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Background. Biomedical applications of electroporation are expanding out of the field of oncology into vaccina-
tion, treatment of arrhythmias and now in the treatment of vascular malformations. Bleomycin is a widely used scle-
rosing agent in the tfreatment of various vascular malformations. The application of electric pulses in addition to bleo-
mycin enhances the effectiveness of the drug, as demonstrated by electrochemotherapy, which utilizes bleomycin
in the freatment of tumors. The same principle is used in bleomycin electrosclerotherapy (BEST). The approach seems
to be effective in the freatment of low-flow (venous and lymphatic) and, potentially, even high-flow (arteriovenous)
malformations. Although there are only a few published reports to date, the surgical community is interested, and an
increasing number of centers are applying BEST in the freatment of vascular malformations. Within the International
Network for Sharing Practices on Electrochemotherapy (InspECT) consortium, a dedicated working group has been
constituted to develop standard operating procedures for BEST and foster clinical frials.

Conclusions. By treatment standardization and successful completion of clinical frials demonstrating the effective-
ness and safety of the approach, higher quality data and better clinical outcomes may be achieved.

Key words: vascular malformations; bleomycin electrosclerotherapy; bleomycin; electrochemotherapy

Radiol Oncol 2023; 57(2): 141-149. doi: 10.2478/raon-2023-0029
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Classification of vascular
malformations

Vascular malformations are a rare condition
caused by abnormally developed blood vessels.
They can occur anywhere in the body and range
from simple and benign to complex conditions,
with an incidence of around 1.5% in the general
population.

The latest and most used categorization is the
International Society for the Study of Vascular
Anomalies (ISSVA) classification (Table 1).! This
classification divides vascular anomalies into two
main categories: tumors (true proliferative neo-
plasms) and malformations (morphogenetic de-
fects). These two categories are further subcatego-
rized: tumors are divided into benign, locally ag-
gressive/borderline and malignant, whereas mal-
formations are subdivided into simple, combined
or associated with other anomalies. Clinically, vas-
cular anomalies can also be divided into low-flow
and high-flow malformations.?

Treatment of vascular
malformations

Current approaches vary depending on the type
and anatomical location of the vascular malforma-
tion. Treatment options include observation, scle-
rotherapy, laser therapy, embolization, and sur-
gery.>* Observation is recommended for asymp-
tomatic superficial or low-flow malformations
that pose no immediate risk to the patient and are
stable in size. Sclerotherapy involves the injection
of sclerosing agents, such as bleomycin, or other

agents (pingyangmycin, absolute ethanol, ethanol-
amine oleate, polidocanol, doxycycline, cyanoacr-
ylate, sodium morrhuate and sodium tetradecyl
sulfate (STS)).>¢ Laser therapy is used to treat su-
perficial vascular malformations and involves the
use of a laser to heat the affected area and reduce
vessel size. Embolization is a minimally invasive
procedure in which small particles, metal coils, or
solidifying liquid agents are injected into the mal-
formation to block the flow of blood and reduce
its size. This treatment is typically used for high-
flow malformations. Surgery may be necessary for
high-flow malformations that are difficult to treat
with the other methods mentioned. Depending on
the size and anatomical location, the surgeon may
only remove part of the lesion”

The use of bleomycin
combined with electroporation
(electrochemotherapy) in
oncology

There are several biomedical applications of
electroporation. Reversible and irreversible elec-
troporation are distinguished by the amplitude,
timing and number of electric pulse applications.
Irreversible electroporation is based on irreversi-
ble disruption of the cell membrane causing desta-
bilization of cell physiology to the extent that cells
die either by apoptosis, necrosis or even immuno-
genic cell death.® In contrast, reversible electropo-
ration does not cause cell death but temporarily
disrupts the cell membrane in such a way that it
becomes permeable for molecules that have ham-
pered transport through the membrane.’'? This

TABLE 1. International Society for the Study of Vascular Anomalies (ISSVA) classification for vascular anomalies 2018

VASCULAR TUMORS

VASCULAR MALFORMATIONS

Benign Locally aggressive Malignant Simple Combined
Infantile Kaposiform Capillary
hemangioma hemangioendothelioma malformation (CM) CVM. CLM
Congenital Retiform Lymphatic
hemangioma hemangioendothelioma malformation (LM) LVM. CLVYM
Tufted . - Venous
hemangioma PILA. Dabska tumor Epithelioid ) malformation (VM) CAVM
. . hemangioendothelioma .
Spindle-cell Composite Angiosarcoma Arteriovenous
hemangioma hemangioendothelioma malformation (AVM)
Epithelioid
hemangioma ) ' . CLAVM
X Kaposi sarcoma Arteriovenous fistula
Pyogenic
granuloma

