7).

Discussion

In this study, we comprehensively evaluated the
prognostic value of multidimensional nodal fea-
tures in patients with stage II NPC and further es-
tablished a lymph node feature-based nomogram.
The nomogram demonstrated superior predictive
performance for OS and outperformed the current
AJCC TNM staging. In addition, the nomogram-
derived prognostic stratification contributes to
identifying high-risk patients who are more likely
to benefit from CCRT. To the best of our knowl-
edge, this current study is the first to incorporate
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FIGURE 2. Multidimensional nodal features of stage Il nasopharyngeal carcinoma
significantly associated with survival outcomes in univariate or multivariate
analysis. Axial T2-weighted fat-suppressed image of (A) a 24-year-old man with
one lymph nodes (LN) in level lll; (B) a 56-year-old man with maximum diameter
of lymph node 3.3cm; (C) a 50-year-old woman with four metastatic LNs; and (D)
Sagittal T1-weighted fat-suppressed contrast images of a 45-year-old woman

showing central nodal necrosis (CNN) (wight arrows).

MAD = maximal axial diameter

various nodal features into a nomogram to predict
the prognosis of stage Il NPC and to further guide
the management of concurrent chemotherapy.
The latest NCCN guidelines recommend CCRT
for stage IINPC, which is based on a phase III study
from the conventional 2D-RT era that showed sig-
nificant improvements in 5-year OS and progres-
sion-free survival (PFS) with CCRT over RT alone.*
The survival benefit of CCRT might be due to its
radiosensitizing effect and the fact that it compen-
sated for the dosimetric deficiencies of the con-
ventional RT technique. In the IMRT era, the role
of CCRT in stage II NPC has not been absolutely
defined given the paucity of data from phase III
trials. The majority of studies revealed that the ad-
dition of concurrent chemotherapy did not signifi-
cantly improve survival but increased the preva-
lence of acute toxic reactions in patients with stage
II NPC.”? Nonetheless, Luo et al. reported that

Radiol Oncol 2022; 56(4): 479-487.
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FIGURE 3. Nomogram and calibration plots of 5- and 10-year overall survival (OS).
Number of positive lymph nodes was as continuous variable.

T2NIMO patients receiving CCRT had better 3-year
OS, LRFS, and DMFS than those receiving IMRT.?
Similarly, Kang et al. found that CCRT contributed
to improving the 5-year locoregional relapse-free
survival and PFS for stage II patients.?® It should be
noted that the limitation of the above studies was
that all patients were from nonendemic areas, and
WHO I/II was the most common histological type.
In our study, although a trend that CCRT could im-
prove OS was observed in the whole population, it
did not reach a significant difference. Collectively,
this evidence supports the utilization of concur-
rent chemotherapy in a specific portion rather
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than the stage II disease population. Therefore, it
is critical to identify high-risk patients with stage
IT NPC who are more likely to benefit from CCRT.

Lymph node status is one of the most important
determinants associated with prognosis and treat-
ment decisions.’>'¢ The determination of AJCC N1
classification depends primarily on the location
and size of the ipsilateral cervical lymph nodes.
Nonetheless, in recent years, alternative nodal pa-
rameters, such as the number of PLNSs, extranodal
extension and central nodal necrosis status, have
been increasingly reported to better assess the
profile of nodal burden.!*’® The number of MRI-
positive lymph nodes has been reported to be a
predominant independent prognostic factor for
survival in NPC patients and is a better proxy for
the cumulative effect of lymph nodes than AJCC
N staging.?? Additionally, quantitative metastatic
lymph node regions were shown to be superior to
N classification in terms of prognosis in NPC.% In
addition, high-grade extranodal extension was re-
ported as an evaluable predictor that could assist
in the selection of stage II patients with a high risk
of distant metastases.’*”1® Another critical lymph
node feature was central nodal necrosis, which was
proven to be an independent negative prognos-
tic factor in patients with NPC.12%¢ In the current
study, by applying an additive Cox model based on
P-penalized, we observed the impact of consecu-
tive PLN on survival: the hazard of overall death
increased linearly with increasing PLNs from 1 to
4, eventually reaching a plateau at PLNs of 5 and
above. Based on this tendency, PLN surpassed the
traditional AJCC N stage and emerged as an in-
dependent variable in the MVA model. Likewise,
lymph node located in level III was found to be an
important prognostic factor that outperformed N
stage, which could be explained by the fact that
lymph node often metastasizes in an orderly fash-
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FIGURE 4. Comparison of (A) area under the curve (AUC) plots, decision curves of (B) 5-year overall survival (OS) and (C) 10-year OS between the

nomogram and TNM stage.
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FIGURE 5. Survival curves of the (A-D) three subgroups
in American Joint Committee on Cancer staging system
(AJCC), TNM staging and (E-H) the low- and high-risk groups
stratified by the nomogram-derived score.

ion from upper to lower level lymph nodes, and
patients with level III lymph node involvement
tend to have an increased number of positive
lymph nodes. Lymph node size, GTVnd volume,
extranodal extension and central nodal necrosis
were no longer independent prognostic factors
for OS, probably because they were surrogates for
the number of PLNs or LNs located in level III and
were included when all served as positive lymph
node criteria in multivariable Cox analysis.

As per the results of the multivariate analysis,
we finally included age, T stage, number of PLNs
and location (lymph node located in level III) in
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the nomogram for OS. Although nomograms have
been established in various manners in stage II
NPC?-%, the notable hallmark of our nomogram is
that it is the first to incorporate lymph node sta-
tus, while in the previous nomogram, the effect
of lymph node burden was merely assessed by
N staging and lacked more detailed categoriza-
tion.” In terms of the discriminative performance
of this nomogram, its C-index, AUC and DCA are
TNM staging system Event/Patient 5-year 0S % 10-year OS % HR 95%ClI P
IMRT CCRT IMRT CCRT IMRT CCRT
TINTMO 11/64  3/40 90.4 971 778 93.3 —a—} 0412 0.115-1.481 0.174
T2NOMO 5/24 37 87.0 1000 791 400 1 . 2732 0.607-12.293 0.190
T2N1MO 15/70 5/37 898 945 755 827 ___ | 0.631 0.228-1.745 0.375
0 05 1 15 2
CCRT better IMRT better
Prognostic risk Event/Patient 5-year 0S % 10-year OS % HR 95%Cl P
stratification
IMRT CCRT IMRT CCRT IMRT CCRT
Low-risk 13/121 5/51 949 100.0 883 895 T 0.881 0.313-2.480 0.810
High-risk 18/37 6/33 721 89.9 342 725 il 0.317 0.125-0.804 0.011
0 05 4 15 3
CCRT better  IMRT better

FIGURE 7. The 5-year and 10-year overall survival (OS) rates and hazard ratio
(HR) between intensity-modulated radiotherapy (IMRT) group and concurrent
chemoradiotherapy (CCRT) group according to (A) TNM staging system and (B)
prognostic risk model.
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significantly better than AJCC TNM staging and
are comparable to previous nomograms for stage
II NPC.20-23

Despite the growing evidence supporting the
prognostic value of lymph node features in NPC,
very little stratification based on lymph node fea-
tures has been incorporated into treatment deci-
sions from a clinical management perspective. To
our knowledge, only one previously published
study of nomograms in NPC analyzed the ability
of the lymph node features-based nomogram mod-
el to guide personalized induction chemotherapy
combined with CCRT management in stage II-IVA
patients.’® In the current study, we implemented
the time-dependent ROC method to identify two
subgroups according to the nomogram scores,
which was more reasonable and discriminatory
than arbitrary groupings based on medians or
quartiles. We then found that CCRT was associ-
ated with improved survival outcomes in the high-
risk group, with reductions in the overall death
hazards of approximately 70%. These results un-
derline that this nomogram may be valid enough
to be used as a practical tool for clinicians to select
stage II patients for concurrent chemotherapy.

This study has several limitations. First, the
plasma EBV-DNA levels were not included in the
survival analysis. Only five patients in this cohort
had EBV-DNA over 500 copies/ml, which is con-
sistent with previous studies reporting relatively
low EBV-DNA copies in stage II patients®3, sug-
gesting that their prognostic value may not be as
critical as in stage III/IV patients. Another possi-
ble reason for the relatively low EBV-DNA in this
cohort is the continued lack of standardized EBV-
DNA testing®; therefore, we sought to re-exam-
ine the prognostic value of pretreatment EBV-DNA
for stage II NPC after standardization of testing
methods. Second, although the sample size of the
present study was the largest reported for nodal
feature prognostication in stage II NPC to date, our
data were obtained from a single cancer center. A
larger sample size cohort for external independent
validation is warranted to further assess the prog-
nostic and predictive value of this lymph node
feature-based nomogram.

Conclusions

In summary, this study established a nodal fea-
tures-based nomogram with excellent perfor-
mance, which provided statistically significantly
superior discrimination to TNM staging in pre-

Radiol Oncol 2022; 56(4): 479-487.

dicting the OS in patients with stage II NPC.
Furthermore, the nomogram-based stratification
effectively identified patients who were more like-
ly to gain survival benefit from CCRT. It offers a
useful tool for providing patient counseling and
clinical assessments. To generalize the clinical util-
ity of this nomogram, external validation should
be considered.
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Background. In Slovenia, cancer care services were exempt from government decrees for COVID-19 containment.
Nevertheless, cancer control can be impacted also by access to other health services and changes in health-seeking
behaviour. In this follow up study, we explored changes in cancer burden and cancer care beyond the first months
after the onset of the COVID-19 epidemic.

Materials and methods. We analysed routinely collected data for the period January 2019 through July 2022
from three sources: (1) pathohistological and clinical practice cancer notifications from two major cancer centres
in Ljubliona and Maribor (source: Slovenian Cancer Registry); (2) referrals issued for oncological services (source: e-
referral system); and (3) outpatient appointments and diagnostic imaging performed (source: administrative data of
the Institute of Oncology Ljubljana - IOL). Additionally, changes in certain clinical and demographic characteristics
in patients diagnosed and freated during the epidemic were analysed using the Hospital-Based Cancer Registry of
the IOL (period 2015-2021).

Results. After a drop in referrals to follow-up cancer appointments in April 2020, in June-August 2020, there was an
increase in referrals, but it did not make-up for the drop in the first wave; the numbers in 2021 and 2022 were even
lower than 2020. Referrals to first cancer care appointments and genetic testing and counselling increased in 2021
compared to 2019 and in 2022 increased further by more than a quarter. First and follow-up outpatient appointments
and cancer diagnostic imaging at the IOL dropped after the onset of the epidemic in March 2020 but were as high as
expected according to 2019 baseline already in 2021. Some deficits remain for follow-up outpatients’ appointments
in surgical and radiotherapy departments. There were more CT, MRl and PET scans performed during the COVID-19
period than before. New cancer diagnoses dropped in all observed years 2020, 2021 and unfil July 2022 by 6%, 3%
and 8%, respectively, varying substantially by cancer type. The largest drop was seen in the 50-64 age group (almost
14% in 2020 and 16% in 2021), while for patients older than 80 years, the numbers were above expected according to
the 2015-2019 average (4% in 2020, 8% in 2021).

Conclusions. Our results show a varying effect of COVID-19 epidemic in Slovenia for different types of cancers and
at different stages on the patient care pathway — it is probably a mixture of changes in health-seeking behaviour and
systemic changes due fo modifications in healthcare organisation on account of COVID-19. A general drop in new
cancer cases reflects disruptions in the pre-diagnostic phase and could have profound long-term consequences on
cancer burden indicators.

Key words: cancer; COVID-19; delay in diagnosis; referral
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Introduction

The COVID-19 pandemic and the non-pharma-
cological measures adopted by governments for
containment of its spread have substantially in-
fluenced the provision and use of health care
system services for health problems unrelated
to COVID-19 in different countries.> Although
healthcare services for serious conditions, such
as cancer, were mostly exempt from restriction
measures, nevertheless, they were affected by the
COVID-19 pandemic.t6

As previously reported for Slovenia'’, a middle
European country with a universal health care
system, in the first wave of COVID-19 containment
measures (from March 2020 until May 2020) there
was a decrease of over 30% in the number of new
cancer diagnoses, 30% in referrals to cancer care
(33% for first appointments, 46% for follow-up ap-
pointments and 85% for genetic testing and coun-
selling), 20% in the number of outpatients appoint-
ments at the Institute of Oncology Ljubljana (IOL)
and 40% in the number of diagnostic imaging
performed, despite the fact that provision of oncol-
ogy services was included among exemptions to
healthcare-related restriction measures and was
thus not directly scaled-down.

An overview of the COVID-19 epidemic
in Slovenia

The first wave of the COVID-19 epidemic in
Slovenia, starting in March 2020, has been previ-
ously described in detail.’” After the declaration
of the epidemic on 12" March 2020, strict control
measures were implemented. All non-essential
ambulatory visits, elective surgery appointments
and even preventive care activities, including all
three national screening programmes (for cervi-
cal, breast and colorectal cancer), were temporar-
ily stopped. On 9" May, all restrictions concern-
ing the provision of healthcare services were lifted
and on 31* May 2020, the end of the epidemic was
declared. Throughout the whole period, oncologi-
cal healthcare was exempt from these mandates.
The cancer screening programmes began operat-
ing normally in June 2020. They provided extra
services during the summer months of 2020 and
by the end of 2020 eliminated the deficits in ser-
vices caused by their mandatory suspension.!® In
the following epidemic waves, the cancer screen-
ing programmes were not stopped again.
Following a rise in cases, on 19" October 2020
the epidemic was declared for a second time and

restriction measures were re-introduced. In addi-
tion to various measures concerning movement of
people and public gatherings, all non-emergency
health services with the exception of oncology
services were once again suspended, strict triage
measures were introduced at the primary health
care level, COVID-19 hospitals/departments were
set-up and staff were temporarily reallocated. The
highest number of COVID-19 cases needing hos-
pital treatment was between November 2020 and
February 2021. By the end of year 2020, Slovenia
introduced rapid antigen testing and commenced
vaccinations in December 2020. Vaccination up-
take was at first limited to priority groups such as
the elderly and healthcare workers and was thus
relatively slow. After April 2021, it started improv-
ing and has reached around 60% by the end of 2021
but has plateaued since.” Cases among healthcare
staff were highest during observed peaks??Z,
increasing the COVID-19 strain on healthcare
through staff shortages?>* and limiting provision
of services. Furthermore, by the end of 2020 pan-
demic fatigue had already started to appear among
Slovenian residents.?*? In January and April 2021,
new surges of COVID-19 cases appeared, while af-
terwards cases started to decrease. The 15" June
2021 was the last day of the epidemic being of-
ficially declared, though most of the restrictive
measures and process adaptations concerning the
health care system remained.??!

On 15% September 2021, due to the growing
number of infections with the Delta variant of the
novel coronavirus 2 (SARS-CoV-2), the recovered/
vaccinated/tested (RVT) rule was implemented
for most services. Emergency visits were excep-
tions. Alongside the RVT implementation, de-
mand for vaccination among the general popula-
tion grew. The Delta wave caused a new surge in
COVID-19 hospitalizations and admissions to in-
tensive care units (most notably during November
and December 2021 and between September and
November 2021, Slovenia had one of the highest
rates among EU countries with a large number
of excess deaths?). Healthcare shortages were
also very pronounced. During the Omicron wave
in January and February 2022 the largest num-
ber of COVID-19 confirmed cases were recorded.
However, proportionally less infected people
needed hospital or intensive care treatment. Since
18" February 2022, COVID-19 in Slovenia is no
longer considered a quarantine disease, mean-
ing close contacts are no longer required by law
to self-isolate. From this point on, COVID-19 cas-
es decreased until the beginning of June 2022.
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From February 2022, restrictions imposed due to
COVID-19 begun to be lifted, with the final regu-
lation annulling all COVID-19 restrictions, includ-
ing limitations imposed on access and provision
of health care services, implemented on 30* May
2022.21,27,28

Monitoring of cancer burden and cancer
care in Slovenia

Cancer is a non-communicable chronic disease
and rapid changes in incidence are not expected
in normal circumstances. On rare occasions we
have an opportunity to observe rapid changes in
cancer burden indicators during crisis situations,
for example due to catastrophes resulting in an in-
creased exposure to certain cancer risk factors or
major and/or prolonged disruptions of a country’s
health system, such as occur during wars or wide-
spread epidemics.”

Population-based cancer registries, such as
the Slovenian Cancer Registry (SCR), are public
health entities that are established on a national
or regional level for continuous systematic collec-
tion of data on the occurrence, characteristics, and
outcome of reportable cancers, and are thus able to
record such events.* Even though many registries
across the world reported disruptions in cancer
registration during COVID-19*5, in Slovenia active
registration was uninterrupted and allowed for
up-to date national trend estimates.?! The Hospital-
Based Cancer Registry of the IOL collects data on
all new first-time patients seen at the IOL for can-
cer diagnostics and treatment. These data are the
source of valuable information for medical work
and research at the IOL; at the same time, the data
are promptly forwarded also to the population-
based SCR, thus upgrading the central database.
Cancer treatment in Slovenia is highly centralised.
The IOL provides more than 80% of all systemic
treatments, over 60% of all cancer surgeries and
almost all radiotherapy treatments in Slovenia.
The University Medical Centre (UMC) Maribor is
Slovenia’s second oncological centre. Both provide
up-to-date information to the SCR on newly di-
agnosed cancer patients through an online-based
registration process.’® The IOL provided care al-
most exclusively for cancer patients, establishing
its first department for COVID-19 patients as late
as the first half of 2022, whereas UMC Maribor had
been a COVID-19 hospital during the whole time,
but its oncology department was running nor-
mally, if we disregard disruptions caused by staff
shortages at both centres.
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Slovenia has a gate-keeping system in place,
where specialised health care is only possible
with referrals from general practitioners. Thus,
the number of referrals is an accurate reflection of
demand for specialist cancer care. The e-referral
system was introduced in 2017 and is maintained
by the National Institute of Public Health (NIPH).3?

Shortly after the start of the COVID-19 pan-
demic, we carried out a preliminary analysis of its
impact on cancer diagnosis and care in Slovenia!”
using the preliminary data from the SCR and
other available heath databases. After receiving
widespread interest following publication of the
preliminary results, to provide healthcare ex-
perts, policy-makers and the general public with
up-to date continuous monitoring of the effect of
COVID-19 epidemic on oncology services and can-
cer burden, in 2021 we set up a web page named
onKOvid (available at http:/www.slora.si/en/onk-
ovid) where up-to-date indicators on cancer bur-
den and management are available to the profes-
sional and lay public.%

Aim of the study

In order to provide an update on the situation and
expand the scope of the preliminary study of the
COVID-19 epidemic impact on cancer burden in
Slovenia during the first 2020 wave, we aimed to
analyse the impact of the COVID-19 epidemic on
cancer diagnosis and management in Slovenia in
over two years since the onset of the epidemic in
more detail. Primarily, we focused on fluctuations
in cancer diagnoses from the two main cancer
centres during this period, while also examin-
ing whether there were declines in demand for
specialized oncological care at the national level.
Furthermore, we provide an overview of certain
diagnostic and treatment procedures carried out
at the IOL during the epidemic.

Materials and methods

Our study was based on routinely collected data
for the period March 2020 — July 2022. For the anal-
ysis of the impact of COVID-19 epidemic on cancer
burden and care indicators in Slovenia, four rou-
tine data sources were used:

The SCR data on new cancer diagnoses collect-
ed via active registration (direct access to electron-
ic patient files) from the two major cancer centres
in Ljubljana and Maribor for the evaluation of pos-
sible delays in cancer diagnoses.
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The Hospital-Based Cancer Registry of the IOL
for the evaluation of changes in the distribution of
prognostic factors in patients diagnosed and treat-
ed during the epidemic.

The national e-referral system for the evaluation
of changes in demand for specialized cancer care.

The administrative hospital data of the IOL for
analysing the level of realization of services dur-
ing the epidemic.

From the SCR, we extracted the most up-to-date
data on online cancer notifications for the two ma-
jor oncological centres in Slovenia, the IOL and
the UMC Maribor. Active notifications from other
hospitals were not available yet in 2019, the start
of the study period, therefore we were unable to
include them. Notifications were extensively com-
puter processed to extract only one (most relevant)
cancer diagnosis per person and as such serve as
a good approximation to cancer incidence, i.e. the
number of new cases diagnosed in these two hos-
pitals. The analyses were carried out for all new
cancer diagnoses and for selected cancer types:
colorectal cancer (ICD-10 codes C18-C20), breast
(C50), lung (C33—-C34), prostate (C61), skin, non-
melanoma (C44), skin melanoma (C43) and lym-
phoma (C81-C85).

For patients seen for the first time at the IOL for
diagnostics and/or treatment of a particular dis-
ease up to the end of 2021, in addition to the loca-
tion of cancer, data was available also on the stage
at diagnosis and the reason for the first outpatient
appointment or hospitalisation (hereafter first vis-
it) at the IOL. Thus, for the cohort of patients first
seen at the IOL in 2020 and 2021, stratification was
possible by gender (males; females), age groups ac-
cording to the age at first visit to the IOL (20-49;
50-64; 65-79; 80+), stage at diagnosis (local; region-
al; distant; unknown; not applicable — for haemato-
logical cancers) and the reason for the first visit to
the IOL (primary cancer diagnostics; primary can-
cer treatment; diagnostics or treatment for disease
relapse; other or unknown).

The data source for the analysis of referrals to
cancer care services was the national e-referral
system, operated by NIPH. From the NIPH, we
retrieved the absolute number of all monthly re-
ferrals issued in Slovenia for selected types of
cancer care services as coded in the Codebook of
Healthcare Services, namely the first cancer ap-
pointment, control cancer appointment and onco-
logical genetic testing and counselling.

We also examined the administrative data of the
IOL on monthly outpatient visits, stratified accord-
ing to first and follow-up visits by divisions (medi-

cal oncology, surgery, radiotherapy), and data on
cancer diagnostic imaging, namely the monthly
number of X-rays, mammograms, ultrasounds, CT,
MRI and PET scans performed.

In all the analyses the monthly (or yearly) ab-
solute numbers of new diagnoses, referrals, ap-
pointments and imaging tests performed for the
epidemic years 2020, 2021 and up-to July 2022 were
compared with the expected absolute numbers,
where the baseline was the monthly (or yearly)
numbers observed in 2019. The exception was
the analysis performed for the cohort of patients
first seen at the IOL in 2020 and 2021, where the
baseline represents the average for the period
2015-2019 and where the data for 2022 were not yet
available for the analysis.

We calculated the relative difference, expressed
in percent change, between epidemic and pre-ep-
idemic numbers. To evaluate statistically signifi-
cant differences, we calculated confidence inter-
vals (CI) using Fisher’s exact test where observed
cases in years 2020 to 2022 were compared to ex-
pected cases (2019 data). An alpha level of 0.05 was
set for statistical significance. Data management
and analysis was performed in R software version
4.1.2 and some additional calculations and graphi-
cal presentations in Microsoft Excel 2019.

Results
Cancer incidence

Based on cancer notifications received by the SCR
from the two major oncological centres in Slovenia,
we can observe a drop in newly diagnosed cancers
in all three epidemic years (2020-2022) for most
cancer types except lung cancer (Figure 1).

The overall number of notifications for new can-
cer diagnoses in the years 2020, 2021 and until July
2022 was lower than in 2019, that is 6%, 3% and 8%,
respectively, largely varying by cancer type. The
most prominent drops in cancer notifications were
for prostate (around 20% in all years) and breast
cancer (up to 25%), while notifications for lung
cancer increased by over 10%.

In general, drops in the monthly number of new
cancer diagnoses were more coincidental with im-
posed restrictions, which were more pronounced
at the beginning of the observed period, than with
observed surges in COVID-19 cases (Figure 2).
The largest drop in new diagnoses was observed
in April 2020 (around 30%). The results show, that
the second and third wave of COVID-19 (autumn
2020, winter and spring 2021) had a smaller nega-
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FIGURE 1. Change in the number of newly diagnosed cases of different types
of cancers in years 2020, 2021, 2022 compared to the pre-COVID-19 year 2019.
Data were collected from the two major cancer centres (Institute of Oncology
Ljubljana and University Medical Centre Maribor). For 2022, only data from
January to July are included and compared to corresponding months in 2019.
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-35 2019 — 2020 — 2021 2022

FIGURE 2. Monthly change in the number of newly diagnosed cancer cases (%) in
years 2020, 2021 and up-to July 2022 compared to corresponding months in 2019.
Data were collected from the two major cancer centres (Institute of Oncology
Ljubljana and University Medical Centre Maribor).

tive effect on the number of new cancer diagnoses,
around 10%. In the second half of 2021, the number
of new cancer diagnoses was roughly the same as
in 2019. Looking at the whole period, no compen-
satory surges in new cancer diagnoses are visible
that would make up for the significant drops in
the first, second or third wave. At the beginning of
2022 (the Omicron wave), there was another drop
in the number of new cancer cases (around 15%)
compared to 2019.
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Monthly fluctuations in new cancer diagnoses
for specific cancer types are available in the sup-
plementary material (Supplementary Figure 1). In
the first wave of the epidemic, the largest drop
was for prostate cancer (54% in April 2020), non-
melanoma skin cancer (45% in March and April
2020), skin melanoma (41% in March 2020), breast
cancer (between 37% and 41% in March-June
2020) and lymphoma (33% in May 2020). Most
peaks above expected numbers were during sum-
mer months.

Characteristics of patients and their
disease

There was a 6% decrease in the number of patients
first seen at the IOL in 2020 and over 8% in 2021
compared to the average in the 2015-2019 pre-
COVID-19 period (Table 1). The decrease was simi-
lar in males and females. The largest decrease was
seen in the 50-64 age group (almost 14% in 2020
and 16% in 2021), while for patients older than 80
years, the numbers were above expected (4% in
2020, 8% in 2021 (Figure 3).

Compared to the 2015-2019 average, in 2020 we
observed 11% less first visits due to diagnostics
and treatment of progression and relapse of can-
cer, while drops in first visits for primary cancer
diagnostics (not significant) and primary cancer
treatment (6%) were smaller. Regarding drops in
first visits by stage of cancer at diagnosis, of those
who were first seen at the IOL for primary diag-
nostic work-up or primary cancer treatment, fewer
than expected were diagnosed in regional (9%)
and distant (8%) stage (Table 1), whereas the de-
crease for localized stage was not statistically sig-
nificant. The situation was somewhat reversed in
2021, when drops were more pronounced for pri-
mary cancer diagnostics (14%) and primary cancer
treatment (9%) than for diagnostics and treatment
of progression or relapse (not significant) and the
drops were larger for localized (9%) and regional
(16%) stage, while the drop for distant stage (8%)
was similar as in 2020.

Demand for and realization of specialist
oncological care

In 2020 there was a drop in referrals in Slovenia
to first and follow-up cancer appointments as well
as to oncological genetic testing and counselling
(Table 2). Monthly fluctuations in investigated
measures are presented in the supplementary
material (Supplementary Figures 2-5). Decreases
were first observed during the first wave (March
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TABLE 1. Number of cancer patients, who first visited the Insti

c on cancer burden and cancer care in Slovenia

itute of Oncology Ljubljana (oufpatient appointments and

hospitalisations together) for a particular disease in years 2021 and 2022 with percentage change compared to the 2015-2019

average by year of first visit, gender, age group at first visit, re

ason for the first visit and stage at diagnosis (only for those

admitted for primary cancer diagnostics or primary cancer freatment). The 2015-2019 average is accompanied with 95%

confidence interval, which the numbers for years 2020 and 2021 are compared to (statistically significant lower/higher number

are coloured)

Change (%) in 2020 Change (%) in 2021

LAl 2O e against average e against average
(95% CI) 2020 (95% C1) 2021 (95% Cl)

Total 6635.4 (6458.9 ; 6811.9) 6217 -6.3(-8.6:-3.9) 6064 -8.6 (-10.9 ;-6.3)
Gender
Males 3334.0 (3219.4 ; 3448.6) 3157 -5.3(-8.6;-1.9) 2978 -10.7 (-13.9 ; -7.4)
Females 3301.4 (3218.9 ; 3383.9) 3060 -7.3 (-10.6 ; -4.0) 3086 -6.5(-9.8 ;-3.2)
Age group
20-49 939.6 (211.9 ; 967.3) 935 -0.5(-6.8; 6.1) 901 -4.1 (-10.3; 2.4)
50-64 2287.6 (2189.2; 2386.0) 1958 -14.4 (-18.2;-10.5) 1912 -16.4 (-20.1 ; -12.6)
65-79 2651.6 (2534.0; 2769.2) 2546 -4.0 (-7.7 ;-0.2) 2493 -6.0 (-9.6:-2.2)
80+ 695.4 (676.2 ;714.6) 721 3.7 (-3.7;11.5) 750 7.9 (0.3:15.9)
Reason for the first visit to Institute of Oncology Ljubljana
Zﬁgﬂrgﬂics 904.4 (858.9 ; 949.9) 884 2.3 (-8.6; 4.4) 777 -14.1 (20 ; -7.8)
Primary treatment 4791.2 (4664.9 ; 4917.5) 4493 -6.2(-8.9;-3.4) 4358 -9.0 (-11.7 ; -6.3)
Diagnostics or
treatment for 874.8 (824.9 ;924.7) 779 -11.0 (-17.1 ; -4.5) 838 -4.2 (-10.6; 2.5)
relapse
Other or unknown 65.0 (43.5 ; 86.5) 61 -6.2 (-28.2; 20.5) 91 40.0 (12.7 ; 71.9)
Stage at diagnosis (for primary diagnosis and primary treatment only)
Localized 2029.2 (1956.8 ; 2101.6) 1943 -4.2 (-8.5;0.1) 1843 -9.2 (-13.3; -4.9)
Regional 2061.0 (2026.1 ; 2095.9) 1879 -8.8 (-12.9 ; -4.6) 1723 -16.4 (-20.3 ; -12.4)
Distant 1093.4 (1018.3 ; 1168.5) 1010 -7.6 (-13.2;-1.8) 1009 -7.7 (-13.3;-1.8)
Unknown 41.6 (36.4; 46.8) 56 34.6 (1.7 ; 74.8) 92 121.2 (78.3;171.2)
Not applicable 470.4 (430.7 ; 510.1) 489 4.0 (-5.1;13.4) 468 -0.5(-9.3:8.9)

Cl = confidence interval

Red numbers are below and green above the 95% confidence interval for

and April 2020). In months from June to August
2020, there was an increase in the number of re-
ferrals to follow-up cancer appointments, but the
increase did not make-up for the drop in the previ-
ous months. In 2021, there was a 5.4% increase in
the number of referrals to first appointments, while
the number of referrals to follow-up appointments
was still significantly lower than in 2019 (-14.3%).
Demands for first cancer appointments and genet-
ic testing and counselling increased by more than
a quarter in 2022 compared to 2019 (27.0%), while
referrals to follow-up cancer appointments were
even fewer than in 2021 (-28.5%; Table 2).

In general, first and follow-up outpatient ap-
pointments and cancer diagnostic imaging per-

the 2015-2019 average.

formed at the IOL dropped after the onset of the
COVID-19 epidemic in March 2020 but had re-
turned to expected levels by 2021, according to the
2019 baseline. Some deficits remain for follow-up
outpatients visits in surgical (-2.1%) and radio-
therapy departments (-8.1%) (Table 2). There were
more CT, MRI and PET scans performed dur-
ing the COVID-19 period than before (Table 2,
Supplementary Figures 2-5).

Discussion

Significant decreases, especially at the begging of
the epidemic, in referrals to first cancer appoint-
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FIGURE 3. Number of cancer patients who first visited the Institute of Oncology
Ljubljana (IOL) (outpatient appointments and hospitalisations together) for a
particular disease in years 2015-2021 by year of first visit and by age group af first
visit with percentage change against 2015-2021 average (an asterisk indicates
statistically significant change). For average values for the years 2015-2019, 95%
confidence intervals are also presented.

ments, as well as drops in first cancer appoint-
ments, X-rays, mammograms and ultrasounds per-
formed at the IOL along with drops in new cancer
diagnoses from the two major cancer centres point
to a delay in diagnosis and treatment for some
cancer patients during the COVID-19 epidemic in
Slovenia. Similar findings were reported in many
other countries worldwide.#121 The reasons that
led to this decline cannot be assessed in our study
but are presumed to be a combination of changes
in health-seeking behaviour of patients, day-to-
day work of doctors as well as the organization of
the health care system and its management during
the COVID-19 peaks. Pandemic fatigue also likely
played a role in service provision and uptake in
2021 and 2022, especially during summer months
when both healthcare staff as well as patients were
eager for a return to normal holidaying after a pe-
riod of travel restrictions. Cancer registries them-
selves experienced disruptions with their regular
operations due to changes in the work modalities
for the personnel, as well as difficulties in access-
ing sources and/or receiving the notifications on
cancer registration and cancer care.*>

We did not incorporate the number of COVID-19
cases into the analyses, since governmental con-
trol measures did not always follow changes in
the number of COVID-19 cases and, furthermore,
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the severity of restrictions was not proportional to
the number of cases (for example, in spring 2020
the restrictions were much more severe compared
to autumn 2021 despite the fact that the number
of cases was 120-times higher).> Monthly fluctua-
tions of analysed data were more in line with the
severity of restrictions than the absolute number
of COVID-19 cases, the former being the mildest
during summer months.?!

Overall, fewer new cancer cases were reported
from the two major centres during COVID-19. It is
important to emphasize that the average growth
of new cancer cases (crude incidence rate on the
population level) was 2% per year before the epi-
demic in 2010-2019.3! Regarding specific cancer
types, there was a drop in the number of newly
diagnosed cancers in all of the observed epidemic
years for breast, prostate and non-melanoma skin
cancer. For these cancers, it is also important to
note that from the pre-epidemic trends an in-
crease in incidence would have been otherwise
expected, since the annual percentage change in
incidence during 10 years before the epidemic was
2.6% for female breast, 0.7% for prostate and 5.4%
for non-melanoma skin cancers.’® The drop in
new diagnoses of non-melanoma skin cancer dur-
ing the epidemic in Slovenia could be explained
by changes in health-seeking behaviour on the
part of patients, since most non-melanoma skin
changes occur over a longer period and would
thus not be considered urgent by many people.
Results from a national survey among adults re-
garding the impact of the COVID-19 pandemic
on people’s lives (SI-PANDA) have shown that
in 2020 and beginning of 2021, more than 35% of
respondents avoided seeing a doctor for reasons
other than COVID-19; by the end of 2021, over 26%
of respondents still reported they avoided seeing
a doctor.?*?® Another contributing factor is that
probably, access to doctor appointments was lim-
ited due to epidemic adaptations in healthcare ser-
vices organization. The access was likely limited
both at primary as well as secondary levels, most
notably when strict mandates on provision of non-
urgent care were in place which limited investiga-
tions for non-specific, early cancer symptoms The
primary level was reorganized in such a way, that
a dual-track approach was implemented, mean-
ing primary health care providers had to perform
COVID-19 response services and at the same time
maintain essential health services.?® This put an
unprecedented strain on the primary level, espe-
cially during COVID-19 peaks. Throughout most
of the period, people had to contact their doctor
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TABLE 2. Change (%) with 95% confidence interval in the referrals to cancer care services, and patient care provided at
the Institute of Oncology Ljubljana in years 2020, 2021, 2022 compared to pre-COVID-19 year 2019. For 2022, only data from
January to July are included and compared to corresponding months in 2019

2020 2021 Jan.July 2022
Referrals
First cancer appointment -1.8 (-4.4; 0.9) 5.4 (2.6;8.2) 29.0 (25.0; 33.1)
Follow-up cancer appointment -2.8 (-3.8;-1.9) -14.3 (-15.2; -13.3) -28.5 (-29.6; -27.4)
Oncological genetic testing and counselling -11.9 (-16.3; -7.3) 15.3 (10.2; 20.5) 27.0 (20.1; 34.3)
First outpatient appointments at the Institute of Oncology Ljubljana
Radiotherapy 5.7 (2.7; 8.8) 12.6 (9.4; 15.8) 13.8 (9.7; 18.1)
Surgery -10.9 (-13.5; -8.3) 5.8 (3.0; 8.7) 15.7 (11.8; 19.6)
Medical oncology -2.0 (-5.7; 1.8) 2.4 (-1.4; 6.3) 10.9 (5.7; 16.4)
All -3.1 (-4.8;-1.3) 8.7 (6.9; 10.6) 15.3 (12.8; 17.8)
Follow-up outpatient appointments at the Institute of Oncology Ljubljana
Radiotherapy -13.6 (-14.6; -12.6) -2.6 (-3.7; -1.6) -2.1 (-3.5;-0.8)
Surgery -13.2 (-14.3; -12.1) -4.7 (-5.9; -3.5) -8.1 (-9.6;-6.6)
Medical oncology 2.3 (1.3; 3.3) 12.8 (11.8; 13.9) 18.4 (17.0; 19.9)
All -6.9 (-7.5;-6.3) 7.0 (6.3; 7.6) 8.1(7.3;9.0)
Cancer diagnostic imaging at the Institute of Oncology Ljubljana
X-ray -8.4 (-10.3; -6.4) -0.5 (-2.5; 1.5) -2.2 (-4.8; 0.5)
Mammography 2.8 (0.8; 4.8) 7.7 (5.7, 9.7) 8.2 (5.5, 10.8)
Ultrasound scans -4.5 (-6.2; -2.8) 9.6 (7.8; 11.4) 19.6 (17.1; 22.1)
CTimaging 22.8 (20.8; 24.9) 45.7 (43.6; 47.9) 70.1 (67.0; 73.3)
MRI 14.8 (11.5; 18.1) 35.9 (32.4; 39.¢) 38.5 (33.8; 43.3)
PET 4.6 (0.5; 8.8) 8.9 (4.8;13.2) 1.7 (6.2: 17.4)

Change (in %) are coloured red when their 95% confidence interval is below zero; they are coloured green when their 95% confidence interval is

above zero.

over the telephone or via e-mail to get an appoint-
ment, and they were also triaged over the tel-
ephone to determine whether an in-person visit
was deemed necessary or not as well as then hav-
ing to undergo a triage at entry points before see-
ing their doctor. Getting through on the telephone
was relatively hard, since demand was great on
account of COVID-19-related calls, while doctors
at the primary level had also been reallocated
to COVID-19 primary ambulatory clinics and to
vaccination centres, which further limited their
availability. Since most of the population with
non-melanoma skin cancer are elderly (more than
69% of cases occur in people older than 65 years)*,
contact by e-mail was not a suitable alternative for
a major part of this population. Access to derma-
tological appointments was lower during the epi-
demic, since there were periods when non-urgent
appointments were banned by a governmental

decree and all health care workers were asked
to participate in the management of COVID-19.28
Even in pre-pandemic times, getting a dermato-
logical appointment was relatively hard, since
waiting times for dermatological appointments
within the public health care network in Slovenia
are lengthy — in February 2020, the average wait-
ing time for a first dermatological visit via a regu-
lar referral was almost 190 days and over 70 days
for a very fast referral.® Thus, already in the pre-
epidemic period a significant number of patients
likely paid out of pocket for services at privately
owned dermatological practices.®

Annual percentage growth of new skin mela-
noma diagnoses in Slovenia before the epidemic
was among the highest, 2.6%.3! Because they share
similar risk factors as well as pathways through
the health care system, a similar trend in inci-
dence as for non-melanoma is expected for skin
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melanoma. Our results show that shortly after the
epidemic started, the number of new skin mela-
noma diagnoses decreased significantly, however
in 2021 the incidence was at the 2019 level and rose
by 5% in 2022 compared to 2019 — as expected if
we consider pre-epidemic trends. The increase in
melanoma cases could also result from a public
health campaign that was launched in Slovenia to
raise awareness about cancer and featured widely
in Slovenian media”. The campaign aimed to raise
public awareness on the pandemic’s staggering
disruption of cancer care by an overarching mes-
sage: “Don’t let COVID-19 stop you from tackling
cancer”.

Further, the up-to-date reports at onKOvid in-
ternet web page on delays in cancer diagnosis,
which were also presented to the media, informed
patients and decision-makers on the detrimental
influence of COVID-19 epidemic restriction meas-
ures on oncology care, regardless of the fact that
oncology services were exempt from measures
and should have in theory remained undisturbed.
We hypothesise that the intense public health in-
terventions to raise general public awareness on
the need to seek care when experiencing cancer
related symptoms reflected also in the reversal of
trends in new lymphoma cases during the epidem-
ic — the number of diagnoses dropped in the be-
ginning of the epidemic, but returned to expected
numbers shortly afterwards, but we will only be
able to evaluate this claim properly once standard
registration procedures for the pandemic inci-
dence years have been completed with more pre-
cise data on stage distribution and other charac-
teristics. Furthermore, the heightened awareness
perhaps also influenced doctors to be more alert
to non-specific symptoms in patients that might be
due to cancer.

If women in Slovenia are experiencing breast
cancer symptoms, the first step in the care path-
way is either their family doctor or primary level
gynaecologist. During most pronounced restric-
tions, only urgent gynaecological services were
performed, which limited their availability, while
changes in health-seeking behaviour also likely
played a role. The national screening programme
for breast cancer, DORA programme, was stopped
for two and a half months in total (since the mid-
dle of March until the beginning of June 2020).
The programme managed to provide additional
services during the summer months in 2020 and
ended the year with only slightly lower numbers
of performed mammographies (close to 8%), and
discovering only 4% less breast cancers than in
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2019.38 In 2021, the programme performed 5% more
mammographies and discovered 1% more cancers
than in 2019.%

Likewise, the cervical and colorectal cancer
screening programmes also resolved backlogs by
the end of 2020 and did not report any backlogs in
2021, therefore, a negative outcome on population
health in terms of a surge in cancers that would
otherwise have been detected through screening
programmes is not expected.’®44! For colorectal
cancer, there was no difference in the number of
newly diagnosed cases in 2020 (after the initial
drop in March through May, the numbers in-
creased and were comparable to 2019 at the end
of 2020), while yearly numbers decreased in 2021
(by 5%) and 2022 (by 8%), which is in line with the
pre-epidemic downward incidence trend observed
since 2010.%

There is no organised screening programme for
prostate cancer in place in Slovenia, however many
cases are diagnosed by opportunistic PSA testing.
PSA testing is usually performed by a physician
at the primary level or at higher levels following a
referral issued by primary physicians. As already
described, their accessibility was limited and thus
fewer men had an opportunity to be offered PSA
testing during a doctor visit, resulting in the ob-
served drop of newly diagnosed prostate cancer
cases.

Lung cancer was the only cancer with persis-
tently higher diagnostic rates in the three epidem-
ic years 2020, 2021 and 2022 compared to 2019. We
theorize that this could be due to changed hospital-
ization patterns due to establishment of COVID-19
hospitals. In normal conditions, approximately
one quarter of all lung cancer cases are treated at
the University Clinical Hospital Golnik3“?, which
is a specialized hospital for lung diseases. During
the epidemic, this hospital was converted into one
of three referral hospitals for COVID-19 patients
in Slovenia, which would mean that patients who
under normal circumstances would be treated at
University Clinical Hospital Golnik would have
instead been referred to other hospitals. Since IOL
is in relative proximity to the University Clinical
Hospital Golnik and usually provides radiation
therapy for all lung cancer cases, a significant
number of lung cancer patients that would other-
wise have been referred to the University Clinical
Hospital Golnik were instead referred to the IOL
due to changes in patient pathways. Since data
from the University Clinical Hospital Golnik were
not included in this analysis, the rise in lung can-
cer cases observed might not reflect the true pop-
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ulation trend. However, the rise in detected lung
cancer cases could also be the result of more in-
tense imaging diagnostics for COVID-19 patients,
the disease that effects the same organ, the lung.
More reliable and detailed analyses are needed
once standard incidence procedures for this pe-
riod are completed.

The overall decline in the number of new cancer
cases may be a real decline in incidence (eg. due to
competing causes such as death from COVID-19)
or it may simply reflect delays in diagnosis that
the health system in Slovenia has not yet caught up
with. Delays in diagnosis can lead to a higher pro-
portion of cancers being detected at higher stag-
es, which could result in worse outcomes (worse
prognosis, poorer quality of life and, in some cas-
es, earlier death) as shown in an Italian study of
lung cancer patients*® or the Swiss study on malig-
nant melanoma.? Our results show, that at least at
the IOL, the stage distribution of patients first seen
for diagnostics or treatment has not significantly
changed in comparison to the pre-epidemic period
2015-2019. However, there were significantly fewer
patients first seen at the IOL in 2020 and 2021 at
almost all ages except the oldest group (80+), but
most pronounced for ages 50-64 years, and in 2020
fewer were seen for cancer progression or relapse.
This age group might stand out because they
were under a lot of stress with respect to employ-
ment during COVID-19 as well as perhaps having
school-aged children who they had to take care of,
with high levels of pandemic fatigue contributing
to changed health-seeking behaviors. The impact
of COVID-19 epidemic on the long-term indicators
of cancer burden, such as survival, will only be
possible to evaluate correctly in the longer term.

In general, outpatient appointments and cancer
diagnostic imaging at the IOL dropped after the
onset of COVID-19 epidemic. The exception was
the CT imaging where the numbers were higher
also immediately after the onset of COVID-19 epi-
demic. CT imaging was preferred to ultrasounds
and x-rays as distance preventive measures were
easier to implement and furthermore the reloca-
tion of personnel from other imaging diagnostic
procedures was needed to make up for the CT
scan delays from before the epidemic, which was
considered urgent. This is also reflected in the sig-
nificant drop of other cancer diagnostic imaging
in March and April 2020, followed by a rise by the
end of 2020 compared to 2019 to make up for the
back-logs. In total, there were more cancer diag-
nostic imaging tests performed in 2020 compared
to 2019 (with the exception of ultrasound scans)

with numbers rising even more in 2021 and 2022.
This rise was probably caused by cancer patients
from other hospitals who were referred to IOL for
imaging since other hospitals were overburdened
with COVID-19 patients.

After a drop in 2020, the number of referrals
to first cancer appointments and oncological ge-
netic testing and counselling increased by more
than a quarter in 2022 compared to 2019 figures.
In particular, the staggering 77% drop in April
2020 (compared to April 2019) in oncological ge-
netic testing and counselling was followed by in-
tensive catch up in the following months (figures
are available in the supplementary material). The
Department of Oncological Clinical Genetics at the
IOL reorganized its daily practice in line with of-
ficial requirements, shifting appointments to ad-
ditional hours in months with a lower COVID-19-
burden, introducing telegenetic consultations that
can also be performed when working from home,
and introducing other new clinical pathways for
genetic counselling and treatment. They carried
out more first consultations, which helped them
catch up on cancelled genetic consultations. With
a good reorganization of the work, personnel rein-
forcement and the acquisition of premises for out-
patient activities, they managed to catch up on the
backlog of the first wave.*

In contrast to the first appointments, non-urgent
care was largely postponed at the IOL. First outpa-
tient appointments were not affected but the num-
ber of follow-up outpatient appointments dropped
by more than 13% for both radiotherapy and sur-
gery in 2020 compared to 2019, which persisted
in 2021 and 2022. These could be due to changed
clinical practice pathways.*

Cancer registries have a legal background for
accessing many different data sources and they
can and should convey their point of view on the
COVID-19 epidemic. The SCR has a rich history
of data collection, operating uninterrupted since
1950, and is considered one of the highest quality
cancer registries that is leading the way in modern
registration practices. Traditionally, hospitals re-
port cases to the cancer registry via a customized
paper-based Cancer Notification Form. In 2018,
the gradual transition from passive (paper) to ac-
tive (web) registration allowed for up-to-date on-
line access to cancer records in health institutions.
Active registration is an important advantage of
the SCR and has enabled carrying out a real-time
analysis of the impact of COVID-19 epidemic on
delays in cancer diagnosis, based on the fact that
delays in cancer diagnosis can be detected as tem-
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porary drops in incidence over time. Under regu-
lar cancer registration procedures, delays in regis-
tration would have meant changes in trends could
have been evaluated only after two to three years
and would not have been as informative for deci-
sion makers who need up-to-date knowledge dur-
ing crisis responses. Additionally, unlike the na-
tional cancer registry, the Hospital-Based Cancer
Registry of the IOL has shorter delays in cancer
registration, which allowed for more detailed real-
time analyses including more patient characteris-
tics. However, coverage in active registration and
the IOL Hospital Registry is not national and in-
cluding only the two major cancer centres is a dis-
advantage of our study as unknown biases might
prevent extrapolations to the whole of Slovenia.
We think the coverage is sufficient to minimise the
potential for this type of bias in normal circum-
stances, but we cannot assess the scale of redirect-
ing patients across health institutions due to meas-
ures for controlling the COVID-19 epidemic, which
could have influenced observed trends. The IOL
and the UMC Maribor are two out of three largest
oncological centres in Slovenia and as such good
representatives of all diagnosed cancer cases. For
additional clarification we should emphasize that
data on cancer cases cannot be interpreted as true
incidence (number of all newly diagnosed cases of
a disease that develop in a defined population in
defined time period) but are simply comparisons
of received cancer notification forms. At the time
of conducting the present analysis, the SCR com-
pleted registration procedures up to the incidence
year 2019. Additional reasoning not to conduct
analyses on (estimated) incidence for years from
2020 on was that procedures on death certificates
and notifications from Slovenian screening pro-
grammes were not yet processed. Based on CRS'’s
previous analyses, this data sources could contrib-
ute to incidence up to 10%.4

Furthermore, to determine changes in can-
cer burden and cancer care we used a variety of
sources, some with national coverage (referrals)
and all pointing to a possibility of delay in cancer
diagnosis, which makes our results more reliable.
One of the disadvantages is that we were not able
to evaluate and identify the causes behind results
and were only able to hypothesise on causes. Off
course, routinely collected data on a population
level, which were used in our study, cannot convey
the problems experienced on a patient’s level — we
recommend further studies based on individual-
level retrospective investigation of cancer patients
and how measures for controlling epidemic or
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having COVID-19 influenced their cancer diagnos-
tics and treatment.

Conclusions

Our results show that the effects of the COVID-19
epidemic on cancer management in Slovenia vary
for different cancers as well as by the level of the
patient-care pathway — it is probably a mixture of
changes in health-seeking behaviour and systemic
changes due to modifications in healthcare organi-
sation on account of COVID-19.

During the COVID-19 pandemic, management
of cancer, which often starts with non-specific
symptoms not deemed urgent but which need to
be addressed quickly, was significantly affected.
In Slovenia, the delay in cancer services from the
first wave of the epidemic from March through
May 2020 has been eliminated by 2022, but we still
see fewer than expected new cancer cases in 2022,
which reflects disruptions in the pre-diagnostic
phase and could have profound long-term con-
sequences on cancer burden indicators. To make
incidence figures fully comparable with previous
years on the population level, it is necessary to re-
view all the notifications obtained by the SCR for
the study period. Due to different disease trajecto-
ries of different cancer types we expect different
medium- and long-term effects, such as the pop-
ulation-based survival of cancer patients, which
serves as a complex indicator reflecting the char-
acteristics of patients as well as the organization,
accessibility, quality and efficiency of healthcare
system, and which could be examined in a few
years’ time.
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Background. Biomarkers are of major interest to optimize diagnosis, prognosis and to guide treatment in head and
neck cancer patients. Especially blood-based biomarkers appear promising as they can be easily collected and
repeatedly analyzed during the course of radiochemotherapy.

Patients and methods. At first, for a broad overview, multiple immune markers were evaluated in six plasma
samples of three head and neck squamous cell carcinoma (HNSCC) patients at the beginning and the end of radio-
chemotherapy. In this pre-selection, the soluble Intercellular Adhesion Molecule 1 (SICAM-1) appeared most promis-
ing. Thus, this marker was measured in multiple samples (n = 86) during treatment and follow-up in a cohort of eleven
patients and correlated with tumor features and clinical data.

Results. We found a strong correlation between the initial levels of SICAM-1 in the plasma and the gross tumor vol-
umes of the primary fumor and the involved lymph nodes. However, during the course of freatment no systematic
dynamics could be identified. Toxicity or infections did not seem to influence sICAM-1 concentrations.

Conclusions. sICAM-1 appears to reflect the pre-treatment total tumor burden (primary tumor and involved lymph
nodes) in head and neck tumor patients. However, it does not seem to be a dynamic marker reflecting response
during radiochemotherapy. Thus, if our findings are confirmed in future, sSICAM-1 could be used as a staging marker:
if high sSICAM-1 levels but low fumor burden are found it might be reasonable to intensify staging investigations to rule
out further, yet undetected, tumor sites.

Key words: head and neck cancer; biomarker; radiotherapy; tumor volume; gross fumor volume, sICAM-1

Introduction mor stage to biological features' with HPV being

integrated in the 8th edition of the AJCC staging
Biomarkers are a promising feature to personalize =~ manual.? The superior discrimination of patient
radiotherapy treatment of head and neck squa- outcomes by combined anatomical and biological
mous cell carcinoma (HNSCC). To some extent the  factors have been validated in the US national can-
focus has already shifted from sole anatomical tu-  cer database.® HPV / p16 positive HNSCC might be
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treated differently than HPV / p16 negative cancers
in the near future. Due to the superior progno-
sis treatment de-escalation has been proposed in
this subgroup of patients.> Blood-based biomark-
ers have not been developed this far yet, however,
there is major interest, as blood samples can be eas-
ily obtained not only at time of diagnosis, but also
throughout treatment and follow-up. Different
classes of blood biomarkers have been described in
HNSCC such as circulating tumor cells and nucle-
ic acids (e.g. circulating cell-free DNA (cfDNA), cir-
culating cell-free tumor DNA (ctDNA), exosomal
RNA).® In addition, microRNAs, long non-coding
RNAs and DNA methylation patterns have been
described as potential biomarkers in blood and
saliva of HNSCC patients.” Proteomics approach-
es have been used to identify protein biomarkers
in HNSCC tumors and body fluids of patients.®
For radiation oncology, different clinical settings
and treatment modifications based on circulating
biomarkers have been hypothesized.” Possible
approaches are patient stratification for more or
less intense treatment based on prognostic mark-
ers or adaptive approaches tailoring treatment
to biomarker responses e.g. during fractionated
radio(chemo)therapy.>*

Cytokines and chemokines play a crucial role
in the intercellular communication of cancer and
immune cells and can be measured in serum /
plasma of patients with different tumor entities.
Different cytokine profiles have been reported to
be altered in cancer patients compared to healthy
volunteers (e.g. in breast cancer'!, nasopharynge-
al carcinoma? and HNSCC®). Clinical response
to systemic therapy has been linked to cytokine
profiles for metastatic renal cell carcinoma®, non-
small cell lung cancer treated with tyrosine kinase
inhibitor'® and nasopharyngeal carcinoma.!?!* For
HNSCC, several reports focusing on different
cytokines have been published. Osteopontin has
been linked to initial tumor burden and response
to radiochemotherapy.” CXCL12 (SDF-1) but not
its receptor CXCR4 was elevated in the serum of
HNSCC patients compared to healthy volunteers.!®
Radiochemotherapy for HNSCC significantly
decreased TGFf3 levels”, whereas high plasma
C-reactive protein (CRP) and TNFa levels were
found in patients and was associated with worse
prognosis.?

In this prospective pilot study, at first, diverse
plasma cytokine levels were evaluated in HNSCC
patients undergoing definitive radiochemotherapy.
Subsequently, focusing on the soluble Intercellular
Adhesion Molecule 1 (sSICAM-1), dynamics during

Radiol Oncol 2022; 56(4): S01-507.

and after radiochemotherapy as well as associa-
tions with clinical patient and tumor characteris-
tics and patient outcome were evaluated.

Patients and methods

In this prospective pilot biomarker study, pa-
tients with newly diagnosed, locally advanced
HNSCC were included. All patients declared their
informed written consent and the study was ap-
proved by the local ethics committee (reference
number 064/2016BO2). The study was performed
in accordance with the ethical standards as laid
down in the 1964 Declaration of Helsinki and its
later amendments.

As described previously?, eleven patients were
included in this study, who underwent primary ra-
diochemotherapy. Radiotherapy to 54 / 60 / 70 Gy
to elective nodal regions / high risk regions / mac-
roscopic primary tumor and lymph node metasta-
ses was combined with cisplatin in eight cases or
5-fluorouracil and mitomycin C in three patients,
respectively. For every patient initial tumor vol-
umes, as contoured for radiotherapy including the
primary tumor and involved lymph nodes were
recorded, as well as disease free survival (DFS,
local or distant recurrence or death of any cause).
Clinically manifest infections and toxicity graded
according to the Radiation Therapy Oncology
Group (RTOG) were recorded and correlated with
SICAM-1 levels in the plasma.

Blood sampling was planned weekly on
Mondays before the application of the radiother-
apy fraction during radiochemotherapy as well
as at every available follow-up time point. For
one patient, the initial sample was taken on day
2 of radiochemotherapy. In total, 86 samples were
analyzed, 62 during treatment, 24 during follow-
up, respectively. A median of six samples (range:
4-7) were analyzed per patient during treatment.
Blood was collected in EDTA tubes (Sarstedt,
Niimbrecht, Germany), plasma isolation was per-
formed by centrifugation. Plasma samples were
stored in -80°C in aliquots until further use.

For three patients, plasma samples before ra-
diochemotherapy and at end of treatment were
analyzed by the human cytokine array Proteome
ProfilerTM Array, Human Cytokine Array Panel
A (R&D Systems Europe, Abingdon, UK) analyz-
ing CCL1, CCL2, CCL3, CCL5, CD40L, C5/C5a,
CXCL1, CXCL10, CXCL11, CXCL12 (SDF1), G-CSF,
GM-CSF, sICAM-1, IFNy, IL-1F1, IL-1F2, IL-1F3,
IL2, IL4, IL5, IL6, IL8, IL10, IL12, IL13, IL16, IL17A,
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IL17E, IL18, IL21, IL27, IL32a, MIF, SerpinEl, TNEF«x
and sTREM-0. Plasma samples were incubated on
the membranes and washing and staining steps
were performed according to manufacturer’s in-
structions. After development of films, semi-quan-
titative analysis was performed by densitometric
assessment of the films with Image] normalized
to control regions adjacent to analyzed areas.
Arbitrary densitometry units were analyzed for
all six samples, mean of technical duplicates were
used for further analyses.

For further analysis of sICAM-1, all available
samples of all time points were analyzed with
Enzyme-linked Immunosorbent Assay (ELISA)
according to manufacturer’s instruction (Human
ICAM1 ELISA Kit (CD54) (abl74445), Abcam,
Cambridge, UK). Standard curves were measured
with the following concentrations of ICAM-1: 0 pg/ml,
19.53 pg/ml, 39.06 pg/ml, 78.13 pg/ml, 156 pg/ml,
312 pg/ml, 625 pg/ml, 1250 pg/ml, 2500 pg/ml,
5000 pg/ml (R?=0.99). Every sample was measured
in technical duplicates, means were used for fur-
ther analyses. For every patient, absolute SICAM-1
concentrations at each time point as well as relative
sICAM-1 concentrations normalized to the base-
line value of the respective patient were recorded.
Patients stratified by median initial SICAM-1 val-
ues were analyzed for DFS. Pooled values of all
patients were used for the analysis of time points
with and without manifest infection (53 available
time points) as well as RTOG graded toxicity (58
available time points). Plasma sICAM-1 concentra-
tions at the beginning of radiochemotherapy were
correlated with gross tumor volumes (GTVs) for
the primary tumor, lymph node metastases and
hull of both.

Statistical analysis included Kaplan Meier
method of DFS and comparison by log-rank-test.
Means were compared by t-test or Mann-Whitney
test depending on whether values passed normal-
ity test. In case of multiple testing Bonferroni cor-
rection was performed. Pearson correlation coef-
ficients were used to characterize correlations
of continuous variables (moderate correlation
defined as 0.4-0.7; strong correlation defined as
> 0.7). Level of significance was defined with p <
0.05. Analyses were done with IBM SPSS Version
26 and GraphPad Version 8.

Results

The patient cohort has been described previously
in Clasen ef al.?! Patients exhibited typical features
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FIGURE 1. Plasma of three patients before and at end of radiochemotherapy for
head and neck squamous cell carcinoma were analyzed with a human cytokine
array. Of the tested cytokines, only six were present in detectable concentrations
(Ccl5, Complement Component, SDF1, sICAM-1, MIF and SerpinEl). sSICAM-1 was
the only cytokine with a significant difference between the tested time points
decreasing after tfreatment. sICAM-1 abundance showed moderate and strong

correlations with SDF1 and SerpinEl, respectively.

for primary radiochemotherapy of HNSCC. Three
female and eight male patients were included and
the tumors were located in the oropharynx (n =5),
hypopharynx (n = 5) and larynx (n = 1). With three
of eleven patients (27%) developing recurrences
or metastases (range of follow-up: 2.5 to 4.0 years
(mean 3.7)), oncologic outcomes seem in the range
of published data. At the time point of the analysis,
all patients were alive.

Cytokine abundances

Six of the 36 cytokines measured by the human
cytokine array (CCL5/ Rantes, C5/C5a, CXCL12 /
SDE-1, sSICAM-1, MIF, SerpinEl) showed measur-
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FIGURE 2. Blood samples were taken weekly during radiochemotherapy and at
every follow-up visit of the patients. In total, 86 samples were evaluated at the
different time points as shown in the table for every single patient included in the
study (A). sSICAM-1 concentrations measured by ELISA in plasma samples of 11
patients differed significantly between patients. Over the course of freatment and
compared intraindividually before and after treatment sSICAM-1 concentrations
did not show significant changes (B). Initial sSICAM-1 concentrations showed
a moderate negative correlation with relative sICAM-1 levels at the end of
tfreatment (C).

able abundances in the plasma of three HNSCC
patients before and at the end of radiochemother-
apy (Figure 1A, B). The only cytokine with a sig-
nificant difference over the course of radiotherapy
was sICAM-1 (Figure 1B). sICAM-1 abundances
decreased significantly at the end of radiochemo-
therapy. SICAM-1 levels in all six samples showed
a moderate and strong correlation with SDF1 and
SerpinEl, respectively (Figure 1C). SDF-1 was not
associated with GTV volumes, whereas SerpinEl
showed a strong positive correlation (r = 0.92, data
not shown).

Radiol Oncol 2022; 56(4): S01-507.

sICAM-1 levels during radiochemotherapy

sICAM-1 concentrations at 86 time points
(Figure 2A) during and after radiochemotherapy
of eleven patients measured by ELISA differed
significantly at baseline with a median of 818.4
pg/ml (range: 462.0-1767.5 pg/ml). Over the course
of treatment, no systematic changes were observed
(Figure 2B). Relative sICAM-1 levels also did not
change significantly during radiochemotherapy
(Figure 2B). Patients with high initial SICAM1 con-
centrations tended to have decreasing levels over
the course of therapy as demonstrated by a mod-
erate negative correlation between initial SICAM-1
concentrations and relative SICAM-1 levels at end
of radiochemotherapy (Figure 2C).

Disease free survival

Mean disease-free survival for the whole cohort
was 3.3 = 0.4 years. All patients experiencing a
recurrence had N2 disease before radiochemo-
therapy (p = 0.23, data not shown). Median initial
sICAM-1 concentration was used to stratify the pa-
tient cohort in two groups. The two patients expe-
riencing early recurrences in the first year were in
the group of high initial SICAM-1 concentrations.
The patient experiencing a late recurrence had low
initial SICAM-1 values. Overall, no statistical sig-
nificance was observed (Figure 3).

sICAM-1 levels and infection and toxicity

A pooled analysis of relative sSICAM-1 concentra-
tions normalized to baseline values at all time
points of all patients was performed. SICAM-1 lev-
els were slightly higher at time points of clinically
manifest infections, although without statistical
significance (Figure 4A). No difference was ob-
served for sSICAM-1 levels at time points with tox-
icity graded according to RTOG (Figure 4B).

Tumor volumes (GTV) and initial sICAM-1
concentrations

For the analysis of tumor volumes contoured for
radiotherapy planning, one patient with an ex-
ceptionally large lymph node metastasis was ex-
cluded (GTV LN of 150.2 ¢cm? compared to 3.3-
239 cm?® for the other patients). Primary tumor
volume (GTV PT) as well as volume of lymph node
metastases (GTV LN) showed a moderate correla-
tion with SICAM-1 concentrations measured at the
start of radiochemotherapy (Figure 5A, B). GTV PT
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FIGURE 3. Kaplan Meier analysis of disease-free survival
stratified by median initial sICAM-1 concentration showed
that the two patients with early recurrence in the first year
after freatment were in the group with high sICAM-1 levels.
Disease-free survival in the small patient cohort did not differ
significantly for high and low sSICAM-1 concenfrations.

and GTV LN were not correlated with each other
(r = -0.17, data not shown). The hull of GTV PT
and GTV LN reflecting the total tumor burden of
the patient before the start of radiochemotherapy
showed a strong correlation with initial SICAM-1
concentrations (Figure 5C). With a cut-off of
50 cm? sCIAMI levels were significantly higher
for larger tumors with 1600.8 + 87.5 pg/ml vs 718.2
+79.3 pg/ml (p <0.01).

Discussion

In this study, sSICAM-1 was identified as a plasma
cytokine that significantly decreased during de-
finitive radiochemotherapy of three head and neck
cancer patients in a cytokine array of 36 cytokines.
In a larger patient cohort of eight additional pa-
tients (eleven in total) and additional time points
during therapy and during follow-up these find-
ings could not be confirmed. No conclusions can
be drawn concerning sICAM-1 and oncological
outcomes. The fact that both patients develop-
ing early recurrences presented with high initial
sICAM-1 levels might be of notice. No correla-
tion of sSICAM-1 levels with infection and toxicity
were observed (in contrast to recent findings for
HMGBI in the same patient cohort).” The most
prominent finding is a strong correlation of initial
sICAM-1 concentrations with the tumor burden of
the patients at the start of radiochemotherapy as
contoured for radiotherapy planning. This find-
ing is in line with a report on hepatocellular carci-
noma, which also found a correlation of SICAM-1
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FIGURE 4. sICAM-1 levels at time points with manifest infections showed a
tendency fo higher concentrations compared fo all other fime points, however,

without statistical significance (A). No difference in sSICAM-1

concentrations was

observed comparing time points with different documented Radiation Therapy

Oncology Group (RTOG) toxicity grades (B).

levels with tumor volume and tumor stage.?? In
colorectal cancer, SICAMI1 levels correlated with
tumor diameter.?

ICAM-1 (CD54) on endothelial cells is a crucial
mediator of leukocyte adhesion to blood vessel
walls.?* In its soluble form, SICAM-1 is involved in
autoimmune and inflammatory diseases, as well
as infections and cancer.?® Elevated sICAM-1 levels
have been described in various cancer entities and
have been linked to tumor stage and prognosis
in HCC?, gastric cancer®*? and cervical cancer.?
The largest body of evidence was found for breast
cancer with an association with tumor stage but no
effect on immune function?3%3, colorectal cancer
with an association with tumor stage and progno-
sis®2%%34 and meta-analyses for lung cancer.3>% In
HNSCC, elevated levels of sSICAM-1 were found
in comparison to healthy controls, without signifi-
cant changes after radiochemotherapy®, which is
in line with our findings. The positive correlation
of SICAM-1 with SerpinEl might be explained by
the link of both parameters to total tumor burden.
SerpinEl has been established as a prognostic
marker in breast cancer and seems to be associ-
ated with cancer spread and metastasis.* The as-
sociation with SDF1 is not that easily explainable
as SDF1 was not associated with tumor size.

sICAM-1 might be a soluble plasma marker for
initial tumor burden. In contrast to ¢fDNA%» and
HMGB1?, sICAM-1 levels were not significantly
influenced by infection or toxicity. As these con-

Radiol Oncol 2022; 56(4): S01-507.
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FIGURE 5. After exclusion of one patient with a large,
mostly necrotic lymph node metastasis, initial pretherapeutic
sICAM-1 levels showed moderate positive correlations with
primary tumor volumes (A) and volumes of lymph node
metastases (B) contoured for radiotherapy planning and a
strong correlatfion with the sum of these volumes (gross tumor
volume [GTV] hull, (C)) indicating the total tumor burden of
the patient at the time point of initiation of radiotherapy.

founders do not seem to play a major role in meas-
uring sICAM-1, sICAM-1 levels might be evalu-
ated at any time point during radiochemotherapy.
However, we did not find conclusive changes of
s-ICAM-1 concentrations during therapy. Thus,
further investigation is needed to confirm and
explain the missing decline during treatment as
some tumor shrinkage is usually already observed
during the course of radiochemotherapy. Maybe
our cohort was too small for significant findings or
confounders other than inflammation and infec-
tion might play a role in measuring sICAM-1 dur-
ing cancer treatment. However, if our results can
be confirmed in larger patient cohorts, sSICAM-1
might become a tumor marker for patients with

Radiol Oncol 2022; 56(4): S01-507.

HNSCC at initial diagnosis with exceedingly high
values and low clinical tumor burden prompting
further staging imaging due to suspicion of fur-
ther undetected tumor manifestations. This might
also be in line with the two patients developing
early recurrences with high initial SICAM-1 lev-
els as large tumor mass or micrometastases might
limit curative treatment options.

Therefore, sSICAM-1 seems to be a biomark-
er for total tumor burden (primary tumor and
lymph node metastases) in head and neck cancer
patients prior to definitive radiochemotherapy.
No systematic changes were observed during ra-
diochemotherapy and with toxicity or infections.
High sICAM-1 concentrations initially or during
follow-up might hint at higher tumor burden than
clinically suspected and might prompt further in-
vestigations after validation in larger cohorts.

Acknowledgments

This work was supported by the “Wilhelm Schuler-
Stiftung” in Tuebingen, Germany (material ex-
penses). Besides, K. Clasen was supported by the
intramural Fortiine / PATE Program of the Medical
Faculty, Eberhard Karls Univer-sity of Tuebingen
under Grant 2447-0-0. F. Eckert was partly support-
ed by the Gesellschaft fiir KinderKrebsForschung
(GKKF) and by the Deutsche Krebshilfe under
grant 70114187. We acknowledge support by Open
Access Publishing Fund of University of Tiibingen.

References

1. Bose P, Brockton NT, Dort JC. Head and neck cancer: from anatomy to biol-
ogy. Int J Cancer 2013; 133: 2013-23. doi: 10.1002/ijc.28112

2. Amin MB, Greene FL, Edge SB, Compton CC, Gershenwald JE, Brookland RK,
et al. The Eighth Edition AJCC Cancer Staging Manual: continuing to build
a bridge from a population-based to a more “personalized” approach to
cancer staging. CA Cancer J Clin 2017; 67: 93-9. doi: 10.3322/caac.21388

3. Cramer JD, Hicks KE, Rademaker AW, Patel UA, Samant S. Validation of the
eighth edition American Joint Committee on Cancer staging system for hu-
man papillomavirus-associated oropharyngeal cancer. Head Neck 2018; 40:
457-66. doi: 10.1002/hed.24974

4. Nevens D, Nuyts S. HPV-positive head and neck tumours, a distinct clinical
entity. B-ENT 2015; 11: 81-7. PMID: 26563006

5. Rosenberg AJ, Vokes EE. Optimizing treatment de-escalation in head and
neck cancer: current and future perspectives. Oncologist 2021; 26: 40-48.
doi: 10.1634/theoncologist.2020-0303

6. Nonaka T, Wong DTW. Liquid biopsy in head and neck cancer: promises and
challenges. J Dent Res 2018; 97: 701-8. doi: 10.1177/0022034518762071

7. Arantes L, De Carvalho AC, Melendez ME, Lopes Carvalho A. Serum, plasma
and saliva biomarkers for head and neck cancer. Expert Rev Mol Diagn 2018;
18: 85-112. doi: 10.1080/14737159.2017.1404906



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Clasen K et al

Schaaij-Visser TB, Brakenhoff RH, Leemans CR, Heck AJ, Slijper M. Protein
biomarker discovery for head and neck cancer. J Proteomics 2010; 73: 1790-
803. doi: 10.1016/j.jprot.2010.01.013

Rostami A, Bratman SV. Utilizing circulating tumour DNA in radiation oncol-
ogy. Radiother Oncol 2017; 124: 357-64. doi: 10.1016/j.radonc.2017.07.004

De Michino S, Aparnathi M, Rostami A, Lok BH, Bratman SV. The utility of
liquid biopsies in radiation oncology. Int J Radiat Oncol Biol Phys 2020; 107:
873-86. doi: 10.1016/j.ijrobp.2020.05.008

Kawaguchi K, Sakurai M, Yamamoto Y, Suzuki E, Tsuda M, Kataoka TR, et al.
Alteration of specific cytokine expression patterns in patients with breast
cancer. Sci Rep 2019; 9: 2924. doi: 10.1038/s41598-019-39476-9

Chang KP, Chang YT, Wu CC, Liu YL, Chen MC, Tsang NM, et al. Multiplexed
immunobead-based profiling of cytokine markers for detection of naso-
pharyngeal carcinoma and prognosis of patient survival. Head Neck 2011;
33: 886-97. doi: 10.1002/hed.21557

Mojtahedi Z, Khademi B, Yehya A, Talebi A, Fattahi MJ, Ghaderi A. Serum
levels of interleukins 4 and 10 in head and neck squamous cell carcinoma. J
Laryngol Otol 2012; 126: 175-9. doi: 10.1017/s0022215111002349

Chehrazi-Raffle A, Meza L, Alcantara M, Dizman N, Bergerot P, Salgia N, et al.
Circulating cytokines associated with clinical response to systemic therapy in
metastatic renal cell carcinoma. J Immunother Cancer 2021; 9. doi: 10.1136/
jitc-2020-002009

Nikolinakos PG, Altorki N, Yankelevitz D, Tran HT, Yan S, Rajagopalan D. et al.
Plasma cytokine and angiogenic factor profiling identifies markers associ-
ated with tumor shrinkage in early-stage non-small cell lung cancer patients
treated with pazopanib. Cancer Res 2010; 70: 2171-9. doi: 10.1158/0008-
5472.Can-09-2533

Jin YB, Zhang GY, Lin KR, Chen XP, Cui JH, Wang YJ, et al. Changes of plasma
cytokines and chemokines expression level in nasopharyngeal carcinoma
patients after treatment with definitive intensity-modulated radiotherapy
(IMRT). PLoS One 2017; 12: €0172264. doi: 10.1371/journal.pone.0172264

Snitcovsky |, Leitdo GM, Pasini FS, Brunialti KC, Mangone FR, Maistro S, et al.
Plasma osteopontin levels in patients with head and neck cancer undergo-
ing chemoradiotherapy. Arch Otolaryngol Head Neck Surg 2009; 135: 807-
11. doi: 10.1001/archoto.2009.103

Lavaee F, Zare S, Mojtahedi Z, Malekzadeh M, Khademi B, Ghaderi A.
Serum CXCL12, but not CXCR4, is associated with head and neck squamous
cell carcinomas. Asian Pac J Cancer Prev 2018; 19: 901-4. doi: 10.22034/
apjcp.2018.19.4.901

Feltl D, Zavadova E, Pala M, Hozak P. The dynamics of plasma transforming
growth factor beta 1 (TGF-betal) level during radiotherapy with or without
simultaneous chemotherapy in advanced head and neck cancer. Oral Oncol
2005; 41: 208-13. doi: 10.1016/j.oraloncology.2004.09.005

Andersson B, Lewin F, Lundgren J, Nilsson M, Rutqvist LE, Lofgren S, et al.
Plasma tumor necrosis factor-a and C-reactive protein as biomarker for
survival in head and neck squamous cell carcinoma. J Cancer Res Clin Oncol
2014; 140: 515-9. doi: 10.1007/s00432-014-1592-8

Clasen K, Welz S, Faltin H, Zips D, Eckert F. Dynamics of HMBG1 (High
Mobility Group Box 1) during radiochemotherapy correlate with outcome
of HNSCC patients. Strahlenther Onkol 2021; 98: 194-200. doi: 10.1007/
s00066-021-01860-8

Shimizu Y, Minemura M, Tsukishiro T, Kashii Y, Miyamoto M, Nishimori H,
et al. Serum concentration of intercellular adhesion molecule-1 in patients
with hepatocellular carcinoma is a marker of the disease progression and
prognosis. Hepatology 1995; 22: 525-31. PMID: 7543436

Araki T, Miki C, Kusunoki M. Biological implications of circulating soluble
intercellular adhesion molecule-1 in colorectal cancer patients. Scand J
Gastroenterol 2001; 36: 399-404. doi: 10.1080/003655201300051234

Long EO. ICAM-1: getting a grip on leukocyte adhesion. J Immunol 2011;
186: 5021-3. doi: 10.4049/jimmunol.1100646

Witkowska AM, Borawska MH. Soluble intercellular adhesion molecule-1
(sICAM-1): an overview. Eur Cytokine Netw 2004; 15: 91-8. PMID: 15319166

Maruo Y, Gochi A, Kaihara A, Shimamura H, Yamada T, Tanaka N, et
al. ICAM-1 expression and the soluble ICAM-1 level for evaluating the
metastatic potential of gastric cancer. Int J Cancer 2002; 100: 486-90. doi:
10.1002/ijc.10514

. / siCAM-1 correlates with tumor volume in HNSCC

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

Yoo NC, Chung HC, Chung HC, Park JO, Rha SY, Kim JH, et al. Synchronous el-
evation of soluble intercellular adhesion molecule-1 (ICAM-1) and vascular
cell adhesion molecule-1 (VCAM-1) correlates with gastric cancer progres-
sion. Yonsei Med J 1998; 39: 27-36. doi: 10.3349/ym;.1998.39.1.27

Okamoto Y, Tsurunaga T, Ueki M. Serum soluble ICAM-1 levels in the
patients with cervical cancer. Acta Obstet Gynecol Scand 1999; 78: 60-5.
PMID: 9926894

Basoglu M, Atamanalp SS, Yildirgan MI, Aydinli B, Ozturk G, Akcay F, et al.
Correlation between the serum values of soluble intercellular adhesion
molecule-1 and total sialic acid levels in patients with breast cancer. Eur Surg
Res 2007; 39: 136-40. doi: 10.1159/000100110

Kostler WJ, Tomek S, Brodowicz T, Budinsky AC, Flamm M, Hejna M, et
al. Soluble ICAM-1 in breast cancer: clinical significance and biological
implications. Cancer Immunol Immunother 2001; 50: 483-90. doi: 10.1007/
5002620100223

Levin |, Klein T, Shapira Y, Lurie H, Kfir B, Narinsky R, et al. Serum intracellular
adhesion molecule-1 (sicam-1) and soluble hla class-1 antigens in breast-
cancer patients in relation to tumor burden. Oncol Rep 1994; 1: 217-20.
doi: 10.3892/0r.1.1.217

Dymicka-Piekarska V, Guzinska-Ustymowicz K, Kuklinski A, Kemona H.
Prognostic significance of adhesion molecules (sICAM-1, sVCAM-1) and
VEGF in colorectal cancer patients. Thromb Res 2012; 129: e47-50. doi:
10.1016/j.thromres.2011.12.004

Schellerer VS, Langheinrich MC, Zver V, Gritzmann R, Stirzl M, Gefeller O,
et al. Soluble intercellular adhesion molecule-1 is a prognostic marker in
colorectal carcinoma. Int J Colorectal Dis 2019; 34: 309-17. doi: 10.1007/
s00384-018-3198-0

Toiyama Y, Miki C, Inoue Y, Okugawa Y, Koike Y, Yokoe T, et al. Soluble inter-
cellular adhesion molecule-1 as a prognostic marker for stage Il colorectal
cancer patients. Ann Surg Oncol 2008; 15: 1617-24. doi: 10.1245/s10434-
008-9874-5

Gu X, Ma C, Yuan D, Song Y. Circulating soluble intercellular adhesion mol-
ecule-1in lung cancer: a systematic review. Trans/ Lung Cancer Res 2012; 1:
36-44. doi: 10.3978/j.issn.2218-6751.08.01

Wu M, Tong X, Wang D, Wang L, Fan H. Soluble intercellular cell adhesion
molecule-1 in lung cancer: A meta-analysis. Pathol Res Pract 2020; 216:
153029. doi: 10.1016/j.prp.2020.153029

Kawano T, Yanoma S, Nakamura Y, Shiono O, Kokatu T, Kubota A, et al.
Evaluation of soluble adhesion molecules CD44 (CD44st, CD44v5, CD44v6),
ICAM-1, and VCAM-1 as tumor markers in head and neck cancer. Am J
Otolaryngol 2005; 26: 308-13. doi: 10.1016/j.amjoto.2005.02.005

Kubala MH, DeClerck YA. The plasminogen activator inhibitor-1 paradox in
cancer: a mechanistic understanding. Cancer Metastasis Rev 2019; 38: 483-
92. doi: 10.1007/510555-019-09806-4

Zwirner K, Hilke FJ, Demidov G, Ossowski S, Gani C, RieB O, et al. Circulating
cell-free DNA: A potential biomarker to differentiate inflammation and in-
fection during radiochemotherapy. Radiother Oncol 2018; 129: 575-81. doi:
10.1016/j.radonc.2018.07.016

Radiol Oncol 2022; 56(4): S01-507.

S07



S08

research article

Crystalloids vs. colloids for fluid optimization
in patients undergoing brain tumour surgery

Jasmina Markovic-Bozic', Bozidar Visocnik', Polona Music', Iztok Potocnik?,
Alenka Spindler Vesel'

" Department of Anaesthesiology and Surgical Intensive Therapy, University Medical Centre Ljubljana, Ljubljana, Slovenia
2Department of Anaesthesiology and Intensive Care, Institute of Oncology Ljubljana, Ljubljana, Slovenia

Radiol Oncol 2022; 56(4): 508-514.
Received 22 February 2022

Accepted 5 July 2022

Correspondence to: Assist. Prof. Jasmina Markovic-Bozic, M.D., Ph.D., Department of Anaesthesiology and Surgical Intensive Therapy,
University Medical Centre Ljubljana, Zaloska 2, SI-1000 Ljubljana, Slovenia; E-mail: jasmina.markovic1@kclj.si

Disclosure: No potential conflicts of interest were disclosed.

This is an open access article distributed under the terms of the CC-BY license (https://creativecommons.org/licenses/by/4.0/).

Background. This randomised, double-blinded, single-centre study prospectively investigated the impact of goal
directed therapy and fluid opfimization with crystalloids or colloids on perioperative complications in patients un-
dergoing brain tumour surgery. Main aim of the study was to investigate the impact of fluid type on postoperative
complications.

Patients and methods. 80 patients were allocated into two equal groups to be optimised with either crystalloids
(n=40) or colloids (n = 40). Invasive hemodynamic monitoring was used to adjust and maintain mean arterial pressure
and cerebral oxygenation within the baseline values (£ 20%) and stroke volume variation (SVV) < 10%. Postoperative
complications from different organ systems were monitored during the first 15 days after surgery. Hospital stay was
also recorded.

Results. Crystalloid group received significantly more fluids (p = 0.003) and phenylephrine (p = 0.02) compared to
colloid group. This did not have any significant impact on perioperative complications and hospital stay, since no dif-
ferences between groups were observed.

Conclusions. Either crystalloids or colloids could be used for fluid optimization in brain tumour surgery. If protocol-
ised perioperative haemodynamic management is used, the type of fluid does not have significant impact on the
outcome.

Key words: brain tumour surgery; fluid opfimization; haemodynamic management

Introduction

Proper intravenous fluid therapy has effect on
perioperative care and long-term postoperative
outcome. Perioperative fluid therapy, guided by
flow based haemodynamic monitors, can improve
outcome. Optimization of hemodynamic and oxy-
gen delivery by using a goal-directed therapy (IV
fluids and/or vasoactive infusions), guided by ob-
jective monitoring, could be more personalised ap-
proach.!?

Recent studies showed that haemodynamic
management should be tailored to the cardio-

Radiol Oncol 2022; 56(4): 508-514.

vascular physiology and the clinical situation of
each individual patient, the so called personalised
haemodynamic management.* It improves out-
come of the surgery (better wound healing, shorter
hospital stay, less surgical site infections, cardio-
vascular and pulmonary complications).®

It is unclear whether crystalloid or colloid fluids
or a combination should be used for goal directed
therapy to optimise patient outcome and what is
the clinical impact of this technique.>®

Brain oedema prevention and optimization of
cerebral perfusion and oxygenation are main goals
of anaesthetic technique during brain surgery.*!

doi: 10.2478/raon-2022-0035
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Optimal neuroprotective strategies include ap-
propriate patient positioning, management of sys-
temic and cerebral haemodynamic, maintenance
of fluid, electrolyte and coagulation balance, and
postoperative prevention and treatment of pain,
postoperative nausea and vomiting.3°

The optimal volume status during brain sur-
gery is not known. There are two main dilemmas
regarding fluids, the use of liberal or restrictive
protocol and the type of fluid used. Fluid therapy
may augment both cardiac output and cerebral
blood flow. Fluid overload may result in poor neu-
rological outcome, but it is still uncertain if fluid
restriction is favourable or damaging to post-crani-
otomy neurological outcome. There is also concern
regarding possible negative impact of colloids on
coagulation that can cause bleeding and worsen
outcome perioperatively.1*-12

Stroke volume variation (SVV) is one of the dy-
namic haemodynamic parameters that predicts in-
traoperative fluid responsiveness also in brain sur-
gery.13 The goal is to maintain systemic and cere-
bral haemodynamic variables (cardiac output, arte-
rial blood pressure, cardiac rhythm, cerebral blood
flow).8? In our previous study we showed that type
of anaesthesia for brain surgery does not have im-
pact on haemodynamic stability and the occurrence
of postoperative complications.® But the question
arised if the type of fluid used for managing sys-
temic and cerebral haemodynamic variables does
have any impact on the postoperative outcome.

Thus, we hypothesized that for prevention of
postcraniotomy complications haemodynamic op-
timization is more important than the type of fluid
(crystalloid or colloid) used.

Main aim of the study was to investigate the im-
pact of fluid type on perioperative complications.

The primary outcome measure was the impact
of type and consumption of fluid on the incidence
of perioperative complications.

The secondary outcome measure was the im-
pact of perioperative complications on the length
of hospital stay and mortality.

Patients and methods

Prospective, randomised, double-blind, single-
centre study, with two parallel group, was con-
ducted at the University Medical Centre Ljubljana,
Department of Anaesthesiology and Surgical
Intensive Care and Department of Neurosurgery
in years 2016-2018 (trial registry on 15/08/2017;
number NCT03249298 at www.clinicaltrials.gov).

The study was approved by the National Medical
Ethics Committee of the Republic of Slovenia. All
the procedures were performed in accordance with
the declaration of Helsinki. The CONSORT recom-
mendations for reporting randomized trials were
followed. Written informed consent was obtained
from all subjects participating in the trial.

ASA (American Society of Anaesthesiologists)
Class 1-3 high risk surgical patients from the
Clinical department of neurosurgery were includ-
ed in the study. Adult patients that underwent
brain tumour surgery were included.

Exclusion criteria were (a) unwillingness to give
a written informed consent, (b) cardiac arrhythmia
(c) hemodynamic unstablity or shock, (d) coagula-
tion disorder and (e) underage.

All patients were visited by a member of our
team a day prior to surgery to seek an informed
consent and to answer any question. Patients were
able to freely withdraw from the trial.

Using a computer-generated list, the patients
were randomised into two groups by the fourth au-
thor, not involved in patient care. The first author
enrolled the patients and informed them about the
participation in the study.

In the operating room standard monitoring
was instituted. An arterial catheter was placed
in the radial artery for continuous blood pres-
sure monitoring. Advanced pulse contour cardiac
output monitoring using the EVA 1000/FloTrac
device (Edwards Lifescience, CA, USA) and near
infrared spectroscopy oximetry (NIRS) monitoring
(Medtronic, MN, USA) were applied.

Patients were premedicated (midazolam 7.5 mg
po). Antibiotic prophylaxis with intravenous ce-
fazolin 2 g in 100 ml of 0,9% NaCl was invariably
used in all patients.

Anaesthesia was induced with propofol 1-2 mg-
kg! (Propoven, Fresenius Kabi AG, Bad Homburg,
Germany). Before intubation all patients received
remifentanil 0.5-1 ugkg! (Ultiva, GlaxoSmithKline)
and rocuronium 0.6 mgkg! (Esmeron, MSD, NY,
USA).

Patients were intubated and mechanically ven-
tilated (oxygen-air mixtures, I/E ratio 1:2, tidal vol-
ume 8 mlkg?). The goal was to reach normal val-
ues of partial pressure of carbon dioxide in arterial
blood (paCQO,) and normal values of partial pres-
sure of oxygen in arterial blood. Anaesthesia was
maintained by continuous infusion of propofol 4-6
mgkghl. Remifentanil was adjusted according to
the degree of surgical manipulation (0.1-2 ugkg
!min?) and was increased when mean arterial pres-
sure and heart rate increased over 30% from base-

Radiol Oncol 2022; 56(4): 508-514.

S09



S10

Markovic-Bozic J et al. / Crystalloids vs. colloids in brain tumour surgery

line. The depth of anaesthesia was measured with
bispectral index (BIS) and maintained from 40 to
60. This is according to hospital policy, since total
intravenous infusion was used in order to prevent
intraoperative awareness.

Haemodynamic management was followed
by study protocol. Intraoperative basal fluid re-
placement was realized with continuous infu-
sion 2—-4 mlkgh! of balanced crystalloid regimes
(Sterofundin ISO, B. Braun Melsungen AG).
Additional boluses of 250 ml fluid were given
when stroke volume variation (SVV) measured
by EVA 1000/FloTrac system rose above 10% (a
sustained change during the previous 5 minutes)
or in the case of a positive response to previous
fluid challenge until normal SVV value. Colloid
group (CO) received colloid solution (Voluven
130/0.4 6%; Fresenius Kabi AG, Bad Homburg,
Germany) and crystalloid group (CR) balanced
crystalloid (Sterofundin). If mean arterial pressure
(MAP) or cerebral oxygenation (rSO2) after fluid
boluses were still < 20% from the baseline values
with normal SVV values, vasoactive drugs were
given (ephedrine 5-10 mg (0.5% Ephedrine, UMC
Ljubljana Pharmacy, Slovenia) or phenylephrine 50
ug (0.01%, UMC Ljubljana Pharmacy, Slovenia)) to
maintain MAP and/or rSO2 + 20% from the base-
line values. Bradycardia (heart rate (HR) <40min)
was treated with atropine 0.5 mg. If MAP and/or
HR increased over 30% from baseline, the infusion
of remifentanil was increased by 0.1 pug kg'min™.
Any adverse haemodynamic events (increase
of MAP and/or HR over 30% from baseline) that
did not respond to higher remifentanil infusion
rate, were managed with urapidil or metoprolol,
as appropriate. Blood loss was replaced with col-
loids (CO group) or crystalloids (CR group) until
a reduced PRBC transfusion trigger (haemoglobin
level <90 gl'!) was reached, which is desirable level
for neurosurgical patients. Haemodynamic param-
eters were recorded continuously in 5-min inter-
vals (from induction to discharge from the postan-
aesthesia care unit (PACU)).

Blood samples were collected before surgery, at
the end of the surgery and on the first postopera-
tive day to compare lactate values, to detect early
coagulopathy with rotational tromboelastometry
(ROTEM) and to predict blood transfusion require-
ments.!®

During dura closing piritramide 0.1 mgkg!
(Dipidolor, Janssen-Cillag GmbH, Neuss, Germany),
metamizole 2.5 g (Analgin, Stada AG, Bad Vilbel,
Germany) and ondansetron 4 mg were given to the
patients.

Radiol Oncol 2022; 56(4): 508-514.

Propofol infusion was stopped at the last skin
suture. Remifentanil infusion was stopped after the
removal of the Mayfield head holder.

Postoperatively intravenous infusion of pirit-
ramide was started as patient-controlled analgesia
(PCA). The definition of operation duration was
the time from the application of the Mayfield head
holder to its removal. Duration of anaesthesia was
measured from induction to extubation. The time
from anaesthetics cessation to tracheal extubation
was also recorded. All the patients were extubated
in the operating theatre and then transferred to the
PACU, where they stayed for not more than 2 hours.
Afterwards they were admitted to the Department
of Neurosurgery intensive care unit (ICU).

Standard postoperative monitoring gener-
ally used in these procedures was implemented.
Oxygen was administered via a Venturi mask and
titrated to the lowest level needed to achieve arte-
rial oxygen saturation greater than 96%. During
the hospital stay the main investigator (JMB) vis-
ited the patients daily to check the postoperative
complications and the fluid loading.

Measurements

The following data were collected: demograph-
ics, duration of surgery and anaesthesia, the con-
sumption of intraoperative drugs, haemodynamic
variables, fluid balance, and serum safety control
markers (lactate, haemoglobin, coagulation status),
the length of hospital stay and postoperative com-
plications during 15 days after surgery.

Postoperative complications were defined as
any unintended changes in body function or well-
being, such as hypertension (systolic blood pres-
sure 30% higher than the baseline level), infection,
pulmonary, neurological events, reoperation and
death.

Statistical analysis

The appropriate sample size was calculated from
our previous pilot study of two independent
groups (20 patients optimised with colloids and 20
patients treated with standard non-optimised ap-
proach) using a priori two-tailed t-test power anal-
ysis. The difference in the mean colloid consump-
tion between the groups was used for the effect size
calculation and the sample size determination. For
a significance level of 5% (a = 0.05) and a power of
90% (P =0.1), the calculated minimum sample size
was 36. To compensate for possible withdrawals,
40 patients were included in each group. Two pa-
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tients from each group were excluded for further
analysis because of technical reasons (Figure 1).