AVM = arteriovenous malformation; CAVM = capillary arteriovenous malformation; CLAVM = capillary lymphatic arteriovenous malformation; CLM
= capillary lymphatic malformations; CLVM = capillary lymphatic venous malformation; CM = capillary malformation; CVM = capillary venous
malformations; LM = lymphatic malformation; LVM = lymphatic venous malformation; PILA — papillary intralymphatic angioendothelioma; VM -

venous malformation

Radiol Oncol 2023; 57(2): 141-149.
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phenomenon can be exploited for enhanced drug,
DNA or RNA delivery into cells. If we deliver nu-
cleic acids, it is called gene electrotransfer, which
can be used for cancer immune-gene therapy; for
example, if introduced, DNA or mRNA encodes
immunomodulatory molecules. It can also be used
for vaccination purposes.®* The biomedical ap-
plications of gene electrotransfer can be used in
the treatment of cancer, as well as other diseases,
including vaccination for infectious diseases such
as SARS CoV-2 virus.”® In the case of electrochemo-
therapy, electroporation is used to enhance the de-
livery of cytotoxic molecules for cancer treatment.
The principle is to inject cytotoxic drugs such as
bleomycin or cisplatin into the cancer patient and
apply electric pulses at the site of the tumor, where
enhanced drug uptake is desired.’® Therefore, elec-
trochemotherapy is a local treatment since drug
cytotoxicity is enhanced only at the site of electric
pulse applications. This approach is being used
widely in the treatment of either cutaneous tumors
or deep-seated tumors in internal organs, such as
liver and pancreas.!® Several electrodes were de-
signed that are best suited for the delivery of elec-
tric pulses to specific anatomical locations. Due
to its simple principle, i.e., the use of highly cyto-
toxic drugs and the application of electric pulses
for its enhanced cytotoxicity, electrochemotherapy
is effective on tumors of different histological ori-
gins. Its objective response rate ranges between
70-80%." Electrochemotherapy is listed in many
national and international guidelines as a local
ablative therapy and is applied in more than 200
centers across Europe.'®

Electrochemotherapy
mechanisms of action

There are three underlying mechanisms of elec-
trochemotherapy. The first is enhanced drug de-
livery to tumor cells, which die due to the cytotox-
icity of the drugs, either by apoptosis or necrosis.
This is predominantly related to the drug used and
its mode of action. Bleomycin, for example, induces
mitotic cell death, which induces slow resolution
of the tumor mass. Experimental data on tumors
in mice demonstrate that the drug concentration
in tumor cells after electroporation is increased 10
times or more, depending on the tumor type, in
the case of bleomycin electrochemotherapy.!®

The second mechanism is the induction of the
immune response due to immunogenic tumor cell
death induced by the drug. It is well known that

certain ablative therapies induce immunogenic
cell death that can attract and boost the immune
response of the organism. This mechanism has
been described in radiation therapy, thermal ab-
lative techniques, and electrochemotherapy.1012%
Several groups have investigated the role of im-
munogenic cell death in the effectiveness of elec-
trochemotherapy. Now, the experimental data
indicate that the response of the tumors varies
depending on the immunogenicity of the tumors;
more immunogenic tumors respond better to elec-
trochemotherapy than less immunogenic tumors,
which was linked to more pronounced immuno-
genic cell death after electrochemotherapy.!%1220
Additionally, clinical data on the treatment of
melanoma demonstrate that local treatment of
cutaneous metastases can boost or interact with
treatment using immune checkpoint inhibitors,
such as pembrolizumab.?! Patients treated with
both electrochemotherapy and immune check-
point inhibitors had lower disease progression
rates and longer survival than those who received
pembrolizumab only.

The third mechanism is the vascular disrupting
effect of electrochemotherapy. In early preclinical
research, it was established that the application of
electric pulses only temporarily abrogates blood
flow within tumors. This phenomenon was termed
vascular lock and lasts less than an hour.2>?
Furthermore, the effect is enhanced when the
drug is present during application of the electric
pulses. Investigations have shown that it results
in vascular disruption that occurs within hours in
tumors. Endothelial cells start to die, blood flow
is obstructed, and secondary tumor cell death is
induced within days due to induced tumor hy-
poxia.?*?” The phenomenon is predominantly con-
fined to the tumor vasculature, sparing the normal
vasculature around the tumors. The reason for this
is because of the high proliferation rate of endothe-
lial cells in tumors compared to the vasculature in
normal tissues, where the endothelial proliferation
rate is very slow. The vascular disrupting effect of
electrochemotherapy is not fully understood. To
date, we do not know in what proportion this vas-
cular disrupting effect contributes to the overall
effectiveness of electrochemotherapy in specific
tumor types. We know that it is dependent on the
distribution and extent of tumor vascularization,
and better vascularized tumors respond better to
electrochemotherapy.?*? Preclinical data also indi-
cate that tumor perfusion influences the effective-
ness of the treatment, with well perfused tumors
showing an improved response.®

Radiol Oncol 2023; 57(2): 141-149.
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FIGURE 1. Treatment of vascularized melanoma metastasis by electrochemotherapy. (A) Highly vascularized fumor before treatment. (B) Bleeding
due to electrode insertion after application of electric pulses to the fumor. (C) Bleeding stopped immediately after electric pulse application.