The two-tailed t-test with unequal variances or
the Chi-square test were used to test the differenc-
es in demographic data, duration of the procedure
and anaesthesia, drug consumption, fluid balance,
haemodynamic parameters, postoperative compli-
cations and length of hospital stay.

The means of continuous variables are present-
ed, and categorical data are summarized as counts.
A p-value of less than 0.05 was considered statisti-
cally significant. Data were analysed by SPSS 13.0
software package (IBM Corp., Armonk, NY, USA).

Results

80 patients, aged 18-80 years, ASA (American
Society of Anaesthesiologists) Class 1-3 and GCS
(Glasgow coma score) of 15, scheduled for brain
tumour surgery, were included in the study, 40 in
the CO group and 40 in CR group (Figure 1). There
were sixty-nine primary operations and 7 reop-
erations. No significant differences (p > 0.05) were
found between the groups regarding their demo-
graphics, ASA class, position during surgery, type
of surgery and duration of the procedure or anaes-
thesia (Table 1).

During the surgery CR group received statisti-
cally significant more fluids (1120 ml vs 653 mL; p =
0.003) and vasoactive drug phenylephrine (874 mcg
vs. 210 mcg; p = 0.02) (Table 2). On the other hand,
differences in fluid balance (total fluids, blood
transfusion, fresh frozen plasma, blood loss, urine
volume) and the levels of serum safety markers
(lactate, haemoglobin) during and 24 hours after
the surgery were not significant (p > 0.05) (Table 2).
Rotational tromboelastometry was normal in all
patients before and after the surgery, whereas 9
patients had pathological result during the sur-
gery, with nonsignificant differences between the
groups (p = 0.57) (Table 2).

15 days after the surgery no significant differ-
ences were recorded in the variables that could
have influence on the outcome. 46 patients did
not have any additional diseases or organ failure
(including renal failure) in comparison with pre-
operative condition (23 in each group; p = 0.41).
In CR group one patient died and one had wound
infection. In CO group one patient had systemic in-
flammation and two pulmonary embolism. In both
groups minor neurological complications were re-
corded (13 vs. 12). The length of hospital stay was 9
days in both groups (p =0.7).

Enrollment

‘ Assessed for eligibility (n=85)

Excluded (n=58)
+ Not meeting inclusion criteria (n=3)

+ Declined to participate (n=0)
+ Other reasons (n=2)

Randomized (n=80)

i Allocation |

L

Crystalloid group

Allocated to intervention (n=40)

+ Received allocated intervention (n=40)

+ Did not receive allocated intervention (n=0)

Lost to follow-up (exclusion criteria) (n=2)

Discontinued intervention (n=0)

L

Colloid group

Allocated to intervention (n=40)

+ Received allocated intervention (n=40)

+ Did not receive allocated intervention (n=0)

Follow-Up

Analysed (n=38)
+ Excluded from analysis (n=0)

,
Lost to follow-up (exclusion criteria) (n=2)

Discontinued intervention (n=0)

Analysis

FIGURE 1. Flow diagram of the study.

Analysed (n=38)
+ Excluded from analysis (n=0)

TABLE 1. Baseline demographics and surgical procedure

Group CR (N = 38) CO (N = 38) p value
Age (years) 54+ 14 55+ 16 0.69
Weight (kg) 79£16 7615 0.45
Gender (M/F) 17/21 14/24 0.32
ASA (1/17m) 8/19/11 7/24/7 0.46
First operation/reoperation 33/5 36/2 0.43
Patient position

Supine

Lateral 2]43 ]2% 0.48

Sitting 1 5

Prone 0 5
Localization

Supratentorial/infratentorial 33/5 33/5 0.63
Type of surgery

Craniotomy/endoscopic 35/3 37/1 0.50
Duration of procedure (min) 195 + 60 209 + 101 0.49
Duration of anaesthesia (min) 242 + 44 247 + 105 0.82

The results are expressed as mean + SD or number of patients.

The differences between groups were not significant (p > 0.05).

ASA = American Society of Anaesthesiologists; CO = colloid group; CR = crystalloid group; F =

female; M = male
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TABLE 2. Intraoperative and postoperative variables and outcome

Group

Intraoperative data = co 5

Propofol (mg) 1355 + 451 1307 + 766 0.74
Remifentanil (mg) 15+8 13+8 0.25
Total loss of blood (ml) 311 £262 461 = 486 0.09
Urine volume (ml) 996 + 510 772 + 655 0.99

Total fluids (ml)

2250 £ 1000 2122758 0.53

Blood transfusion (ml) 17 £107 73+ 203 0.14
Fresh frozen plasma (ml) 13+78 61185 0.14
Fluid optimization boluses 5/6/2/14 8/13/6/9 0.16
(1/2/3/>3 times)
Consumption of optimization fluid (ml) 1120+ 816 653 £ 365 0.003*
Intraoperative hypotension
(1/2/3/>3 times) 9/7/6/8 6/7/3/6 0.88
Vasoactive drugs
(1/2/3/>3 times/infusion) 6/4/4//3/11 6/5/1/5/5 0.41
Phenylephrine (mcg) 874 + 1632 210 + 530 0.02*
Ephedrine (mg) 8+10 7+13 0.64
Urapidil (mg) 3+10 3+8 0.88
Metoprolol (mg) 0.13+0.8 0.13+0.8 1
Atfropine (mg) 0.07+0.2 0.08 £0.2 0.7
Tromboelastometry (normal/ 33/5 33/4 0.57
pathological)
Lactate (mmol/l) 1.1£0.4 0.88+0.5 0.1
Haemoglobin (g/1) 120+13 115+ 12 0.1
Postoperative data (24 h)
Arterial pressure 37/1/0 34/0/4 0.08
(normal/low/high)
Postoperative CT of the head (good/ 30/6/1/1 28/6/4/0 0.41
oedema/haematomay/other)
Total fluids (ml) 1693 £ 520 1772 + 684 0.57
Urine volume (ml) 1382 £ 660 1297 + 735 0.59
Lactate (mmol/l) 1.1£0.4 0.95+0.4 0.25
Haemoglobin (g/l) 12317 119 +£13 0.29
Postoperative data (15 days)
No difference (comparing fo data 23 23 0.41
before surgery)
Death 1 0
Wound infection 1 0
Inflasmation 0 1
Pulmonary (pneumonia/embolism) 0/0 0/2
Neurological complications (minor/ 13/0 12/0
maijor)

9+4 9%5 0.70

Hospital stay (days)

The results are expressed as mean + SD or number of patients;

The differences between groups that are significant are labelled with * (p<0.05)

CO = colloid group; CR = crystalloid group

Discussion

Historically anaesthesiologists observed patients
and act according to clinical changes. If decision to
give fluid bolus or vasoactive drugs is based only
on low blood pressure, one could easily overlook
the need for fluid and give just vasoactive drugs

Radiol Oncol 2022; 56(4): 508-514.

and vice versa. Namely, liberal fluid approach can
prolong hospital stay and lead to oedema, on the
other hand restrictive fluid regime is correlated
with postoperative complications.’*!® That is ex-
tremely important in neurosurgery, where infusing
too much fluid can result in brain oedema and hy-
poperfusion. Invasive haemodynamic monitoring
is therefore important to control brain perfusion.
According to the results of Luo and co- workers
goal directed fluid therapy significantly reduces
the consumption of colloids and crystalloids com-
pared to the group, where therapeutic decisions
were left at the discretion of the attending anesthe-
siologist and intensivist.?

Feldheiser and colleagues showed that colloids
have longer intravenous effect and enable better
haemodynamic stability and flow measurement.’
This can explain why in our study the crystalloid
group received more phenylephrine.

Our first goal was to achieve the desired SVV
with fluid optimisation. Vasoactive drugs were
used only if hypotension persisted.?! Hypotension
occurred more often in crystalloid group, but non-
significant. These patients needed more fluid, and
even when optimised, they still needed fenilefrin
to achieve desired perfusion pressure. This was the
reason why crystalloid group needed more phe-
nylephrine, even though number of fenilefrin in-
terventions did not vary between the groups.

Lactate is a measurement of adequate tissue
perfusion and was not significantly raised in our
groups. Wu and co-workers showed that for su-
pratentorial brain tumor resection, fluid boluses
targeting lower SVV are more beneficial than a
restrictive protocol, and result in lower lactate,
brain biomarkers and postoperative neurological
events.?

The incidence of intraoperative events that need-
ed intervention (fluid and/or vasoactive drugs) did
not differ between our groups. Intraoperative sta-
bile patients did not need any intervention with
fluid bolus or vasoactive drugs for haemodynamic
optimisation.

Optimal brain perfusion prevents brain ischemia
and oedema in patient undergoing neurosurgical
procedure. Haemostasis is also essential to prevent
worse outcome caused with haematoma. Colloids
could have impact on coagulation. It was shown by
Lindroos and colleagues that HES induced a slight
disturbance in fibrin formation and clot strength.?

We used ROTEM to exclude possible side effects
of colloids on haemostasis.

We also showed that fluid optimisation with
crystalloids is safe. Even though their consump-
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tion was larger compared to colloids. The amount
of colloids needed for optimisation was 41% lower,
which was less then described in the literature 3
Obviously, good outcome with no postoperative
neurological complications in both our groups
showed that technique and haemodynamic man-
agement are more important than the type and vol-
ume of fluid. Namely, cognitive functions such as
attention, concentration and memory can also be
transient affected due to temporary brain swell-
ing.” Xia and co-workers showed that goal-direct-
ed colloid therapy was not superior to goal-direct-
ed cristalloid therapy for brain relaxation, cerebral
oxygenation or cerebral metabolism, although less
fluid was needed to maintain the target SVV in the
colloid group.?*Fluids and vasoactive drugs should
be applied according to haemodynamic measure-
ments.* Every patient should receive as much fluid
as needed at appropriate time.?”

Conclusions

Our study showed that either crystalloids or col-
loids could be used for fluid optimization for
brain tumour surgery. If protocolised periopera-
tive haemodynamic management is used, the type
of fluid does not have significant impact on out-
come. Future studies in this area should focus on
the development of broad goal directed strategies
in perioperative fluid therapy rather than trying to
find the best type of fluid.
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Background. Stereotactic body radiotherapy (SBRT) concepts for dose escalation are increasingly used for bone
metastases in patients with oligometastatic or oligoprogressive disease. For metastases that are not suitable for SBRT-
regimens, a treatment with 30/40 Gy with simultaneous integrated boost (SIB) in 10 fractions represents a possible
regimen. The aim of this study was to investigate the feasibility of this concept and the acute and subacute toxicities.
Patients and methods. Clinical records for dose-escalated radiotherapy of all consecutive patients treated with
this regimen were evaluated retrospectively (24 patients with 28 target volumes for oncologic outcomes and 25 pa-
fients with 29 target volumes for treatment feasibility and dose parameters analysis). Analysis of radiotherapy plans
included size of target volumes and dosimetric parameter for target volumes and organs at risk (OAR). Acute and
subacute toxicities were evaluated according to Common Terminology Criteria for Adverse Events (CTCAE) V4.0.
Results. The most common localization was the spine (71.4%). The most common histology was prostate cancer
(45.8%). Oligometastatic or oligoprogressive disease was the indication for dose-escalated radiotherapy in 19/24
patients (79.2%). Treatment was feasible with all patients completing radiotherapy. Acute toxicity grade 1 was docu-
mented in 36.0% of the patients. During follow up, one patient underwent surgery due to bone instability. The 1-year
local control and patient-related progression-free survival (PFS) were 90.0 £ 6.7% and 33.3 = 11.6%, respectively.
Conclusions. Dose-escalated hypofractionated radiotherapy with simultaneous integrated boost for bone metas-
tases resulted in good local control with limited acute toxicities. Only one patient required surgical intervention. The
regimen represents an alternative to SBRT in selected patients.

Key words: radiotherapy; oligometastatic disease; oligoprogressive disease; bone metastases; hypofractionated ra-
diotherapy; simultaneous integrated boost
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Introduction

Bone metastases represent one of the most frequent
metastatic sites in advanced malignant disease.®
This site is associated with a wide range of symp-
toms including pain, hypercalcemia, increased
risk of pathological fracture and neurological
symptoms.'?*> Due to their complications, bone
metastases can decrease the quality of life in can-
cer patients.® A significant number of patients with
advanced malignant disease present with sympto-
matic bone metastases.” The analgesic effect of ra-
diotherapy for painful bone metastases has been
established for years and therefore irradiation is
the preferred treatment for localized bone pain in
advanced malignant disease. Approximately 70—
80% of patients will respond with pain relief, up
to one-third will achieve complete pain response.!

Significant progress in systemic and support-
ive therapy has increased patients’ life expec-
tancy.2 Furthermore, beginning with Hellman
and Weichselbaum in 1995, the hypothesis of the
existence of an oligometastatic state of cancer, as
an intermediate stage of cancer spread, has been
established® and is nowadays differentiated from
widespread metastatic disease. With improve-
ments in diagnostic modalities, oligometastatic
malignant disease is being diagnosed more fre-
quently than before’, resulting in earlier detection
of metastases.® However, various definitions and
different cut-offs are discussed in the literature. In
most studies, oligometastatic state was defined as
limited number of metastases, with 1-3 or 1-5 met-
astatic lesions.”!12 Accumulating clinical evidence
suggests that metastasis-directed local therapy
for these patients might result in improved clini-
cal response, prevent additional metastatic spread
and delay the initiation of systemic therapies.!>
Adequate radiotherapy regimens to achieve suf-
ficient pain relief have been discussed in the lit-
erature and different regimens in the palliative
situation have been reported and summarized in
various studies.?”>¢ However, the optimal frac-
tionation and dose regimen for patients with oli-
gometastatic disease is still an unresolved issue.
Considering improved survival for patients with
oligometastatic disease, the goal of an aggres-
sive metastases-directed approach is not only to
achieve an optimal pain relief, but also long-term
local control (LC).

To deliver high doses to the target, maximize tar-
geting capabilities and minimize damage to organ
at risk (OAR) or healthy tissue, stereotactic body
radiotherapy (SBRT) has been introduced.” In a
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systematic review published in 2019 by Spencer et
al., the role of stereotactic radiotherapy in 1-6 frac-
tions in the management of bone metastases from
solid-organ tumours was examined. Excellent lo-
cal control rates, as well as superior rates for pain
relief (compared to conventional radiotherapy)
were reported in this analysis.> However, for some
bone metastases, stereotactic radiotherapy in a few
fractions might be unsuitable, due to their close
proximity to OAR or size or limited definability
of target volumes. For this reason, many study
protocols exclude tumours within a distance of <
3 mm to the spinal cord, with the aim to respect
its dose limitations.”® Various studies examined
intensity modulated radiotherapy (IMRT) regimes
with simultaneous integrated boost (SIB) for radio-
therapy of spine metastases.!®* Compared to con-
ventional IMRT, this approach should offer dose
reduction in the spinal cord and dose escalation in
the target volume using SIB.?! In our institution, a
higher-dose fractionated regimen for bone metas-
tases with 30 Gy and 40 Gy radiotherapy in 10 frac-
tions with dose escalation by SIB (“30/40 Gy”) to
treat patients oligometastatic and oligoprogressive
malignant disease was introduced. This regimen
enables not only a dose escalation in the target as
an alternative to SBRT, but also a coverage of tu-
mour-affected compartment (according to clinical
assessment).

The aim of this study was to assess the feasi-
bility concerning completion of treatment, acute
toxicity and to evaluate oncologic outcomes after
fractionated radiotherapy using this concept for
bone metastases in selected patients with assumed
favourable prognosis. In addition, dose constraints
for palliative radiotherapy of the spine have been
adapted to higher-dose radiotherapy.

Patients and methods

The study protocol was submitted to the Ethics
Committee of the Medical Faculty in our insti-
tution and approved in 2020 (990/2020B02). This
study represents a single institution retrospective
analysis of all consecutive patients treated with
this regimen at our institution. Clinical records
of all patients treated with radiotherapy of bone
metastases with intensity modulated radiotherapy
(IMRT) with 30/40 Gy SIB in 10 fractions between
2017 and 2020 in were evaluated. Patients treated
with the evaluated regimen were not considered
for SBRT, due to close proximity of the tumour to
OAR, size or limited definability of target volumes.
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In most cases, patients included in the study had
malignant disease in oligometastatic or oligopro-
gressive state. However, the evaluated treatment
was also offered to patients with diffuse metastat-
ic disease, in case of radioresistant histology (such
as pheochromocytoma or renal cell carcinoma) or
vertebral-body metastasis with intraspinal compo-
nent, where improved LC with higher-dose frac-
tionated regimen was desired (due to favourable
prognosis and expected efficient systemic treat-
ment). The indication for radiotherapy was mainly
not palliative symptom control but local treatment
of all macroscopic or progressive tumour localiza-
tions. Various definitions of oligometastatic dis-
ease have been described in the literature. Foster
et al. reports that a definition of <3 metastases was
used in 12/25 retrospective studies.!! Therefore, for
the purpose of this study, we defined an oligomet-
astatic disease as 3 or less extracranial metastases.
If patients had locally untreated organ metastases,
disease was classified as diffuse metastatic dis-
ease. Oligoprogression was defined as progression
of 3 or less extracranial metastases under systemic
therapy. To determine the number of metastases,
the last radiological imaging before radiotherapy
was used.

Data were collected retrospectively and ab-
stracted by chart review. Feasibility was defined
as conducting radiotherapy without interruption
and no toxicity > grade 3 (Common Terminology
Criteria for Adverse Events [CTCAE] V 4.0). Due
to the retrospective study design, pain response to
radiotherapy was evaluated based on clinical re-
cords and therefore not graded. Overall survival
(OS) and progression-free survival (PES) were
evaluated per patient based on the follow up scans
and prostate-specific antigen (PSA) measures (for
prostate cancer). OS was defined as the time from
the date of the end of radiotherapy to the last con-
tact or death. LC and PFS were defined as the time
from the end of radiotherapy to last follow-up or
to the diagnosis of local progression for LC and lo-
cal progression or distant progression for PFS. LC
was calculated for each irradiated metastasis. In
patients with prostatic cancer, in case of no PSA-
elevation and no progression of clinical symptoms
(such as pain or neurological symptoms connected
to irradiated localization), no radiological imaging
was performed during follow-up. PSA-level was
used as a measurement to assess LC and PFS in
these patients.

IMRT was planned based on a three-dimen-
sional planning CT using 3 mm slice thickness,
4-dimensional-CT (4D-CT) was used for metasta-

ses of the ribs. Similar to the regimen described
by Guckenberger et al.?’, we generated multiple
target volumes to receive different doses per frac-
tion and maintain the same number of fractions.
Gross tumour volume (GTV), i.e. the macroscopic
metastasis, was contoured on the planning CT by
the aid (and in most cases co-registration) of diag-
nostic imaging. Clinical target volume (CTV) in-
cluded GTV and was delineated depending on the
localization: the whole vertebral body for spine,
or additional assumed subclinical expansion
(e.g. along affected ribs). Planning target volume
(PTV) for the spine (PTV30) for the 30 Gy-volume
was CTV plus 5 mm margin. Planning target vol-
ume (PTV40) was generated with 0-2 mm margin
around the GTV for the 40 Gy-volume, depending
on the localization with 0 mm next to the spinal
cord. For metastases in ribs, GTV was contoured
as macroscopic tumour in 4D-CT. Internal target
volume (ITV) was generated by the aid of 4D-CT to
incorporate all potential locations of the tumour.
CTV included GTV and 2-3 mm in craniocaudal
extension, as well as the whole affected rib on the
metastasis level in transverse plane. Additional
6 mm margins were used on CTV to generate
PTV30 for metastases in ribs. For metastases in
other non-vertebrae bones (sacral bone, sternum,
femur), CTV was generated to involve the whole
affected bone for sacral bone and sternum (due
to large metastasis-size), as well as assumed sub-
clinical expansion along affected long bone. PTV30
was generated with different margins (5-15 mm),
dependant on the size of the metastasis and con-
sidering positioning inaccuracies. Dose prescrip-
tion according to International Commission on
Radiation Units and Measurements (ICRU)50 was
aimed at for the GTV with prioritization of limited
dose to the spinal cord. Maximal tolerated dose
was 107%. The PTV30 should have been covered
with 2 90% of the prescribed dose to 98% of the
contoured volume (D98) and < 107% of the pre-
scribed dose to 2% of the contoured volume (D2).
An example of a treatment plan for radiotherapy
with SIB with 30/40 Gy in 10 fractions is demon-
strated in Figure 1. Spinal cord was limited to 34
Gy total dose, i.e. 50 Gy equivalent dose (2 Gy)
(EQD?2), estimated by the linear quadratic model
with an alpha/beta = 0.87 Gy for spinal cord, ac-
cording to QUANTEC.22 An EQD2 of 60 Gy (alpha/
beta = 2 Gy) was allowed for metastases localized
at the level of the cauda equina. Target volumes
were delineated using Monaco planning system,
version 5.11.03 or Oncentra Masterplan treatment
planning system 4.3 (both Elekta AB, Stockholm,
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FIGURE 1. Example of a radiation plan for a bone metastasis in the first
lumbar vertebra. Gross tumour volume (GTV)40 was contoured by coregistered
diagnostic positron emission tomography-computed tomography (PET-CT).
Clinical target volume (CTV)30 included GTV40 and the whole vertebral body.
Planning target volume (PTV)40 and PTV30 were generated with 2 and 5 mm
margins (A). Panel (B) demonstrates isodose distribution. Dose-volume histograms
(DVHs) PTV30, PTV40, CTV30 and GTV40 show dose coverage (C). GTV40 coverage
is compromised due fo spinal cord sparing (B, C). DVHs for both kidneys (purple
and yellow), as well as spinal cord (red) are demonstrated as well (D). Medical
history: patient was diagnosed with high-risk prostate cancer in 2012. Initial
freatment included the combination of radiotherapy (prostate and pelvic lymph
node) and long-term androgen-deprivation therapy. A single metastasis in the
first lumbar vertebra was diagnosed in 2018. Radiotherapy with 30/40 Gy in 10
fractions with infegrated simultaneous integrated boost (SIB) was applied for
betterlocal control. By the last documented follow up in 2021, no progression was
observed in the irradiated metastasis. However, the patient developed diffuse
skeletal metastases (freated with secondary androgen-deprivation therapy with
abiraterone and enzalutamide).

Sweden). Treatment planning (optimization) was
performed by the above-mentioned version of
Monaco or the inhouse product Hyperion 24.5,
respectively. Treatment was delivered by 6 MV
Elekta linear accelerators and image-guided ra-
diotherapy (IGRT) with positioning controls using
cone-beam CT and daily online corrections. No
specific patient immobilisation was needed, due to
daily IGRT controls and corrections.

Additionally, dose constraints for OAR and ra-
diotherapy data were evaluated for all irradiated
metastatic sites. Mean values for the volume, D2%
(D2) and D98% (D98) for GTVA40, CTV30, PTV40 and
PTV30 were evaluated. Dose values for spinal cord
were calculated for patients with metastases in the
vertebral body. Mean value for the maximal point
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dose in the spinal cord (Dmax), D2 and D0.5ccm
were reported. The mean dose (Dmean) values
were analyzed for kidneys. Patients with Dmean
for kidneys below 1 Gy were excluded from this
part of the analysis (target volumes far away).

Statistical analysis was performed with IBM
SPSS Version 26. Means were compared by two-
sided Student’s t-test. Survival times were exam-
ined using Kaplan-Meier estimator and compared
using the log-rank test. Chi-square test was used
to describe correlations between categorized vari-
ables. Significance was considered in case of p <
0.05 and 0.05 < p < 0.1 was defined as a trend to
statistical significance. Pearson’s correlations coef-
ficient was used to measure the statistical relation-
ship between two continuous variables. Pearson's
correlation coefficient 0.4 < r < 0.7 was defined as
moderate correlation, coefficient >0.7 was defined
as a strong correlation.

Results
Patient population

A total of 25 patients with 29 irradiated metastases
were included in our analysis. For oncological out-
comes and patient characteristics, 24 patients with
28 irradiated localizations were evaluated. For the
analyses of treatment feasibility and dosimetric
parameters of all 25 patients (29 irradiated locali-
zations) were included. One patient with non-sem-
inomatous, extragonadal germ cell tumour with
diffuse lung metastases and a single bone metas-
tasis in a thoracic vertebral body was treated with
curative therapy and therefore was excluded from
the oncological outcomes-analysis (also excluded
from patient characteristics table) due to specific
diagnosis and curative treatment regardless of
diffuse metastatic situation (high-dose chemo-
therapy with stem cell transplantation, resection
of lung metastases and irradiation of a single bone
metastasis with evaluated regimen). However, the
radiation plan of this patient was included in the
analyses of feasibility and radiotherapy parameter.

Median follow-up was 148 years (0.33-4.67
years). Follow-up data was missing for 3 patients
with 4 target volumes. Median age was 67.5 years
(range 28-81 years). Predominant sex was male
(70.8%). Spine was the most common location
(71.4%) followed by ribs (14.3%). According to his-
topathological reports, prostate cancer was the
most frequent histology (45.8%), followed by renal
cell carcinoma (12.6%), urothelial cancer (8.3%) and
breast cancer (8.3%).
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Staging was carried out with positron emis-
sion tomography-computed tomography (PET-CT)
for 11/24 patients, but not necessarily as the last
imaging before radiotherapy. In the subgroup of
patients with prostate cancer (n = 11), PSMA-PET-
CT was performed in 8 patients. Somatostatin-
receptor-PET-CT was performed in 2 patients (phe-
ochromocytoma and endocrine mucin-producing
sweat gland carcinoma). FDG-PET-CT was per-
formed for one patient with rectal cancer. In other
patients, staging was performed depending on
the histology and localization of primary disease,
with whole-body CT-scan or with a combination
of different imaging modalities (such as magnetic
resonance imaging [MRI], skeletal scintigraphy or
CT). Median time from last staging to the begin-
ning of radiotherapy was 32 + 20 days.

Most of the patients had oligometastatic dis-
ease in the last staging before radiotherapy (n = 16,
66.7%). In eight patients with diffuse metastases
(33.3%), the indication for higher-dose radiother-
apy regimen was based on oligoprogression un-
der systemic therapy for 3 patients, radioresistent
disease in 3 patients (1 pheochromocytoma and 2
renal cell carcinoma) and metastases with spinal
localization and intraspinal component in 2 pa-
tients. Both patients with metastasis in the spine
with intraspinal component had prostate cancer
with efficient systemic therapy options and had
favorable prognosis according to the prognostic
score introduced by de Vin.?

All metastatic sites (or all progressive metastatic
sites) were irradiated in 18/24 patients (75%). Two
patients with prostate cancer had either synchro-
nous oligometastatic disease at the time of pri-
mary tumour diagnosis (n = 1) or metachronous
oligometastatic disease with local recurrence af-
ter initial treatment of the primary tumour (n =
1). All tumour sites were irradiated (local recur-
rence included) in these patients. In the group of
patients with oligometastatic disease, all sites were
irradiated in 15/16 patients. A very slow progres-
sion of one bone metastasis was not irradiated in
1 patient. One metastasis was irradiated with the
described regimen in 20 patients, two metastases
were irradiated in 4 patients. Most of the patients
were treated with systemic therapy directly before,
simultaneously or directly after radiotherapy (n =
20). An overview of the patient characteristics is
provided in Table 1.

Pain was the main clinical symptom in the
whole patient cohort (n =13), although not the main
indication for radiotherapy. Additionally, two pa-
tients had neurological symptoms, due to spinal

TABLE 1. Patient, tumour and therapy characteristics (number of patients n = 24,
number of irradiated metastases n = 28), one patient with germ cell tumour not

included

Age (Years)

Median and range
Sex (n = 24)
Female
Male
Histology (n = 24)
Prostate cancer
Renal cell carcinoma
Urothelial cancer
Other”
Localization of irradiated metastasis (n = 28)
Spine
Rib
Other (sternum, femur 2x, sacral bone)
Oligometastatic vs. diffuse metastatic disease (n = 24)
Oligometastatic disease
Diffuse metastatic disease
Indication for radiation therapy (n = 24)
Oligometastatic disease
Oligoprogression under systemic therapy
Radiation resistant histology
Intraspinal tumour component
Systemic therapy (n = 24)
No systemic therapy
Chemotherapy or immunotherapy

Hormonal therapy

67.5 (28-81)
7 29.2%
17 70.8%
il 45.8%
3 12.6%
2 8.3%
8 33.3%
20 71.4%
4 14.3%
4 14.3%
16 66.7%
8 33.3%
15 62.5%
4 16.7%
3 12.5%
2 8.3%
4 16.7%
10 41.7%
10 41.7%

“Includes 2 patients with breast cancer, as well as one patient with rectal cancer,
myxofibrosarcoma, metastatic chordoma, leiomyosarcoma, pheochromocytoma and

endocrine mucin-producing sweat gland carcinoma, respectively

metastasis-localization. Possible risk for pathologi-
cal fracture before radiotherapy was documented
in clinical records for eight patients.

Feasibility

All patients (n = 25) finished all planned radiother-
apy sessions. Acute toxicity grade 1 (CTCAE V4.0)
was documented for 36.0% of the patients and in-
cluded erythema (n = 4), gastrointestinal (n = 3),
urinary (n = 2) or oesophageal toxicity (n = 2) and
nausea (n = 1). No acute radiation toxicity > grade 1
was observed. One patient with metastasis in the
distal femur was operated 4 months after the end
of radiotherapy due to bone instability and result-
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FIGURE 2. Kaplan-Maier survival curves demonstrating local control (LC) and PFS. LC-rates at 1 and 2 years (calculated per fotal number of
irradiated metastases) was 90.0 £ 6.7% and 83.3 £ 15.2%. Estimated PFS-rates at 1 and 2 years (calculated per number of patients) were 33.3 £ 11.6%

and 22.2 £ 11.9%.

ing pain during axial loading. Otherwise, no suba-
cute toxicities were documented during follow up.
No pathological fractures and no neurologic toxic-
ity were observed with our limited follow-up. Pain
relief was reported by 9/13 (69.2%) patients initially
reporting pain. In one patient, no data on pain re-
lief were available.

Oncologic outcomes

Oncologic outcomes are presented in Figure 2.
During the follow-up, two local recurrences were
observed (in both cases 7 months after the end
of radiotherapy) in patients with spinal metasta-
sis of clear cell renal cell carcinoma and urothe-
lial carcinoma. In both patients, local progression
was in-field. In patient with urothelial carcinoma
metastasis localized in the spine (with paraverte-
bral spread), no underdosage in target volume was
observed. Tumour progression in this patient was
detected in GTV area (both in the spine and in
paravertebral component). In a patient treated for
arenal cell carcinoma metastasis in the spine (with
intraspinal and paravertebral spread), the D98 in
the PTV40 was 32.31 Gy in order to respect the con-
straints for spinal cord. D98 of the PTV30 in this
patient was 28.49 Gy. However, tumour progres-
sion in this patient seems to rather be limited to an
area, where target volume coverage was sufficient.

Dependent on tumour histology and metastasis
localization, LC was assessed using different im-
aging modalities (MRI, CT or PET-CT) or labora-
tory parameters (PSA). For 20/28 (71.4%) irradiated
target volumes, LC was assessed using radiologi-
cal imaging during follow-up. In 3 patients with
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4 target volumes (14.2%), no radiological imaging
was performed. However, all of these patients
had prostate cancer and had no PSA-elevation nor
progression of clinical symptoms during follow-
up and therefore no imaging was performed. The
patients were rated as locally controlled as with-
out PSA-elevation and no symptom progression,
tumour recurrence is unlikely. In 3 patients with
4 target volumes, no follow-up information was
available.

Stratified by tumour histology, our analysis
demonstrated significant differences in estimated
1-year PFS rates for patients with prostate cancer
(66.7 = 19.2%) vs. other malignancies (11.1 + 10.1%),
p =0.003. However, 72.7% of patients with prostate
cancer had oligometastatic disease, whereabout
only 53.8% of patients with other malignancies
had oligometastatic disease (not significant). No
deaths were documented during follow up.

Dosimetric parameters

Dosimetric parameters and radiotherapy data
were evaluated for all 25 patients (in total 29 met-
astatic localizations). Various parameters were
evaluated for spinal cord and kidney constraints.
Distribution of dose-volume histogram (DVH)
derived parameters is demonstrated in Figure 3.
According to ICRU prescription, good dose cover-
age was demonstrated for PTV30-volumes. GTV40
coverage was compromised in selected cases due
to spinal cord sparing.

DVH parameters for spinal cord were calcu-
lated for 21 radiation plans for patients with me-
tastases in the vertebral body. Respecting the dose
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constraints for spinal cord had first priority, even if
the GTV40 coverage was compromised. However,
three patients had Dmax values above 34 Gy. To
achieve improved CTV30 dose coverage, higher
Dmax values were allowed in two patients due to
its localization in fourth lumbar vertebra (Dmax
= 34.25 Gy) and sacral bone (Dmax = 39.89 Gy),
where dose constraints for cauda equina allowed
higher doses than for spinal cord (max. EQD2 of
60 Gy with alpha/beta = 2 Gy). The third patient
had slightly higher Dmax value (Dmax = 34.09 Gy)
for spinal cord for irradiation of a metastasis in
the first lumbar vertebra with intraspinal compo-
nent. Mean kidney dose was limited to 12 Gy. Dose
values for kidneys were calculated for 21 kidneys.
Dose constraints were respected in all patients.

Radiotherapy data for the patient being oper-
ated due to painful bone instability of the distal
femur were analyzed in detail. Maximal dose for
GTV40 was 41.73 Gy (104% of the prescribed dose
for GTV), mean dose on femoral bone was 24.7 Gy.
14.1% of delineated femoral bone received a dose
of at least 40 Gy. Radiation therapy data for this
patient did not exceed ICRU recommendations.
Furthermore, more than 50% of the bone circum-
ference was excluded from the PTV40. Due to the
metastasis size, GTV40 (88.91 cm?), CTV30 (534.69
cm®) and PTV30 (1096.43 cm?®) volumes were larger
than mean values in the whole cohort, also result-
ing in the largest PTV30 in the whole patient co-
hort. In multidisciplinary discussion, the bone in-
stability was not rated as radiotherapy toxicity but
rather possibly related to the size of the metastasis.
Radiotherapy plan as well as follow-up MRIs for
this metastasis are shown in Figure 4.

Discussion

Sufficient LC-rates were demonstrated with the
evaluated regimen in our cohort, with LC at 1 and
2 years of 90.0 £ 6.7% and 83.3 + 15.2%, respective-
ly. SBRT regimen with SIB for patients with spinal
bone metastases have been increasingly stud-
ied’®2!, and although inclusion criteria and dos-
ing varied between studies, our 1-year LC-rate is
in line with reported data.'” In a prospective study
published by Guckenberger ef al., spinal metasta-
ses were irradiated with SBRT regimen with SIB
with either 48.5/30 Gy or 35/20 Gy in 10 fractions.?
Lubgan et al. reports good LC-rates after irradia-
tion of spinal metastases using various SBRT regi-
men with SIB (median dose of 42.0/ 32.39 Gy in 10—
12 fractions.’” Comparable to our data, both studies
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FIGURE 3. Distribution of radiation therapy parameter. Target volume size for gross
tfumour volume (GTV)40, clinical target volume (CTV)30, planning target volume
(PTV)40 and PTV30 is shown in panel (A). Mean values of the volume for GTV40,
CTV30, PTV40 and PTV30 for the whole cohort were 25.90 cm? (range 0.11-100.74
cm?), 140.04 cm?® (range 5.33-635.19 cm?), 40.43 cm? (range 0.11-185.43 cm?3) and
249.44 cm?® (range 22.28-1096.43 cm3). Panel (B) demonstrates target volume
coverage for GTV40 minimal dose covering 98% of the target volume (D98), GTV40
maximal dose covering 2% of the target volume (D2), PTV40 D98, CTV30 D98 and
PTV30 D98, as well as for GTV40 equivalent uniform dose (EUD). Mean value for D2
for GTV40 was 40.99 £ 0.65 Gy. Mean values for D98 for GTV40, CTV30, PTV40 and
PTV30 were 37.26 £ 2.49 Gy, 30.94 + 2.61 Gy, 35.75 + 1.96 Gy and 29.10 £ 1.75 Gy.
Mean value for GTV40 EUD was 38.21 £ 1.19 Gy. Panel (C) demonstrates radiation
parameters for spinal cord (Dmax, D2 and DO.5cm). Mean values for spinal cord
Dmax and D0.5ccm were 32.77 £ 1.18 Gy and 31.61 £ 2.07 Gy. Mean value for
spinal cord D2 was 31.41 + 2.36 Gy. Radiation parameter for kidneys (Dmean)
are shown in panel (D). Mean value for Dmean for the kidneys was 4.18 + 1.49
Gy. Maximal kidney Dmean value was 6.14 Gy. Panel e demonstrates moderate
negative correlation of the size of the target volume with PTV30 D98 coverage,
showing worse target volume coverage for larger target volumes.
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FIGURE 4. Example of the radiation plan for a metastasis in femoral bone requiring
subsequent surgery. The patient was diagnosed with bladder urothelial cancer
in 2007. After tumour resection in 2007, the patient was diagnosed with diffuse
bone metastases in 2018. Femoral bone metastasis was the only progressive
tumour localization and higher-dose radiation therapy with 30/40 Gy with
simultaneous integrated boost (SIB) was applied in 2018. Four months after the
end of radiation therapy, the patient developed pain during axial loading of
the knee due to a bone instability. Therefore, distal femur was replaced by a
prothesis. Histopathological report after surgery showed a mixture of fumour and
bone necrosis without signs of progressive vital tumour. No further local tumour
progression in remaining femoral bone was documented in the follow up. Panel
(A) demonstrates target volume delineation (gross tumour volume [GTV]40 = red,
planning target volume (PTV)40 = dark blue, clinical target volume [CTV]30 =
orange, PTV30 = light blue). Isodose distribution is shown in panel (B) (dark red =
40 Gy, red = 38.3 Gy, yellow = 34.9 Gy, light blue = 29.8 Gy, dark blue = 21.0 Gy).
Panel (C) and (D) present magnetic resonance imaging (MRI) 4 months after the
end of radiation therapy, showing tumour metastasis and necrosis. T1-weighted
contrast-enhanced MRI (CE-TIWI) sequence (C) demonstrates a small contrast
enhanced ring with large hypointense core. T2-weighted MRI (T2WI) sequence (D)
shows diffuse bone oedema.

reported good feasibility and no radiation-induced
myelopathy as long-term side effect.?

Although radiotherapy for the treatment of
painful bone metastases has been established?®,
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optimal fractionation and dose regimens for pa-
tients with oligometastatic disease seem to remain
challenging and are still an unresolved issue.
Various fractionation and dose schedules for pal-
liative radiotherapy for bone metastases have been
examined and can be divided broadly into two
categories: short-course radiotherapy (delivered in
up to five fractions) and long-course radiotherapy
(delivered in 10 or more fractions).? Different stud-
ies found no difference in pain relief?? or toxicity
rates between short-course and long-course thera-
pies.?® However, conventional radiotherapy with
8 Gy single dose is associated with shorter pain
relief (3—6 months) and can be insufficient for pa-
tients with longer life expectancy.? Furthermore,
accumulating clinical data suggest better local
control rates after irradiation of bone metastases
with long-course radiotherapy. Improved 1-year
local control rates for spinal metastases with spi-
nal canal compression in patients with breast and
prostate cancer were reported after long-course
radiotherapy, compared to short-course palliative
radiotherapy with 8 Gy in one fraction.! In addi-
tion, the incidence of repeated irradiation to the
same metastatic site is lower in patients treated
with longer fractionated schedules, compared to
patients treated with 8 Gy in one fraction.??
With improved survival rates for patients with
oligometastatic disease and predominant bone
metastases?, aggressive metastasis-directed thera-
py has been proposed to improve clinical response
and eventually delay the initiation of systemic
therapies.!>42® In a study published in 2011 by
Rades et al., improved local control, as well as sur-
vival benefit were demonstrated for patients with
favourable survival prognoses after radiotherapy
with total dose escalated beyond 30 Gy (40 Gy in
20 fractions or 37.5 Gy in 15 fractions).” A fraction-
ated regimen with SIB (to escalate the dose in the
target volume and reduce the dose for organs at
risks) for radiotherapy of spine metastases was
examined in various studies.!’® Various regimen
for palliative radiotherapy in patients with spinal
bone metastases are being evaluated in one ongo-
ing prospective study (30 Gy in 10 fractions, 30/40
Gy in 10 fractions, 20 Gy in 5 fractions and 20/30 Gy
in five fractions).?! To increase the duration of pain
relief, achieve better local control, deliver higher
dose to the target volume with proper sparing of
organs at risks, a higher-dose IMRT fractionated
regime with 30/40 Gy with SIB was introduced in
our institution. This regimen differs from stereo-
tactic radiotherapy not only in its dose, but also in
target volume delineation concept, as it integrates
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two target volumes (macroscopic tumour and lo-
calized adjuvant region within the affected bone).
We included patients with favourable prog-
nostic factors (e.g. number of metastases, systemic
treatment options) and assumed longer life expec-
tancy. Oligometastatic disease and oligoprogres-
sion under systemic therapy were the indication
for this regimen for most of the patients (79.2%).
Patients with diffuse metastatic disease were in-
cluded in case of assumed radioresistant disease
or vertebral metastasis with intraspinal compo-
nent (if the patients had favourable prognosis
and efficient systemic therapy options), where the
higher-dose regime was applied to achieve better
local control. This assumption was supported by a
systematic literature review published in 2009 by
Gerszten et al. They defined tumour histology as a
prognostic factor in treatment response after con-
ventional radiotherapy of spine metastases.>
Although the reported dataset is limited with
number of patients and limited follow up, we
observed sufficient LC rates using this regime.
However, 83.4% of the patients received systemic
therapy directly before, in parallel to or after ra-
diation therapy, which might have influenced our
LC-rates with its synergistic effect. In comparison
to our results, a retrospective study published by
Makita et al. reported a 1-year LC-rates of 60% for
biological effective dose (BED),,< 39.0 Gy (= 1 x
8 Gy, 5 x4 Gy, 4 x 5 Gy or 10 x 2.5 Gy) and 80%
for BED, ;= 39.0 Gy (= 10 x 3 Gy).*' Two patients in
our analysis developed local progression. In both
cases, local progression seems to be limited to area
with sufficient target volume coverage. These cas-
es included radioresistant tumour histology (clear
cell renal carcinoma and urothelial carcinoma)
which indicates that this regimen should be evalu-
ated in larger series for patients with radioresist-
ant malignancies. Furthermore, feasibility of this
regimen was good, with all patients completing
the treatment and no patients developing acute
toxicity beyond grade 1. Grade 1 acute toxicity was
documented for 36.0% of the patients and included
mild urinary or gastrointestinal toxicity, dyspha-
gia and nausea. Assuming the extended life ex-
pectancy for most patients with oligometastatic
disease, late side effects are much more clinically
relevant than acute toxicity. Thus, one patient was
operated due to painful bone instability 4 months
after the end of radiation therapy. No pathologi-
cal fractures and no neurologic toxicity were ob-
served. However, these results might be limited
with absence of imaging during follow-up in some
patients with prostatic cancer, where no imaging

was performed in case of no PSA-elevation and no
progression of clinical symptoms connected to ir-
radiated localization. We adjusted dose constraints
for spinal cord using our institutional constraints
for normofractionated radiotherapy for vertebral
body. Respecting the dose limitation for spinal
cord was priority, which led to underdosage in tar-
get volume coverage in selected cases. Thus, with
this approach, clinically satisfying results were
achieved regarding late neurologic toxicity as well
as LC-rate.

One patient with urothelial carcinoma and me-
tastasis in distal femur required surgery due to
bone instability (rated by orthopaedic surgeons as
instability due to the metastasis and not as radi-
otherapy-induced osteonecrosis). In our analysis,
no exceed in ICRU recommendations in radia-
tion plan for this patient was observed. This pa-
tient had the largest PTV30 in the whole patient
cohort. However, this was the only metastasis in
a long bone and is therefore hardly comparable to
the spine and ribs volumes (where no osteonecro-
sis or pathological fractures were detected). This
indicates that a further evaluation of this regimen
for metastases therapy in long bones is needed, as
there might be additional factors to be considered
in radiation therapy planning for this localization
(e.g functional load). Pain as an initial symptom
was reported in 13/25 patients. Pain relief was
documented for 69.2% patients at some point dur-
ing follow-up, which is comparable to another
study that examined pain response after IMRT
with 30 Gy in 10 fractions for spinal metastases.*
However, due to the retrospective study design, no
pain grading or accurate analyses of pain relief du-
ration was possible.

Conclusions

In summary, higher-dose IMRT fractionated regi-
men with 30/40 Gy with SIB is a safe and feasible
treatment regimen for selected patients with bone
metastases, with all patients completing all thera-
py sessions with no acute radiation toxicity > grade
1. With limited number of patients and follow-up,
as well as methodological limitations of a retro-
spective study, good LC-rates were demonstrated
in our cohort. Using this treatment method, we
managed to deliver a high radiation dose to the
target volume and simultaneously achieve proper
sparing of organs at risk. This intermediate-dose
regimen represents a therapy in between clear pal-
liative schedules and stereotactic body radiation
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therapy (SBRT) in few fractions and might be the
preferred option for patients with oligometastatic
or oligoprogressive disease and long-life expec-
tancy, if SBRT cannot be applied. Furthermore,
this treatment can be convenient for bone metas-
tases with intraspinal component, when improved
LC-rate might be achieved using this higher-dose
fractionated regime. However, late toxicity after
this treatment concept and special combinations
of metastasis localization and histology warrants
further evaluation.
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Background. The primary objective was to quantify changes in vascular micro-environment in spinal metastases (SM)
patients treated with stereotactic body radiotherapy (SBRT) with multi-parametric dynamic contrast enhanced (DCE)
magnetic resonance imaging (MRI). The secondary objective was to study plasma biomarkers related to endothelial
apoptosis.

Patients and methods. Patients were imaged with DCE-MRI at baseline/1-week/12-weeks post-SBRT. Metrics in-
cluding normalised time-dependent leakage (Kirans), permeability surface product (PS), fractional plasma volume
(Vp). extracellular volume (Ve) and perfusion (F) were estimated using distributed parameter model. Serum acid
sphingomyelinase (ASM) and sphingosine-1-phosphate (S1P) were quantified using ELISA. Clinical outcomes including
physician-scored and patient-reported toxicity were collected.

Results. Twelve patients (with varying primary histology) were recruited, of whom 10 underwent SBRT. Nine patients
(with 10 lesions) completed all 3 imaging assessment timepoints. One patient died due to pneumonia (unrelated)
before follow-up scans were performed. Median SBRT dose was 27 Gy (range: 24-27) over 3 fractions (range: 2-3).
Median follow-up for alive patients was 42-months (range: 22.3-54.3), with local control rate of 90% and one grade
2 or higher toxicity (vertebral compression fracture). In general, we found an overall frend of reduction at 12-weeks
in all parameters (Ktrans/PS/Vp/Ve/F). Ktrans and PS showed a reduction as early as 1-week. Ve/Vp/F exhibited a
slight rise 1-week post-SBRT before reducing below the baseline value. There were no significant changes, post-SBRT,
in plasma biomarkers (ASM/S1P).

Conclusions. Tumour vascular micro-environment (measured by various metrics) showed a general trend towards
downregulation post-SBRT. It is likely that vascular-mediated cell kiling contributes fo excellent local control rates
seen with SBRT. Future studies should evaluate the effect of SBRT on primary-specific spinal metastases (e.g., renal cell
carcinoma).

Key words: spine metastases; stereotactic body radiotherapy; DCE-MRI; endothelial apoptosis
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Introduction

Approximately 40% of patients with cancer, will
develop spinal metastases (SM) in their cancer
journey.! Symptomatic SM is usually treated with
a combination of analgesia, radiotherapy and/or
surgery.? Stereotactic body radiotherapy (SBRT)
is an emerging treatment technique which is in-
dicated for patients with oligo-metastatic disease,
symptomatic SM from radio-resistant histological
subtypes (e.g., renal cell carcinoma, colon adeno-
carcinoma), or in selected patients with expected
long survival where durable tumour control be-
comes a priority.

SMs from some primaries such as renal cell car-
cinoma are known to be vascular, as evidenced by
large intra-operative blood losses, in patients un-
dergoing surgical resection (e.g., decompression,
separation surgery, corpectomy). Data from our
research group has estimated the mean intra-oper-
ative blood loss to be 870 + 720 ml, with an average
blood transfusion requirement of 1.5 + 1.9 units.?
This has prompted surgeons to utilise pre-opera-
tive angio-embolisation prior to resection, howev-
er, the effectiveness of this is highly variable.

SBRT uses highly focused ablative radiothera-
py, with the key feature being large fraction sizes
(ranging 624 Gy), given over 1-5 sessions. This
contrasts with palliative conventional external
beam radiotherapy, with smaller fraction sizes
(2.5-4 Gy) given over 5 - 15 sessions. Large fraction

Contrast agent

FIGURE 1.

Schematic illustration of the DP model. Contrast agent (CA)

concentration within the vessel decreases with position (x) along the vessel length
(L), producing concentration gradients between the arterial (x = 0) and venous (x
=L) capillary ends. During the CA passage, a portion of the CA molecules diffuses
between the plasma and extracellular, extravascular space (EES) at a controlled
permeability surface area product (PS) rate, so that the plasma, Cp(x, t), and EES,
Ce(x, t), concentrations show both spatial and temporal dependence.
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sizes have been mechanistic linked to a novel way
of vascular-mediated cell killing, through the cer-
amide pathway.® The key players in the ceramide
pathway include ASM and S1P.° The use of large
fraction sizes has been shown in pre-clinical stud-
ies to significantly reduce the vascular volume.”
However, this is poorly understood in the clinical
setting.

The effect of SBRT on tumour vasculature has
been explored by other research groups, particu-
larly with the use of Dynamic Contrast enhanced
MRI imaging (DCE-MRI).3"! DCE-MRI is an ad-
vanced non-invasive modality which provides
functional information on vascular micro-envi-
ronment and hemo-dynamics, where quantitative
assessment of vascular parameters can be obtained
through a pharmacokinetic model of contrast up-
take to determine the signal intensity changes
over time.!? There are multiple models available
to obtain quantitative information, and our group
prefers the use of the distributed parameter (DP)
model, over compartment models (e.g. Toft’s mod-
el), especially in the post-treatment setting.!® In
contrast to Toft’s model, the DP model does not
assume well-mixed compartments (between the
plasma and extracellular, extravascular spaces)
and accounts for concentration changes with both
time and distance along the capillary length. A
schematic representation of the DP model can be
seen in Figure 1. The variables of the DP model in-
clude time-dependent leakage (Ktrans), perfusion
(F), permeability surface area product (PS), frac-
tional plasma volume (Vp) and fractional extracel-
lular volume (Ve). As such, the DP model offers the
possibility of estimating flow and permeability
separately, as well as estimating fractional vascu-
lar and interstitial volumes.

DCE parameters such as Vp and Ktrans were
found to be reduced post-SBRT, and Vp has been
suggested to be an early response biomarker for
tumour control. Notably, most of these studies
were not done in a prospective manner, where the
time points of assessment were highly variable
between patients. Moreover, only two parameters
have been reported (Vp and Ktrans) in these stud-
ies, and this may not provide a comprehensive as-
sessment of tumour vascular compartment.

We hypothesize that SBRT to SM will reduce
the vascular micro-environment and perfusion
parameters, in keeping with previous studies. Our
aim is to prospectively quantify the effects of SBRT
on SM using DCE-MRI metrics, and to describe
changes in correlative plasma biomarkers of the
ceramide pathway.
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TABLE 1. Inclusion and exclusion criteria
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Inclusion criteria

Exclusion criteria

Age = 21 years

Proven metastatic disease

Life expectancy > 3 months

Eastern Cooperative Oncology group (ECOG) 0-2

O wN -

disease
6. Able to lie supine for = 60 minutfes

< 3 contiguous vertebral body segments, including para-spinal

Metastatic haematological and germ cell neoplasms

1.

2. Inability to undergo MRI or receive gadolinium contrast

3.  Prior radiotherapy to region of interest

4.  Recent surgery to affected spinal levels, or patients requiring
immediate surgical intervention

5. Spinalinstability score (SINS) > 12

6. Symptomatic cord compression (Bilksy grade 2 or 3), or

worsening neurological deficits

Patients and methods

This prospective study was approved by
Institutional Review Board (NHG, 2016/1179), and
registered on clinicaltrials.gov (NCT03072979).
This was designed as a single-arm cohort study,
conducted from May 2017 to December 2018, and
patients were recruited from National University
Hospital, Singapore. Written consent was obtained
from all patients prior to any study related proce-
dures. This study was conducted in accordance
with the declaration of Helsinki.

Participants

Only adult patients who in whom SBRT for SM
was clinically indicated were eligible for recruit-
ment. Inclusion and exclusion criteria are de-
scribed in Table 1. Patients who were undergoing
systemic chemotherapy at recruitment, had to ob-
serve a one-week wash-out period between their
last chemotherapy and first SBRT treatment.

SBRT planning and treatment details

SBRT for SM were carried out as per our depart-
ment protocol. In brief, patients with lesions at T3
and above were immobilized using a rigid 5-point
thermoplastic mask, and patients with lesions be-
low T3 were immobilized using a rigid body bag
(Elekta AB, Stockholm, Sweden). CT simulation
imaging was performed and reconstructed at 2
mm for RT planning. A dedicated MRI in the re-
gion of interest was obtained within a few days of
CT simulation. Axial T1 and T2 volumetric MRI
sequences were co-registered with CT simulation
images to define the target volumes and organs-
at-risk. The gross tumour volume (GTV) included
bony metastatic disease within the vertebral level,
including any para-vertebral extension. Clinical
target volume (CTV) included the adjacent com-
partment, as per contouring guidelines!® A

2-5 mm margin was applied in patients with pa-
ra-vertebral extension to form the final CTV. The
CTV was expanded by 2 mm isotropically to cre-
ate the planning target volume (PTV). The spinal
cord was defined using the axial T2 imaging, and
a 2 mm planning organ at risk volume (PRV) mar-
gin was applied. For lesions at L2 and below, the
thecal sac was contoured and a PRV margin was
not given. The portion of the PTV that overlapped
with the PRV Cord was carved out. Recommended
SBRT doses are 24 — 27 Gy in 3 fractions, or 24 Gy
in 2 fractions (delivered on alternate days). SBRT
treatment was planned using Monaco (Elekta AB,
Stockholm, Sweden) using volumetric modulated
arc therapy (1 or 2 arcs). We aimed for a CTV cover-
age of D90/90. Priority was given to the avoidance
of critical organs at risk (such as spinal cord PRV,
thecal sac, brachial and sacral plexuses), and pub-
lished dose limits were adhered to.!® Image guided
radiotherapy was performed on Elekta Infinity,
with cone-beam CT (CBCT) guidance pre- and
post-treatment. For long treatment sessions lasting
more than 20 minutes, a mid-treatment CBCT was
performed.

Clinical follow-up protocol

Patients were assessed clinically at time of CT sim-
ulation, 1-week and 3-months post RT as part of
the study. Patients were followed up 3-6 months
thereafter (as part of shared care between medi-
cal oncology and radiation oncology). Patients
were recommended to have a MR imaging every
3-6 months as part of follow-up. Information col-
lected at baseline and 3 months include: primary
histology, baseline pain score (VAS), analgesia re-
quirement and spinal instability score (SINS). Pain
score was assessed at time of CT simulation (ap-
proximately 2 weeks prior to SBRT) and 12-week
post-SBRT, using VAS 0-10.

Local tumour response was evaluated accord-
ing to the MD Anderson criteria® at 3 months

Radiol Oncol 2022; 56(4): 525-534.
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TABLE 2. Patient characteristics

Baseline SBRT
! ’ ] analgesia . Prior . Pre-
Patient . . Level of spinal  Extraspinal . Prior A Prior -~
Age Gender  Primary histology ; ” requirement: anti-VEGF ECOG  freatment  SINS Indication )
D metastases  disease site opioid/ non- chemotherapy therapy immunotherapy VAS Dose (Gy)  Fractions
opioid/nil
Radioresistant
1 69 RCC Cl Lung Non-opioid No No Yes | 8 6 histology, pain 24 3
confrol
2 60 RCC N Nil Nil No No No 0 3 3 Oligomefatasis 27 3
3 40 NSCLC-EGFR - 5 B“"‘”U'n?”e' il Yes Yo No ] 5 §  Olgometastoss 24 3
Brain, nodal, - Oligometastasis,
4 62 NSCLC-EGFR - €5 i Opioid No No No | 8 7 odin control A4 2
Prostate " . .
5 75 adenocarcinoma n Bone Nil No No No | 6 5 Oligometastasis 4 3
b 62 Sl 1 [N, lung Nil Yes No | 3 9 Oligometastasis 7 3
adenocarcinoma ! No
Radioresistant
Ta 52 RCC Ll Bone Opioid No No Yes | 7 7 histology, pain 27 3
control
Radioresistant
Tb 52 RCC 12 Bone Opioid No No Yes | 7 7 histology, pain 27 3
control
%0 8 NSCIC-EGRR + 1l B“’"‘”U'nbg"”e‘ Non-Opioid No No Yes | 3 5 Oligomefostoss 24 3
8b 69 e 110 Brow‘nunbgone. Non-Opioid No No Yes 1 3 4 Oligometastasis Vi &
8c 6 NSCLC-EGHR + 12 Bra\‘nu, nbgone. Non-Opioid No No Yes | 3 6 Oligometastasis 27 3
Breast Invasive . " . )
9 3l S e T4 Nil Nil Yes No No | 0 2 Oligometastasis 27 3
Prostate . " , )
10 72 adenocarcinoma 13 Nil Nil No No No 2 3 2 Oligometastasis 2% 2

ECOG = Eastern Cooperative Oncology Group; F = female; LN = lymph nodes; M = male; Nil = nihil; NSCLC-EGFR - = non-small cell lung cancer without epidermal growth
factorreceptor mutation; NSCLC-EGFR + = non-small cell lung cancer with epidermal growth factor receptor mutation; RCC =renal cell carcinoma; SINS = spinal instability
neoplastic score; VAS = visual analogue score

*Patient only completed 2 out of 3 fractions

(complete response (CR), partial response (PR),
progressive disease (PD), stable disease (SD)) by
a MSK radiologist (15 years” experience) who was
blinded to the treatment (SS). Local recurrence
was assessed based on available clinical imaging
at the last follow-up. Data was censored at the time
of last follow-up. Acute toxicity was assessed at 1
week post RT and late toxicity was assessed at 3
months and during further clinical follow-up, us-
ing the Common Terminology Criteria for Adverse
Events version 5.0.

Magnetic resonance imaging protocol

All MRI examinations were performed using a 3-T
MRI scanner (Siemens Biograph mMR) located at
clinical imaging research centre (CIRC), National
University of Singapore. MRI was performed at
baseline (during time of CT simulation, approxi-
mately 2 weeks prior to the start of SBRT), 1-week

Radiol Oncol 2022; 56(4): 525-534.

after completing SBRT (median 8 days, range 6 to
13 days) and at 12 weeks post SBRT (median 92
days, range 82 to 100 days). MRI was obtained in
the region of interest (target vertebral level, with
2 levels superior and inferior). The following con-
ventional MRI sequences were acquired prior to
contrast administration: sagittal T2, axial T2 (2 mm
slice thickness), axial T2 TIRM (3 mm slice thick-
ness), pre-contrast axial T1 VIBE with fat-satura-
tion (2 mm slice thickness).

DCE-MRI was performed using a T1-weighted
three-dimensional fast field-echo sequence in the
axial plane. Before contrast injection, the pre-con-
trast T1-weighted fast field echo sequences were
acquired at 4 flip angles (5, 10, 15 and 20 degrees)
according to the same geometry to calculate the
baseline T1 maps. DCE-MRI was performed after
an intravenous bolus injection Dotarem (gadoter-
ate meglumine), at 3 ml/s and dose of 0.2 ml/kg.
This was done using an automatic injector and was
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TABLE 3. Clinical outcomes

Post-SBRT VAS

Response assessment

Follow-up duration Local recurrence at Status of patient at

Patient ID (C::;Tg; ;:ZE:I z)re- Acute toxicity Late foxicity Auntdserrr:zzlgrsi t(xi?:) (months) Tostfollow-up lostfollow-up
1 0§ G1 esophagifis Nil PR KlJ No Dead
2 0(-3) Nil Nil PR 54 Yes Alive
3 014 N Gl Cffongfu’fe“‘b” R 5 No Aive
4 08 Gl esophagitis Nil D 15 No Dead
5 33 Gl esophagitis Nil PR 2 No Dead
6 0(-3) Nil Nil D 13 No Dead
0 219 N ¢l ﬁfgg?&fgs"‘)” R 0 No Alve

7o 2(-9) Nil Nil PR L) No Alive
8a - Nil N/A N/A N/A Dead
8b - Ni N/A N/A N/A Dead
8¢ - Ni N/A N/A N/A Dead
9 0 N €9 ﬁfa”c‘flfe“m ) 3 No Alve
10 0(-3) Nil Nil PR 2 No Alive

Nil = nihil; PR = Partial response; SD = Stable disease; VAS = Visual analog scale

followed by a 15 ml saline flush. Seventy phases
were acquired over 5 minutes with a temporal res-
olution of 4.3 s (flip angle 15 degrees), using paral-
lel imaging. Delayed post-contrast axial T1 VIBE
sequences with fat-saturation (2 mm slice thick-
ness) were then acquired after DCE imaging.

The same sequences were performed at 1-week
and 12-weeks post SBRT. The length of the aorta or
major artery was included in the scan where pos-
sible, to minimize inflow artefacts.

Assessment of correlative plasma
biomarkers

Blood was collected, in EDTA tube, at baseline
(within 2 weeks prior to SBRT) and immediately
after the last fraction of SBRT. Samples were centri-
fuged for 15 minutes at 1000xg at 2 - 8°C within 30
minutes of collection, and plasma was removed to
be stored at -80°C. Once plasma was collected from
all patients, ASM (Human Acid Sphingomyelinase
ELISA Kit, Elabscience) and SIP (Sphingosine
1-phosphase ELISA kit, Echelon Biosciences, UT,
USA) was batch evaluated using a semi-quantita-
tive method, using the Sandwich-ELISA method.
The optical density (OD) is measured spectropho-
tometrically at a wavelength of 450 + 2 nm. The OD
value is proportional to the concentration of S1P
or ASM. The concentration of S1P and ASM were
calculated by comparing the OD of the samples to
the standard curve.

Analysis for DCE MRI metrics

Tumour regions of interest (ROI) were drawn in
consensus by spine radiation oncologist (BV 12
years’ experience) and two musculoskeletal radi-
ologists (SS 15 years’ experience, LCH 12 years’ ex-
perience) on the non-contrast T1 and T2-weighted
sequences. The soft tissue component of the meta-
static deposits was delineated. For tumours with-
out a predominant soft tissue component, the area
showing T1 signal change was delineated.

Control ROI were drawn in the red marrow
outside of the radiation volume. The same process
was repeated for post-treatment imaging taking
into account tumour regression.

All ROIs were drawn taking care to avoid ve-
nous structures, hemangiomas, disc spaces, corti-
cal bone and spondylotic changes. ROIs drawn on
anatomic reference images were simultaneously
and automatically transferred to the correspond-
ing location on the DCE parameter maps.

Raw blood perfusion data, obtained from DCE-
MRI was processed and analysed using an in-
house programme written on Matlab (MathWorks,
Natick, MA, USA). Pre-processing steps included
background spatial & temporal smoothing, noise
removal. AIF was individually calculated for each
acquisition of every patient, using a 3 x 3 (voxel
averaged) window placed over an adjacent large
vessel (aorta, or large calibre artery). Linear as-
sumption between change in signal intensity and

Radiol Oncol 2022; 56(4): 525-534.
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FIGURE 2. Normalized values of
dynamic contrast enhanced
(DCE) parameters (A) time-
dependent leakage (Ktrans); (B)
permeability surface product
fractional plasma
volume (Vp); (D) extracellular
volume (Ve); and (E) perfusion.

gadolinium concentration was made to convert the
signal intensity curve to the concentration-time
curve. The “Distributed Parameter” model was
used for the calculation of quantitative perfusion
parameters.

Both tumour and control ROIs were subjected
to the same pre-processing, processing steps and
analysis. Parameters were normalized using the
readout from the control ROI on each scan. The
median parameter value in the tumour, and con-
trol, ROIs were taken as the representative for each
ROL For quantitative parameters, including perfu-
sion parameters and correlative plasma markers,
mean, median, minimum, and maximum values
were calculated. Quantitative perfusion param-
eters were also compared with the control cases.

Statistical analysis

We hypothesized a 30% reduction in DCE-
parameters post SBRT. Working with a power of
80%, and alpha of 5%, we estimated a sample size
of 8 - 10 patients. Differences between pre- and
post-treatment values (of DCE-MRI metrics and
plasma biomarkers) were compared using a paired

Radiol Oncol 2022; 56(4): 525-534.

T-test. Two-sided p-values of < 0.05 were consid-
ered statistically significant. Statistical analysis
performed using STATA v 14.

Results

Patient demographics and clinical
presentation

Twelve participants were consented for the pro-
spective study. Two patients withdrew consent be-
fore SBRT. Ten patients (with 13 lesions) were treat-
ed with SBRT. All 10 patients underwent blood
sample collection. Nine of the ten patients un-
derwent MRI assessment at 1 week and 3 months
post SBRT. One patient died 1-month post SBRT
secondary to pneumonia (unrelated to treatment).
Overall, the median age was 62 years (range 51-75
years) and 70% were male. Majority of the patients
(46%) had lesions in the thoracic spine, followed
by 30% involving the lumbar spine. Kidney and
lung were the most common primary tumour sites
(30% each respectively). Median follow-up for alive
patients was 42 months (range 22.3-54.3 months).
Patient demographics and treatment related de-
tails are shown in Table 2. The most common indi-
cation for SBRT was oligometastasis (8/10). Median
prescribed dose was 27 Gy (24-27 Gy) delivered in
3 fractions, with detailed breakdown of the dose
and fractionation in Table 2. A majority of par-
ticipants had prior systemic therapy (6/10). Three
patients had prior immunotherapy, and none had
prior anti-VEGF therapy:.

DCE-MRI results

The normalised mean and median DCE-parameter
values at baseline, 1 week and 12 weeks post SBRT
are reported in Figure 2A-E. Representative im-
ages of Patient 7a are shown in Figure 3.

K trans (mL/100g/min): The normalised mean,
median value at baseline was 12.08, 3.65 (range
0.03-62.49), at 1-week post SBRT, 3.10, 2.66 (range
0.01-10.55), and at 12-weeks post SBRT, 1.30, 0.92
(range 0.001-4.60) respectively. P-value comparing
baseline & 1 week (p = 0.14), comparing baseline
& 12 weeks (p = 0.13), and comparing 1 week & 12
weeks (p = 0.08) were obtained.

Permeability surface product PS (mL/100g/min):
The normalised mean, median value at baseline
was 13.89, 3.59 (range 0.02-70.83), at 1-week post
SBRT, 1.66, 1.21 (range 0.01-6.56), and at 12-weeks
post SBRT, 1.29, 0.66 (range 0.001-5.60) respectively.
P-value comparing baseline and 1 week (p = 0.12),
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FIGURE 3. (A) Representative images for Patient 7a showing at L1 with reduction in dynamic contrast enhanced (DCE) parameters [i] time-
dependent leakage (Ktrans); [ii] permeability surface product (PS); [iii] fractional plasma volume (Vp); [iv] extracellular volume (Ve); and [v]
perfusion (F) across the 3 fime poinfs.
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FIGURE 3. (B) [i] Metastatic deposit in L1 vertebral body (yellow arrow), as shown
on T1 Axial MR (with gadolinium contrast); [ii] stereotactic body radiotherapy
(SBRT) planning image (CT, MRI fused). SBRT 27 Gy in 3 fractions, delivered using
volumetric modulated arc therapy. Clinical target volume (CTV) (blue outline),
planning organ at risk volume (PRV)_cord (red outline), 5% isodose (orange
colourwash).
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FIGURE 4. Correlative plasma markers (A) acid sphingomyelinase (ASM); and
(B) sphingosine-1-phosphate (S1P).
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comparing baseline and 12 weeks (p = 0.12), com-
paring 1 week and 12 weeks (p = 0.16).

Vp (%): The normalised mean, median value at
baseline was 4.14, 2.21 (range 0.82-14.31), at 1-week
post SBRT, 4.73, 3.27 (range 0.67-16.90) and at
12-weeks post SBRT, 2.40, 1.45 (range 0.20-9.30) re-
spectively. P-value comparing baseline and 1 week
(p = 0.41), comparing baseline and 12 weeks (p =
0.14), comparing 1 week and 12 weeks (p = 0.13).

Ve (%): The normalised mean, median value
at baseline was 11.04, 4.03 (range 0.29-43.46), at
1-week post SBRT, 18.88, 592 (range 0.06-22.44)
and at 12-weeks post SBRT, 6.01, 5.86 (range 0.65-
13.51) respectively. P-value comparing baseline
and 1 week (p = 0.11), comparing baseline and 12
weeks (p = 0.17), comparing 1 week and 12 weeks
(p=0.15).

Perfusion, F (mL/100g/min): The normalised
mean, median value at baseline was 2.65, 2.37
(range 0.03-9.03), at 1-week post SBRT, 3.62, 3.54
(range 0.08-8.10) and at 12-weeks post SBRT, 1.77,
0.93 (range 0.07-5.23) respectively. P-value compar-
ing baseline and 1 week (p =0.25), comparing base-
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line and 12 weeks (p =0.20), comparing 1 week and
12 weeks (p = 0.01).

Correlative plasma biomarker results

ASM levels did not show any significant change
post SBRT (baseline mean 6.15 ng/ml vs. post SBRT
mean 5.46 ng/ml, p =0.71). Similarly, S1P levels did
not show any significant change (baseline mean
0.67 uM vs. post-SBRT 0.63 uM, p = 0.52) (Figure 4)

Clinical outcomes

All patients tolerated SBRT well, with 3 patients ex-
periencing mild acute toxicity (Grade 1 esophagi-
tis). Three patients developed vertebral compres-
sion fractures (VCF) approximately 6 months post
SBRT (23% on a per-lesion analysis). Of these, 2
were mild (Grade 1) and pre-existing, and did not
require any intervention. One patient developed
severe (Grade 3) symptomatic VCF and required
stabilisation surgery. All patients had pain im-
provement 3 months post SBRT, with a median re-
duction of VAS of 5 (range 3 to 8). Response (MD
Anderson criteria) at 3 months — with all patients,
who were alive, demonstrating Partial Response
(70%) or Stable disease (30%). There was one local
recurrence (at 54 months) in the cohort, with data
censored at last follow-up. These results are sum-
marised in Table 3.

Discussion

To our knowledge, we are the first to prospectively
quantify vascular changes, post SBRT (which uses
large doses per fraction), in spine metastases. A
controlled setting is important, as variabilities in
baseline and follow-up assessment timepoints,
and variability in scanner settings, may influence
the interpretation of data.

We used a non-invasive method, using DCE-
MRI, to quantify the vascular parameters at
1-week and 12-weeks post SBRT. We found an
overall trend of reduction at 12 weeks in all the pa-
rameters (Ktrans, PS, Vp, Ve, F). Parameters such
as Ktrans and PS showed a reduction as early as 1
week. Parameters (Ve, Vp, F) exhibited a slight rise
1-week post-SBRT before reducing below the base-
line value - suggesting that there could be a short-
term inflammatory response post RT. However,
our findings can only be considered as hypothesis-
generating, as majority of the P values were >0.05
(due to the small sample size). We did not find any
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significant differences in DCE-MRI parameters
between known vascular primaries (such as renal
cell carcinoma versus other primary histologies)

Previous groups have utilised DCE-MRI to de-
termine treatment response. Chu and colleagues,
from Memorial Sloan Kettering Cancer Centre,
performed DCE-MRI before and after radiothera-
py for 15 patients.® They reported that changes in
Vp were an early predictor of treatment response.
In their study, both Vp and Ktrans were reduced
post radiotherapy. However, the type of RT that
the patients had undergone was not reported, and
it remains unclear if patients were treated with
conventionally fractionated RT or SBRT. The time
point of assessment of the vascular parameters
were also highly variable — baseline assessment
ranged from 2 — 115 days, and post-treatment as-
sessment ranged from 10 — 187 days. Another dis-
tinction from our study, is that they had utilised
absolute parameter values, as there were limita-
tions in drawing ROIs in normal marrow. To miti-
gate this variability, we normalised all our values,
using an internal (patient level) control, by identi-
fying non-irradiated marrow above or below the
spine segment.

Another study from MSKCC, performed DCE-
MR], 1-hour post SBRT on 6 patients.® Similar to
Chu et al., they only reported on Vp and Ktrans,
which was derived using Toft’s pharmacokinetic
model.® The authors normalized the parameters
using adjacent non-irradiated marrow. Authors
observed a significant drop in Vp within 1-hour
post SBRT, with a mean decrease of 65.2%. Ktrans
was reduced as well, but to a lesser extent (pre-
treatment mean 4.84, post-treatment mean 2.3). In
contrast, we did not find a drastic drop in Vp at
1-week post RT. It remains unclear if these differ-
ences can be explained by the use of Toft’s model
(versus distributed parameter model). Although
it is possible that these values are dynamic and
may fluctuate with time, this is less likely to be
the case as both Lis et al. and our study report a
sustained and continuous reduction in Vp (base-
line mean 4.14 vs. 2.4 at 12 weeks). We had planned
to use the distributed parameter model a priori
in view of the previous findings within our re-
search group. The Toft’s model was described in
1999, primarily based on intra-cranial conditions.”
This is classified under the umbrella of “compart-
mental PK model”, where the assumptions are that
the compartments are homogenous at any given
time, and the output of contrast agent is directly
proportional to its concentration. The Toft’s model
has been more widely used due to its simplicity. In

contrast, the distributed parameter model is clas-
sified as a “spatially distributed kinetic model”.
Unlike compartmental models, DP model accounts
for both spatial and temporal variations in the ad-
ministered contrast agent. These are believed to
be closer to reality, taking into account underlying
physiology. Interested readers can find more infor-
mation about the various models in the referenced
review article.!8

These vascular changes seen post SBRT are
suggested to be a result of endothelial cell apop-
tosis and mediated by the acid sphingomyelinase
(ASMase) pathway. Radiation, particularly in doses
above 8 Gy per fraction, induce translocation of the
secretory ASMase from cytosol into glycosphin-
golipid contained in the plasma membrane, which
in turn break downs sphingomyelin to ceramide.®
Ceramide is a pro-apoptotic molecule. Endothelial
cells have a high level of secretory ASMase, and
therefore are susceptible to ceramide-mediated
apoptosis with radiation. We had hypothesized
for plasma ASM to increase, and SIP to decrease
post SBRT. However, we did not find any signifi-
cant changes. One possibility is that changes seen
within the cellular micro-environment may not
be reliably assessed in the serum, due to a lack
of sensitive assays. To our knowledge, we are the
first to report on the plasma ASM and S1P levels
in patients undergoing SBRT. A previous study
by Dubois et al., reported that the ceramide levels
(and their sub-species), measured by LC-ESI-MS/
MS, were elevated at 3- and 10-days post SBRT in
responders.”’

In our cohort, SBRT was well tolerated and pro-
vided a local control rate of 90%. Patients with
baseline symptomatic SM, had a good pain re-
sponse at 3 months (assessed using VAS). Patients
are typically followed up every 3 — 6 months with
MRI imaging for surveillance. The effectiveness of
SBRT is in keeping with multiple other cohorts and
randomized controlled trials.

The implications of our study support the pre-
ceding data that tumour vasculature is predomi-
nantly reduced with SBRT. We had initially con-
ceptualised the idea of pre-operative spine SBRT, in
order to reduce intra-operative blood loss. This can
potentially be performed in lieu of embolization,
and in addition this may reduce intra-operative tu-
mour dissemination. However, from our study, not
all vascular parameters were reduced at 1 week,
and therefore it remains unclear if this will trans-
late clinically. The concept of pre-operative SBRT is
already being investigated for brain metastases in
a randomized Phase III trial (NCT03741673).

Radiol Oncol 2022; 56(4): 525-534.
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The main strengths of our trial are as follows —
prospective design, where assessment time points
were pre-defined. In addition, the same scanner,
and settings were used for repeated measure-
ments, thereby reducing variability. SBRT was
carried out following our department protocol
by a specialized team (radiation oncologist, dosi-
metrist, radiation therapist), where the doses and
prescription practices are uniform. In addition, we
determined the arterial input function, on an indi-
vidual basis, instead of using general population
estimates. Lastly, we used the distributed param-
eter model to quantify the normalised vascular
estimates. This is expected to be closer to reality
compared to other similar studies.

We fully acknowledge our study’s limitations.
Firstly, we have a small sample size of patients
with varying primary cancers — and thus our re-
sults may be under-powered and subject to inter-
histology variations. Secondly, the serum assay
that we had utilised to quantify ASM/SIP may
not have been sensitive enough to pick up small
changes. Thirdly, as only one patient developed
local recurrence at 54 months, we could not inves-
tigate the difference in DCE-MRI parameters be-
tween responders and non-responders.

In conclusion, our study has shown that vascu-
lar changes post-SBRT can be quantified by DCE-
MRI using the distributed parameter model. The
tumour vascular micro-environment (measured
by various metrics) shows a general trend towards
downregulation post SBRT, and it is hypothesised
that this is one of the reasons for improved local
control.
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Background. Although cardiac myxoma (CM) are rare and benign, they can cause life-threatening complications,
such as hemodynamic disturbances or embolization. Surgical excision of the tumour is the treatment of choice. The
aim of the study was to evaluate the epidemiological characteristics, clinical presentation, imaging findings, and
outcomes of surgical treatment of patients with CM treated in the largest tertiary care centre in Slovenia.

Patients and methods. We retrospectively analysed the medical records of all patients referred to our institution
between January 2005 and December 2020 and identified 39 consecutive adult patients with pathologically con-
firmed CM.

Results. The average annual incidence of CM in the study was 3 per 2 million population per year. Patients were
more often female (n = 25, 64%). The mean age at diagnosis was 63.1 + 13.6 years. Dyspnoea was the most common
presenting symptom (31%). CM was an incidental finding in 11 patients (28%). Seven patients presented with thrombo-
embolic event (18%). Transthoracic echocardiography (TTE) was performed in all patients, however additional imag-
ing was required in 22 patients (56%). All patients in our series were successfully freated surgically without in-hospital
mortality. During the follow-up period (6 months to 16 years) three patients (8%) died, and all deaths were unrelated
to CM. There was no recurrence of CM during the follow-up.

Conclusions. Our single-centre study confirms that CM is rare cardiac tumour with diverse clinical presentation. Our
data shows data that CM might be more prevalent than considered before. Surgical resection of the fumour is safe
with excellent short- and long-term outcomes.

Key words: cardiac myxoma; cardiac tumours; echocardiography

Introduction

fourth and sixth decade of life, with female pre-
ponderance (the female-to-male ratio is approxi-

Cardiac tumours are rare and usually benign.®
Cardiac myxoma (CM) is the most common be-
nign cardiac tumour in adults and accounts for
50% of all primary cardiac tumors.* The estimated
incidence is 0.5-1 cases per million population per
year.® The average age of diagnosis is between the

Radiol Oncol 2022; 56(4): 535-540.

mately 2:1), but myxomas can be diagnosed at any
age.>® Nowadays, CM are detected more frequent-
ly due to the increasing availability of multimodal-
ity imaging.

Although CM is benign in nature, it can lead
to life-threatening complications such as sys-

doi: 10.2478/raon-2022-0041
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temic embolisms or hemodynamic disturbances.
The clinical presentation of CM is highly variable
and is determined by size, location, and mobility
of the tumour. The classic triad of CM includes
embolic, obstructive cardiac, and constitutional
symptoms.>” Systemic, cerebral, or pulmonary
embolization may be the first symptom of CM.”8
Obstructive cardiac symptoms include dyspnoea,
syncope, arrhythmias, heart failure, or sudden
cardiac death and are caused by obstruction of
the heart valve or heart chamber.® Constitutional
symptoms are nonspecific and include fever,
weight loss, malaise, myalgia, and muscle weak-
ness. Up to 30% of patients are asymptomatic and
CM is an incidental finding.8 Prompt and correct
diagnosis is essential because of the potentially
life-threatening complications and the different
treatment options for different cardiac masses.

Transthoracic echocardiography (TTE) is the di-
agnostic method of choice.®” TTE is used to deter-
mine the size and location of a CM, its point of at-
tachment, morphology, mobility, and relationship
to neighbouring structures. CM are typically locat-
ed in the left atrium, attached to the atrial septum
in the region of the fossa ovalis.> Size and appear-
ance vary considerably. They can reach a diameter
of more than 10 cm and occupy the entire cardiac
chamber.” Morphologically, they are classified as
polypoid or papillary.®® Multimodality imaging is
considered when CM cannot be reliably assessed
with TTE, usually due to poor acoustic window
or atypical presentation.!”! A definite diagnosis
can only be made by histopathological evaluation,
which is the gold standard of CM diagnosis.”

Surgical excision of CM is the treatment of
choice and is usually curative.”'?® Because of
potential serious complications of CM, surgery
should be performed without delay. The short- and
long-term prognosis is excellent.!>!41> Tumour re-
currence is rare.®2

As CM is rare, most data are based on small
single centre studies. Furthermore, there are no
data on cardiac myxomas in Slovenia. Therefore,
the aim of the study was to evaluate epidemiologi-
cal characteristics, clinical presentation, diagnos-
tic findings, and outcomes of surgical treatment
in patients with CM treated in the largest tertiary
care centre in Slovenia.

Patients and methods

We retrospectively analysed the medical records
of all adult patients (>18 years of age) referred to

Radiol Oncol 2022; 56(4): 535-540.

TABLE 1. Demographic and clinical characteristics

Characteristic n (%)
Sex

Female 25 (64)
Rhythm

Sinus rhythm 37 (95)

Clinical presentation*

Dyspnea 12 (31)
Chest pain 6 (15)
Embolism 7 (18)

- Cerebrovascular 6

- Coronary artery 1
Palpitations 1(3)
Constitutional signs 2 (5)
Asymptomatic 11 (28)

Values are presented as number (percentage). *Patients may report
several symptoms

our Department of Cardiology between January
2005 and December 2020 due to suspected CM.
Only patients with a pathologically confirmed CM
were included in the final analysis and their demo-
graphic, clinical, imaging, and surgical character-
istics were reviewed.

The study has been performed in accordance
with the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments.
The study, protocol number 0120-512/2020-3,
has been approved by Slovenian National Ethics
Committee on 15.12.2020. Participants gave their
informed consent.

Statistical analysis

Continuous variables are presented as mean *
standard deviation and categorical variables as
number and percentage. Continuous variables
were tested for normality using Shapiro-Wilk test.
Independent Student’s t-test was used to compare
continuous variables. Statistical analysis was per-
formed by SPSS version 26.0. P value below 0.05
was considered as statistically significant.

Results

During a 16-year period, 39 patients with patho-
logically confirmed CM were treated at our de-



TABLE 2. Surgical results and follow-up

Characteristic n (%)
Location
- Left atrium 33 (85)
- Right atrium 6 (15)
Post-operative complications 7 (18)
- Arrhythmio* 6 (86)

- Pleural effusion* 1

- Surgical site infection 1

*One patient suffered from both arrhythmia and pleural effusion.
Values are presented as number (percentage).

partment. Of these, 25 were female (64%) and
the mean age at diagnosis was 63.1 + 13.6 years
(Table 1). Most patients (n = 37, 95%) were in sinus
rhythm on admission. We diagnosed an average of
three CM per year, with an increase in recent years
(Figure 1).

Clinical presentation

The majority of patients were symptomatic (72%).
The most common presenting symptoms were
dyspnoea (31%) and chest pain (15%) (Table 1). In
11 patients (28%), CM was an incidental finding
on TTE or chest computed tomography (CT) per-
formed for other indications. Seven patients (18%)
presented with thromboembolic events (four with
stroke, two with central retinal artery occlusion,
and one with acute coronary syndrome due to
coronary artery embolism). Two patients (5%) pre-
sented with constitutional signs and symptoms
such as fever and fatigue, and one patient com-
plained of palpitations.

Diagnostic methods

TTE was performed in all patients (Figure 2).
Additional imaging was performed in 22 patients
(56%), either due to suboptimal image quality
of TTE or due to atypical location of the tumour.
Cardiac magnetic resonance (CMR) was performed
most frequently (n = 15, 68%) (Figure 3), followed
by transoesophageal echocardiography (TEE) (n =
9, 41%) and computed tomography (CT) (n =2, 9%).

The average size of CM was 319 + 184 mm
(range: 10-81 mm). They were most commonly
located in LA attached either to the interatrial
septum, atrial wall or to the mitral valve (n = 33,
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FIGURE 1. Distribution of patients diagnosed per year.

Adult Echo TIS0.4 MI1.3
X6-1
50Hz
19em

FIGURE 2. Transthoracic echocardiography, apical
4-chamber view. Cardiac mass in left atrium is attached to
the interatrial septum in the region of the fossa ovalis (arrow).
Histopathological characterization confirmed cardiac
myxoma.

LA = left atrium, LV = left ventricle; RA =right atrium; RV =right ventricle

FIGURE 3. Cardiac magnetic resonance, late gadolinium
enhancement, 4-chamber view. Asterix — Large mass
occupying the entire left atrium with heterogeneous pattern
of enhancement, consistent with cardiac myxoma.

LV = left ventricle; RA =right atrium; RV = right ventricle
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FIGURE 4. Abundant myxoid stroma with clusters of myxoma
cells forming cords and ring structures (HE 100x).

85%), followed by RA (n =6, 15%). Most CM did not
cause left ventricular inflow obstruction (n = 27,
69%). Asymptomatic CM were smaller than symp-
tomatic CM (30.2 + 14.1 vs 41 + 19.2 mm, p = 0.09).

Surgical treatment and follow-up

All tumours were successfully surgically resected
(Figure 5). CM was most commonly located in
the left atrium (n = 33, 85%) (Table 2). The diag-
nosis was confirmed histologically in all patients
(Figure 4). The average length of hospital stay was
9 + 4.8 days. No patient died during hospitaliza-
tion. Two patients were readmitted within 30 days,
one due to surgical site infection and one due to fe-
ver. Perioperative complications occurred in seven
patients (18%), most commonly arrhythmias (86%),
one patient had pleural effusion and one had sur-
gical site infection.

FIGURE 5. (A) Infraoperative view of myxoma protruding through fossa ovalis with
its smaller part in the right atrium (arrow) and larger part in left atrium (asterisk).
(B) The left atrial part of the myxoma.
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The mean follow-up period was 7.6 years (range
between 6 months and 16 years). There was no re-
currence of CM on follow-up. Three patients (8%)
died, but the cause of death was not related to CM.

Discussion

We present 16 years” experience in the treatment
of patients with CM at the largest tertiary centre
in Slovenia. CM is rare. In the study, the aver-
age annual incidence of CM was 3 per 2 million
population per year, which is higher compared to
other older series.>*!® Some studies used earlier
data, before the era of expansion of cardiac imag-
ing, which may explain the differences in reported
incidences.>!*8 We have diagnosed more patients
in recent years, which is probably due to the in-
crease in diagnostic procedures used for various
indications. Similarly was shown in other previous
studies. >1¢18 In Slovenia, cardiovascular surgery is
performed in two other institutions, where some
of the patients with CM may also have been oper-
ated. Therefore, we can assume that the cumula-
tive annual incidence of CM in Slovenia is higher
than the one reported in our study.

CM is more common in women than in men,
which was also confirmed in our series.!* The
mean age at diagnosis was 63.1 + 13.6 years, which
is comparable to other reports.3?

The clinical presentation of CM depends on the
size, location and mobility of the tumour and can
be divided into three groups: obstructive cardiac
(dyspnoea, arrhythmia, palpitations, syncope), em-
bolic and constitutional symptoms.” In our group,
dyspnoea was the most common presenting symp-
tom (31%), followed by chest pain (15%). This is
comparable to other studies that reported dyspnoea
as the most common symptom.®#!* None of the pa-
tients showed signs of overt heart failure. Similar
to other studies, we observed embolic events in
18% of patients, which were either cerebrovascu-
lar or acute coronary syndrome. CM are gelati-
nous and friable, therefore such a manifestation
is not surprising.*”! Smaller tumours and those
with villous surface are more prone to embolic
manifestations than those with smooth surface.”®
Frequent embolic events emphasize the need for
timely diagnosis and prompt surgical treatment
of CM. Constitutional symptoms occurred in only
5% of patients, which is lower than in other stud-
ies, however they may be underreported due to the
retrospective design of our study or disregarded by
patients themselves.®!® Incidental finding of CM on



different imaging modalities is not uncommon, as
was the case in nearly one-third of patients (28%)
in our series. Similar findings have been reported
in other studies.?® Asymptomatic CM are usually
smaller than symptomatic CM, which was also ob-
served in our study.”

Due to the nonspecific clinical presentation, car-
diacimaging is crucial in the evaluation of patients
with suspected CM. Although all our patients un-
derwent TTE, additional imaging was performed
in 56%, most commonly CMR (68%). TTE is the
most common first diagnostic method of choice
with 90-96% accuracy in diagnosing CM.571® With
TTE we can determine tumour size, location, mor-
phology, mobility, and association with neigh-
bouring structures. In patients with poor acoustic
windows or atypical presentation, multimodality
imaging is recommended.’® TEE provides supe-
rior image resolution and better visualization of
CM.111 CT and CMR provide additional informa-
tion on tissue characteristics and topographic re-
lationships.??2 This information is important in
deciding on the mode and extent of treatment.

Surgical resection of CM is the treatment of
choice. It is associated with a low rate of postop-
erative complications. The 30-day mortality rate
after CM excision ranges from 0% to 10%.% The
most common postoperative complications are
arrhythmias.> All patients in our study under-
went surgical resection of CM. It has been a long-
standing practice at our institution to operate on
patients promptly after diagnosis to prevent possi-
ble life-threatening complications such as cerebral
and coronary embolisms or valve obstruction. In
the study, no patient died and only seven patients
(18%) suffered from mild postoperative complica-
tions. The recurrence rate after CM resection has
been reported to be less than 10%.19242> Follow-up
in our study showed an excellent outcome after
surgery without recurrence of CM. None of the
reported deaths were related to the diagnosis or
treatment of CM.

The study shows that the outcomes in our pa-
tients are comparable to those reported in other
studies. We therefore conclude that the manage-
ment of patients with CM in Slovenia is compara-
ble to that in established international centres.

The retrospective nature of this study and a
relatively small study population are the main
limitations of this study. However, the population
size is comparable to other studies on CM, reflect-
ing the paucity of cases. This limitation could only
be overcome by large multicentre studies, which
could provide a larger study population.

Kacar P et al. / Cardiac myxoma

Conclusions

CM are rare but the most common primary cardiac
tumours. An average of three patients are diag-
nosed yearly at our tertiary institution, indicating
a higher average annual incidence than reported
in previous studies. Although benign, CM can
lead to life-threatening complications. Therefore,
correct and timely diagnosis, which often requires
multimodality imaging, is crucial. Surgical resec-
tion of CM with pathohistological confirmation is
the treatment of choice and should be performed
promptly. Surgical and follow-up outcomes at our
tertiary centre are excellent, without CM related
short- or long-term mortality and a low rate of
postoperative complications.
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Background. The incidence of carcinoma during pregnancy is reported fo be 1:1000-1:1500 pregnancies with the
breast carcinoma being the most commonly diagnosed. Since the fetus is most sensitive to ionizing radiation during
the first two frimesters, there are mixed clinical opinions and no uniform guidelines on the use of radiotherapy during
pregnancy. Within this study the pregnant female phantom in the second trimester, that can be used for radiotherapy
freatment planning (as DICOM data), Monte Carlo simulations (as voxelized geometry) and experimental dosimetry
utilizing 3D printing of the molds (as .STL files), was developed.

Materials and methods. The developed phantom is based on MRI images of a female patient in her 18th week of
pregnancy and CT images after childbirth. Phantom was developed in such a manner that a pregnant female was
scanned "“in vivo™ using MRI during pregnancy and CT after childbirth. For the treatment of left breast carcinoma, 3D
conformal radiotherapy was used. The voxelized geometry of the phantom was used for Monte Carlo (MC) simula-
tions using Monte Carlo N-Particle transport code™ 6.2 (MCNP).

Conclusions. The modeled photon breast radiotherapy plan, applied to the phantom, indicated that the fetus dose
is 59 mGy for 50 Gy prescribed to the breast. The results clearly indicate that only 9.5% of the fetal dose is caused by
photons that are generated in the accelerator head through scattering and leakage, but the dominant component
is scattered radiation from the patient’s body.

Key words: Monte Carlo simulation; phantom; pregnancy; breast neoplasms; radiotherapy; fetal dose

Introduction creased over the last 30 years.'? With an incidence
of 1:3000-1:10000, breast carcinoma is the most
The incidence of carcinoma during pregnancy is common malignant tumor during pregnancy.>-*
reported to be 1:1000-1:1500 pregnancies, and ac- Since the fetus is sensitive to ionizing radia-
cording to FIGO 2018 report, the incidence has in-  tion, mostly during the first two trimesters due
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to organogenesis (extendable until the end of the
15% week when the development of the central
nervous system ends)*”!,, there are mixed clinical
opinions and no uniform guidelines on the use of
radiotherapy during pregnancy.

According to the National Comprehensive
Cancer Network (NCCN) 5.2021 guidelines, radio-
therapy is not an option for the treatment of breast
carcinoma during pregnancy, yet mastectomy in
the first trimester or neoadjuvant chemotherapy
and mastectomy in the second trimester.!? Some
authors even suggest abortion in the first trimester,
before the treatment has started?®, or in the cases of
advanced inoperable cancer stages.!> Moreover, the
Royal College of Obstetricians and Gynecologists
Guideline No. 12 considers the use of radiotherapy
during pregnancy to be contraindicated.* Other
authors consider radical mastectomy to be the
treatment of choice for the cases in the first trimes-
ter or sparing breast surgery during the pregnancy
and apply radiotherapy after the childbirth for the
cases in the second or third trimester.!

According to ICRP 84° and ICRP 90 publica-
tions'®, as well as in NCRP report 54 and 1747167,
the threshold for the fetus is 50 mGy below which
there is no evidence (the risk is considered negligi-
ble) for possible congenital malformations, mental
retardation, and reduced 1IQ. Above 50 mGy, and
especially for doses above 100 mGy, the risk of
stochastic effects increases. Interestingly the ICRP
84 publication states that radiotherapy of malig-
nant diseases outside the pelvis region is possible,
which was later also stated in the FIGO 2018 re-
port. Nevertheless, careful planning and accurate
dosimetry are strongly advised not to achieve fetal
doses above the limit.2%1318

Today no consensus exists on how to perform
fetal dosimetry which is in practice mostly esti-
mated or measured using computational or modi-
fied physical phantoms of pregnant women. For
example, a number of groups have performed
breast radiotherapy during pregnancy’®#, but only
Antypas et al. measured the dose experimentally
in vivo using TLDs. They have determined that
the dose at the fetal position was 36.4 + 8.6 mGy or
0.079% of the breast dose.!®

Since the 1960s, dosimetry phantoms have al-
lowed measuring radiation doses in the human
body, and since then 121 computer phantoms and
27 physical phantoms of the human body have
been developed.?! Initially, mathematical models??
were used to calculate the radiation dose, but with
advances in computer technology, computational
phantoms became a standard in calculating the

Radiol Oncol 2022; 56(4): 541-551.

dose of ionizing radiation in the 1980s. Computer
phantoms are categorized into three categories: (1)
stylized phantoms, (2) voxelized phantoms, and
(3) “boundary representation” (BREP) phantoms.?!
Stylized phantoms were early phantoms, where
simple geometric objects that represented the
human body were combined. Advances in com-
puter technology, as well as in medical imaging
technologies such as computed tomography (CT)
and magnetic resonance imaging (MRI), and their
wide availability have enabled voxelized phan-
toms, and BREP phantoms to become the standard
for dosimetry studies.

According to the Handbook of Anatomical
Models for Radiation Dosimetry?!, among the 121
phantoms, only a few of them are representing
pregnant women. First mathematical and stylized
models of pregnant females were developed while
later RPI-P3, RPI-P6, RPI-P9 Pregnant Women
were developed by Oak Ridge National Laboratory
(ORNL).% Furthermore, KATJA was developed by
the National Research Center for Environment and
Health in Germany? followed by the pregnant fe-
male phantom of the Japan Atomic Energy Agency
(JAEA) and the UF Family pregnant female library
developed by the University of Florida.?>?¢ Except
for early mathematical and stylized phantoms
of ORNL, all the mentioned phantoms were cre-
ated by separately generating a three-dimensional
model of a fetus, obtained from MRI or acciden-
tal CT examinations of pregnant women, which
were subsequently inserted into an adult women
phantom. Due to the huge efforts to build such
phantoms and associated costs, these phantoms
are often not available to research organizations
performing essential research for optimized fetus
dosimetry?” as well as to clinics, requiring such
models for fetus dose verification.

All mentioned pregnant phantoms are available
only in the digital form, yet their physical repre-
sentations are still missing. Experimental meas-
urement in dosimetry (using active or passive
detectors) can be very complex and they depend
on the irradiation set-up, so it is important to have
both computational and experimental representa-
tions of the phantom. Nevertheless, experimen-
tal measurements are required to validate Monte
Carlo (MC) simulations, and results from both ap-
proaches are complementary. MC simulations can
provide information about contributions from dif-
ferent field components, particle types, particle en-
ergy spectra, etc. This is useful information when
choosing or combining appropriate detectors for
experiments and optimization of their calibra-
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tions. Our newly developed phantom offers the
possibility to obtain the physical representation of
the phantom, and calculate the dose on identical
geometry, which is novel in dosimetry of pregnant
patients.

In this study, a computational anthropomorphic
phantom of a woman, in her second trimester of
the pregnancy was developed. Woman was imaged
during the pregnancy by MRI and after childbirth
by CT. Then the feasibility study, to use the phan-
tom for fetal dose calculations using MC simula-
tions, was shown for a photon breast radiotherapy
plan. The phantom is made available for treatment
planning, in DICOM format as well as a voxelized
and mesh format, to be used in Monte Carlo simu-
lations. Finally, the phantom is available in .STL file
format, suitable and prepared for 3D printing of the
molds, for generation of the physical phantom to be
used in further experimental dosimetry.

Materials and methods

Tena phantom creation
Clinical parameters and imaging data

After the faculty’s Ethical committee’s approval
(IRB number: 2158-61-07-21-152, approval date:
14.7.2021.), a pregnant female phantom was devel-
oped, named Tena, based on a female patient, of
central European descent, in the 18 week of preg-
nancy, with age 37, body mass of 72 kg (60 kg prior
to pregnancy) and body height of 166 cm (BMI
26.1 kg/m?). The patient signed a written consent
authorizing the use of her diagnostic imaging ma-
terials to generate this phantom (MR examination
of the chest, abdomen, and pelvis obtained during
pregnancy and CT examination of the neck, chest,
abdomen, and pelvis performed 4 months after de-
livery). The fetus’s gestational age at the moment of
performed MRI scan was 17 weeks and 2 days. The
estimated fetal mass was calculated as the product
of the segmented fetus volume (123.04 cm?® and
the average soft tissue density (1.05 g/cm? ICRP
89)%, and equals 129.2 g. The crown-rump length
equals 111.8 mm.

DICOM data from in vivo MR scanning of the
pregnant female chest, abdomen and pelvis, per-
formed on Siemens Avanto 1,5 T MR scanner as
well as DICOM data from performed contrast CT
study of the neck, chest, abdomen, and pelvis ob-
tained with Siemens Sensation 40 CT scanner with
the slice thickness of 1.5 mm were imported into
the open-source software for segmentation “3D
Slicer”.?

FIGURE 1. Magnified view of the computational phantom’s
lower abdomen and pelvis viewed as rendered polygon
mesh in the computer 3D modeling software, showing
the position of the 18-week-old fetus (in RST position) and
placenta in relation to the uterus and the body of the
mother. The fetus is shown in light gray colour, the amniofic
fluid in transparent blue, the placenta in green, the uterus
in transparent purple, and the body of the mother in olive
green color.

Structure and organ segmentation and computer
3D modelling

In order to make the process of phantom develop-
ment more understandable a schematic diagram
was made and it is available in the manuscript
supplement (Supplemental Figure 1). A combina-
tion of semi-automated and manual segmentation
of the desired structures was performed in the
aforementioned software for the generation of the
polygon mesh of the organs. Later, three-dimen-
sional (3D) CAD models of the same structures
were exported as .STL files (“stereolithography”,
“standard tessellation language”, a type of file
used in CAD software and for 3D printing). Right
paratracheal mediastinal lymphadenopathy and
nodal mass in the right “rectus abdominis” muscle
were omitted, as they were part of the patient’s un-
derlying disease, Hodgkin lymphoma.

Since the mother’s head was not entirely cap-
tured by CT scanning, but up to the base of the
skull, a CT scan of the whole head was taken from
another patient with a similar physiognomy avail-
able in the open online DICOM data library (em-
bodi3D, The biomedical 3D printing community,
https://www.embodi3d.com/files/category/40-
skull-head-and-neck-cts/). Then, polygon meshes
and 3D models of the organs located in the head
region were generated.

Radiol Oncol 2022; 56(4): 541-551.
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TABLE 1. List of the tissues and organs in our developed mesh pregnant female
phantom in 2nd trimester (Tena), including volume, mass (calculated as the
product of tissue density according to ICRP 89 and segmented organ volume)
and surface area

n Volume Surface
Tissue/organ (cm3) Mass (g) area (cm?)
Adrenal glands 5.1 5.2 40.2
Amniotic fluid 423.4 423.4 381.7
Blood vessels/blood 806.4 854.8 1739.3
Bones, cortex (including
proximal humerus and femoral 2443.4 4691.4 10667.3
heads)
Bone marrow (including 793 4
proximal humerus and femoral . 724.4 2365.7
heads)
Central nervous system (brain
and spinal cord) 1156.3 12141 752.4
Colon, content 454.2 472.4 825.5
Colon, walll 287.2 298.7 1914.3
Esophagus, content 4.4 0 42.0
Esophagus, wall 12.2 12.5 123.3
Eyeballs 12.4 13.1 329 FIGURE 2. The mesh version of the Tena phantom without skin
and soft tissues (A) and with the skin and soft tissues that are
Fetus, 17 week old 123.0 129.2 200.6 shown in tfransparent light brown color (B). The uterus is shown
in transparent purple for a better view of the fetus and its
Gall bladder, content 15:5 159 423 position in space and in relation to other organs.
Gall bladder, wall 15.6 16.1 104.1
Kidneys 312.3 327.9 340.4 .
The 17-week-old fetus, uterus, placenta, amniot-
Liver 1780.4 1869.5 1133.2 ic fluid, bladder, and small and large intestine were
Lungs 3937.1 1515.8 2385.4 then segmented from the same patient’s DICOM
Myocardiom 14 9307 8041 data obtained by MR scanning. The fetal head was
: : ' positioned upwards, faced to the mother’s left side
Pancreas 85.2 89.4 161.3 of the body (right sacrum transverse (RST) posi-
Parotid glands 24.1 24.9 64.8 tion) as seen in Figure 1.
Placenta 1427 145.5 2168 Certain bone structures such as the pelvis and

Soft tissues [muscles, adipose both f_emc.>ra1 heads were .segmented from the MR
tissue and skin) 36080.4' 36802.07 39186.9 examination as well, which then served as refer-
ence points for the registration of the organs in
Stomach, duodenum and small 0 con e space (i.e. abdomi.nal_ caVi.ty). As the fetus, uterus,
intestine, content placenta and amniotic fluid were segmented from
several different sequences of MR examination

Spleen 391.2 406.9 345.0

Stomach, duodenum and small

Srome 4252 442.2 2717.9
intestine, wall and the rest of the organs from the CT study, we
sulmendllbule glands 53 55 220 could not perform a fusion of the several different
Thyroid gland 10.0 10.4 3990.0 studies and organ segmentation in the fused im-
Upper airways (nasal cavity, ages using the “3D Slicer”. Registration and correct
pharynx and larynx) and 136.9 0.1 426.7 positioning in space was performed manually by
trachea/air . . . .

rotating and translating the objects using an open-
Urinary bladder, content 1.1 1.6 38.6

source software Blender (Blender Foundation,
Urinary bladder, wall 21.5 22.2 104.7 Amsterdam, the Netherlands). The CAD models
of the whole head including a skull, its associated
organs and soft tissues were positioned according
1 obtained by subtracting the sum of the volumes of all segmented organs and the total volume to the pl‘edefiHEd bony structures of the pregnant

Uterus (myometrium) 552.5 580.1 917.6

of the body; .
2product of volume and 1.02 g/cm?® which is the average value of muscle tissue density female. The skull was merg_ed with the rest of
(1.050 g/cm?), adipose tissue density (0.950 g/cm3) and skin density (1.060 g/cm?) the skeleton and the upper airways were merged

Radiol Oncol 2022; 56(4): 541-551.
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FIGURE 3. Voxelized phantom displayed using MCNP plotter.

with the pregnant female patient’s trachea using
the Blender CAD program and “Boolean Union”
operation. The spatial resolution of the MR exami-
nation images has lower quality (thick slices and
non-isovoxel) and the position of the bowels differs
during pregnancy. For this reason, “Meshmixer”
(Autodesk, Inc., California, U.S.A) CAM software
was used for manual positioning and adjusting of
the lower gastrointestinal tract (small and large in-
testine) according to the location of intestines ob-
tained from MR examinations. The same actions
were performed with the urinary bladder being
slightly pushed towards the caudal.

After correct positioning of the bowels and the
urinary bladder, using the “Meshmixer” and the
“Offset” function, wall thickness was added to the
esophagus, stomach, duodenum, small and large
bowel, gall bladder and urinary bladder accord-
ing to Proko.* In this way the lumen of the listed
structures was created as follows: 2 mm for the
esophagus, 6 mm for the stomach, 3 mm for the
small bowel, 2 mm for the large bowel, 3 mm for
the gall bladder and 4 mm for the urinary bladder.

Using the same CAM software, the head region
was anonymized in such a manner that the facial
features were altered beyond recognition (smooth-
ing of the periorbital area, erasing of the mouth
and ears).

Since our intention was to develop the phantom
that is going to be suitable for various dosimetry
studies, it was decided to remove both arms that
were originally placed above the head during the
CT scanning. The proximal part of both humerus
as far as the surgical neck and both femurs down
to the femoral neck were left in place since the
proximal medulla of the humerus and femurs be-
longs to hematopoietic tissues in adults.

Development of the mesh phantom

Our phantom of a pregnant woman at the begin-
ning of the second trimester has 31 structures,

tissues and organs, seen in Figure 2 and listed in
Table 1. This number is lower than in other similar
phantoms (35 in RPI?, 174 in UF?* and 153 in Katja?)
but we did not segment fetal structures separately
due to the early stage of the fetus in our phantom.
Also, we count all cortical bone and medullar bone
as two structures and not separately by region as it
is counted in other phantoms.

Conversion to imaging format

Exporting this dataset to DICOM presents more
of a challenge. Firstly, a dataset is used as input
to a multidimensional interpolation on a regular
grid using scipy.®! This allows the rescale structure
set at an arbitrary resolution, so we use interpola-
tion to derive a structure set on a sparser resolu-
tion typical for CT images in radiotherapy. Since
the NRRD format contains only geometric infor-
mation, without physical characteristics such as
radiopacity, this information is determined from
look-up tables and available curves relating to ra-
diopacity and electron densities.?? This allows for
the reconstruction of a realistic CT image appro-
priate for input to a modern treatment planning
system (TPS).

A separate problem is the definition of structure
set in DICOM format since modern TPS typically
do not support NRRD format. This is done through
a workaround where another CT image set is de-
fined, with geometry exactly like the previous but
each structure is assigned with an unphysical, but
distinct radiopacity. Such a spurious CT image set
is imported into TPS just for the purpose to use
ranger tools in order to locate each structure sepa-
rately and save them to DICOM format. After the
structure set is available in DICOM format, this
spurious CT image set is discarded, and the struc-
ture set is used along with the realistically recon-
structed CT image set for the purpose of treatment
planning.

Conversion to the format for the computational
dosimetry

The structure set has been exported from Slicer
3D? in NRRD format and imported into an in-
house made software written in Python.*® The
structure set is defined as a set of overlapping
bitwise masks defined on a dense cubic lattice,
with approximately 1.8 mm per node. Such bit-
wise masks assign to each voxel a combination of
covering structures and this dataset is appropriate
for further processing. Exporting such a dataset to

Radiol Oncol 2022; 56(4): 541-551.
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FIGURE 4. Beam arrangements in Eclipse.

the MCNP can be handled relatively easily, tak-
ing precautions regarding patient orientation and
structure overlap which is not allowed since every
voxel must have a uniquely defined chemical com-
position (Figure 3).

Generation of the physical phantom

As mentioned earlier in the text, phantom Tena
could be obtained in its physical form for experi-
mental dosimetry and is available for everyone to
download. 3D modeling software “Blender” was
used for the generation of the molds (available in
Supplemental material as .STL files) for pouring
the substitute tissue, thus generating a physical
phantom as seen in the picture. Further descrip-
tion is beyond the scope of this article and will be
explained in the upcoming research.

Radiotherapy plan

3D conformational radiotherapy treatment plan
for the left breast irradiation was generated using
Varian Eclipse 15.6 (Varian Medical Systems Inc.,
Palo Alto, USA) planning software. The plan was
made for Siemens Oncor Expression machine us-
ing 6 MV beams. The plan consists of two main
opposite fields in which beams are tangential to
the chest wall. To guarantee a homogeneous dose
in the breast (Planning Target Volume; PTV) three
small (patch) fields are added to the main fields
(Figure 4). The prescribed dose is 50 Gy in 25 frac-
tions. The mean dose to the breast (PTV, 1688 cm?)
is 50.3 Gy and the maximum dose in the breast
(PTV) is 53.5 Gy. The plan was achieved with
five fields, denoted ad F1 to F5 in the text below
(Figure 5). Minimal distance from the largest field

Radiol Oncol 2022; 56(4): 541-551.

FIGURE 5. Beam Eye View of Field F1, where leafs are
represented as fransparent rectangles with blue edges. And
PTV is colored in green.

(F1) used in radiotherapy plan is 22.5 cm, while
the largest distance for the same field is 33 cm. For
other fields these distances are even higher.

Monte Carlo simulations

Monte Carlo simulations were performed us-
ing Monte Carlo N-Particle transport code™ 6.2
(MCNP).** Siemens Oncor accelerator was mod-
eled as it was described and extensively validated
in our previous publications.?>% Parts included in
the accelerator model are target, flattening filter,
primary collimator, jaws, head shielding and moni-
tor chamber. Each leaf in the multi leaf collimator
is modeled independently and set up in the posi-
tion that matches position in the accelerator head
for corresponding field. Accelerator was modeled
from electrons impinging the target with the en-
ergy of 6 MeV with a Gaussian spread of 3%. Each
of the 80 leafs in the multi-leaf collimator was mod-
eled separately and positioned to fit the field in
the original radiotherapy plan. The phantom was
placed in a separate universe, so the rotation of the
phantom was achieved using the TR (transforma-
tion) card in the MCNP. In this way, it is relatively
easy to achieve both rotation and translation of the
phantom according to the accelerator head position
at the same time. Phantom consisted of 219 x 148
x 479 voxels, and each of 1.55*107 voxels have the
dimensions of 0.186 x 0.186 x 0.186 cm? (Figure 3).
Materials for the phantom were used from
ICRP 110 female phantom*, and Compendium of
Material Composition Data for Radiation Transport
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TABLE 2. Tena phantom formats and their characteristics

Mesh format DICOM

Voxelized

N° vertices': 2889437
N° faces': 5777800
Matrix: 512 x 512

Slice thickness: 0.625 mm
Distance between slices: 1.867 mm

Grid size: 219 x 148 x 479
N° voxels: 1.55%107
Isovoxel size: 0.186 cm

Pixel dimensions: 0.82 mm

Tvariable, could be decimated and adjusted to the computing power of the used computer

Modeling.*! Since the breast is not segmented sepa-
rately, TMESH tally was used to assess the breast
dose for each applied field. Absorbed dose in the
fetus was recorded using +F6 tally, while for ob-
taining the spectra in the fetus F4 tally was used.
Each radiotherapy field is simulated indepen-
dently with 10 particles (electron impinging on
target). DXTRAN sphere was set up around the
fetus to speed up the calculations and to obtain
each spectra bin with the minimum uncertainty
possible. Spectra was collected in 200 energy bins
ranging from 1 keV to 6 MeV. The results were ac-
cepted if the R-value fell below 0.1 and all 10 sta-
tistical checks were satisfied, meaning that out-of-
field doses uncertainties in the fetal positions were
below 10%.

MCNP provides results normalized per source
particle (electron impinging on target) and both
fetus and breast dose are normalized to the source
particle. Each field contribution is taken from the
TPS and multiplied with the dose calculated by
MCNP. All 5 fields together have prescribed dose
of 50 Gy (that is taken from TPS). In this way it is
also possible to determine the field contribution to
the fetus dose. To assess which field contributes
the most to the fetal dose fetus/breast dose was
calculated and expressed in mGy/Gy.

TABLE 3. Contribution of each field to the fetal dose. Fetus and breast doses are normalized per source particle, field contribution to the breast

Results
Tena phantom

Within this study, three different formats of preg-
nant woman phantom in her 18" week of preg-
nancy were developed. All formats are avail-
able in the supplementary material of this paper.
Characteristics of each format are given in Table 2.

Volumes of Tena organs compared with other
available computational phantoms are shown in
Supplemental Table 1. It can be seen, that the vol-
umes of some structures differ, such as bones (cor-
tex and bone marrow), upper airways, lungs, etc.
This is possibly due to differences in the segmen-
tation, counting of the structures in the phantoms,
modeling of the other phantoms and phases of
the CT scanning (during inspiration in our case).
Structures like fetus, placenta, amniotic fluid and
uterus (myometrium) also differ, but that is due to
the different fetal gestational ages of the compared
phantoms.

Characterization of fetus dose during
photon breast radiotherapy

A radiotherapy plan with 5 RT fields gave beam
contributions as shown in Table 3. Results of the

S47

dose is obtained from treatment planning system (TPS), and the breast/fetus ratio is calculated from normalized breast and fetus doses

Fetus dose per Breast dose per

Field contribution

Breast dose
normalized to field

Fetus dose
normalized to field

Ratio fetus / breast

Field so[uGr;:/eS '?]o]réifvle so[uGr;l:/eS Iflu{(i)i'(‘:’le to breast dose! fg;‘/igll?]u':lt;): i:g;\/ig:]ulhoos dose [mGy/Gy]
F1 1.45+£0.12 1000 £ 90 0.437 0.634 £ 0.054 437 £ 37 1.44

F2 1.05 +0.09 1070 £ 90 0.378 0.399 + 0,035 404 + 36 0.99

F3 1.03+0.08 993 + 80 0.064 0.066 + 0,005 63.5+5 1.03

F4 0.270 £ 0.02 1010 + 80 0.057 0.015 +0.001 573+ 4 0.27

F5 0.854 £ 0.07 449 + 40 0.064 0.055+£0,005 28.7+2 1.91

Total 1.169 £ 0.064 992.5+ 52

Total normalized to prescribed dose 58.9 + 3.7 mGy 50 Gy*

'obtained from TPS
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FIGURE 6. Spectra for F1 of the photons coming from the accelerator head and all the photons reaching the fetus (A); Photon

spectrain fetus for each field (B).

fetus and breast dose, normalized per source
particle were determined using MC simulations
(Table 3).

Since the prescribed dose to the breast was 50
Gy, according to the data shown in Table 3 it is easy
to calculate that the whole fetus will receive 58.9
mGy (with uncerintaity of 3.7 mGy).

As it can be seen from Figure 4 and Table 3, field
F1 is a medial field with the major contribution to
the breast dose while F2 is a lateral field. The other
three patch fields with significantly lower breast
dose contribution are F3 (medial), F4 (lateral) and
F5 (posterior). From the fetus/breast dose ratio it
is obvious that medial fields have a higher contri-
bution to the fetal dose, while the most dominant
contribution comes from the posterior F5 field.

Monte Carlo simulations enabled us to deter-
mine the place of the origin of all the photons
reaching the fetus during breast radiotherapy.
These data are shown in Table 4 and display the
amount of the photons that are reaching the fetus
and are caused by the accelerator’s head leakage,
or they are created within the mother. It is interest-
ing to see that 90.5% of all the photons in the fetus
are created within the mother, while only 9.5% of
them are created in the accelerator’s head.

Our final intention is to develop a physical
phantom and perform experimental measure-
ments using this phantom. We also evaluated

TABLE 4. Relative contribution to the absorbed dose in the fetus (%) originating in
the linac or the phantom. The ratio for each field of photons originating in linac
or phantom is given in the last row

F1 F2 F3 F4 F5 Overall
Linac (%) 6.0 2.1 0.8 0.3 0.3 9.5
Phantom (%) 37.7 35.7 5.6 5.4 6.1 90.5
Contribution ratfio 16.12 5.8 14.3 5.5 4.9

Radiol Oncol 2022; 56(4): 541-551.

the energy spectra reaching the fetus as some of
the passive dosimeters can be energy-dependent.
Figure 6 shows these spectra and separately dis-
play photons coming from the linac head and the
mother body. It can be seen that photons that reach
the fetus and are coming from the linac head have
higher energies (average energy 0.43 MeV) while
photons that are coming from the mother mainly
originate from secondary interactions and have an
average energy of 0.2 MeV.

Discussion

Within this paper computational phantom of
37-year old woman in her 18th week of pregnancy
was created based on CT and MRI images of the
pregnant patient. To the best of our knowledge, this
is the first pregnant phantom made directly from
the MRI images of the pregnant patient and not
done by inserting the fetus into the non-pregnant
patient. To make the implementation of the phan-
tom in the TPS possible, the DICOM format was
prepared. Voxelized format, that is suitable for MC
simulations, and STL format, suitable for 3D print-
ing of molds, is also provided as a supplement to
this paper. In this way, we are making possible us-
age of the same phantom in TPS, MC simulations
and experiments once the physical representation
of the phantom is going to be available.

As a proof of feasibility, a typical breast can-
cer plan was prepared in order to assess the dose
received by the fetus during the breast cancer
radiotherapy as well as to characterize the field
(determine its spectra) reaching the detector. This
information is important to set up experiments
in the future as detectors, such as thermolumi-
nescent detectors (TLDs), are characterized by a
varying response as a function of photon energy,
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which has been characterized experimentally and
through modeling.? Input from simulations will
be important for an optimal selection of detector
type(s) and/or correction of this energy response
may be required.

In clinical practice TPS is not able to estimate
the dose to the fetus since its cutoff line for dose
calculations is mostly positioned above the uter-
us. However, our results indicate that the fetus is
going to receive only a small fraction of the dose
delivered to the breast. As was mentioned earlier
fetus receives the dose of 59 mGy (with the sim-
ulations uncertainty of 8%), which is close to the
threshold of 50 mGy prescribed by the ICRP** and
well below 100 mGy. It is also worth mentioning
that no shielding to the fetus was applied. In the
study published by Bednarz et al. dose of 120 mGy
to the fetus was determined when the mantle was
irradiated with 39 Gy with only one gantry field.*
This is two times higher when compared to our
results although no leafs are simulated in the men-
tioned study. Antypas et al. experimentally deter-
mined the dose of 39 mGy to the fetus, when 49 Gy
to the breast, using two fields, was applied, which
is in line with our results.’® Several experimental
studies have also determined the dose to the fetus,
namely van der Giessen et al. reported 280 mGy to
the fetus when 50 Gy to the breast was applied®
and Ngu ef al. reported 210 mGy with similar con-
ditions only without shielding.’* Mazonakis et al.
computationally determined the dose of 131 mGy
when 50 Gy to the breast of the pregnant phantom
was applied without shielding.** These doses are
all significantly higher than the dose that we deter-
mined. The cause for the large range of published
fetal doses during breast radiotherapy could come
due to different phantom anatomy, fetal position
or gestation period, breast size and position as well
as different optimization of the radiotherapy treat-
ment plans. We will further investigate this in the
future.

Our study has limitations such as Monte Carlo
simulations are normalized per source particle
(electron impinging on accelerator target). Besides
validation experiment is not performed yet since
it is planned in our future work to make a physi-
cal representation of the phantom. The phantom
is made according to the anatomical data found.
Nevertheless, the fetal dose during photon breast
radiotherapy will differ if the patient change or if
fetal position within the patient change.

Knowing each field contribution to the fetal
dose, that dose can be further optimized. From
the relative dose contribution to the fetus, it can

be easily concluded that F5 has the largest fetus/
breast ratio, followed by field F1. This result is im-
portant since the new radiotherapy plan can be
tailored according to the information obtained by
MC and additional reduction to the dose can be
achieved by avoiding fields F5 and F1 and giving
more significance to the lateral fields.

In our simulated case 9.5% of the absorbed
dose in the fetus is caused by the accelerator head
leakage, while 90.5% of the absorbed dose comes
through the patient’s body. In the literature, those
values differ significantly i.e. van der Giessen in
the case report states that 35% of the fetal dose
comes as scattered radiation using 10 MeV X-ray
beams.? According to Stovall et al., collimator scat-
ter is the dominant component of the fetal dose at
larger distances (70-90 cm) from the primary radi-
ation field.* Chofor ef al. and Mazonakis et al. also
state that the head leakage and head scatter radia-
tion are dominant components in fetal dose at the
larger distances from the primary beam edge.**#
Our data correlate to Ngu et al. report who states
that most of the secondary photons come as scat-
tered radiation, while a smaller portion comes
as leakage radiation from the linear accelerator
head.” The data on accelerator head leakage, that
reaches the fetus, depend on the accelerator type
and the shielding application.#® As already men-
tioned shielding is one important topic when RT is
applied to pregnant women. Lead is the most com-
monly used apron for covering the patient during
radiotherapy has an HVL (half-value layer) of 79
mm at the energy of 1 MeV that is comparable to
our results (Figure 6B). It means that an apron of
30 x 30 cm? dimensions would have approximately
80 kg, and it is probably inappropriate to be posi-
tioned on the pregnant woman'’s belly, but rather
lead shield on the rigged frame could be used as
proposed by some authors.!31%4>

In the near future, our intention is to produce a
low -cost physical phantom using a three-dimen-
sional (3D) printer for mold making and pouring
substitute tissues into 3D printed molds. Our esti-
mation is that all the components for molding and
casting such phantom is in order of 1000 €. It is our
intention to validate our model experimentally and
complete both experimental and computational
results. Once a completed physical representation
of the phantom can be further used in other fields
such as interventional and diagnostic radiology
and determination of dose for both patients and
staff. Proton therapy of pregnant patients is also
a topic of interest?, our newly developed phantom
can provide new insights into this field too.
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Conclusions

Developed phantom offers the possibility to per-
form treatment planning and Monte Carlo on the
same pregnant female phantom. There is also
a possibility for 3D printing the same phantom
which would enable experimental measurements
on the identical geometry. This is important for
the improvement of current dosimetry practices
in clinics enabling more consensus on such treat-
ments and ultimately for the optimization of such
treatments. Our feasibility study demonstrated
that the dose received by the fetus, during pho-
ton breast radiotherapy was just above the recom-
mended level (59 mGy for the 50 Gy prescribed to
the breast) which demonstrates the need to have
good dosimetry tools in place for dose assessment
and optimization. Within this study, the spectra
of photon reaching the fetus are also determined,
which will simplify the selection of appropriate
detectors once when the physical representation of
the phantom is going to be available.
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Imunoterapija raka s celicami CAR T. Uhojene
poti in potovanje po manj znanih stezah

Smole A

Izhodisca. Celi¢na terapija T s himernim antigenskim receptoriem (angl. chimeric antigen receptor,
CAR) je klinicno pofriena imunoterapija raka z uporabo gensko spremenjenih celic T. Uspeh takSnega
zdravlienja omejujejo izzivi povezani z uCinkovitostjo in varnostjo. Razvijajo Sirok spekter razliCic in aplikacij
celic CAR T, v tem prispevku pa se osredotoCamo na celice CAR T za zdravljenje raka. V prvem delu
predstavljamo splosna nacela celicne imunoterapije ter strukturo in vpliv zasnove molekule CAR na nje-
no delovanje. V drugem delu predstavijamo pet konceptualnih izzivov, ki omejujejo uspeh zdravljenja s
celicami CAR T: imunosupresivno tumorsko mikrookolje, intrinzicne lastnosti celic T, usmerjanje celic T na
tumor, pripravo celicnega produkta in nezelene stranske ucinke povezane z imunoterapijo. Prikazemo
tudi sodobne pristope za reSevanje teh izzivov.

Zakljuéki. Imunoterapija raka s celicami CAR T predstavlja spremembo paradigme zdravljenja nekate-
rih krvnih rakov, ki se ne odzivajo na druge razpoloZljive moznosti zdravljenja. Uhojene pofi, ki so jih ubrali
pionirji, so pripeliale do odobritve klinicne uporabe celic CAR T, zdaj se pot nadaljuje po manj znanih
stezah, ki vodijo v zdravlienje razlicnih vrst raka in drugih resnih bolezni s celicami CART.

Radiol Oncol 2022; 56(4): 420-429.
doi: 10.2478/raon-2022-0051

Ugotavljanje slikovnih perfuzijskih sprememb
v onkologiji s pomocjo hiperspektralnega
slikanja. Pregled literature

Hren R, Sersa G, Simoncic¢ U, Milani¢ M

Izhodisca. Hiperspekiralno slikanje je obetavna slikovnodiagnostiéna metoda, pri kateri uporabliamo
vidno svetlobo za pridobivanje informacij o pretoku krvi. Ima izrazito prednost, ker je brezsticna, neionizi-
rajoCa, neinvazivna in ni potrebno, da bi pri njej aplicirali kontrastno sredstvo. V medicini lahko hiperspek-
tfralno slikanje uporabljamo za raznovrstne namene, kot so odkrivanje razli¢nih vrst tumorjev, vrednotenje
njihovega pretoka krvi, kot tudi ocenjevanje celijenja presadkov in ran. Perfuzija tumorja je eden od
pomembnej§ih dejavnikov v onkologiji, zato smo s sistemati¢nim pregledom literature ovrednotili pomen
hiperspektralnega slikanja pri kvantificiranju perfuzijskin sprememb med posegi v klini¢ni onkologiji.

Materiali in metode. V elekironskih zbirkah podatkov PubMed in Web of Science smo iskali izraza
whiperspektralno slikanje perfuzije raka" (angl. “hyperspectral imaging perfusion cancer”) in ,hiperspek-
tralno slikanje pri resekciji raka* (angl. “hyperspectral imaging resection cancer”). Kriterij vkljucitve je bila

uporaba hiperspekiralnega slikanja v klinicni onkologiji, kar pomeni, da smo izkljucili vse raziskave na
zivalih, fantomih in ex vivo ter eksperimentalne, raziskovalne-razvojne in povsem metodoloske raziskave.

Rezultati. Kriterijem za vkljucitev je ustrezalo dvajset Elankov. Anatomska podrocja novotvorb v izbranih
Clankih so bile naslednja: ledvice (1 Clanek), dojke (2 ¢lanka), oko (1 Clanek), mozgani (4 Clanki), celotna
prebavila (1 ¢lanek), zgornji prebavni trakt (5 Elankov) in spodnji prebavni frakt (6 Clankov).

Zakljuéki. Hiperspekiralno slikanje je obetavna slikovna metoda v klinicni onkologiji, zlasti pri ocenje-
vanju perfuzije koznega reznja ob rekonstruktivni operaciji po mastektomiji in pri ocenjevanju perfuzije

anastomoze ob rekonstrukciji gastrointestinalnega trakta.
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Napredek v diagnostiki in obvladovanju
gestacijske trofoblastne bolezni

Lukinovi¢ N, Malovrh EP, Takac |, Sobocan M, Knez J

Izhodisca. Gestacijska trofoblastna bolezen je heterogena skupina redkih tumorjev, za katere je znadil-
na nenormalna proliferacija trofoblastnega tkiva. Sestavljgjo jo benigna ali premaligna stanja, kot so po-
polna in delna molarna nosecnost ter razliCice malignih bolezni. Maligne tumorje imenujemo gestacijska

trofoblastna neoplazija. Sestavljajo jo invazivna mola, horiokarcinom, trofoblastni tumor lezisCa posteljice
in epiteloidni trofoblastni tumor.

Zakljucki. Najpogostejsi simptom gestaciiske trofoblastne bolezni je krvavitev iz no7nice. Z uvajanjem
ultrazvocne preiskave v obdobje zgodnje nosecnosti diagnozo molarne noseCnosti najpogosteje posta-
vimo v prvem trimesecju nosecnosti. Mestoma lahko dodatna diagnostiCne preiskave, kot so rentgensko
slikanje prsnega kosa, CT ali MRI pomagajo odkriti metastatsko bolezen. Vecino bolnic je moc¢ pozdraviti
in ohraniti njihovo reproduktivno sposobnost. V tem preglednem prispevku se osredotocamo na napre-
dek pri obravnavi gestacijske trofoblastne bolezni ter navajamo mozne prihodnje usmeritve raziskav.

Radiol Oncol 2022; 56(4): 1-XIV.
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Odkrivanje in lokalizacija hiperfunkcionalnih
obscitni¢nih Zlez s PET/CT z ['8F]fluoroholinom
in z uporabo globokega uc¢enja. U¢inkovitost
modela in primerjava s ¢loveskimi odc¢itovalci

Jarabek L, Jamsek J, Cuderman A, Rep S, HoCevar M, Kocjan T, Jensterle M, §piclin Z,
Macek Lezai¢ Z, Cvetko F, Lezai¢ L

Izhodis¢a. PET/CT z ['8F]fluoroholinom ima odliéno diagnostiéno zmogljivost za opredelievanje primar-
nega hiperparatoroidizma, kjer izkuseni odcitovalci dosegajo 97,7 % obcutljivost pri odkrivanju hiperak-
tivnega obscitniCnega tkiva. Zaradi sorazmerne enostavnosti odcitavanja smo raziskali moznost, da bi
uporabili metodo globokega ucenja pri odkrivanju in lokalizaciji hiperaktivnega obscitniCnega tkiva na

slikah PET/CT z ['8F]fluoroholinom pri sumu na primarni hiperparatoroidizem.

Bolniki in metode. Uporabili smo podatke 93 bolnikov s primarnim hiperparatoroidiznom, ki smo jih
slikali s PET/CT z ['8F]fluoroholinom. Med njimi je imelo 74 bolnikov vidno prekomerno aktivno obs&itnicno
tkivo, odkrito s PET/CT z ['8F]fluoroholinom v nasprotju z 19 bolniki iz kontrolne skupine. Za globoko u¢enje
smo uporabili ustalieni model Resnet10 in dodatno razvili nov model mPETResnet10 za globoko ucenje,
ki smo ga prilagodili nasi nalogi. Oba modela sta bila nauc¢ena zaznave (prisotno/odsotno) ter lociranja
kvadranta (levo zgoraj, levo spoddaj, desno zgoraj, desno spodaj) prekomerno aktivnega obscitnicnega
tkiva. Model mPETResnet 10 je v Casu zaznave in lokalizacije ustvaril S& masko v velikosti vhodne slike, ki
smo jo poskusili kvalitativno opisati.

Rezultati. z modeli smo zaznali prisotnost prekomerno aktivhega obicitnicnega tkiva z 83 % obcutljivo-
stjo in dolocili kvadrant s 74 % obcutljivostjo. Modeli globokega ucenja so bili stafisticno znacilno manj
obcutljivi (p <0,001) pri obeh nalogah v primerjavi s Cloveskimi odcitovalci. Kljub nejasni dodani vrednosti
dobliene maske pri interpretaciji [PET/CT z ['8F]fluoroholinom, le-ta smiselno obrise podro¢je zanimanja

signala PET.

Zakljucki. Raziskava je po nasem vedenju prvi poskus analize PET/CT z ['8F]fluoroholinom z globokim
ucenjem. Pokazali smo, da je mozno uporabiti modele globokega u¢enja pri PET/CT z ['8F]fluoroholinom
za odkrivanje in lociranje prekomerno aktivnega obscitnicnega tkiva. Glede na majhen nabor podatkov
so rezultati obetavni za nadaljnje raziskovanje.
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FDG PET/CT kot pomembno diagnosti¢no
orodje in napovedni oznacevalec pri sumu
na ponavljajoci se rak materni¢nega vratu po
obsevanju. Primerjava z MR

Stojiljkovi¢ M, Sobi¢ Saranovi¢ D, Odalovi¢ S, Popovi¢ M, Petrovi¢ J, Rankovi¢ N,
Veljkovi¢ M, Artiko V

Izhodisca. Ponavijajoci se rak matemicénega vratu po obsevanju pogosto tezko prepoznamo na slikanju
z magnetno resonanco (MR). Spremembe po zdravijenju imajo namreC podoben videz in jih moramo
pogosto bolj podrobno andalizirati. Cilji raziskave so bili oceniti diagnosticno vrednost pozitronske emisijske
tomografije / racunalniske tomografije z 18F-fluorodeoksiglukozo (FDG PET-CT) pri sumu na ponovitev
raka materniCnega vratu po obsevanju in jo primerjati z MRI ter oceniti pomembnost FDG PET-CT kot
napovednega dejavnika za potek bolezni.

Pacienti in metode. V retrospektivno raziskavo smo vklju&ili bolnice, ki smo jih predhodno zdravili z
obsevanjem zaradi raka materni€nega vratu in smo sumili na ponovitev bolezni. Pri vseh bolnicah smo
naredili MR trebuha in medenice ter nato stanje ovrednotili s FDG PET/CT. Spremljali smo jih najmanj 12
mesecev.

Rezultati. Pri 84 bolnicah, ki smo jih vkljucili v raziskavo, je MR pokazala ob&utliivost, specificnost in na-
tancnost 80,1 %, 52,4 % in 66,7 %; FDG PET/CT pa 97,6 %, 61,9 % in 79,8 %. Bolnice s pozitivnimi izvidi MR
(test log rank, p = 0,003) in PET/CT (test log rank, p < 0,001) so imele krgjSe prezivetje brez napredovanja
bolezni kot fiste z negativnim izvidom. V univariatnih Coxovih regresijskih modelih smo ugotovili, da so re-
zultati MR in FDG PET/CT povezani s prezivetiem brez napredovanja bolezni (p = 0,005 oziroma p < 0,001).
V multivariatni analizi pa smo dokazali, da je le FDG PET/CT neodvisen napovedni dejavnik, saj so imele
bolnice s pozitivnimi rezultati FDG PET/CT skoraj devetkrat vecje tveganje za napredovanje bolezni (p <
0.001).

Zakljuéki. Raziskava je pokazala, da je FDG PET-CT uporabno diagnosti€cno orodje pri sumu na pono-
vitev raka materniCnega vratu po obsevanju in kaze visoko obcutljiivost pri njegovem odkrivanju. Poleg
tega predstavlja neodvisen napovedni dejavnik prezivetja brez napredovanja bolezni pri bolnicah s
ponovitvijo raka materni¢nega vratu.
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Diagnosticna ucinkovitost tomosinteze,
digitalne mamografije in namenskega
digitalnega sistema radiografije v primerjavi s
patomorfolosko oceno izrezanih lezij v dojki

Almasarweh S, Sudah M, Okuma H, Joukainen S, Karja V, Vanninen R, Masarwah A

Izhodis¢a. Namen raziskave je bil ocena uspesnosti intraoperativne digitalne mamografiie z obsegom
celotnega polja, digitalne tomosinteze dojke in namenskega digitalnega sistema radiografije pri zapo-
redno izbranih bolnicah glede na patomorfolopske ocene reseciranih lezij.

Bolnice in medtode. Resecirane tkivne vzorce zaporednih bolnic, pri katerih smo naredili iroko lo-
kalno ekscizijo lezije ali onkolosko plasticno konzervativho operacijo dojke, smo intraoperativno ocenili
z digitalno mamografijo z obsegom celotnega polja, tomosintezo in z namenskim digitalnim sistemom
radiografije. Dva neodyvisna ocenjevalca sta retrospektivno ocenila vidnost lezije, njeno velikost, robove,
spikulacije, kalcifikacije in diagnosticno vrednost ter izbrala najbolj$o izvajalsko metodo na slep nacin,
brez vednosti klinicnih in patomorfoloskin podatkov.

Rezultati. Ovrednotilismo 216 vzorcev pri 204 bolnicah. Pri maligne lezijah nismo odkrili robov, ki bi segali
v zdravo tkivo. En papilom je imel pozitivne mikroskopske robove in eno bolnico smo reoperirali zaradi
obsezne komponente in situ. Med tremi metodami ni bilo pomembnih razlik v izmerjeni velikosti lezije.
Glede na preostale slikovnodiagnosticne pokazatelje pa se je fomosinteza pokazala kot najbolj natanc-
na uporabliena metoda ob upostevanju patomorfoloskega izvida. Oba ocenjevalca sta porocala, da
tomositeza omogoca bistveno boljSo vidljivost lezije kot obe drugi metodi, kar je pomenilo bistveno vecjo
diagnosti¢no vrednost. Prav tako je omogocila vecjo prepoznavanje spikulacij in kalcifikacij. Oba oce-
njevalca sta porocala, da je bila tomosinteza najboljSa metoda v 76,9 % primerov. Ponovljivost ocene
vidljivosti lezije glede na ocenjevalca je bila zelo visoka pri vseh freh diagnosticnih metodah.
Zakljuéki. Tomosinteza se je v raziskavi pokazala bolj u¢inkovita infraoperativna metoda kot sta digi-
talna mamografija z obsegom celotnega polja in namenski digitalni sistem radiografije pri odkrivanju
in ocenjevanju fumorskih lezij, spikulacij in kalcifikacij ter je bila zato bolj zanesljiva za oceno popolne
ekscizije lezije v dojki.
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Ocena zanesljivosti standardizirane
ultrazvocne metode za zaznavo zgodnje
hemofilne artropatije (HEAD-US) pri otrocih.

Primerjava z magnetno resonan¢nim slikanjem
Plut D, Faganel Kotnik B, Pusnik L, Slak P, Snoj Z, Salapura V

Izhodisca. Ultrazvok (UZ) se je v zadnijin letih uveliavil kot zanesliva diagnostiéna metoda za prepoznavo
zgodnje hemofilne artropatije pri odraslih bolnikin s hemofilijo, o njegovi uporabi pri otrocih s hemofilijo pa
je malo podatkov. Zanimalo nas je, ali spreminjajoc ultrazvocni videz kosti v obdobju rasti pri otrocih ovira
zmoznost UZ za oceno prisotnosti in stopnje izrazenosti hemofiine artropatije. Cilj raziskave je bil oceniti
zanesljivost UZ za oceno hemofilne artropatije pri otrocih s hemofilijo v primerjavi s slikanjem z magnetno
resonanco (MR).

Bolniki in metode. V raziskavo smo vkljucili vse otroke s hudo obliko hemofilije v Sloveniji, ki so starejsi od
6 let (n=10). Pri bolnikih smo z UZ ocenili komolce, kolena in gleznje ter rezultate primerjali z MR. Korelacijo
med UZ in MR oceno smo izracunali s pomocjo Pearsonovega korelacijskega koeficienta (r).

Rezultati. Korelacija med UZ in MR ocenami je bila visoka pri ocenah vseh treh sklepov (r = 0.849 za
komolce, r =1 za kolena, r = 0.842 za gleznje). Korelacija pri ocenah posameznih komponent sklepov (si-
novija, sklepni hrustanec, kostnina) je bila srednja, visoka ali zelo visoka za vse komponente vseh sklepov.
Najnizjo korelacijo smo opatzili pri oceni hrustanca in kostnine gleznja (r = 0.546 in r = 0.478) ter pri oceni
kostnine komolca (r = 0.499).

Zakljucki. Rezultati raziskave kaZejo, da je ocena sklepov z UZ po metodi HEAD-US pri ofrocih s hemofi-
lijo zanesliiva za oceno hemofilne artropatije in visoko korelira z izsledki MR slikanja.
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Z MRI ugotovljene vecdimenzionalne
znacilnosti bezgavk, ki napovedujejo
prezivetje in dobrobit soasne kemoterapije

pri raku nazofarinksa Il. stadija
Liu Y, Zhang J, Wang J, Wu J, Huang X, Wang K, Qu Y, Chen X, Li Y, Zhang Y, Yi J

Izhodis¢a. Neizogibno potrebujemo zaneslive napovedne kazalce za prepoznavanje bolnikov z
nazofaringealnim rakom II. stadija, ki bi jim lahko koristila socasna kemoradioterapija. Cilj raziskave je bil
razviti nomogram, ki bi vkljuCeval vecdimenzionalne znacilnosti bezgavk, zaznanih z MRI, za napoved
prezivetja in za pomoc pri odlocanju za soCasno kemoradioterapijo pri nazofaringealnem raku |I. stadija.

Bolniki in metode. V retrospektivno raziskavo smo vklju&ili 242 bolnikov z nazofaringealnim rakom I
stadija, ki smo jih zdravili od januarja 2007 do decembra 2017. Primarni opazovani dogodek je bilo ce-
lokupno prezivetjie. Natancnost nomograma smo ovrednotili z uporalbo umeritvenih krivulj, Harrellovega
indeksa skladnosti (C-indeks), povriine pod krivuljo (angl. area under the curve, AUC) in analize krivulj od-
loCitve (angl. decision curves analysis, DCA) ter primerjanjem s stadijem TNM. V skladu z individualizirano
oceno nomograma smo bolnike razvrstili v dve kohorti tveganja in v vsaki kohorti ovrednotfili terapevtsko
ucinkovitost soCasne kemoradioterapije.

Rezultati. V kon&ni nomogram smo vkljucili tri neodvisne napovedne kazalce za celokupno preZivetje:
starost ter Stevilo in lokacija pozitivnih bezgavk. Stadij T smo fudi vkljucili zaradi njegovega pomena pri
klinicnem odloCanju. Umeritvene krivulie so pokazale dobro ujemanje med napovednimi in opazova-
nimi stopnjami celokupnega prezivetja. C-indeks za nomogram je bil 0,726, za stadij TNM pa 0,537 (p <
0,001). DCA je potrievala vecjo klinicno uporabnost nomogramov v primerjavi s stadijem TNM. V skupini
z visokim tveganjem je bilo celokupno prezivetje boljse po soCasni kemoradioterapije kot po infenzivno
modulirajoCi radioterapiji (IMRT) (po 5-letfih: 89,9 % v primerjavi s 72,1 %; po 10-letih: 72,5 % v primerjavi s
34,2 %, p = 0,011); te dobrobiti pa ni bilo v skupini z nizkim fveganjem.

Zakljuéki. Opisani nomogram, ki je tfemeljil na znacilnostih bezgavk, je pokazal odlicno razloCitveno
zmoznost in napovedno natancnost pri bolnikih z Il. stadije bolezni in je prepoznal fiste, ki jim lahko korisfi
soCasna kemoradioterapija.

Radiol Oncol 2022; 56(4): I-XIV.



Vviil

Radiol Oncol 2022; 56(4): 488-500.
doi: 10.2478/raon-2022-0050

Vpliv epidemije COVID-19 na breme raka in
njegovo obravnavo v Sloveniji. Nadaljevanje

raziskave
Zagar T, Tomsi¢ S, Zadnik V, Bric N, Birk M, Vurzer B, Mihor A, Lokar K, Oblak |

Izhodisca. V Sloveniji so bile v odlokih viade, namenjenim obviadovanju epidemije COVID-19, onko-
loske dejavnosti navedene kot iziema. Obvladovanje raka pa je odvisno tudi od drugih zdravstveninh
storitev in spremenjeno vedenje ljudi dodatno vplivajo na breme raka. V pricujoci raziskavi smo analizirali
spremembe v bremenu raka in njegovi obravnavi po prvem valu epidemije.

Materiali in metode. Analizirali smo fri vire rutinsko zbranih podatkov za obdobje od januarja 2019 do
julija 2022: (1) patohistoloske izvide in klinicne obravnave iz dveh vecjih onkoloskin centrov v Ljubljani in
Mariboru (vir: Register raka Republike Slovenije); (2) napotnice izdane za onkoloske storitve (vir: sistem
e-Napotnica); in (3) ambulantne obiske in diagnosticne slikovne preiskave (vir: administrativni podatki
Onkoloskega instituta Ljubljana, OIL). Dodatno smo na podlagi podatkov Bolnisnicnega registra raka
OIL andalizirali spremembe nekaterih znacilnosti pri onkoloskih bolnikih, diagnosticiranih in zdravljenih med
epidemijo (obdobje 2015-2021).

Rezultati. V juniju, juliju in avgustu 2020 se je povecalo stevilo napotitev na kontrolne onkoloske pregle-
de, ki pa niso nadoknadili padca v prvem valu epidemije; Stevilke pa so bile v letih 2021 in 2022 manjse
kot v letu 2020. PovpraSevanje po prvin onkoloskih pregledinh ter genetskem testiranju in svetovanju se
je v letu 2021 povecalo v primerjavi z letom 2019, v letu 2022 pa Se dodatno za vec kot Cetrtino. Prvi in
kontrolni ambulantni obiski ter diagnosti¢ne slikovne preiskave na OIL so se ob zaCetku epidemije marca
2020 zmanjsali, vendar so bile stevilke primerljive z obdobjem pred epidemijo Ze v letu 2021. Nekateri pri-
manjkljaji ostajajo pri kontrolnih ambulantnih obiskih na kirurdkih in radioterapevtskin oddelkinh. V obdobju
COVID-19 je bilo opravijenih ve& pregledov CT, MRI in PET-CT kot prej. Stevilo novih diagnoz raka se je v
vseh opazovanih letih 2020, 2021 in do julija 2022 zmanjsalo za 6 %, 3 % oziroma 8 %, odvisno od vrste raka.
Najvedji padec je bil opazen v starostni skupini 50-64 let (skoraj 14 % v 2020 in 16 % v 2021), pri bolnikin,
starejSin od 80 let, pa so bile stevike nad pricakovanji (4 % vec primerov v 2020 in 8 % v 2021).

Zakljucki. Rezultati kaZejo na razliden ucinek epidemije COVID-19 v Sloveniji za razii¢ne vrste raka in na
razlicnih ravneh poti oskrbe pacienta — verjetno gre za preplet vedeniskih sprememb posameznikov in sis-
temskih sprememb v organizaciji zdravstvenega varstva. Splosno zmanjSanje Stevila novih primerov raka
odseva omeijitve v diagnostiki in bi lahko imelo resne dolgorocne posledice na kazalnike bremena raka.
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Plazemske koncentracije sICAM-1 korelirajo z
volumnom ploscatoceli¢nih tumorjev glave in
vratu pred zdravljenjem z radiokemoterapijo
Clasen K, Welz S, Faltin H, Zips D, Eckert F

Izhodisca. Bioloski ozna&evalci so zelo pomembni za optimizacijo diagnoze, napovedi poteka bolezni
in usmerjanja zdravljenja pri bolnikih z rakom glave in vratu. Zlasti krvni oznacevalci se zdijo obetavni, sqj

jih je mogoce enostavno pridobiti in veckrat analizirati med radiokemoterapijo.

Bolniki in metode. Najprej smo zaradi sirsega vpogleda odvzeli est vzorcev plazme pri treh bolnikih
na zacetku in koncu radiokemoterapije ter ocenili ve¢ imunskih oznacevalcev. Pri tem predizboru se je
kot najbolj obetaven pokazal fopen medcelicni adhezijski oznacevalec 1 (SICAM-1). Zato smo ga izmerili
v vec vzorcih (n = 86) med zdravljenjem in nadaljnjim spremljanjem kohorte enajstin bolnikov ter ga pri-
merjali z znacilnostmi tumorja in kliniCnimi podatki.

Rezultati. Ugotovili smo mo&no povezanost med zacetnimi ravnmi siCAM-1 v plazmi ter makroskopskim
tfumorskim volumnom (angl. gross tumor volume, GTV) in prizadetimi bezgavkami. Med zdravljenjem pa
ni bilo mogoce ugotoviti skladne dinamike. Nismo ugotovili, da bi toksiCnost ali okuzbe vplivali na kon-
centracije sSICAM-1.

Zakljuéki. V raziskavi se je sSICAM-1 pokazal povezan s celotnim tumorskim bremenom pred zdravlje-
njem (primarnim tfumorjem in prizadetimi bezgavkami) pri bolnikin s tumorji glave in vratu. Ni pa se poka-
zal kot ozna&evalec stopnje odgovora na zdravijenje med radiokemoterapijo. Ce se bodo ugotovitve
raziskave v prihodnosti poftrdile, bi lahko sICAM-1 uporabljali pri doloCanju stadija bolezni. Ob visoki vre-
dnosti SICAM-1, vendar majhnem tumorskem bremenu, bi bilo smiselno razsiriti preiskave za doloc¢anje

stadija, da bi odkrili morebitna dodatna, se neodkrita mesta tumorja.
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Tekocinska optimizacija s kristaloidi ali koloidi
pri bolnikih, operiranih zaradi mozganskega
tumorja

Markovic¢-Bozic J, Visocnik B, Music P, Potocnik I, Spindler Vesel A

Izhodisca. V dvojno slepi, randomizirani raziskavi, ki smo jo naredili v Univerzitetnem kliniénem centru
Ljubljana, smo proucevali vpliv tekocinske optimizacije s kristaloidi ali koloidi na pojav perioperativnih
zapletov pri bolnikin, operiranih zaradi mozganskega tumorja. Namen raziskave je bil ugotoviti vpliv vrste
tekocine na pojav perioperativnih zapletov.

Bolniki in metode. 80 bolnikov, vklju&enih v raziskavo, smo razdelili v dve skupini. V prvi smo za teko&in-
sko optimizacijo uporabili kristaloide (n = 40), v drugi pa koloide (n = 40). Srednji arterijski tlak in mozgansko
oksigenacijo smo vzdrzevali na izhodiscnih vrednostih £ 20 %, nihanje utripnega volumna pa < 10 % z
invazivnim hemodinamskim nadzorom. Pojav perioperativnih zapletov smo opazovali prvih petnajst dni

po operaciji. Belezili smo tudi cas hospitalizacije.

Rezultati. Skupina, ki je dobila kristaloide, je prejela signifikantno vee teko&in (p = 0,003) in fenilefrina (p
=0,02) kot skupina, ki je prejela koloide. Kljub temu med skupinama nismo opazili statisticno pomemibnih
razlik v pojavu perioperativnih zapletov in Casu hospitalizacije.

Zaklju(:ki. Pri operacijah mozganskin tumorjev lahko za medoperativno tekocinsko optimizacijo upo-
rabimo tako kristaloide kot koloide. Z uporabo protokola za vzdrzevanje perioperativnin hemodinamskih
vrednosti vrsta tekocCine ne vpliva na izid zdravljenja.
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Radioterapija s stopnjevanjem doze in
hkratnim integriranim dodatnim obsevanjem
kostnih metastaz pri izbranih bolnikih s

predvidenim ugodnim potekom bolezni

Potkrajcic V, Mueller AC, Frey B, Gani C, Zips D, Hoffmann R, Frantz S, Warm V,
Paulsen F, Eckert F

Izhodisca. Pri bolnikih s kostnimi metastazami, kjer je bolezen oligometastatska ali oligoprogresivna,
vse pogosteje uporabliamo stereotaktiCno telesno radioterapijo (angl. stereotactic body radiotherapy,
SBRT) s stopnjevano dozo obsevanja. Metastaze, ki niso primerne za SBRT, lahko zdravimo s 30/40 Gy v 10

frakcijah in uporabimo hkratno integrirano obsevanje (angl. simultaneous infegrated boost, SIB). Namen
raziskave je bil oceniti izvedljivost takSnega zdravljenja ter akutno in subakutno toksi¢nost.

Bolniki in metode. Retrospektivho smo pregledali kiini¢ne zapise zaporednih bolnikov, ki smo jih zdravili
s stopnjevano radioterapevtsko dozo (24 bolnikov z 28 tarénimi volumni za oceno onkoloskega ucinka in
25 bolnikov z 29 tar¢nimi volumni za oceno izvedijivosti zdravljenja in analizo doznih parametrov). Analiza
radioterapevtskih nacrtov je vkljuCevala velikost tarénih volumnov ter dozimetri¢ne parametre za taréne
volumne in ogrozene organe (angl. organs at risk, OAR). Akutna in subakutna toksi¢nost je bila ocenjena
po mednarodni lestvici za nezelene dogodke CTCAE V4.0.

Rezultati. Najpogostejsa lokalizacija bolezni je bila hrbtenica (71,4 %); najpogostejsa histoloska vrsta pa
rak prostate (45,8 %). Oligometastiticna ali oligoprogresivna bolezen je bila indikacija za radioterapija s
stopnjevano dozo pri 19/24 bolnikih (79.2 %). Zdravlienje je bilo za bolnike sprejemljivo, saj so vsi zakljucili
obsevanje. Akutno toksicnost 1. stopnje smo zabelefZili pri 36 % bolnikov. V Casu sledenja bolezni smo
enega bolnika napotili na operacijo zaradi kostne nestabilnosti. Lokalna kontrola in prezivetje brez no-
predovanja bolezni po enem letu sta bila 90,0+ 6,7 % in 33,3+ 11,6 %.

Zakljuéki. Hipofrakcionirana radioterapija s stopnjevanjem doze in hkratnim integriranim obsevanjem
pri kostnih metastazah omogoci dobro lokalno kontrolo bolezni ob omejeni akutni toksiCnosti. Samo en
bolnik je potreboval kirurski poseg. Pri izbranih bolnikih tak nacin obsevanja predstavlja alternativo SBRT.
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Kvantifikacija sprememb v tumorskem
zilnem mikrookolju pri zasevkih v hrbtenici,
zdravljenih s stereotakticno radioterapijo.

Enotirna prospektivna raziskava

Vellayappan B, Cheong D, Singbal S, Tey J, Soon YY, Leong CN, Wong A, Lwin S, Lee CH,
Periasamy P, Lo S, Kumar N

Izhodis¢a. Primami cilj raziskave je bil koli¢insko opredeliti soremembe v zilnem mikrookolju pri bolnikih z
metastazami v hrbtenici, ki smo jih zdravili s stereotakti¢nim obsevanjem (angl. stereotactic body radio-
therapy, SBRT) in kjer smo uporabili veCparametricno magnetnoresonancno slikanje (MRI) z dinami¢nim
kontrastom (angl. dynamic contrast enhanced, DCE). Sekundarni cilj je bil preuciti plazemska bioloska
oznacevalca, povezane z endoftelijsko apoptozo.

Bolniki in metode. Bolnike smo slikali z DCE-MRI pred zdravlienjem, 1 teden po- in 12 tednov po SBRT.
Merili smo normalizirano ¢asovno odvisno puscanje (angl. normalised time-dependent leakage, Ktrans),
produkt povriine prepustnosti (angl. permeability surface product, PS), frakcijski volumen plazme (angl.
fractional plasma volume, Vp), zunajceli€nim volumen (angl. extracellular volume, Ve) in perfuzijo (F).
Uporabili smo model porazdelienih parametrov. Serumsko kislo sfingomielinazo (ASM) in sfingozin-1-fosfat
(S1P) smo kvantificirali z metodo ELISA. BeleZili smo klinicni potek bolezni, vklju¢no s toksicnostjo, ki jo je
ocenil zdravnik, in toksi¢nostjo, o kateri je porocal bolnik.

Rezultati. V raziskavo smo vkljucili 12 bolnikov (z razii¢no primarmo histologijo), deset od njih smo zdravili
s SBRT. Pri devetih bolnikih (z desetimi lezijomi) smo opravili vsa tri nacrfovana slikanja. En bolnik je umrl
zaradi plju¢nice (ni bilo povezano z zdravijenjem), preden smo naredili vsa slikanja. Srednja vrednost ob-
sevalne doze SBRT je bila 27 Gy (razpon 24-27 Gy) v treh frakcijah (razpon 2-3 frakcije). Srednja vrednost
spremljanja bolnikov je bila 42 mesecev (razpon 22,3-54,3 meseceyv), zabelezili smo 90-odstotno lokalno
kontrolo in eno toksicnost stopnje 2 ali visjo (kompresijski Ziom vretenc). Pri vseh parametrih (Kirans/PS/Vp/
Ve/F) smo ugotovili teznjo zmanjSevanja vrednosti po 12 tednih. Ktrans in PS sta se zmanjSala ze v enem
tednu. Ve/Vp/F so se en teden po SBRT rahlo povecali, nato pa se zmanjSali pod izhodis¢no vrednost.
Bioloska oznacevalca v plazmi (ASM/S1P) se po SBRT nista bistveno spremenila.

Zakljuéki. Tumorsko zilno mikrookolje je pokazalo teznjo zmanjSevanja merjenih parametrov po SBRT.
Menimo, da z zilami posredovano unicevanje celic prispeva k odlicni stopnji lokalne kontrole pri SBRT. V
prihodnjih raziskavah bo potrebno oceniti ucinek SBRT na metastaze v hrbtenici dolocenih rakov (npr.
pri ledvicnem raku).
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Miksomi srca. Izkusnje najvecjega slovenskega
terciarnega centra

Kacar P, Pavsic N, Bervar M, Dolenc Strazar Z, Zadnik V, Jelenc M, Prokselj K

Izhodisca. Miksomi so najoogostejsi primarmi tumorii srca. Ceprav so redki in benigni, lahko povzro&ajo
Zivlienje ogrozajoCe zaplete kot so embolizacija ali obstrukcija mitralnega ustja. Kirurska odstranitev tu-
morja je metoda izbora zdravlienja. Z raziskavi smo zeleli oceniti epidemioloske znacilnosti, klinicno sliko,
slikovne znacilnosti in uspeh kirurskega zdravljenja bolnikov z miksomom srca, ki so bili obravnavani v
najvecCjem slovenskem ferciarnem centru.

Bolniki in metode. V retrospektivno analizo smo vklju&ili 39 bolnikov s patohistolosko potrienim mikso-
mom, ki so bili napoteni v nas center med januarjem 2005 in decembrom 2020.

Rezultati. Povprecna letna incidenca miksomov je bila 3 na 2 miljona prebivalcev. Vec je bilo zensk (n
= 25; 64 %). Povprecna starost ob diagnozi je bila 63,1 = 13,6 let. Najpogostejsi simptom je bila dispneja
(n=12; 31 %). V engjstin primerih (28 %) je bil miksom nakljucna najdba. Sedem bolnikov je utrpelo em-
bolicne zaplete (18 %). Dvaindvajset bolnikov (56 %) je imelo poleg transtorakalne ultrazvocne preiskave
opravlieno $e dodatno slikovno diagnostiko. Vsi bolniki so bili zdravljeni kirursko, peri-operativnih smrti
nismo belezili. V Casu sledenja (od 6 mesecev do 16 let) nismo ugotovili ponovitve miksoma. Umrli so trije
bolniki (8 %), vendar smrti niso bile posledica miksoma.

Zakljucki. Miksom je redek sr&ni tumor, ki povzro&a raznoliko klini¢no sliko. Nasi podatki kazejo nekoliko
visjo prevalenco miksoma v populaciji v primerjavi z do sedaj objavljenimi rezultati. Kirurska odstranitev
miksoma je varen nacin zdravljenja z odlicnimi kratkorocnimi in dolgoro&nimi izidi.
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Razvoj racunalniskega modela fantoma nosece
zenske in izracun doze na zarodek pri fotonski
radioterapiji dojke

Kopacin V, Kasabasi¢ M, Faj D, de Saint Hubert M, Galic¢ S, Ivkovi¢ A, Majer M, Brki¢ H

Izhodisca. Incidenca rakov med nose&nostjo je 1:1000 — 1:1500, med njimi je najpogoste;si rak dojk.
Zarodek je najbolj obcutljiiv naionizirajoce sevanje v prvih Sestih mesecih nosecnosti, vendar pa ob rozlic-
nih klinicnih pogledih 3e ni sprejetih enotnih smernic o uporabi radioterapije med nosecnostjo. V pricujoci
raziskavi smo razvili fantom nosecCe zenske v drugem trimestru nosecnosti, ki ga lahko uporabljomo za

nacrtovanje obsevanja (kot podatke DICOM), za simulacije Monte Carlo (vokselizrana geometrija fan-
foma) in za eksperimentalno dozimetrijo z uporabo tiska 3D.

Materiali in metode. Fantom, ki smo ga razvili, temeljii na MR slikah Zenske v 18. tednu nosecnosti in na
CT slikah po rojstvu ofroka. Za zdravljenje raka leve dojke smo uporabili 3D konformno radioterapijo, za

Monte Carlo simulacije s kodo MCNP (angl. Monte Carlo N-Particle transport code™ 6.2) pa vokselizirano
geometrijo fantoma.

ZakljuEki. Izdelan obsevalni nacrt za zdravijenje raka dojke, ki smo ga uporabili na fantomu, je pokazal,
da ob skupni predpisani dozi 50 Gy prejme zarodek 59 mGy. Rezultati tudi jasno kazejo, da je prispevek
fotonov, ki so ustvarjeni v glavi pospesevalnika (sipanje in puscanje), zgolj 9,5 % celotne doze na zarodek;
previadujoc je prispevek sipanega sevanja, ki nastane v telesu bolnice.
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zdravljenje za bolnike z mutacijo KRAS G12C!
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SESTAVA ZDRAVILA: Ena filmsko oblozena tableta vsebuje 120 mg sotorasiba. TERAPEVTSKE INDIKACIJE: Kot monoterapija za zdravljenje odraslih z napredovalim nedrobnoceliénim rakom plju¢ (NDRP) z mutacijo KRAS GI2C, pri katerih je bolezen napredovala po vsaj
eni predhodni liniji sisternskega zdravljenja. ODMERJANJE IN NACIN UPORABE: Zdravlienje mora uvesti zdravnik, ki ima izkusnje z uporabo zdravil za zdravljenje raka. Pred uvedbo zdravijenja je treba z validiranim testom potrditi prisotnost mutacije KRAS GI2C. Odmer-
anje; Priporoceni odmerek je 960 mg sotorasiba (osem 120mg tablet) enkrat dnevno, vsak dan ob istem ¢asu. Zdravljenje se priporota do napredovanja bolezni ali pojava nesprejemljive toksiénosti. zpusceni odmerki ali bruhanje: Ce je od nacrtovanega odmerka preteklo
manj kot 6 ur, mora bolnik vzeti odmerek kot obicajno. Ce je od nacrtovanega odmerka preteklo vec kot 6 ur, bolnik ne sme vzeti odmerka. Zdravljenje mora nadaljevati naslednji dan, kot je prepisano. Ce bolnik po zauZitju zdravila LUMYKRAS bruha, tisti dan ne sme vzeti
dodatnega odmerka in mora zdravljenje nadaljevati naslednji dan, kot je predpisano. Prilagajanje odmerka: Odmerjanje je treba prilagajati glede na toksicnost zdravila LUMYKRAS. Za stopnje zmanjsanja odmerka in prilagoditve odmerka zaradi nezelenih ucinkov med
zdravljenjem glejte celoten Povzetek glavnih znacilnosti zdravila. Ce se pojavijo toksiéni ucinki, je odmerek dovolieno zmanjgati najve dvakrat. Ce bolniki ne prenasajo najmanjsega odmerka, tj. 240 mg enkrat dnevno, je treba zdravljenje z zdravilom LUMYKRAS prekiniti
Sotasna uporaba zdravila LUMYKRAS z zdravili za zmanjSevanje kisline: So¢asna uporaba zaviralcev protonske érpalke (PPI) ali antagonistov receptorjev H2 z zdravilom LUMYKRAS ni priporocena. Ce je potrebno zdravljenje z zdravilom za zmanjgevanje Kisline, se lahko
uporabi nesistemski antacid, zdravilo LUMYKRAS pa je treba vzeti bodisi 4 ure pred uporabo nesistemskega antacida bodisi 10 ur po njem. Posebne populacje: Pri bolnikih, starih 75 let in ve, prilagajanje odmerka ni potrebno. Prilagajanje odmerka pri bolnikih z blago
okvaro jeter ni priporoeno. Uporaba sotorasiba pri bolnikin z zmerno in hudo okvaro jeter ni priporocena. Prilagajanje odmerka pri bolnikih z blago okvaro ledvic (CrCl = 60 mi/min) ni priporocen. Zdravila LUMYKRAS pri bolnikih 2 zmerno ali hudo okvaro ledvic (CrCl < 60 mi/
min) niso preucevali. Pri zdravljenju bolnikov z zmerno ali hudo okvaro in konéno odpovedio ledvic je zato potrebna previdnost. Zdravilo LUMYKRAS ni namenjeno za uporabo pri pediatriéni populacij za zdravljenje nedrobnoceliénega raka pljué. Nagin uporabe: Zdravilo
LUMYKRAS je namenjeno za peroralno uporabo. Tablete je treba pogoltniti cele. Ni podatkov, ki bi podpirali jemanje zdravila LUMYKRAS tako, da se tablete 2veci, zdrobi ali razpolovi, vendar je tablete mogoce raztopiti v vodi. Tablete se lahko jemljejo s hrano ali brez nje. Za
uporabo pri bolnikih, ki tezko pogoltnejo zdravila v trdni obliki glejte celoten Povzetek glavnih znacilnosti zdravila. KONTRAINDIKACIJE: Preobéutljivost na ucinkovino ali katero koli pomozno snov. POSEBNA OPOZORILA IN PREVIDNOSTNI UKREP!: Hepatotoksicnost:
Sotorasib lahko povzrogi hepatotoksiénost, ki lahko privede do z zdravilom povzrogene poskodbe jeter in hepatitisa. Sotorasib je bil povezan s prehodnimi zvisanji ravni transaminaz (ALT in AST) v serumu. Zvisane ravni so se izboljale ali izzvenele po prilagoditvi odmerka
alitrajni prekinitvi zdravljenja in v kliniénih Studijah niso privedie do primerov odpovedi jeter ali smrtnih primerov. Pri bolnikih je treba spremljati delovanje jeter (ALT, AST in celokupni bilirubin), in sicer pred zacetkom zdravljenja z zdravilorn LUMYKRAS, nato v prvih 3 me-
secih zdravljenja vsake 3 tedne, nato pa enkrat meseno ali kot je Klinicno indicirano, preiskave pa je treba opravijati pogosteje pri bolnikih, pri katerih se pojavijo zviganja ravni transaminaz in/ali bilirubina. Glede na stopnjo resnosti nenormalnih izvidov laboratorijskih pre-
iskav je treba zdravljenje z zdravilom LUMYKRAS prekiniti do izboljanja na stopnjo < 1ali na izhodi&éno stopnjo ter v skladu s priporocili bodisi prilagoditi odmerek bodisi trajno prekiniti zdravijenje. Intersticijska plju¢na bolezen (ILD)/pnevmonitis: Bolnike spremijajte za
pojav novih ali poslabanje obstojecih pljuénih simptomov, ki bi kazali na ILD/pnevmonitis (npr. dispneja, kaselj, vrogina). Nemudoma prekinite zdravljenje z zdravilorn LUMYKRAS pri bolnikih z domnevno ILD/onevmonitisom in trajno prekinite zdravijenje z zdravilom
LUMYKRAS, &e ne odkrijete nobenih drugih morebitnih vzrokov za ILD/pnevmonitis. Intoleranca za laktozo: Zdravilo LUMYKRAS vsebuie laktozo. Bolniki z redko dedno intoleranco za galaktozo, odsotnostjo encima laktaze ali malabsorpcijo glukoze/galaktoze ne smejo
jemati tega zdravila. Natrij: To zdravilo vsebuje manj kot 1mmol (23 mg) natrija na tableto, kar v bistvu pomeni brez natrija". INTERAKCIJE: Vpliv drugih zdravil na sotorasib; So¢asna uporaba sotorasiba s PPl (omeprazolom) ali antagonistom receptorjev H2 (famotidinom)
je privedia do zmanjsanja koncentracij sotorasiba. Soasna uporaba PPI in antagonistov receptorjev H2 z zdravilom LUMYKRAS ni priporocena, saj ni znano, kaksen bi bil vpliv na ucinkovitost sotorasiba. Ce je potrebno zdravljenje z zdravilom za zmanjgevanje kisline, je
zdravilo LUMYKRAS treba vzeti 4 ure pred uporabo nesistemskega antacida ali 10 ur po njem. Socasna uporaba veckratnih odmerkov itrakonazola (mocnega zaviralca CYP3A4 in Pgp) ni povecala izpostavljenosti sotorasibu v Klinicno pomernbnem obsegu. Prilagoditev
odmerka zdravila LUMYKRAS pri socasni uporabi z zaviralci CYP3A4 ni priporogena. Socasna uporaba mocnih induktorjev CYP3A4 (npr. rifampicina, karbamazepina, enzalutamida, mitotana, fenitoina in Sentjanzevke) z zdravilom LUMYKRAS ni priporocena, saj lahko ta
zdravila zmanjsajo izpostavljenost sotorasibu. Vpliv sotorasiba na druga zdravila: Sotorasib je zmeren induktor CYP3A4. Socasna uporaba sotorasiba s substrati CYP3A4 je privedla do zmanjsanja njinovih plazemskih koncentracij, kar bi lahko zmanjgalo uginkovitost teh
substratov. Izogibajte se socasni uporabi zdravila LUMYKRAS s substrati CYP3A4 z ozkimi terapevtskimi indeksi, ki med drugim vkljuujejo alfentanil, ciklosporin, dihidroergotamin, ergotamin, fentanil, hormonske kontraceptive, pimozid, kinidin, sirolimus in takrolimus. Ce
se socasni uporabi ni mogoce izogniti, prilagodite odmerek substrata CYP3A4 v skladu s trenutnim Povzetkom glavnih znacilnosti zdravila. Podatki in vitro so pokazali, da bi sotorasib morda lahko induciral CYP286, CYP2C8, CYP2C9 in CYP2C19; Kliniéni pomen teh ugoto-
vitev ni znan. Pri socasni uporabi sotorasiba z drugimi zdravili, ki se presnavljajo s pomojo teh encimov, se priporoca ustrezno spremijanje. Podatki in vitro so pokazali, da bi sotorasib morda lahko zaviral CYP2D; klinicni pomen teh ugotovitev ni znan. Pri soasni uporabi
zdravila LUMYKRAS s substrati CYP2D6 (npr. flekainidom, propafenonom, metoprololom), se priporoca ustrezno spremijanje. Zdravilo LUMYKRAS je Sibek zaviralec BCRP. Soasna uporaba zdravila LUMYKRAS s substratom BCRP je privedla do zvisanja koncentracije
substrata BCRP, kar bi lahko povecalo vpliv tega substrata. Pri so€asni uporabi zdravila LUMYKRAS s substratom BCRP, kot so med drugim lapatinib, metotreksat, mitoksantron, rosuvastatin in topotekan, spremijajte nezelene ucinke substrata BCRP in zmanjSajte odme-
rek substrata BCRP v skladu z njegovim trenutnim povzetkom glavnin znacilnosti zdravila. Socasna uporaba zdravila LUMYKRAS s substrati Pgp z ozkimi terapevtskimi indeksi ni priporocena. Ce se socasni uporabi ni mogoge izogniti, prilagodite odmerek substrata Pgp
vskladu s trenutnim Povzetkom glavnih znagilnosti zdravila. PLODNOST, NOSECNOST IN DOJENJE: Zenskam v rodni dobi je treba svetovati, naj se med zdravljenjem z zdravilom LUMYKRAS izogibajo zanositvi. Bolnice v rodni dobi, ki prejernajo zdravilo LUMYKRAS, morajo
med zdravijenjem in $e najmanj 7 dni po zadnjem odmerku zdravila LUMYKRAS uporabljati visokouginkovite metode kontracepcije. Zdravilo LUMYKRAS lahko zmanjga ucinkovitost hormonskih kontraceptivov, zato morajo Zenske, ki uporabljajo hormonske kontracepti-
Ve, uporabljati tudi dodatno pregradno metodo. Zdravila LUMYKRAS ne uporabljajte pri nosecnicah in pri Zenskah v rodni dobi, ki ne uporabljajo ucinkovite kontracepcije. Bolnice je treba seznaniti z morebitnimi tveganji za plod, ce se zdravilo LUMYKRAS uporablja med
nosecnostjo ali e bolnica zanosi med jemanjer zdravila LUMYKRAS. NEZELENI UCINKI: Zelo pogosti: anemija, glavobol, kaselj, dispneja, driska, navzea, bruhanije, zaprtje, bolecine v trebuhu, artralgija, bolecine v hrbtu, utrujenost, pireksija, zvisane ravni AST, zvisane ravni
ALT. Pogosti: z zdravilom povzrocena poskodba jeter, zvisane ravni alkalne fosfataze v krvi, zviane ravni bilirubina v krvi, zvisane ravni gama glutamiltransferaze. Obcasni: ILD/pnevmonitis. REZIM IZDAJE: Rp/Spec. IMETNIK DOVOLIENJA ZA PROMET: Amgen Europe BV,
Minervum 7061, 4817 ZK Breda, Nizozemska. Dodatne informacije: Amgen zdravila d.o.o, Ameriska ulica 2,1000 Ljubljana. DATUM ZADNJE REVIZIJE BESEDILA: September 2022. DATUM PRIPRAVE INFORMACIJE: Oktober 2022,
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Bistvene informacije iz Povzetka glavnih znaéilnosti zdravila

Tantum Verde 1,5 mg/ml oralno prsilo, raztopina
Tantum Verde 3 mg/ml oralno prsilo, raztopina

Sestava: 1,5 mg/ml: 1 ml raztopine vsebuje 1,5 mg benzidaminijevega klorida, kar ustreza 1,34 mg benzidamina. V enem razprdku je 0,17 ml raztopine. En razprdek
vsebuje 0,255 mg benzidaminijevega klorida, kar ustreza 0,2278 mg benzidamina. Sestava 3 mg/ml: 1 ml raztopine vsebuje 3 mg benzidaminijevega klorida, kar ustreza
2,68 mg benzidamina. V enem razprsku je 0,17 ml raztopine. En razpriek vsebuje 0,51 mg benzidaminijevega klorida, kar ustreza 0,4556 mg benzidamina. Terapevtske
indikacije: Samozdravljenje: LajSanje bolecine in oteklin pri vnetju v ustni votlini in Zrelu, ki so lahko posledica okuzb in stanj po operaciji. Po nasvetu in navodilu zdravnika:
LajSanje bolecine in oteklin v ustni votlini in Zrelu, ki so posledica radiomukozitisa. Odmerjanje in naéin uporabe: Uporaba: 2- do 6-krat na dan {vsake 1,5 do 3 ure).
Odmerjanje 1,5 mg/ml: Odrasli: 4 do 8 razprskov 2- do 6-krat na dan. Pediatri€na populacija: Mladostniki, stari od 12 do 18 let: 4-8 razprskov 2- do 6-krat na dan. Otroci od
6 do 12 let: 4 razprski 2- do 6-krat na dan. Otroci, mlajsi od 6 let: 1 razprdek na 4 kg telesne mase; do najvec 4 razprske 2- do 6-krat na dan. Odmerjanje 3 mg/ml: Odrasli:
2 do 4 razprski 2- do 6-krat na dan. Pediatri€na populacija: Mladostniki, stari od 12 do 18 let: 2 do 4 razprki 2- do 6-krat na dan. Otroci od 6 do 12 let: 2 razprdka 2- do 6-krat
na dan. Otroci, mlajsi od 6 let: 1 razprSek na 8 kg telesne mase; do najvec 2 razprika 2- do 6-krat na dan. Starejsi bolniki, bolniki z jetrno okvaro in bolniki z ledvi¢no okvaro:
niso potrebni posebni previdnostni ukrepi. Trajanje zdravljenja ne sme biti dalj$e od 7 dni. Naéin uporabe: Za orofaringealno uporabo. Zdravilo se razprsi v usta in Zrelo.
Kontraindikacije: Preobcutljivost na ucinkovino ali katero koli pomozno snov. Posebna opozorila in previdnostni ukrepi: Pri nekaterih bolnikih lahko resne bolezni
povzrodijo ustne/zrelne ulceracije. Ce se simptomi v treh dneh ne izbolj$ajo, se mora bolnik posvetovati z zdravnikom ali zobozdravnikom, kot je primerno. Uporaba benzid-
amina ni priporogljiva za bolnike s preobg¢utljivostjo na salicilno kislino ali druga nesteroidna protivnetna zdravila. Pri bolnikih, ki imajo ali so imeli bronhialno astmo, lahko
pride do bronhospazma. Pri takih bolnikih je potrebna previdnost. To zdravilo vsebuje 13,6 mg alkohola (etanola) v enem razprsku (0,17 ml), kar ustreza manj kot 0,34 ml
piva oziroma 0,14 ml vina. Majhna koli¢ina alkohola v zdravilu ne bo imela nobenih opaznih u¢inkov. To zdravilo vsebuje metilparahidroksibenzoat (E218). Lahko povzrogi
alergijske reakcije (lahko zapoznele). To zdravilo vsebuje manj kot 1 mmol (23 mg) natrija v enem razprsku (0,17 ml), kar v bistvu pomeni ‘brez natrija’. Zdravilo vsebuje
aromo poprove mete z benzilalkoholom, cinamilalkoholom, citralom, citronelolom, geraniolom, izoevgenolom, linalolom, evgenolom in D-limonen, ki lahko povzrocijo
alergijske reakcije. Zdravilo z jakostjo 3 mg/ml vsebuje makrogolglicerol hidroksistearat 40. Lahko povzroci Zelod¢ne tezave in drisko. Medsebojno delovanje z drugimi
zdravili in druge oblike interakcij: Studij medsebojnega delovanja niso izvedli. Noseénost in dojenje: O uporabi benzidamina pri noseénicah in dojeéih Zenskah ni
zadostnih podatkov. Uporaba zdravila med noseénostjo in dojenjem ni priporogljiva. Vpliv na sposobnost voznje in upravljanja strojev: Zdravilo v priporoéenem odmerku
nima vpliva na sposobnost voznje in upravljanja strojev. Nezeleni uéinki: Neznana pogostnost (ni mogoce oceniti iz razpolozljivih podatkov): anafilakticne reakcije,
preobéutljivostne reakcije, odrevenelost, laringospazem, suha usta, navzea in bruhanje, oralna hipestezija, angioedem, fotosenzitivnost, peko¢ ob¢utek v ustih. Neposredno
po uporabi se lahko pojavi ob¢utek odrevenelosti v ustih in v Zrelu. Ta ucinek se pojavi zaradi nac¢ina delovanja zdravila in po kratkem €asu izgine. Na€in in rezim izdaje
zdravila: BRp-lzdaja zdravila je brez recepta v lekarnah in specializiranih prodajalnah. Imetnik dovoljenja za promet: Aziende Chimiche Riunite Angelini Francesco —
A.C.R.A.F. S.p.A,, Viale Amelia 70, 00181 Rim, ltalija Datum zadnje revizije besedila: 05. 04. 2022

Pred svetovanjem ali izdajo preberite celoten Povzetek glavnih znacilnosti zdravila.
Samo za strokovno javnost.
Datum priprave informacije: april 2022 A

ANGELINI
Odgovoren za trzenje: Bonifar d.o.o.
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IMFINZI podaljsa prezivetje in obenem ohranja kvaliteto Zivljenja
bolnikov z razsejanim drobnocelicnim rakom pljuc *2

Po treh letih je bilo Zivih 3x ve¢ bolnikov zdravljenih z zdravilom Imfinzi v

kombinaciji z EP kot bolnikov zdravljenih samo z EP"

@ POSODOBLJENA ANALIZA CELOKUPNEGA PREZIVETJA (srechji¢as spremijanja 39,4 mesecey)
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Cas od randomizacije (meseci)

Stevilo bolnikov izpostavljenih tveganju

IMFINZI +EP 268 244 214 177 140 109 & 0 60 54 50 46 ¥ %5 13 3 0 0
EP 269 243 212 156 104 82 64 51 % A 19 17 B 10 3 0 0 0

» 3-letna analiza celokupnega prezivetje je bila izvedena po 469 dogodkih, ki so se zgodili v obeh skupinah
bolnikov zdravljenih s kombinacijo IMFINZI + EP ali samo z EP (86% zrelost podatkov)'

SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA

Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce naprosamo, da porocajo o katerem koli domnevnem nezelenem ucinku zdravila.

Imfinzi 50 mg/ml koncentrat za raztopino za infundiranje

SESTAVA: 1 ml koncentrata za raztopino za infundiranje vsebuje 50 mg durvalumaba. Ena viala z 2,4 ml koncentrata vsebuje 120 mg durvalumaba. Ena viala z 10 ml koncentrata vsebuje 500 mg durvalumaba. INDIKACIJE: Zdravilo Imfinzi je kot samostojno zdravijenje indicirano za zdravljenje lokalno napredovalega, neope-
rabilnega nedrobnoceliénega raka plju¢ (NSCLC - “non small cell lung cancer”) pri odraslin, ki imajo tumorje z > 1 % izrazenostjo PD-L1 na tumorskih celicah in pri katerih bolezen ni napredovala po kemoradioterapiji na osnovi platine. Zdravilo Imfinzi je v kombinaciji z etopozidom in bodisi karboplatinom bodisi cisplatinom
indicirano za prvo linijo zdravljenja odraslih z razsejanim drobnoceliénim rakom pliu¢ (ES SCLC - “extensive stage small cell lung cancer”). ODMERJANJE IN NACIN UPORABE: Zdravlienje mora uvesti in nadzorovati zdravnik, ki ima izkusnje na podrocju zdravijenja raka. Bolnike z lokalno napredovalim nedrobnoceliénim
rakom plju¢ je treba za zdravijenje izbrati na podiagi izrazenosti PD-L1, ugotovljene z validirano testno metodo. Odmerjanje: Priporoceni odmerek zdravila Imfinzi pri samostojnem zdravijenju je 10 mg/kg na 2 tedna ali 1500 mg na 4 tedne do napredovanja bolezni, nesprejemljivih toksicnih ucinkov ali najve¢ 12 mesecev .
Bolniki s telesno maso 30 kg ali manj morajo prejemati odmerke na podiagi telesne mase, in sicer 10 mg/kg na 2 tedna ali 20 mg/kg na 4 tedne kot samostojno zdravljenje, dokler se telesna masa ne poveca na ve¢ kot 30 kg. V kombinaciji s kemoterapijo je priporoceni odmerek zdravila Imfinzi 1500 mg v kombinaciji s ke-
moterapijo na 3 tedne (21 dni) 4 cikluse in nato 1500 mg na 4 tedne kot samostojno zdravljenje. Zdravilo Imfinzi se uporablja v intravenski infuziji, ki traja 1 uro. Povecevanje ali zmanjSevanje odmerka i priporociivo. Glede na individualno varnost in prenasanje je lahko potrebna odloZitey odmerka ali prenehanje uporabe
zdravila. V primeru domnevnih imunsko pogojenih nezelenih uéinkov je treba opraviti ustrezno ovrednotenje za potrditev etiologije oziroma izkljucitev druge etiologije. Glede na resnost nezelenega ucinka je treba prenehati uporabljati zdravilo IMFINZI in priceti z dajanjem kortikosteroidov. Ce se stanje ne izboljsa ali se pos-
labsa, pr\de v postev povecanje odmerka kortikosteroidov in/ali dodatna uporaba sistemskih imunosupresivov. Po izbolj$anju na < 1. stopnjo je treba zaceti s postopnim zmanjSevanjem kortikosteroida in ga v obdobju vsaj 1 meseca. Po odlozitvi uporabe je mogoge zdravilo Imfinzi znova zaceti uporabljati v Casu
12 tednov, Ce se nezeleni ucinki izboljsajo na < 1. stopnjo in je odmerek kortikosteroida zmanj$an na < 10 mg prednizona ali ekvivalenta na dan. Zdravilo IMFINZI je treba dokoncno ukiniti, Ce se imunsko [ pogojeni nezeleni ucinki 3 stopnje (mocno izrazeni) ponavijajo in pri katerih koli imunsko pogojenih nezelenih ucinkih 4.
stopnje (Zivljenjsko nevarni), razen pri endokrinopatijah, ki jih nadziramo z nadomestnimi hormoni. Pri ne imunsko pogojenih neZelenih ucinkih, v primeru 2. ali 3. stopnje izrazenosti, odlozite uporabo zdravila IMFINZI do izboljSanja nezelenih ucinkov na < 1. stopnjo ali na izhodi$éno raven. Z uporabo zdravila Imfinzi je treba
prenehati v primeru nezelenih ucinkov 4. stopnje (razen v primeru laboratorijskih nepravilnosti 4. stopnje, pri katerih naj odlocitev o prekinitvi uporabe zdravila temelji na spremijajocih Kiinicnih znakih oziroma simptomih in na kliniéni presoji zdravnika). Zdravilo Imfinzi je namenjeno za intravensko uporabo. Dati ga je treba kot
raztopino za intravensko infundiranje v obdobju 1 ure. KONTRAINDIKACIJE: Preobcutljivost na ucinkovino (ucinkovine) ali katero koli pomozno snov. OPOZORILA IN PREVIDNOSTNI UKREPI: Za izbolj$anje sledljivosti bioloskih zdravil je treba jasno zabeleZiti lastnisko ime in Stevilko serije uporablienega zdravila. Imunsko
pogojeni pnevmonitis: Pri bolnikih, ki so prejemali zdravilo Imfinzi, sta se pojavila imunsko pogojeni pnevmonitis ali intersticijska bolezen pljuc, opredeljeno kot potreba po uporabi sistemskih kortikosteroidov in brez jasne druge etiologije. Pnevmonitis in radiacijski pnevmonitis: Pri bolnikih, zdravijenih z radioterapijo pliuc, je
pogost radiacijski pnevmonitis in kliniéna slika pr in radiacijskega pnevmonitisa je zelo podobna. V $tudiji PACIFIC sta se pri bolnikih, ki so opravili zdravljenje z najmanj 2 cikloma so¢asne kemoradioterapije od 1 do 42 dni pred zacetkom preizkuSanja, pnevmontitis ali radiacijski pnevmonitis pojavila pri 161 (33,9
%) bolnikih v skupini z zdravilom Imfinzi in pri 58 (24,8 %) bolnikih v skupini s placebom, vkljuéno s 3. stopnjo (3,4 % in 3,0 %) in 5. stopnjo (1,1 % in 1,7 %). Bolnike je treba spremljati glede znakov in simptomov pnevmonitisa ali Ja pnevmonitisa. Imunsko pogojeni hepatitis: Pri bolnikih, ki so prejemali zdravilo
Imfinzi, se je pojavil imunsko pogojeni hepatitis, opredeljen kot potreba po sistemskih kortikosteroidih in brez jasne druge etiologije. Imunsko pogojeni kolitis: Pri bolnikih, ki so prejemali zdravilo Imfinzi, sta se pojavila imunsko pogojeni kolitis ali driska, opredeljeno kot potreba po sistemskih kortikosteroidih in brez jasne
druge etiologije. Imunsko pogojene endokrinopatije: Imunsko pogojeni hipotiroidizem, hipertiroidizem in tiroiditis: Pri bolnikih, ki so prejemali zdravilo Imfinzi, so se pojavili imunsko pogojeni hipotiroidizem, hipertiroidizem in tiroiditis; hipertiroidizmu lahko sledi hipotiroidizem. Bolnike je treba spremljati glede nenormalnih izvi-
dov delovanje $citnice pred zdravijenjem in redno med zdravijenjem ter kot je potrebno glede na kliniéno oceno. Imunsko pogojeni hipotiroidizem, hipertiroidizem in tiroiditis je treba v in ukrepati, kot je priporoceno v povzetku glavnih znacilnosti zdravila. Imunsko pogojena adrenalna insuficienca: Pri bolnikih, ki so
prejemali zdravilo Imfinzi, se je pojavila imunsko pogojena adrenalna insuficienca. Bolnike je treba spremljati glede Kiiniénih znakov in simptomov adrenalne insuficience. Imunsko pogojena sladkorna bolezen tipa 1: Pri bolnikih, ki so prejemali zdravilo Imfinzi, se je pojavila imunsko pogojena sladkorna bolezen tipa 1, ki se
lahko najprej kaze kot diabeticna ketoacidoza, ki je lahko smrtno nevarna, ce je dovolj zgodaj ne odkrijemo. Bolnike je treba spremljati glede klinicnih znakov in simptomov sladkorne bolezni tipa 1. Imunsko pogojeni hipofizitis/hipopituitarizem: Pri bolnikih, ki so prejemali zdravilo Imfinzi, sta se pojavila imunsko pogojena hi-
pofizitis ali hipopituitarizem. Bolnike je treba spremljati glede Klini¢nih znakov in simptomov hipofizitisa ali hipopituitarizma. Imunsko pogojeni nefritis: Pri bolnikih, ki so prejemali zdravilo Imfinzi, se je pojavil imunsko pogojeni nefritis, opredeljen kot potreba po sistemskih kortikosteroidih in brez jasne druge etiologije. Imunsko
pogojeni izpucaj: Pri bolnikih, ki so prejemali zdravilo Imfinzi, se je pojavil imunsko pogojeni izpuscaj ali dermatitis (vkljuéno s pemfigoidom), opredelien kot potreba po sistemskih kortikosteroidih in brez jasne druge etiologije. Pri bolnikih, ki so bili zdravjeni z zaviralci PD-1, so porocali o pojavijanju Stevens-Johnsonovega
sindroma ali toksicne epidermalne nekrolize. Imunsko pogojeni miokarditis: Pri bolnikih, ki so prejemali zdravilo IMFINZI, se je pojavil imunsko pogojeni miokarditis, ki je lahko usoden. Drugi imunsko pogojeni nezeleni ucinki: Glede na mehanizem delovanja zdravila Imfinzi se lahko pojavijo $e drugi potencialno imunsko po-
gojeni ucinki. Naslednji imunsko pogojeni nezeleni ucinki so bili opazeni pri bolnikih, ki so prejemali samostojno zdravijenje z zdravilom Imfinzi: miastenija gravis, miozitis, polimiozitis, meningitis, encefalitis, Guillain Barréjev sindrom, imunska trombocitopenija, neinfektivni cistitis in pankreatitis. Bolnike je treba spremljati
glede znakov in simptomov in ukrepati, kot je priporoceno za druge imunsko pogojene nezelene ucinke. Z infundiranjem povezane reakcije: Bolnike je treba spremljati glede znakov in simptomov z infundiranjem povezanin reakcil. Pri bolnikin, ki so prejemali zdravilo Imfinzi, so bile opisane hude z infundiranjem povezane
reakcije. Bolniki, ki niso bili vkljuéeni v kliniéna Sanja: V klinicna preskusanja niso bili vkljuceni bolniki z naslednjimi znacilnostmi: izhodis¢no oceno ECOG > 2; aktivno ali predhodno dokumentirano avtoimunsko boleznijo v 2 letih pred zacetkom $tudije; anamnezo imunske pomanjkljivosti; anamnezo hudih
imunsko pogojenih neZelenih ucinkov; boleznimi, ki so zahtevale sistemsko imunosupresijo, razen fizioloskega odmerka sistemskih kortikosteroidov (< 10 mg na dan prednizona ali ekvivalenta); neobvladanimi socasnimi boleznimi; aktivno tuberkulozo ali okuzbo s hepatitisom B ali C ali HIV; bolniki, ki so prejeli Zivo oslablieno
cepivo v 30 dneh pred zaCetkom zdravijenja z zdravilom Imfinzi ali v 30 dneh po zaetku. Dokler taksnih podatkov ni, je treba durvalumab v teh skupinah bolnikov uporabljati previdno ter po skrbnem individualnem pretehtanju moznih koristi in tveganj za posameznega bolnika. Varnost so¢asnega profilakticnega kranialnega
obsevanja obenem z zdravilom Imfinzi pri bolnikih z ES SCLC ni znana. MEDSEBOJNO DELOVANJE Z DRUGIMI ZDRAVILI Razen fizioloskih odmerkov sistemskih kortikosteroidov (< 10 mg na dan prednizona ali ekvivalenta) pred uvedbo durvalumaba ni priporocljivo uporabljati sistemskih kortikosteroidov ali imunosup-
resivov, ker lahko vplivajo na farmakodinamicno aktivnost in ucinkovitost durvalumaba. Vendar pa je mogoce kortikosteroide ali druge imunosupresive uporabiti po zacetku zdravljenja z durvalumabom za zdravijenje imunsko pogojenih nezelenih ucinkov. Z durvalumabom niso izvedli formalnih farmakokinetiénih (PK) Studij
medsebojnega delovanja zdravil. Primarni poti odstranjevanja durvalumaba sta katabolizem beljakovin preko retikuloendotelijskega sistema oziroma taréno posredovano odstranjevanje, zato ni pricakovati presnovnih medsebojnih delovanj med zdravili. Farmakokineti¢na medsebojna delovanja med durvalumabom in kemo-
terapijo so ocenjevali v $tudiji CASPIAN; izkazalo se je, da sotasno zdravijenje z durvalumabom ne vpliva na farmakokinetiko etopozida, karboplatina ali cisplatina. Poleg tega populacijska farmakokinetiéna analiza kaze, da socasno zdravjenje s kemoterapijo ne vpliva pomembno na farmakokinetiko durvalumaba. PLODNOST,
NOSECNOST IN DOJENJE: Zenske v rodni dobi morajo med zdravljenjem z durvalumabom in vsaj e 3 mesece po zadnjem odmerku durvalumaba uporabljati uginkovito kontracepcijo. Podatkov o uporabi durvalumaba pri noseénicah ni. Glede na mehanizem delovanja durvalumab lahko vpliva na vzdrzevanje noseénosti;
v alogenskem modelu nosecnosti pri misih je bilo ugotovijeno, da moteno signaliziranje PD-L1 poveca izgubo plodov. Pri noseénici uporabljeni durvalumab lahko $koduje plodu in ga ni priporocljivo uporabljati med nosecnostjo in pri zenskah v rodni dobi, ki ne uporabljajo ucinkovite kontracepcije med zdravijenjem in vsaj $e
3 mesece po zadnjem odmerku. Ni znano, ali se durvalumab pri €loveku izloca v materinem mieku. Pri Eloveku protitelesa lahko prehajajo v materino mieko, a moZnost absorpcije in $kode za novorojenéka ni znana. Toda moznega tveganja za dojenega otroka ni mogoce izkjugiti. Odlociti se je treba, ali naj Zenska prekine z
dojenjem ali naj prekine zdravljenje z durvalumabom oziroma sploh ne zaéne zdravlienja z njim, pri ¢emer je treba upostevati koristi dojenja za otroka in koristi zdravljenja za Zensko. Podatkov o moznih vplivih durvalumaba na plodnost pri ¢loveku ali Zivalih ni. NEZELENI UCINKI: Ugotovitve o varnosti zdravila Imfinzi pri
samostojnem zdravijenju temeljijo na kumulativnih podatkih 3006 bolnikov z ve vrstami tumorjev. Zcraw\o Imfinzi so uporabljali v odmerku 10 mg/kg na 2 tedna ali v odmerku 20 mg/kg na 4 tedne. Najpogostejsi neZeleni ucinki (> 10 %) so bili kaelj/produktiven kaselj (21,5 %), driska (16,3 %) izpuscaj (16,0 %), zvisana
telesna temperatura (13,8 %), okuzbe zgomjih dihal (13,5 %), bolecine v trebuhu (12,7 %), srbenje (10,8 %) i hipotiroidizem (10,1 %). Ugotowtve 0 varnosti zdravila Imfinzi v kombinaciji s kemoterapijo teme\mo na podatkih 265 bolnikov z SCLC. Zdravilo Imfinzi so uporabljali v odmerku 1500 mg na 3 tedne v kombinaciji s
kemoterapijo in nato pri samostojnem zdravljenju na 4 tedne. Najpogostejsi neze\em utinki (> 20 %) so bili neviropenija (48,7 %), anemija (38,5 %), navzea (33,6 %), utrujenost (32,1 %), alopecija (31,3 %), trombocitopenija (21,1 %) in levkopenija (20,0 %). Zdravilo Imfinzi pri samostojnem zdravljenju: Zelo pogosti nezeleni
uginki: okuzbe zgornjih dihal, hipotiroidizem, kaselj/produktiven kasel, driska, bolecine v trebuhu, izpu$caj, srbenje, zvi$ana telesna temperatura, artra\uua Pogosti reze\ﬂmuc inki pchmca zobne okuzbe in okuzbe ustnih mehkih tkiv, oraina kandidoza, gripa, hipertiroidizem, pnevmonitis, disfonija, zvidanje vrednosti aspar-
tat aminotransferaze ali zviSanje vrednosti alanin aminotransferaze, no¢no znojenje, dermatitis, mialgija, zvisanje vrednosti kreatinina v krvi, disurija, periferni edemi, z infundiranjem povezane reakcije. Obcasni nezeleni ucinki: tiroiditis, adrenalna insuficienca, intersticijska bolezen pljuc, kolitis, hepatitis, dermatitis, miozitis,
nefritis, pankreatitis, psoriaza. Redki nezeleni u¢inki: sladkorna bolezen tipa 1, hipofizitis / hipopituitarizem, diabetes insipidus, miastenija gravis, meningitis, miokarditis, pemfigois, polimiozitis, imunska trombocitopenija. Zdravilo Imfinzi v kombinaciji s kemoterapijo: Zelo pogosti nezeleni uéinki: nevtropenija, anemija, trom-
bocitopenija, levkopenija, zmanj$an apetit, kaSelj/produktiven kaselj, navzea, zaprtost, bruhanje, izpadanje las, utrujenost. Pogosti nezeleni ucinki: okuzbe zgornjih dihal, pljuénica, zobne okuzbe in okuzbe ustnih mehkih tkiv, febrilna nevtropenija, pancitopenija, hipotiroidizem, hipertiroidizem, tiroiditis, adrenalna insuficienca,
pnevmonitis, driska, bolecine v trebuhu, stomatitis, zviSanje vrednosti aspartat aminotransferaze ali zviSanje vrednosti alanin aminotransferaze, hepatitis, izpu$¢aj, srbenje, dermatitis, mialgija, zviSanje vrednosti kreatinina v krvi, disurija, zvisana telesna temperatura, artralgija. Obcasni nezeleni ucinki: gripa, sladkorna bolezen
tipa 1, disfonija, intersticijska bolezen plju¢.VRSTA IN VSEBINA OVOJNINE: 2,4 ml koncentrata v stekleni viali iz stekla tipa 1 z elastomernim zamaskom in sivo snemno aluminijsko zaporo; viala vsebuje 120 mg durvalumaba. Pakiranje vsebuje 1 vialo. 10 ml koncentrata v stekleni viali iz stekla tipa 1 z elastomernim zamaskom
in belo snemno aluminijsko zaporo; viala vsebuje 500 mg durvalumaba. Pakiranje vsebuje 1 vialo. NAGIN IZDAJANJA ZDRAVILA: H - Predpisovanje in izdaja zdravila je le na recept. DATUM REVIZIJA BESEDILA: 22.8.2022 (SI-2384). IMETNIK DOVOLJENJA ZA PROMET: AstraZeneca AB, S-151 85, Sodertalje, Svedska

Pred predpisovanjem, prosimo, preberite celoten povzetek glavnih znacilnosti zdravila. Dodatne informacije so na voljo pri druzbi AstraZeneca UK Limited, Podruznica v Sloveniji, Verovskova 55, Ljubljana, telefon +386 151 35 600.
Samo za strokovno javnost. Informacija pripravljena oktobra 2022 C
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VASIH BOLNIKOV

KE' TRU DA

(pembrolizumab, MSD)

KEYTRUDA je odobrena za zdravljenje 21 indikacij rakavih obolenj’

Referenca: 1. Keytruda EU SmPC

£ . h

Ime zdravila: KEYTRUDA 25 mg/ml koncentrat za i i

pembrolizumab. Terapevtske indikacije: Zdravilo KEYTRUDA je kot samostojno zdravIJenJe
indicirano za zdravljenje: odraslih in mladostnikov, starih 12 let ali ve¢, z napredovalim
{neoperabilnim ali metastatskim) melanomom; za adjuvantno zdravljenje odraslih in mladostnikov,
starih 12 let ali ve¢, z melanomom v stadiju IIB, IIC ali lll, in sicer po popolni kirurski odstranitvi;
metastatskega nedrobnoceli¢nega plju¢nega raka (NSCLC) v prvi liniji zdravljenja pri odraslih, ki
imajo tumorje z = 50 % izrazenostjo PD-L1 (TPS) in brez pozitivnih tumorskih mutacij EGFR ali ALK;
lokalno napredovalega ali metastatskega NSCLC pri odraslih, ki imajo tumorje z > 1 % izrazenostjo
PD-L1 (TPS) in so bili predhodno zdravljeni z vsaj eno shemo kemoterapije, bolniki s pozitivnimi
tumorskimi mutacijami EGFR ali ALK so pred prejemom zdravila KEYTRUDA morali prejeti tudi
tar¢no zdravljenje; odraslih in pediatri¢nih bolnikov, starih 3 leta ali ve¢, s ponovljenim ali
neodzivnim klasi¢nim Hodgkinovim limfomom (cHL), pri katerih avtologna presaditev maticnih
celic (ASCT) ni bila uspesna, ali po najmanj dveh predhodnih zdravljenjih kadar ASCT ne pride v
postev kot moznost zdravljenja; lokalno napredovalega ali metastatskega urotelijskega raka pri
odraslih, predhodno zdravljenih s kemoterapijo, ki je vkljucevala platino; lokalno napredovalega ali
metastatskega urotelijskega raka pri odraslih, ki niso primerni za zdravljenje s kemoterapijo, ki
vsebuje cisplatin in imajo tumorje z izrazenostjo PD-L1 > 10, ocenjeno s kombinirano pozitivno
oceno (CPS); ponovljenega ali metastatskega plos¢atoceli¢cnega raka glave in vratu (HNSCC) pri
odraslih, ki imajo tumorje z = 50 % izrazenostjo PD-L1 (TPS), in pri katerih je bolezen napredovala
med zdravljenjem ali po zdravljenju s kemoterapijo, ki je vkljucevala platino; za adjuvantno
zdravljenje odraslih z rakom ledvi¢nih celic s povisanim tveganjem za ponovitev bolezni po
nefrektomiji, ali po nefrektomiji in kirurski odstranitvi metastatskih lezij, za zdravljenje odraslih z
MSI-H (microsatellite instability-high) ali dMMR (mismatch repair deficient) kolorektalnim rakom v
naslednjih terapevtskih okolis¢inah: prva linija zdravljenja metastatskega kolorektalnega raka;
zdravljenje neoperabilnega ali metastatskega kolorektalnega raka po predhodnem kombiniranem
zdravljenju, ki je temeljilo na fluoropirimidinu; in za zdravljenje MSI-H ali dMMR tumorjev pri
odraslih z: napredovalim ali ponovljenim rakom endometrija, pri katerih je bolezen napredovala
med ali po predhodnem zdravljenju, ki je vkljucevalo platino, v katerih koli terapevtskih okolis¢inah,
in ki niso kandidati za kurativno operacijo ali obsevanje; neoperabilnim ali metastatskim rakom
Zelodca, tankega ¢revesa ali Zol¢nika in Zol¢nih vodov, pri katerih je bolezen napredovala med ali po
vsaj enem predhodnem zdravljenju. Zdravilo KEYTRUDA je kot samostojno zdravljenje ali v
kombinaciji s kemoterapijo s platino in 5-fluorouracilom (5-FU) indicirano za prvo linijo zdravljenja
metastatskega ali neoperabilnega ponovljenega plos¢atoceli¢nega raka glave in vratu pri odraslih,
ki imajo tumorje z izrazenostjo PD-L1 s CPS = 1. Zdravilo KEYTRUDA je v kombinaciji s
pemetreksedom in kemoterapijo na osnovi platine indicirano za prvo linijo zdravljenja
metastatskega neploscatocelitnega NSCLC pri odraslih, pri katerih tumorji nimajo pozitivnih
mutacij EGFR ali ALK; v kombinaciji s karboplatinom in bodisi paklitakselom bodisi nab-
paklitakselom je indicirano za prvo linijo zdravljenja metastatskega plo3catocelitnega NSCLC pri
odraslih; v kombinaciji z aksitinibom ali v kombinaciji z lenvatinibom je indicirano za prvo linijo
zdravljenja napredovalega raka ledvi¢nih celic (RCC) pri odraslih; v kombinaciji s kemoterapijo s
platino in fluoropirimidinom je indicirano za prvo linijo zdravljenja lokalno napredovalega
neoperabilnega ali metastatskega raka poziralnika ali HER-2 negativnega adenokarcinoma
gastroezofagealnega prehoda pri odraslih, ki imajo tumorje z izrazenostjo PD-L1 s CPS = 10; v
kombinaciji s kemoterapijo za neoadjuvantno zdravljenje, in v nadaljevanju kot samostojno
adjuvantno zdravljenje po kirurSkem posegu, je indicirano za zdravljenje odraslih z lokalno
napredovalim trojno negativnim rakom dojk ali trojno negativnim rakom dojk v zgodnjem stadiju z
visokim tveganjem za ponovitev bolezni; v kombinaciji s kemoterapijo je indicirano za zdravljenje
lokalno ponovljenega neoperabilnega ali metastatskega trojno negativnega raka dojk pri odraslih,
ki imajo tumorje z izrazenostjo PD-L1 s CPS = 10 in predhodno niso prejeli kemoterapije za
metastatsko bolezen; v kombinaciji z lenvatinibom je indicirano za zdravljenje napredovalega ali
ponovljenega raka endometrija (EC) pri odraslih z napredovalo boleznijo med ali po predhodnem
zdravljenju s kemoterapijo, ki je vkljuCevala platino, v katerih koli terapevtskih okolis¢inah, in ki niso
kandidati za kurativno operacijo ali obsevanje; v kombinaciji s kemoterapijo, z bevacizumabom ali
brez njega, je indicirano za zdravljenje persistentnega, ponovljenega ali metastatskega raka
maternicnega vratu pri odraslih bolnicah, ki imajo tumorje z izrazenostjo PD-L1 s CPS > 1.
Odmerjanje in naéin uporabe: Testiranje PD-L1: Ce je navedeno v indikaciji, je treba izbiro bolnika
za zdravljenje z zdravilom KEYTRUDA na podlagi izrazenosti PD-L1 tumorja potrditi z validirano
preiskavo. Testiranje MSI/MMR: Ce je navedeno v indikaciji, je treba izbiro bolnika za zdravljenje z
zdravilom KEYTRUDA na podlagl MSI-H/dMMR statusa tumorja potrditi z validirano preiskavo.
Odmerjanje: Priporoceni odmerek zdravila KEYTRUDA pri odraslih je bodisi 200 mg na 3 tedne ali
400 mg na 6 tednov, apliciran z intravensko infuzijo v 30 minutah. Priporo¢eni odmerek zdravila
KEYTRUDA za samostojno zdravljenje pri pediatri¢nih bolnikih s cHL, starih 3 leta ali ve¢, ali bolnikih
zmelanomom, starih 12 let ali ve¢, je 2 mg/kg telesne mase (do najvec 200 mg) na 3 tedne, apliciran
z intravensko infuzijo v 30 minutah. Za uporabo v kombinaciji glejte povzetke glavnih znacilnosti
zdravil sotasno uporabljenih zdravil. Ce se uporablja kot del kombiniranega zdravljenja skupaj z
intravensko kemoterapijo, je treba zdravilo KEYTRUDA aplicirati prvo. Bolnike je treba zdraviti do
napredovanja bolezni ali nesprejemljivih toksi¢nih u¢inkov (in do maksimalnega trajanja zdravljenja,
Ce je le to dolo¢eno za indikacijo). Pri adjuvantnem zdravljenju melanoma ali RCC je treba zdravilo
uporabljati do ponovitve bolezni, pojava nesprejemljivin toksi¢nih ucinkov oziroma mora
zdravljenje trajati do enega leta. Za neoadjuvantno in adjuvantno zdravljenje TNBC morajo bolniki
neoadjuvantno prejeti zdravilo KEYTRUDA v kombinaciji s kemoterapijo, in sicer 8 odmerkov po 200
mg na 3 tedne ali 4 odmerke po 400 mg na 6 tednov, ali do napredovanja bolezni, ki izklju¢uje
definitivni kirurski poseg, ali do pojava nesprejemljivih toksi¢nih ucinkov, cemur sledi adjuvantno
zdravljenje z zdravilom KEYTRUDA kot samostojnim zdravljenjem, in sicer 9 odmerkov po 200 mg na
3 tedne ali 5 odmerkov po 400 mg na 6 tednov ali do ponovitve bolezni ali pojava nesprejemljivih
toksi¢nih ucinkov. Bolniki, pri katerih pride do napredovanja bolezni, ki izkljucuje definitivni kirurski
poseg, ali do nesprejemljivih toksi¢nih ucinkov povezanih z zdravilom KEYTRUDA kot
neoadjuvantnim zdravljenjem v kombinaciji s kemoterapijo, ne smejo prejeti zdravila KEYTRUDA
kot samostojnega zdravljenja za adjuvantno zdravljenje. Ce je aksitinib uporabljen v kombinaciji s
pembrolizumabom, se lahko razmisli o povecanju odmerka aksitiniba nad zacetnih 5 mg v
presledkih Sest tednov ali ve¢. V primeru uporabe v kombinaciji z lenvatinibom je treba zdravljenje
z enim ali obema zdraviloma prekiniti, kot je primerno. Uporabo lenvatiniba je treba zadrzati,

odmerek zmanjsati ali prenehati z uporabo, v skladu z navodili v povzetku glavnih znacilnosti
zdravila za lenvatinib, in sicer za kombinacijo s pembrolizumabom. Pri bolnikih starih > 65 let,
bolnikih z blago do zmerno okvaro ledvic, bolnikih z blago ali zmerno okvaro jeter prilagoditev
odmerka ni potrebna. OdloZitev odmerka ali ukinitev zdravljenja: ZmanjSanje odmerka zdravila
KEYTRUDA ni priporocljivo. Za obvladovanje nezelenih ucinkov je treba uporabo zdravila KEYTRUDA
zadrzati ali ukiniti, prosimo, glejte celoten Povzetek glavnih znacilnosti zdraV|Ia Kontramdlkacu 3
Preobcutljivost na ucinkovino ali katero koli pomozno snov. F
previdnostnih ukrepov, interakcij in nezelenih ucinkov: Imunsko pogo jeni_nezeleni ucmk
(pnevmonitis, kolitis, hepatitis, nefritis, endokrinopatije, nezeleni ucinki na kozo in drugi): Pri
bolnikih, ki so prejemali pembrolizumab, so se pojavili imunsko pogojeni nezeleni ucinki, vklju¢no s
hudimi in smrtnimi primeri. Vecina imunsko pogojenih nezelenih ucinkov, ki so se pojavili med
zdravljenjem s pembrolizumabom, je bila reverzibilnih in so jih obvladali s prekinitvami uporabe
pembrolizumaba, uporabo kortikosteroidov in/ali podporno oskrbo. Pojavijo se lahko tudi po
zadnjem odmerku pembrolizumaba in hkrati prizadanejo ve¢ organskih sistemov. V primeru suma
na imunsko pogojene nezelene ucinke je treba poskrbeti za ustrezno oceno za potrditev etiologije
oziroma izkljucitev drugih vzrokov. Glede na izrazitost nezelenega ucinka je treba zadrzati uporabo
pembrolizumaba in uporabiti kortikosteroide - za natan¢na navodila, prosimo, glejte Povzetek
glavnih znacilnosti zdravila Keytruda. Zdravljenje s pembrolizumabom lahko poveca tveganje za
zavrnitev pri prejemnikih presadkov ¢vrstih organov. Pri bolnikih, ki so prejemali pembrolizumab, so
porocali o hudih z infuzijo povezanih reakcijah, vklju¢no s preobcutljivostjo in anafilaksijo.
Pembrolizumab se iz obtoka odstrani s katabolizmom, zato presnovnih medsebojnih delovan;j
zdravil ni pricakovati. Uporabi sistemskih kortikosteroidov ali imunosupresivov pred uvedbo
pembrolizumaba se je treba izogibati, ker lahko vplivajo na farmakodinami¢no aktivnost in
ucinkovitost pembrolizumaba. Vendar pa je kortikosteroide ali druge imunosupresive mogoce
uporabiti za zdravljenje imunsko pogojenih nezelenih ucinkov. Kortikosteroide je mogoce uporabiti
tudi kot premedikacijo, ¢e je pembrolizumab uporabljen v kombinaciji s kemoterapijo, kot
antiemeticno proﬁlakso in/ali za ublaZitev neZelenih ucinkov, povezanih s kemoterapijo. Zenske v
rodni dobi morajo med zdravljenjem s pembrolizumabom in vsaj $e 4 mesece po zadnjem odmerku
pembrolizumaba uporabljati u¢inkovito kontracepcijo, med nosec¢nostjo in dojenjem se ga ne sme
uporabljati. Varnost pembrolizumaba pri samostojnem zdravljenju so v klini¢nih Studijah ocenili pri
7.631 bolnikih, ki so imeli razli¢ne vrste raka, s stirimi odmerki (2 mg/kg telesne mase na 3 tedne, 200
mg na 3 tedne in 10 mg/kg telesne mase na 2 ali 3 tedne). V tej populaciji bolnikov je mediani ¢as
opazovanja znasal 8,5 meseca (v razponu od 1 dneva do 39 mesecev), najpogostejsi nezeleni ucinki
zdravljenja s pembrolizumabom pa so bili utrujenost (31 %), diareja (22 %) in navzea (20 %). Vecina
porocanih nezelenih ucinkov pri samostojnem zdravljenju je bila po izrazitosti 1. ali 2. stopnje.
Najresnejsi nezeleni ucinki so bili imunsko pogojeni nezeleni ucinki in hude z infuzijo povezane
reakcije. Pojavnost imunsko pogojenih nezelenih ucinkov pri uporabi pembrolizumaba samega za
adjuvantno zdravljenje (n = 1.480) je znasala 36,1 % za vse stopnje in 8,9 % od 3. do 5. stopnje, pri
metastatski bolezni (n = 5.375) pa 24,2 % za vse stopnje in 6,4 % od 3. do 5. stopnje. Pri adjuvantnem
zdravljenju niso zaznali nobenih novih imunsko pogojenih nezelenih ucinkov. Varnost
pembrolizumaba pri kombiniranem zdravljenju s kemoterapijo so ocenili pri 3.123 bolnikih z
razli¢nimi vrstami raka, ki so v klini¢nih Studijah prejemali pembrolizumab v odmerkih 200 mg, 2
mg/kg telesne mase ali 10 mg/kg telesne mase na vsake 3 tedne. V tej populaciji bolnikov so bili
najpogostejsi nezeleni ucinki naslednji: anemija (55 %), navzea (54 %), utrujenost (38 %),
nevtropenija (36 %), zaprtost (35 %), alopecija (35 %), diareja (34 %), bruhanje (28 %) in zmanj3anje
apetita (27 %). Pojavnost nezelenih ucinkov 3. do 5. stopnje je pri bolnikih zNSCLC pri kombiniranem
zdravljenju s pembrolizumabom znasala 67 % in pri zdravljenju samo s kemoterapijo 66 %, pri
bolnikih s HNSCC pri kombiniranem zdravljenju s pembrolizumabom 85 % in pri zdravljenju s
kemoterapijo v kombinaciji s cetuksimabom 84 %, pri bolnikih z rakom poziralnika pri kombiniranem
zdravljenju s pembrolizumabom 86 % in pri zdravljenju samo s kemoterapijo 83 %, pri bolnikih s
TNBC pri kombiniranem zdravljenju s pembrolizumabom 80 % in pri zdravljenju samo s
kemoterapijo 77 % in pri bolnicah z rakom materni¢nega vratu pri kombiniranem zdravljenju s
pembrolizumabom 82 % in pri zdravljenju samo s kemoterapijo 75 %. Varnost pembrolizumaba v
kombinaciji z aksitinibom ali lenvatinibom pri napredovalem RCC in v kombinaciji z lenvatinibom
pri napredovalem EC so ocenili pri skupno 1.456 bolnikih z napredovalim RCC ali napredovalim EC,
ki so v klini¢nih studijah prejemali 200 mg pembrolizumaba na 3 tedne skupaj s 5 mg aksitiniba
dvakrat na dan ali z 20 mg lenvatiniba enkrat na dan, kot je bilo ustrezno.V teh populacijah bolnikov
so bili najpogostejsi nezeleni ucinki diareja (58 %), hipertenzija (54 %), hipotiroidizem (46 %),
utrujenost (41 %), zmanjsan apetit (40 %), navzea (40 %), artralgija (30 %), bruhanje (28 %),
zmanjsanje telesne mase (28 %), disfonija (28 %), bole¢ine v trebuhu (28 %), proteinurija (27 %),
sindrom palmarno-plantarne eritrodizestezije (26 %), izpuscaj (26 %), stomatitis (25 %), zaprtost (25
%), misicno-skeletna bolecina (23 %), glavobol (23 %) in kaselj (21 %). Nezelenih ucinkov od 3. do 5.
stopnje je bilo pri bolnikih z RCC med uporabo pembrolizumaba v kombinaciji z aksitinibom ali
lenvatinibom 80 % in med uporabo sunitiniba samega 71 %. Pri bolnicah z EC je bilo nezelenih
ucinkov od 3. do 5. stopnje med uporabo pembrolizumaba v kombinaciji z lenvatinibom 89 % in
med uporabo kemoterapije same 73 %. Za celoten seznam neZzelenih ucinkov, prosimo, glejte
celoten Povzetek glavnih znadilnosti zdravila. Za dodatne informacije o varnosti v primeru uporabe
pembrolizumaba v kombinaciji glejte povzetke glavnih znacilnosti zdravila za posamezne
komponente kombiniranega zdravljenja. Nacin in rezim izdaje zdravila: H - Predpisovanje in
izdaja zdravila je le na recept, zdravilo se uporablja samo v bolnisnicah. Imetnik dovoljenja za
promet z zdravilom: Merck Sharp & Dohme B.V., Waarderweg 39, 2031 BN Haarlem, Nizozems
e MSD Merck Sharp & Dohme inovativna zdravila d.o.o.,

Ameriska ulica 2, 1000 Ljubljana,
tel: +386 1/ 520 42 01, fax: +386 1/ 520 43 50;
Pripravljeno v Sloveniji, 11/2022; SI-KEY-00492  EXP: 11/2024
Samo za strokovno javnost.
H - Predpisovanje in izdaja zdravila je le na recept, zdravilo pa se uporablja
samo v bolnisnicah. Pred predpisovanjem, prosimo, preberite celoten
Povzetek glavnih znadilnosti zdravila Keytruda, ki je na voljo pri nasih
strokovnih sodelavcih ali na lokalnem sedezu druzbe.




TERAPIJI NA PODLAGI ANTI-HER2! N E P R I M E R LJ Ivo P R Ez IVETJ E*

®
EN H ERTU POSTAVLJA NOVE STANDARDE ZDRAVLJENJA HER2+

trastuzumab derukstekan

METASTATSKEGA RAKA DOJK?

Zdravilo ENHERTU se uporablja v monoterapiji in je v raziskavi DESTINY-Breast03 dokazalo neprimerljivo
podaljSanje PFS v primerjavi s trenutnim standardom zdravljenja (T-DM1). V Studiji so poro¢ali o primerih
intersticijske pljuéne bolezni (ILD) in pnevmonitisa. Za diagnozo je kljuéno prepoznavanje simptomoyv, zato je
bolnike treba spremljati in pric¢eti z zdravljenjem ob prvih znakih ILD."?

SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA

'V Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo hltreje na voljo nove informacije o njegovi varnosti. Zdravstvene delavce naprosamo, da porocajo o katerem koli domnevnem neZelenem ucinku zdravila.

ENHERTU 100 mg prasek za za zai

SESTAVA: Ena viala praska za koncentrat za raztopino za infundiranje vsebuje 100 mg der Po iji ena viala s 5 ml raztopine vsebuje 20 mg/ml je konjugat proti in zdravila, ki vsebuje
humanizirano monoklonsko protitelo IgG1 proti HER2 z istim zapored kot ga ima Proizvajajo ga sesalske celice (ovarij kitajskega hrcka) in je prek ivega veznika na tetrapeptidni bazi vezan na DXd, ki je derivat eksatekana in
zaviralec topoizomeraze I. Na vsako molekulo protitelesa je vezanih priblizno 8 molekul derukstekana. PomoZne snovi: L-histidin, -Lhistidinijev klorid monohidrat, saharoza, polisorbat 80. TERAPEVTSKE INDIKACIJE: Zdravilo Enhertu kot ija je indicirano za zdravlj

je odraslih bolnikov z iinim ali im HER2-pozitivnim rakom dojk, ki so pred tem Ze prejeli eno ali ve¢ shem zdravljenja na podiagi anti-HER2. ODMERJANJE IN NACIN UPORABE: Zdravilo Enhertu mora predpisati zdravnik in njegovo dajanje nadzorovati
zdravstveni delavec, ki sta izkusena v uporabi zdravil proti raku. Za preprecitev napak, povezanih z zdravili, je pomembno, da preverite nalepke na vialah in se prepricate, da je zdravilo, ki se pripravija in daje, res zdravilo Enhertu inne

ali trastuzumab emtanzin. Zdravilo Enhertu se ne sme zamenjati s ali inom. Bolniki, ki se zdravijo s der morajo imeti iran HER2-pozitiven status tumorja, ki je opredeljen kot ocena 3 + na podiagi imuno-
histokemije (IHC) ali razmerje > 2,0 na podlagi in situ hibridizacije (1SH) ali fluorescencne in situ hibridizacije (FISH), ocenjeno z in vitro diagnostiénim (VD) medicinskim pripomotkom z 0znako CE. Ce IVD z oznako CE ni na voljo, je treba status HER2 oceniti z drugim potrjenim
testom. Odmerjanje: Priporoeni odmerek zdravila Enhertu je 5,4 mg/kg, ki se daje z intravensko infuzijo enkrat vsake 3 tedne (21-dnevni cikel) do nap: ja bolezni ali nesprej icnosti. Zacetni odmerek je treba dati z 90-minutno intravensko infuzijo. Ce bolnik

prejsnjo infuzijo dobro prenasa, se lahko naslednji odmerki zdravila Enhertu dajejo kot 30-minutne infuzije. Hitrost infundiranja zdravila Enhertu je treba zmanjati ali infundiranje prekiniti, Ce se pri bolniku razvijejo simptomi, povezani z infuzijo. V primeru hudih reakcij na infu-
Zijo je treba zdravilo Enhertu trajno ukiniti. Premedikacija: Zdravilo Enhertu je emetogeno, kar vkljucuje zapoznelo navzeo in/ali bruhanje. Pred vsakim odmerkom zdravila Enhertu je treba bolnike premedicirati s kombiniranim rezimom dveh ali treh zdravil (npr. deksametazon z
antagonistom receptorjev 5-HT3 in/ali antagonistom receptorjev NK1 ter drugimi zdravili, kot je indicirano) za preprecevanje navzee in bruhanja zaradi kemoterapije. Prilagajanje odmerka: Obvladovanje nezelenih ucinkov lahko zajema zacasno prekinitev uporabe, zmanjsanje
odmerka ali ukinitev zdravljenja z zdravilom Enhertu, skladno s smernicami, podanimi v povzetku glavnih znagilnosti zdravila (preglednici 1 in 2). Po zmanjSanju odmerka zdravila Enhertu se odmerek ne sme ve ponovno povecati. Naért zmanjSevanja odmerka: Zacetni odmerek
Je 5,4 mg/kg, prvo zmanjsanje odmerka (4,4 mg/kg), drugo zmanjsanje odmerka (3,2 mg/kg), pri potrebi po nadalinjem zmanjsanju odmerka ukinite zdravijenie. Prosimo, glejte celoten povzetek glavnin znaciinosti zaravila Enhertu za prilagajanje odmerka zaradi nezelenin

ucinkov: intersticiiska pljucna bolezen (ILD)/p itis (stopnja 1), si ILD; itis (stopnja 2 ali visja)), nevtropenija (stopnja 3 (manj kot 1,0-0,5 x 10%I), stopnja 4 (manj kot 0,5 x 10%1)), febrilna
stevilo ilcev manj kot 1,0 x 101 in telesna temperatura wsla od 38,3 °C, ali telesna temperatura 38 °C ali vigja, ki vztra]a vet kot eno uro), zmanjsan iztisni deleZ levega prekata (LVEF) (LVEF ve¢ kot 45 % in absolutno zmanjSanje glede na
izhodi&éno vrednost za 10 % do 20 %; LVEF 40 % do 45 %; LVEF manj kot 40 % ali absolutno zmanjsanje glede na izhodicno vrednost za ve¢ kot 20 %; ticno ivno sréno popustanie). Zakasnjen ali izpusen odmerek: Ce se nacrtovani odmerek zakasni ali

izpusti, ga je treba dati takoj, ko je mogoce, brez éakanja na naslednji nacrtovani cikel. Casovni nart dajanja je treba prilagoditi, da se ohrani 3-tedenski razmik med odmerki. Infuzijo je treba dati s hitrostjo in odmerkom, ki ga je bolnik prenasal pri zadniji infuziji. Posebne po-
pulacije: Starejsi: Pri bolnikih, starih 65 let ali starejsih, prilagajanje odmerka zdravila Enhertu ni potrebno. Podatki pri bolnikih, starih = 75 let, so omejeni. Okvara ledvic: Prilagajanje odmerka pri bolnikih z blago (ocistek kreatinina [CLcr] = 60 in < 90 ml/min) ali zmerno
(CLer = 30 in < 60 ml/min) okvaro ledvic ni potrebno. Morebitne potrebe po prilagajanju odmerka pri bolnikih s hudo okvaro ledvic ni mogoce opredeliti zaradi pomanjkanja podatkov. Pri bolnikih z zmerno okvaro ledvic so opazili vijo incidenco ILD stopnje 1 in 2/pnevmonitisa,
ki sta vodila do zvecanja Stevila prekinitev zdravljenja. Bolnike z zmerno ali hudo okvaro ledvic je treba natancno spremljati glede neZelenih ucinkov, vkljuéno z ILD/pnevmonitisom. Okvara jeter: Pri bolnikih, ki imajo celokupni bilirubin < 1,5-kratnik zgornje meje normalnih
vrednosti (ZMN), ne glede na vrednost aspartat transaminaze (AST), odmerka ni treba prilagajati. Morebitne potrebe po prilagajanju odmerka pri bolnikih, ki imajo celokupni bilirubin > 1,5-kratnik ZMN, ne glede na vrednost AST, ni mogoce opredeliti zaradi pomanjkanja podat-
kov. Zato je treba te bolnike natancno spremijati. Nacin uporabe: Zdravilo Enhertu je za intravensko uporabo. Zdravstveni delavec ga mora rekonstituirati in razredgiti. Treba ga je dati z intravenskim infundiranjem. Zdravilo Enhertu se ne sme dati kot hitro intravensko injekcijo
ali bolus. KONTRAINDIKACIJE: Preobcutljivost na ucinkovino ali katero koli pomoZno snov. POSEBNA OPOZORILA IN PREVIDNOSTNI UKREPI: Intersticijska pljuéna bolezen/pnevmonitis: Pri zdravilu Enhertu so porocali o primerih intersticijske pljucne bolezni (ILD) in/ali pnev-
monitisa. Nekateri primeri so bili smrtni. Bolnikom je treba naroiti, naj takoj porocajo o kaslju, dispneji, zvidani telesni temperaturi in/ali katerih koli novih dihalnih simptomih ali poslabsanju obstojecih. Bolnike je treba spremljati glede znakov in simptomov ILD/pnevmonitisa.
Dokaze za ILD/pnevmonitis je treba takoj prougiti. Bolnike s sumom na ILD/pnevmonitis je treba oceniti z radiografskimi posnetki, najbolje z racunalnisko tomografijo (CT). Treba je razmisliti o posvetu s pulmologom. Nevtropenija: V klinicnih $tudijah z zdravilom Enhertu so po-
rocali o primerih nevtropenije, vkljucno s primeri febrilne nevtropenije. Pred uvedbo zdravila Enhertu in pred vsakim odmerkom ter vsakic, ko je Kiinicno indicirano, je treba preveriti celotno krvno sliko. Morda bo treba zacasno prekiniti dajanje zdravila Enhertu ali zmanjSati
odmerek, odvisno od tega, kako huda je nevtropenija. ZmanjSanie iztisnega deleza levega prekata: Pri zdravijenjin anti-HER2 so porocali o zmanjSanem iztisnem delezu levega prekata (LVEF). Pred uvedbo zdravijenja z zdravilom Enhertu in v rednih intervalin med njim (v skiadu

s kliniénimi indikacijami) je treba izvesti preiskave delovanja srca (ehokardiografija ali slikanje MUGA) za oceno LVEF. jSanje LVEF je treba isp 2 zdravilom Enhertu je treba trajno ukiniti, e se potrdi LVEF manj kot
40 % ali absolutno zmanjsanje glede na izhodisno vrednost za vec kot 20 %. Zdravilo Enhertu je treba trajno ukiniti pri bolnikih s si ivnim srénim Scanjem. Embrio-fetalna toksicnost: Zdravilo Enhertu lahko ima Skodijiv vpliv nia plod, e se da noset-
nici. Pri zenskah v rodni dobi je treba pred uvedbo zdravijenja z zdravilom Enhertu preveriti status nosecnosti. Bolnice je treba seznaniti 2 moznimi tveganji za plod. Zenskam v rodni dobi je treba svetovati, da jajo ut jo med jenjem in Se vsaj
7 mesecev po zadnjem odmerku zdravila Enhertu. Moskim bolnikom s partnerkami v rodni dobi je treba svetovati, da med 2 zdravilom Enhertu in $e vsaj 4 mesece po zadnjem odmerku zdravila Enhertu. Bolniki z zmerno ali hudo

okvaro jeter: Zdravilo Enhertu je treba pri bolnikih z zmerno in hudo okvaro jeter dajati previdno. MEDSEBOJNO DELOVANJE Z DRUGIMI ZDRAVILI IN DRUGE OBLIKE INTERAKCIJ: Pri so¢ dajanju z zdravili, ki so zaviralci CYP3A ali OATP1B ali

prenasalcev P-gp, odmerka ni treba prilagajati. PLODNOST, NOSECNOST IN DOJENJE: Nosecnost: Dajanje zdravila Enhertu nosegnicam se ne priporoca. Bolnice je treba seznaniti z moznimi tveganji za plod, preden zanosijo. Zenske, ki zanosijo, se morajo takoj obrniti na
zdravnika. Ce Zenska zanosi med zdravljenjem z zdravilom Enhertu ali v obdobju 7 mesecev po zadnjem odmerku zdravila Enhertu, se priporoca natanno spremljanje. Dojenje: Ni znano, ali se trastuzumab derukstekan izloa v materino mleko. Humani IgG se izioca v materino
mleko in potencial za absorpcijo in resne nezelene ucinke na dojencka ni znan. Zato Zenske ne smejo dojiti med zdravljenjem z zdravilom Enhertu in $e 7 mesecev po zadnjem odmerku. OdloGiti se je treba med p jem dojenja in pr ja z zdravilom
Enhertu, pri Gemer je treba pretehtati prednosti dojenja za otroka in prednosti zdravijenja za mater. Plodnost: Namenskih studij plodnosti s trastuzumab derukstekanom niso izvedli. Ni znano, ali so ali njegovi pi i prisotni v semenski tekoini. Pred
zatetkom zdravljenja je treba moskim bolnikom svetovati, da se posvetujejo 0 moznosti shranjevanja semena. Moski bolniki v celotnem obdobju zdravjenja in e najmanj 4 mesece po zadnjem odmerku zdravila Enhertu ne smejo zamrzniti ali darovati semena. NEZELENI
UEINKI: Zdruzeno varnostno populacijo so ocenili pri bolnikih, ki so v Klinicnin Studijah dobil vsaj en odmerek 5,4 mg/kg zdravila Enhertu (n = 573) zaradi razlicnih vrst tumorjev. Mediani cas trajanja zdravijenja v tej zdruzeni populaciji je bil 11,3 meseca (razpon: 0,7-37.9 me-
seca). Zelo pogosti: okuzba zgornjih dihal, penija, anemija, ij ija, zmanjsan apetit, glavobol, omotica, intersticijska pljucna bolezen, dispneja, kaselj, epistaksa, navzea, bruhanje, driska, bolecina v trebuu, zaprije, stoma-
titis, di ija, zvisane i alopecija, misicno-skeletna bolecina, utrujenost, pireksija, zmanjsan iztisni delez, izguba telesne mase. Pogosti: pljucnica, febrilna p jen vid, izpuscaj, hi ija koZe, pruritus, perifermni
edem, zvisana alkaina fosfataza v krvi, zvisan bilirubin v krvi, zviSan kreatinin v krvi, reakcije povezane z infuzijo. IMETNIK DOVOLJENJA ZA PROMET Z ZDRAVILOM: Daiichi Sankyo Eurnpe GmbH, Zielstattstrasse 48, 81379 Miinchen, Nemcija DATUM ZADNJE REVIZIJE BE-
SEDILA: 25.08.2022 (S-2430) REZIM PREDPISOVANJA IN IZDAJE: H Prosimo, da pred predpi jem p celoten glavnih znagilnosti zdravila. Dodatne informacije so na voljo pri podjetju AstraZeneca UK Limited, Podruznica v Sloveniji, Verovikova 55,
1000 Ljubljana, telefon: 01/51 35 600.

* zmanjSanje tveganja za napredovanje bolezni ali smrti (PFS)
**tveganje za napredovanje bolezni ob zdravljenju z zdravilom ENHERTU v primerjavi s T-DM1 (HR: 0,28; 95 % IZ: 0,22-0,37; p<0,000001, kljuéni opazovani dogodek raziskave: PFS glede na BICR;)'?
***po oceni raziskovalca je mediani PFS znaSal 25,1 mesecev pri bolnikih, ki so prejemali ENHERTU, v primerjavi s 7,2 mesecev pri bolnikih zdravljenih s T-DM1 (HR: 0,26; 95 % IZ: 0,20, 0,35; sekundarni opazovani dogodek;)?

PFS - prezivetje brez napredovanja bolezni, mPFS - mediano preZivetje brez napredovanja bolezni, T-DM1 - trastuzumab emtazin, BICR - ocena slepega neodvisnega centralnega pregleda, IZ - interval zaupanja, HR - razmerje ogrozenosti
Literatura: 1. Povzetek glavnih znacilnosti zdravila ENHERTU, dostopano 19.10.2022 2. J.Cortes et al; D Versus Emtasine for Breast Cancer; NEJM 2022;386(12):1143-1154
Zdravilo Enhertu v Sloveniji $e ni razvr§¢eno na listo zdravil.

ENHERTU® je registrirana blagovna znamka druzbe Daiichi Sankyo Company, Limited. © 2022 Daiichi Sankyo Company, Ltd. in AstraZeneca Ltd.

™ .. .
u Da”Chl'Sank_yO ‘ AS’[I’EBZGHGCH% Datum priprave materiala: oktober 2022. Samo za strokovno javnost. SI-2524



7 ROZLYTREK""

entrektmlb

Personalizirana
medicina -

pravo zdravilo .
ob pravem casu
za pravega bolnika.

ROZLYTREK® (entrektinib) je prvo odobreno tumor agnosti¢no
zdravilo podjetja Roche za zdravljenje odraslih in pediatri¢nih
bolnikov, starih 12 let ali ve¢, s solidnimi tumorji s prisotno
fuzijo gena NTRK ter za zdravljenje odraslih bolnikov

z ROS1-pozitivnim napredovalim NDRP."

NGS = next-generation sequencing, sekvenciranje
naslednje generacije

Skrajsan povzetek glavnih znacilnosti zdravila Rozlytrek

ucinku zdravila.

v Zato zdrawlose izvaja dodatnospremljanjevarnustl Tako bodo hitreje na voljo novelnformacljeonjegow i Z delavce napros dap jo o koli d
Kako porocati o nezelenih ucinkih, si pogl krajSani pi k glavnih znacilnosti zdravila pod “Porocanje o d ih nezelenih u¢inkih*.

Ime zdravila: Rozlytrek 100 mg/200 mg trde kapsule Kakovostna in koli¢inska sestava: Rozlytrek 100 mq trde kapsule: Ena trda kapsula vsebuje 100 mg entrektiniba. Rozlytrek 200 mg trde kapsule: Ena trda kapsula vsebuje 200 mg
entrektiniba. Terapevtske indikacije: Zdravilo Rozlytrek je kot monoterapija indicirano za zdravljenje odraslih in pediatricnih bolnikov, starih 12 let ali ve¢, s solidnimi tumorji s prisotno fuzijo gena nevrotropne receptorske tirozin kinaze
(NTRK), pri katerih je bolezen lokalno napredovala, je razsejana ali kjer bi kirurska odstranitev povzrocila hudo obolevnost in ki predhodno niso prejeli zaviralca NTRK in nimajo drugih zadovoljivih moZznosti zdravljenja. Zdravilo Rozlytrek
je kot monoterapija indicirano za zdravljenje odraslih bolnikov z ROST-pozitivnim napredovalim nedrobnoceliénim rakom plju¢ (NDRP), ki predhodno niso bili zdravljeni z zaviralci ROS-1. Odmerjanje in nacin uporabe: Priporoceni
odmerek za odrasle je 600 mg entrektiniba enkrat na dan. Priporoceni odmerek za pediatricne bolnike, stare 12 let ali vec, je 300 mg/m? telesne povrsine entrektiniba enkrat na dan. Zdravilo Rozlytrek je za peroralno uporabo. Trde
kapsule je treba pogoltniti cele in se jih ne sme odpirati ali raztapljati, ker je vsebina kapsule zelo grenka. Zdravilo Rozlytrek se lahko jemlje s hrano ali brez nje, ne sme pa se ga jemati z grenivko ali grenivkinim sokom. Kontraindikacije:
Preobéutljivost na ucinkovino ali katero koli pomoZno snov. Posebna opozorila in previdnostni ukrepi: Ucinkovitost med tumorskimi tipi: Korist zdravila Rozlytrek so ugotovili v Studijah z eno skupino, ki so vkljucevale relativno majhen
vzorec bolnikov, katerih tumorji izrazajo fuzijo gena NTRK. Pozitivni ucinki zdravila Rozlytrek so se pokazali preko celokupnega odgovora in trajanja odgovora pri omejenem Stevilu tumorskih tipov. Ucinek je lahko pri razliénih tumorskih
tipih kvantitativno razli¢en, vplivajo pa tudi so¢asne genomske spremembe. Zato se sme zdravilo Rozlytrek uporabljati le v primerih, ¢e ni na voljo drugega zadovoljivega zdravljenja. Kognitivne motnje: V klinicnih preskusanjih zdravila
Rozlytrek so poroéali o kognitivnih motnjah. Pri bolnikih je treba biti pozoren na znake kognitivnih sprememb. Glede na resnost kognitivnih motenj, je zdravljenje z zdravilom Rozlytrek treba prilagoditi. Bolnike je treba seznaniti z moznimi
kognitivnimi spremembami med zdravljenjem z zdravilom Rozlytrek. Bolnikom je treba narogiti, naj v primeru simptomov kognitivnih motenj ne vozijo in ne upravljajo strojev, dokler simptomi ne minejo. Zlomi: O zlomih kosti so porocali
pri bolnikih, mlajsih od 12 let, zlomi so bili lokalizirani v spodnjih okoncinah. Zlomi kosti so se pri pediatricnih bolnikih ve¢inoma pojavili brez ali z majhno poskodbo. Vsi bolniki so nadaljevali zdravljenje z zdravilom Rozlytrek, pri vseh
razen v enem primeru so se zlomi zacelili. Bolnike z znaki ali simptomi zloma je treba nemudoma oceniti. Hiperurikemija: Pri zdravljenju bolnikov z entrektinibom so opazili hiperurikemijo. Koncentracijo se¢ne kisline v serumu je treba
preveriti pred zacetkom zdravljenja z zdravilom Rozlytrek in periodi¢no med samim zdravljenjem. Bolnike je treba spremljati glede znakov in simptomov hiperurikemije. Pri znakih in simptomih hiperurikemije je treba uvesti zdravljenje
z zdravili, ki zniZajo koncentracijo se¢ne kisline, ¢e je kliniéno indicirano, in zdravljenje z zdravilom Rozlytrek odloziti. Odmerek zdravila Rozlytrek je treba prilagoditi glede na izrazitost. Kongestivno sréno popuséanje: V kliniénih
preskusanjih zdravila Rozlytrek so pri manj kot 5 % bolnikov porocali o kongestivnem srénem popuscanju. Opazali so ga tako pri bolnikih z anamnezo sréne bolezni kot pri bolnikih brez nje. Pri 70 % bolnikov je po uvedbi ustrezne klinicne
obravnave in/ali zmanj$anju odmerka oziroma prekinitvi uporabe zdravila Rozlytrek kongestivno sréno popuscanje izzvenelo. Bolnikom s simptomi ali znanimi dejavniki tveganja za kongestivno sréno popuscanje je pred zacetkom
zdravljenja z zdravilom Rozlytrek treba preveriti iztisni deleZ levega prekata. Bolnike, ki prejemajo zdravilo Rozlytrek, je treba skrbno nadzorovati. Bolnike, pri katerih se pojavijo klinicni znaki in simptomi kongestivnega srénega
popuscanja, je treba ovrednotiti in zdraviti, kot je kliniéno ustrezno. Glede na izrazitost kongestivnega srénega popuscanja je treba zdravljenje z zdravilom Rozlytrek prilagoditi. Podalj$anje intervala QTc: V klinicnih preskusanjih so pri
bolnikih, zdravljenih z zdravilom Rozlytrek, opazali podaljSanje intervala QTc. Uporabi zdravila Rozlytrek se je treba izogibati pri bolnikih, ki imajo pred zacetkom zdravljenja QTc interval dalj$i od 450 ms, pri bolnikih s sindromom
prirojenega dolgega QTc in pri bolnikih, ki jemljejo zdravila, za katera je znano, da podalj$ajo interval QTe. Zdravilu Rozlytrek se je treba izogibati pri bolnikih z motenim ravnovesjem elektrolitov ali huj$o sréno boleznijo. Ce lececi zdravnik
meni, da mozne koristi zdravila Rozlytrek pri bolniku s katerikolim od teh stanj pretehtajo mozna tveganja, je potrebno dodatno spremljanje in razmislek o posvetu s specialistom. Priporoca se ocena EKG in elektrolitov pred zacetkom
zdravljenja in po 1 mesecu zdravljenja z zdravilom Rozlytrek. Periodicno spremljanje EKG in elektrolitov med zdravijenjem je priporocljivo, e je klinicno indicirano. Glede na izrazitost podaljSanja intervala QTc je treba zdravijenje z
zdravilom Rozlytrek prilagoditi. Zenske v rodni dobi: Zdravilo Rozlytrek lahko $koduie plodu, &e je uporab\Jeno med nosecnostjo Zenske v rodni dobi morajo med zdravljenjem in e do 5 tednov po zadnjem odmerku zdravila Rozlytrek
uporabljati visokoucinkovito kontracepcijsko zascito. Moski bolniki, ki imajo partnerke v rodni dobi, morajo med zdravljenjem z zdravilom Rozlytrek in 3 mesece po zadnjem odmerku zdravila uporabljati visokoucinkovite kontracepcijske
metode. Intoleranca za laktozo: Zdravilo Rozlytrek vsebuje laktozo. Bolniki z redko dedno intoleranco za galaktozo, odsotnostjo encima laktaze ali malabsorbcijo glukoze/galaktoze ne smejo jemati tega zdravila. Oranzno FCF (E110
Rozlytrek 200 mg trde kapsule vsebujejo oranzno FCF, ki lahko povzroci alergijske reakcije. Medsebojno delovanje z drugimi zdravili in druge oblike i keij: Interakcije med zdravili: So¢asno jemanje zdravila Rozlytrek z mocnimi
ali zmernimi zaviralci CYP3A zvi$a koncentracije entrektiniba v plazmi, to pa lahko poveca pogostnost ali resnost nezelenih ucinkov. Pri odraslih in pediatricnih bolnikih, starih 12 let ali vec, se je socasnemu jemanju zdravila Rozlytrek
z moénimi ali zmernimi zaviralci CYP3A treba izogibati. Ce je pri odraslih bolnikih sogasno jemanije s temi zdravili nujno potrebno, je treba odmerek zdravila Rozlytrek zniZati. Med zdravljenjem z zdravilom Rozlytrek se je treba izogibati
jemanju grenivke in izdelkov, ki vsebujejo grenivko. Socasno jemanije zdravila Rozlytrek z mocnimi ali zmernimi spodbujevalci CYP3A ali P-gp zniza koncentracije entrektiniba v plazmi, kar lahko zmanjs$a ucinkovitost zdravila Rozlytrek
in temu se je treba izogibati. Peroralni kontraceptivi: Trenutno ni znano, ¢e lahko entrektinib zmanj$a ucinkovitost hormonskih sistemskih kontraceptivov. Zato zenskam, ki uporabljajo hormonske sistemske kontraceptive, priporocamo,
da dodatno uporabijo e pregradno metodo. Nezeleni uinki: Najpogostejsi nezeleni ucinki (> 20 %) so bili utrujenost, zaprtost, disgevzija, edem, omotica, diareja, navzea, disestezija, dispneja, anemija, povecana telesna masa, povisana
vrednost kreatinina v krvi, bole¢ina, kognitivne motnje, bruhanje, kaselj in zviSana telesna temperatura. Najpogostejsi resni nezeleni ucinki (> 2 %) so bili okuzba plju¢ (52 %), dispneja (4,6 %), kognitivne motnje (3,8 %), plevralni izliv
(3,0 %) in zlomi (2,4 %). Ukinitev zdravljenja zaradi nezelenega ucinka je bila prisotna pri 4,6 % bolnikov. Porocanje o domnevnih nezelenih uéinkih: Poroéanje o domnevnih nezelenih uinkih zdravila po izdaji dovoljenja za promet je
pomembno. Omogoca namre¢ stalno spremljanje razmerja med koristmi in tveganji zdravila. Od zdravstvenih delavcev se zahteva, da porocajo o katerem koli domnevnem nezelenem uéinku zdravila na: Javna agencija Republike
Slovenije za zdravila in medicinske pripomocke, Sektor za farmakovigilanco, Nacionalni center za farmakovigilanco, Slovenceva ulica 22, SI-1000 Ljubljana, Tel: +386 (0)8 2000 500, Faks: +386 (0)8 2000 510, e-posta:
h-farmakovigilanca@jazmp.si, spletna stran: www.jazmp.si. ReZim izdaje zdravila: Rp/Spec Imetnik dovoljenja za promet: Roche Registration GmbH, Emil-Barell-Strasse 1, 79639 Grenzach-Wyhlen, Nem¢ija Verzija: 1.0/22

1. Glavni povzetek znacilnosti zdravila Rozlytrek, dostopano na https:/ec.europa.eu/health/documents/community-register/2020/20200731148534/anx_148534_sl.pdf dne 25.10.2022.

Samo za strokovno javnost. Datum priprave informacije: oktober 2022

DODATNE INFORMACIJE SO NA VOLJO PRI: Roche farmacevtska druzba d.o.0., Stegne 13G, 1000 Ljubljana
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Zdravilo Lonsurf je indicirano v monoterapiji za zdravljenje odraslih Zdravilo Lonsurf je indicirano v monoterapiji
3 bolnikov z metastatskim kolorektalnim rakom (KRR), ki so bili predhodno za zdravljenje odraslih bolnikov z

Ze zdravljeni ali niso primerni za zdravljenja, ki so na voljo. Ta vkljuéujejo metastatskim rakom Zelodca vkljucno z

kemoterapijo na osnovi fluoropirimidina, oksaliplatina in irinotekana, adenokarcinomom gastro-ezofagealnega

zdravljenje z zaviralci Zilnega endotelijskega rastnega dejavnika prehoda, ki so bili predhodno Ze zdravljeni

(VEGF — Vascular Endothelial Growth Factor) in zaviralci receptorjev za z najmanj dvema sistemskima rezimoma

epidermalni rastni dejavnik (EGFR — Epidermal Growth Factor Receptor).! zdravljenja za napredovalo bolezen.’

VEC C
za vec trenutkov, ki Stejejo

PodaljSa celokupno prezivetje
v 3. liniji zdravljenja bolnikov z mCRC in mGC?®

Literatura: 1. Povzetek glavnih znagilnosti zdravila Lonsurf, december 2020.
2. Mayer R et al. N Engl J Med. 2015;372:1909-19. 3. Shitara K et al.
Lancet Oncol. 2018;19:1437-1448.

Druzba Servier ima licenco druzbe Taiho za zdravilo Lonsurfe. trfuridin/tpiracil

Pri globalnem razvoju zdravila sodeIUJeta obe druzbi Skrajan povzetek glavnih znailnosti zdravila: Lonsurf 15 mg/6,14 mg filmsko obloZene tablete in Lonsurf 20 mg/8,19 mg filmsko obloZene tablete

i i it ani Al SESTAVA*: Lonsurf 15 mg/6,14 mg: Ena fimsko obloZena tableta vsebuje 15 mg trfiuridina in 6,14 mg tipiracila (v obliki Klorida).

in ga trzita na SVOJIh dolocenlh DOd I'OC]Ih. Lonsurf 20 mg/8,19 mg: Ena filmsko obloZena tableta vsebuje 20 mg trifluridina in 8,19 mg tipiracila (v obliki klorida). TERAPEVTSKE INDIKACIJE*: Kolorektalni rak - monotempm
7a zdravijenje odraslih bolnikov z metastatskim kolorektalnim rakom, ki so bili predhodno Ze zdravijeni ali niso primemi za zdravljenja, ki so na voljo. Ta vkljucujej

fluoropirimidina, oksaliplatina in irinotekana, zdravijenje z zaviralci Zilnega endoteliiskega rastnega dejavnika (VEGF - Vascular Endothelial Growth Factor) in zaviralci receptorjev za epidermalni rastni dejavnik

(EGFR - Epidermal Growth Factor Receptor). Rak Zelodca - v monoterapiji za zdravijenje odraslih bolnikov z metastatskim rakom Zelodca vkljutno z adenokarcinomom gastro-ezofagealnega prehoda, ki so bili predhodno

Ze zdravijeni z najmanj dvema sistemskima rezimoma zdravijenja za napredovalo bolezen. ODMERJANJE IN NACGIN UPORABE*: PriporoCeni zacetni odmerek zdravila Lonsurf pri odraslih je 35 mg/m?/odmerek peroraino dvakrat

dnevno na 1. do 5. dan in 8. do 12. dan vsakega 28-dnevnega cikla zdravijenja, najpozneje 1 uro po zakljucku jutranjega in veternega obroka (20 mg/m?/odmerek dvakrat dnevno pri bolnikih s hudo ledvicno okvaro). Odmerek, izratunan glede na

telesno povré\no ne sme preseti 80 mg/odmerek. Mozne prilagoditve odmerka glede na varnost in prenaéanje zdravila: dovoliena so zmanj$anja odmerka na najmanj$i odmerek 20 mg/m?dvakrat dnevno (0z. 15 mg/m? dvakrat dnevno pri bolnikih s hudo ledvicno okvaro). Potem

ko je bil odmerek zmanjsan, povecanje ni dovoljeno. KONTRAINDIKACIJE*: PreobCutljivost na ucinkovini ali katero koli pomozno snov. OPOZORILA IN PREVIDNOSTNI UKREPI*: Supresija kostnega mozga: Pred uvedbo zdravijenja in po potrebl za spremljanje toksicnosti zdravila, najmanj pred

vsakim ciklom zdravijenja, je treba pregledati celotno krvno sliko. Zdravijenja ne smete zaceti, Ce je absolutno Stevilo nevirofilcev < 1,5 x 107, Ce je Stevilo trombocitov < 75 x 10°/1 li Ce se je pri bolniku zaradi predhodnih zdravljenj pojavila Klinicno pomembna nehematoloSka toksicnost 3. ali 4.

stopnje, ki §e traja. Bolnike je treba skrbno spremijati zaraci morebitnih okuzb, uvesti je treba ustrezne ukrepe, kot je Kiiniéno indicirano. Toksitnost za prebavila: Potrebna je uporaba antiemetikov, antidiaroikov ter drugih ukrepov, kot je Kliniéno indicirano. Ce je potrebno, prilagodite odmerke. Ledviéna

okvara: Uporaba zdravila ni priporocfjiva pri bolnikin s konéno stopnjo ledvicne okvare. Bolnike z ledvicno okvaro je potrebno med zdravijenjem skrbno spremijati; bolnike z zmeno ali hudo ledviéno okvaro je treba zaradi hematoloske toksicnosti bolj pogosto spremljati. Jetrna okvara: Uporaba zdravila

Lonsurf pri bolnikih z obstojeco zmerno ali hudo jetrno okvaro ni priporoCjiva. Proteinurija: Pred zacetkom zdravijenja in med njim je priporocijivo spremijanje proteinurije z urinskimi testnimi listici. PomoZne snovi: Zdravilo vsebuje laktozo. IUTERAKCIJE*: Previdnost: Zdravila, ki medsebojno delujejo

2z nukleozidnimi prenadalci CNT1, ENT1 in ENT2, zaviralci OCT2 ali MATE1, substrati humane timidin-kinaze (npr. zidovudin), hormonski kontraceptivi. PLODNOST*. NOSECNOST IN DOJENJE*: Ni priporocljivo. KONTRACEPCIJA*: Zenske in moSki morajo uporabljati zelo ucinkovite metode

kontracepcije med zdravljenjem in do 6 mesecev po zakljutku zdravijenja. VPLIV NA SPOSOBNOST VOZNJE IN UPRAVLJANJA STROJEV*: Med zdravijenjem se lahko pojavijo utrujenost, omotica ali splosno slabo pocutie. NEZELENI UGINKI*: Zelo pogosti: nevtropenija, levkopenija, anemija,

frombocitopenija, zmanj$an apetit, diareja, navzea, bruhanje, utrujenost. Pogosti: okuzba spodnjih dihal, febrilna nevtropenija, limfopenija, hipoalbuminemija, disgevzija, periferna nevropatija, dispneja, bole¢ina v trebuhu, zaprtje, stomatitis, bolezni ustne votline, hiperbilirubinemija, sindrom palmame

plantame eritro eslezw e, izpuscaj, alopecija, prumus suha koza, prolemurua plreksua edem, vnetje sluzmce splosno slabo pocuUe Vi nje Jell’l]lh encimov, i alkalne fosfataze v krvi, zman]sanje Ielesne mase. 0Obé: septic sok mfekcuskl enteritis, pchmca okuz zolcevoda grlpa

h

hiperkaliemija, i i emij hlpoka\memua protm anksioznost, nespecnost nevrotoksicnost, d\sestezua h\perestezua hipoestezija, sinkopa, parestezua pekot obcmek letar omonca glavobol zmanjsana ostrina wda zameguen vid, dlplopua
Katarakta, suho oko, vrtoglavica, neugodje v usesu, angina pektoris, ammua palpitacije, embolija, hipertenzija, hipotenzija, vroginski oblivi, pljuéna embolija, plevralni izliv, izcedek iz nosu, disfonija, orofaringealna bole¢ina, epistaksa, kaselj, hemoragicni enterokolitis, krvavitev v prebavilih, akutni
pankreauns ascites, ileus, subileus, kolitis, gastritis, refluksni gastritis, ezofagitis, moteno praznjenje Zelodca, abdominalna distenzija, analno vnetje, razjede v ustih, dispepsija, gastroezofagealna refluksna bolezen, proktalgija, bukalni polip, krvavitev dlesni, glositis, parodontaina bolezen, bolezen zob,
ilienje na bruhanje, flatulenca, slab z: hepatotoksicnost, razsiritev Zolénih vodov, lustenje koze, urtikarija, preobéutljivostne reakcije na svetlobo, eritem, akne, hiperhidroza, Zulj, bolezni nohtov, otekanje sklepov, artralgija, bolecina v kosteh, mialgij ¢ina, misicna oslabelost,
i krci, boleCina v okonCinah, ledvicna odpoved, neinfektivni cistitis, motnje mikcije, hematurija, levkociturija, motnje menstruacile, poslabsanje sploSnega zdravstvenega stanja, bolecina, obCutek spremembe telesne temperature, kseroza, nelagod
QT na elektrokardiogramu, pove¢anje mednarodnega umerjenega razmerja (INR), podaljSanje aktiviranega parcialnega tromboplastinskega ¢asa @PTC), zviSanje secnine v krvi, zvisanje laktatne dehidrogenaze v krvi, zniZzanje celokupnin proteinov, zvisanje C-reaktivnega proteina, zmanj$an hematokrit.
Post-marketinske izkusnje: intersticijska bolezen plju¢. PREVELIKO ODMERJANJE*: NeZeleni uinki, o katerih so porocali v povezavi s prevelikim odmerjanjem, so bili v skladu z uveljavijenim varnostnim profilom. Glavni pricakovani zaplet prevelikega odmerjanja je supresija kostnega mozga.
FARMAKODINAMICNE LASTNOSTI*: Farmakoterapemka Skupina: zdravila z delovanjem na novotvorbe, antimetaboliti, 0znaka ATC: L01BC59. Zdravilo Lonsurf sestavijata antineoplastiéni timidinski nukleozidni analog, trifluridin, in zaviralec timidin-fosforilaze (TPaze), tipiracilijev klori i
v rakave celice timidin-kinaza fosforilira . Ta se v celicah nato presnovi v substrat deoksiribonukleinske kisline (DNA), ki se vgradi neposredno v DNA ter tako preprecuje celiéno proliferacijo. TPaza hitro razgradi trifluridin in njegova presnova po peroralni uporabi je hitra zaradi u¢inka prvega
prehoda, zato je v zdravilo vkijuden zaviralec TPaze, tipiracilijev lorid. PAKIRANJE*: 20 filmsko oblozenin tablet. NAGIN PREDPISOVANJA IN 1ZDAJE ZDRAVILA: Rp/Spec. Imetnik dovoljenja za promet: Les Laboratoires Servier, 50, rue Carnot, 92284 Suresnes cedex, Francija. Stevilka dovoljenja
za promet z zdravilom: EU/1/16/1096/001 (Lonsurf 15 mg/6,14 mg), EU/1/16/1096/004 (Lonsurf 20 mg/8,19 mg). Datum zadnje revizije besedila: december 2020. *Pred predpisovanjem preberite celoten povzetek glavnih znacilnosti zdravila. Celoten povzetek glavnih
znacilnosti zdravila in podrobnejSe informacije so na voljo pri: Servier Pharma d.o.0., PodmilS¢akova ulica 24, 1000 Ljubljana, tel: 01 563 48 11, www.servier.si.

LONAD1 C1 2022-23. Samo za strokovno javnost. l &
4 b |

Datum priprave informacije: oktober 2022.



Instructions for authors

The editorial policy

Radiology and Oncology is a multidisciplinary journal devoted to the publishing original and high-quality scientific papers
and review articles, pertinent to oncologic imaging, interventional radiology, nuclear medicine, radiotherapy, clinical and
experimental oncology, radiobiology, medical physics, and radiation protection. Papers on more general aspects of interest
to the radiologists and oncologists are also published (no case reports).

The Editorial Board requires that the paper has not been published or submitted for publication elsewhere; the authors are
responsible for all statements in their papers. Accepted cannot be published elsewhere without the written permission of
the editors.

Submission of the manuscript

The manuscript written in English should be submitted to the journal via online submission system Editorial Manager avail-
able for this journal at: www.radioloncol.com.

In case of problems, please contact Saso Trupej at saso.trupej@computing.si or the Editor of this journal at gsersa@onko-i.si

All articles are subjected to the editorial review and when the articles are appropriated they are reviewed by independent ref-
erees. In the cover letter, which must accompany the article, the authors are requested to suggest 3-4 researchers, competent
to review their manuscript. However, please note that this will be treated only as a suggestion; the final selection of reviewers
is exclusively the Editor’s decision. The authors’ names are revealed to the referees, but not vice versa.

Manuscripts which do not comply with the technical requirements stated herein will be returned to the authors for the cor-
rection before peer-review. The editorial board reserves the right to ask authors to make appropriate changes of the contents
as well as grammatical and stylistic corrections when necessary. Page charges will be charged for manuscripts exceeding the
recommended length, as well as additional editorial work and requests for printed reprints.

Articles are published printed and on-line as the open access: (https://content.sciendo.com/raon).

All articles are subject to 1200 EUR + VAT publication fee. Exceptionally, waiver of payment may be negotiated with editorial
office, at the time of article submission.

Manuscripts submitted under multiple authorship are reviewed on the assumption that all listed authors concur in the
submission and are responsible for its content; they must have agreed to its publication and have given the corresponding
author the authority to act on their behalf in all matters pertaining to publication. The corresponding author is responsible
for informing the coauthors of the manuscript status throughout the submission, review, and production process.

Preparation of manuscripts

Radiology and Oncology will consider manuscripts prepared according to the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals by International Committee of Medical Journal Editors (www.icmje.org). The manuscript
should be written in grammatically and stylistically correct language. Abbreviations should be avoided. If their use is neces-
sary, they should be explained at the first time mentioned. The technical data should conform to the SI system. The manu-
script, excluding the references, tables, figures and figure legends, must not exceed 5000 words, and the number of figures
and tables is limited to 8. Organize the text so that it includes: Introduction, Materials and methods, Results and Discussion.
Exceptionally, the results and discussion can be combined in a single section. Start each section on a new page, and number
each page consecutively with Arabic numerals. For ease of review, manuscripts should be submitted as a single column,
double-spaced text.

The Title page should include a concise and informative title, followed by the full name(s) of the author(s); the institutional
affiliation of each author; the name and address of the corresponding author (including telephone, fax and E-mail), and an
abbreviated title (not exceeding 60 characters). This should be followed by the abstract page, summarizing in less than 250
words the reasons for the study, experimental approach, the major findings (with specific data if possible), and the principal
conclusions, and providing 3-6 key words for indexing purposes. Structured abstracts are required. Slovene authors are
requested to provide title and the abstract in Slovene language in a separate file. The text of the research article should then
proceed as follows:

Introduction should summarize the rationale for the study or observation, citing only the essential references and stating the
aim of the study.

Materials and methods should provide enough information to enable experiments to be repeated. New methods should be
described in details.

Results should be presented clearly and concisely without repeating the data in the figures and tables. Emphasis should be
on clear and precise presentation of results and their significance in relation to the aim of the investigation.

Discussion should explain the results rather than simply repeating them and interpret their significance and draw conclu-
sions. It should discuss the results of the study in the light of previously published work.



Charts, Illustrations, Images and Tables

Charts, Illustrations, Images and Tables must be numbered and referred to in the text, with the appropriate location indi-
cated. Charts, Illustrations and Images, provided electronically, should be of appropriate quality for good reproduction.
Ilustrations and charts must be vector image, created in CMYK color space, preferred font “Century Gothic”, and saved
as .Al .EPS or .PDF format. Color charts, illustrations and Images are encouraged, and are published without additional
charge. Image size must be 2.000 pixels on the longer side and saved as .JPG (maximum quality) format. In Images, mask the
identities of the patients. Tables should be typed double-spaced, with a descriptive title and, if appropriate, units of numeri-
cal measurements included in the column heading. The files with the figures and tables can be uploaded as separate files.

References

References must be numbered in the order in which they appear in the text and their corresponding numbers quoted in the
text. Authors are responsible for the accuracy of their references. References to the Abstracts and Letters to the Editor must
be identified as such. Citation of papers in preparation or submitted for publication, unpublished observations, and personal
communications should not be included in the reference list. If essential, such material may be incorporated in the appropri-
ate place in the text. References follow the style of Index Medicus, DOI number (if exists) should be included.

All authors should be listed when their number does not exceed six; when there are seven or more authors, the first six listed
are followed by “et al.”. The following are some examples of references from articles, books and book chapters:

Dent RAG, Cole P. In vitro maturation of monocytes in squamous carcinoma of the lung. Br | Cancer 1981; 43: 486-95. doi:
10.1038/bjc.1981.71

Chapman S, Nakielny R. A guide to radiological procedures. London: Bailliere Tindall; 1986.

Evans R, Alexander P. Mechanisms of extracellular killing of nucleated mammalian cells by macrophages. In: Nelson DS,
editor. Immunobiology of macrophage. New York: Academic Press; 1976. p. 45-74.

Authorization for the use of human subjects or experimental animals

When reporting experiments on human subjects, authors should state whether the procedures followed the Helsinki
Declaration. Patients have the right to privacy; therefore, the identifying information (patient’s names, hospital unit numbers)
should not be published unless it is essential. In such cases the patient’s informed consent for publication is needed, and
should appear as an appropriate statement in the article. Institutional approval and Clinical Trial registration number is re-
quired. Retrospective clinical studies must be approved by the accredited Institutional Review Board/Committee for Medical
Ethics or other equivalent body. These statements should appear in the Materials and methods section.

The research using animal subjects should be conducted according to the EU Directive 2010/63/EU and following the
Guidelines for the welfare and use of animals in cancer research (Br J Cancer 2010; 102: 1555 — 77). Authors must state the
committee approving the experiments, and must confirm that all experiments were performed in accordance with relevant
regulations.

These statements should appear in the Materials and methods section (or for contributions without this section, within the
main text or in the captions of relevant figures or tables).

Transfer of copyright agreement

For the publication of accepted articles, authors are required to send the License to Publish to the publisher on the address
of the editorial office. A properly completed License to Publish, signed by the Corresponding Author on behalf of all the
authors, must be provided for each submitted manuscript.

The articles are open-access, distributed under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Conflict of interest

When the manuscript is submitted for publication, the authors are expected to disclose any relationship that might pose
real, apparent or potential conflict of interest with respect to the results reported in that manuscript. Potential conflicts of
interest include not only financial relationships but also other, non-financial relationships. In the Acknowledgement section
the source of funding support should be mentioned. The Editors will make effort to ensure that conflicts of interest will not
compromise the evaluation process of the submitted manuscripts; potential editors and reviewers will exempt themselves
from review process when such conflict of interest exists. The statement of disclosure must be in the Cover letter accompany-
ing the manuscript or submitted on the form available on www.icmje.org/coi_disclosure.pdf

Page proofs

Page proofs will be sent by E-mail to the corresponding author. It is their responsibility to check the proofs carefully and
return a list of essential corrections to the editorial office within three days of receipt. Only grammatical corrections are ac-
ceptable at that time.

Open access

Papers are published electronically as open access on https://content.sciendo.com/raon, also papers accepted for publication
as E-ahead of print.



L

A

LORVIQ

B T TR o —— o e

A
ORVIQUAY

bolnikih z metastazami v CZS ali brez njih

SOOCITE

ALK+ mMNSCLC

ZDRAVILOM
UA

=

Zdravilo LORVIQUA v monoterapiji je indicirano za zdravljenje odraslih bolnikov z napredovalim

nedrobnoceli¢nim rakom plju¢ (NSCLC), ki je

ALK pozitiven, in se predhodno niso zdravili z zaviralcem ALK

Zdravilo LORVIQUA v monoterapiji je indicirano za zdravljenje odraslih bolnikov z napredovalim NSCLC,
ki je ALK-pozitiven, pri katerih je bolezen napredovala po:

« zdravljenju z alektinibom ali ceritinibom kot prvim ALK zaviralcem tirozin kinaze (TKI); ali

« zdravljenju s krizotinibom in vsaj Se 1 drugim ALK TKI.

BISTVENI PODATKI I1Z POVZETKA GLAVNIH ZNACILNOSTI ZDRAVILA

Lorviqua 25 mg, 100 mg filmsko obloZene tablete

¥ Za to zdravilo se izvaja dodatno spremljanje varnosti. Tako bodo
hitreje na voljo nove informacije o njegovi varnosti. Zdravstvene
delavce naproSamo, da porocajo o kateremkoli domnevnem
nezelenem udinku zdravila. Glejte poglavje 4.8 povzetka glavnih
znadilnosti zdravila, kako porocati o nezelenih ucinkih. Sestava in
oblika zdravila: Ena filmsko obloZzena tableta vsebuje 25 mg ali
100 mg lorlatiniba in 1,58 mg oz. 4,20 mg laktoze monohidrata.
Indikacije: Zdravljenje odraslih bolnikov z napredovalim
nedrobnoceli¢nim rakom pljué¢ (NSCLC - Non-Small Cell Lung
Cancer), ki je ALK (anaplasti¢na limfomska kinaza) pozitiven in se
predhodno niso zdravili z zaviralcem ALK, ter pri bolnikih, pri
katerih je bolezen napredovala po: zdravljenju z alektinibom ali
ceritinibom kot prvim ALK zaviralcem tirozin kinaze (TKI -
Tyrosine Kinase Inhibitor) ali zdravljenju s krizotinibom in vsaj e
1 drugim ALK TKI. Odmerjanje in naéin uporabe: Zdravljenje mora
uvesti in nadzorovati zdravnik, ki ima izku$nje z uporabo zdravil
za zdravljenje rakavih bolezni. Odkrivanje ALK-pozitivnega NSCLC
je potrebno pri izbiri bolnikov, saj so to edini bolniki, pri katerih so
dokazali korist. Prlporocenl odmerek je 100 mg peroralno enkrat
na dan. Zdravljenje je treba nadaljevati do napredovanja bolezni
ali nesprejemljive toksi¢nosti. Ce bolnik izpusti odmerek, ga mora
vzeti takoj, ko se spomni, razen ¢e do naslednjega odmerka
manjka manj kot 4 ure. Bolniki ne smejo vzeti 2 odmerkov hkrati,
da bi nadomestili izpus¢eni odmerek. Prilagajanje odmerkov:
Ravni zmanj$anja odmerka: prvo zmanjsanje odmerka: 75 mg
peroralno enkrat na dan; drugo zmanjsanje odmerka: 50 mg
peroralno enkrat na dan. Zdravljenje je treba trajno prekiniti, ¢e
bolnik ne prenasa odmerka 50 mg peroralno enkrat na dan. Za
prilagajanje  odmerkov  zaradi nezelenih ucinkov glejte
preglednico 1 v SmPC-ju. Posebne populacije: Starejsi bolniki (=
65 let): zaradi omejenih podatkov priporoéil o odmerjanju ni
mogoce dati. Okvara ledvic: Prilagajanje odmerkov pri bolnikih z
normalnim delovanjem in blago ali zmerno okvaro [absolutna
ocena hitrosti glomerulne filtracije (eGFR - estimated Glomerular
Filtration Rate): 2 30 ml/min] ni potrebno. Pri bolnikih s hudo
okvaro ledvic (absolutna vrednost eGFR < 30 ml/min) je
priporoéljiv zmanj$an odmerek lorlatiniba, npr. zacetni odmerek
75 mg peroralno enkrat na dan. Podatkov pri bolnikih na ledvi¢ni
dializi ni na voljo. Okvara jeter: Pri bolnikih z blago okvaro ni
potrebno prilagajanje odmerkov. Podatkov o uporabi pri zmerni ali
hudi okvari ni, zato uporaba ni priporoéljiva. Pediatricna
populacija: Varnost in ucinkovitost pri otrocih in mladostnikih,
starih < 18 let, nista bili dokazani. Nadin uporabe: Peroralna
uporaba, vsak dan ob priblizno istem ¢asu, s hrano ali brez nje.
Tablete je treba pogoltniti cele. Kontraindikacije: Preobdutljivost
na ucinkovino ali katerokoli pomozno snov. Uporaba mocénih
induktorjev CYP3A4/5. Posebna opozorila in previdnostni ukrepi:
Hiperlipidemija: Uporaba je povezana z zvedéanji vrednosti

Literatura: 1. Povzetek glavnih znacilnosti zdravila Lorviqua, 4.4.2022.

ALK =anaplasti¢nalimfomskakinaza, CZs = centralni Ziv&ni sistem, mNSCLC =
(TyrosineKinase Inhibitor) zaviralectirozinkinaze.

Cancer) nedrobnoceli¢ni rak plju¢, TKI=

é Pﬁzer

Pfizer Luxembourg SARL, GRAND DUCHY OF LUXEMBOURG, 51, Avenue J.F. Kennedy, L
Pfizer, podruznica Ljubljana, Letaliska cesta 29a, 1000 Ljubljana

holesterola in trigliceridov v serumu - morda bo treba uvesti ali
povecati odmerek zdravil za zniZevanje ravni lipidov. U&inki na
osrednje ziv€evje: Opazili so uéinke na osrednje ZivEevje, vkljué¢no
s psihoti¢nimi uéinki in spremembami v kognitivni funkciji,
razpolozenju, dusevnem stanju ali govoru — morda bo treba
prilagoditi odmerek ali prekiniti zdravljenje. Atrioventrikularni
blok: Pri bolnikih, ki so prejemali lorlatinib, so porocali o
podalj$anju intervala PR in AV-bloku. Potrebno je spremljanje EKG
in morda bo treba prilagoditi odmerek. Zmanjsanje iztisnega
deleza levega prekata: Pri bolnikih, ki so prejemali lorlatinib in pri
katerih so opravili izhodis¢no in $e vsaj eno nadaljnjo oceno
iztisnega deleza levega prekata (LVEF - Left Ventricular Ejection
Fraction), so porocali o zmanj$anju LVEF. Ce imajo bolniki
dejavnike tveganja za srce ali stanja, ki vplivajo na LVEF, ali se jim
med zdravljenjem pojavijo pomembni sréni znaki/simptomi, je
treba razmisliti o spremljanju srca, vkljuéno z oceno LVEF.
Zveclanje vrednosti lipaze in amilaze: Pri bolnikih, ki so prejemali
lorlatinib, se je pojavilo zvecanje vrednosti lipaze in/ali amilaze.
Zaradi socCasne hipertrigliceridemije  in/ali  morebitnega
intrinziénega mehanizma je treba uposStevati tveganje za
pankreatitis. Bolnike je treba spremljati glede zvecanja vrednosti
lipaze in amilaze. Intersticijska bolezen plju¢ (ILD — Interstitial
Lung Disease)/pnevmonitis: Pri uporabi lorlatiniba so se pojavili
hudi ali Zivljenjsko ogrozajoéi pljuéni nezeleni uéinki, skladni z
ILD/pnevmonitisom. Vse bolnike, pri katerih pride do poslabsanja
respiratornih simptomoyv, ki kazejo na ILD/pnevmonitis, je treba
takoj pregledati glede ILD/pnevmonitisa. Hipertenzija: Pri bolnikih,
ki so prejemali loratinib, so poroéali o hipertenziji. Pred uvedbo
lorlatiniba mora biti krvni tlak pod nadzorom. Med zdravljenjem je
treba krvni tlak preveriti po 2 tednih in nato najmanj enkrat na
mesec ter glede na stopnjo resnosti zdravljenje prekiniti in nato
nadaljevati z zmanjSanim odmerkom ali trajno prekiniti.
Hiperglikemija: Pri bolnikih, ki so prejemali loratinib, se je pojavila
hiperglikemija. Pred uvedbo je treba oceniti koncentracijo glukoze
v serumu na tes¢e in jo nato redno spremljati v skladu z
nacionalnimi smernicami ter glede na stopnjo resnosti zdravljenje
prekiniti in nato nadaljevati z zmanj$anim odmerkom ali trajno
prekiniti. Laktoza: Vsebuje laktozo. Bolniki z redko dedno
intoleranco za galaktozo, odsotnostjo encima laktaze ali
malabsorpcijo glukoze/galaktoze ne smejo jemati tega zdravila.
Medsebojno delovanje z drugimi zdravili in druge oblike
interakcij: Ulinek zdravil na lorlatinib: /nduktorji CYP3A4/5:
Socasna uporaba moc¢nih induktorjev CYP3A4/5 (npr. rifampicin,
karbamazepin, enzalutamid, mitotan, fenitoin in Sentjanzevka) je
kontraindicirana. Zaviralci CYP3A4/5: Socasni uporabi mocnih
zaviralcev CYP3A4/5 (npr. boceprevir, kobicistat, itrakonazol,
ketokonazol, posakonazol, troleandomicin, vorikonazol, ritonavir,
paritaprevir v kombinaciji z ritonavirom in ombitasvirom in/ali
dasabuvirom ter ritonavir v kombinaciji z elvitegravirom,

(Metastatic Non-Small Cell Lung Cancer) metastatski

- 1855,

indinavirom, lopinavirom ali tipranavirom in grenivka ali grenivkin
sok), se je treba izogibati, saj lahko pride do zvecanja koncentracij
lorlatiniba v plazmi (Ce je so¢asna uporaba nujna, je priporocljivo
zmanj$ati odmerek lorlatiniba). U&inek lorlatiniba na druga
zdravila: Substrati CYP3A4/5: 1zogibati se je treba soasnemu
dajanju lorlatiniba in substratov CYP3A4/5 z ozkimi terapevtskimi
indeksi (npr. alfentanil, ciklosporin, dihidroergotamin, ergotamin,
fentanil, hormonski kontraceptivi, pimozid, kinidin, sirolimus in
takrolimus), saj lahko lorlatinib zmanj$a koncentracije teh zdravil.
Substrati  P-glikoproteina: Substrate P-gp, ki imajo ozke
terapevtske indekse (npr. digoksin, dabigatraneteksilat), je treba v
kombinaciji z lorlatinibom uporabljati previdno, saj obstaja
verjetnost, da se koncentracija teh substratov v plazmi zmanjsa
Studije in vitro s prenasalci zdravil, ki niso P-gp: Lorlatinib je
treba v kombinaciji s substrati BCRP, OATP1B1, OATP1B3, OCT1,
MATE1 in OAT3 uporabljati previdno, saj Klini¢no pomembnlh
sprememb v plazemski |zpostavljenost| teh substratov ni mogoce
izkljuciti. Pl in dojenje: Zenskam v rodni dobi je
treba svetovati, naj se med zdravljenjem z lorlatinibom izogibajo
zanositvi in naj med zdravljenjem uporabljajo visoko u&inkovito
nehormonsko metodo kontracepcije, saj lahko lorlatinib povzro¢i,
da hormonski kontraceptivi postanejo neucinkoviti. U¢inkovito
kontracepcijo je treba uporabljati $e vsaj 35 dni po zakljucku
zdravljenja. Med zdravljenjem in $e vsaj 14 tednov po zadnjem
odmerku morajo bolniki, ki imajo partnerice v rodni dobi,
uporabljati uclinkovito kontracepcijo. Noselnost: Studije na
Zivalih so pokazale embriofetalno toksi¢nost, zato uporaba med
nosecnostjo ali pri zenskah v rodni dobi, ki ne uporabljajo
kontracepcije, ni priporocljiva. Dojenje: Med zdravljenjem in se
7 dni po zadnjem odmerku je treba prenehati z dojenjem.
Plodnost ZdravlJenJe lahko ogr02| plodnost pri moskih. Vpliv na

voZnje in upravljanja strojev: Ima zmeren vpliv na
sposobnost voznje in upravljanja strojev. Potrebnaje prewdnost saj
se pri bolnikih lahko pojavijo uéinki na osrednje zivéevje. NeZeleni
uéinki: Zelo pogosti: anemija, hiperholesterolemija,
hipertrigliceridemija, ucinki na razpolozenje, u¢inki na kognitivne
funkcije, periferna nevropatija, glavobol, motnja vida, hipertenzija,
diareja, navzea, zaprtje, izpuséaj, artralgija, mialgija, edem,
utrujenost, zvecanje telesne mase, zvelanje vrednosti lipaze,
zvecCanje vrednosti amilaze. Naéin in rezim izdaje: Rp/Spec -

Predpisovanje in izdaja zdravila je le na recept zdravnika
specialista ustreznega podro¢ja medicine ali od njega

pooblas¢enega zdravnika. Imetnik dovoljenja za promet: Pfizer
Europe MA EEIG, Boulevard de la Plaine 17, 1050 Bruxelles, Belgija.
Datum zadnje revizije besedila: 04.04.2022
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