Combination of bleomycin with
reversible electroporation

for treatment of vascular
malformations

Electrochemotherapy is safely applied to palliate
bleeding cutaneous metastases and treat vascular
tumors e.g, Kaposi sarcoma, superficial angio-
sarcoma® and highly vascularized liver metas-
tases.’>% Bleeding after the insertion of needle
electrodes quickly stops due to vascular lock.*”
Additionally, both superficial and liver tumors
themselves also do not bleed after electrochemo-
therapy due to the vascular disrupting effect.
These observations indicate that electrochemo-
therapy indeed exerts vascular effects, the above-
mentioned vascular lock and the vascular disrupt-
ing effect. Furthermore, several reports indicate
that electrochemotherapy can be safely applied to
control or treat bleeding tumors.” Of note, bleed-
ing stops almost immediately after the application
of electric pulses; therefore, treatment of bleeding
tumors is also one of the indications for electro-
chemotherapy (Figure 1).

These data support the potential advantage of
bleomycin electrosclerotherapy in the treatment of
vascular malformations. Bleomycin is already one
of the most frequently used sclerotherapy agents
in the treatment of these lesions.>® Therefore, the
combination with electric pulses may only add to
the effectiveness of bleomycin since it would in-
crease the uptake of the drug into the endothelial
lining of the affected blood vessels. In many cases,
blood vessels are abnormal and endothelial cell
proliferation is higher than that in normal blood

Radiol Oncol 2023; 57(2): 141-149.

vessels.’® Therefore, the vasculature in vascular
malformations is impaired as it is in tumors, and
electrochemotherapy is supposed to be effective in
both.

Histological evidence from liver biopsies in-
dicates that venules are more sensitive to elec-
trochemotherapy than arterioles in normal liver
parenchyma.® This would indicate that venous
malformations would have been more susceptible
to BEST.

We recently performed a study on pigs inves-
tigating vascular changes in large blood vessels
such as the portal vein, inferior vena cava, and
lineal vein. In this study, the vessels were directly
exposed to electroporation and electrochemo-
therapy by the application of electric pulses us-
ing plate electrodes that embraced the vessels.
Electrochemotherapy may temporarily disrupt the
endothelial lining and disrupt the vasa vasorum
of the vessels (unpublished data). This effect may,
however, be a desired one in the treatment of all
vascular malformations, specifically because we
have not observed thrombi formation in the treat-
ed vessels in the pig model.

All this evidence supports the use of bleomycin
electroporation in the treatment of vascular mal-
formations, also called bleomycin electrosclero-
therapy (BEST). In principle, BEST could be a safe
and effective approach for the treatment of vascu-
lar malformations; however, more clinical data are
needed to confirm this approach. To date, there are
only a handful of clinical reports on the treatment
of vascular malformations with BEST. Finally, and
importantly, the technique needs to be standard-
ized through the development of dedicated stand-
ard operating procedures.
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Overview of current clinical
BEST reports

Publications on BEST are still limited in number.
Table 2 summarizes the clinical studies and case
reports published thus far.-% In summary, dif-
ferent types of vascular malformations have been
treated, with favorable clinical outcomes. Most of
the studies used intralesional bleomycin, either di-
luted or mixed with lidocaine. Bleomycin dosage
varied between studies, but in most reports, it was
lower than in traditional sclerotherapy. In addi-
tion, the number of treatments required was much
lower when BEST was used than when bleomycin
was used alone. Drug dosage, the number of treat-
ments needed, and route of drug administration
are all aspects that need to be explored to develop
recommendations for the future use of BEST.

Another relevant aspect of BEST is the applica-
tion of electric pulses. Due to the blood accumu-
lated in the malformation, the electrical conduc-
tivity of the treated tissue is high. Therefore, it is
assumed that the coverage of the target lesion with
electric pulses does not need to be so strict as in
electrochemotherapy. In this regard, some clini-
cians who perform BEST on patients report that
fewer applications of electric pulses to the lesions
are needed. This aspect that requires clarification
in future studies.

Studies on BEST should also report the num-
ber and amplitudes of pulse applications and the
electrical parameters (current). The predominantly
used generator is from one producer, and vary-
ing electrodes specific to this generator are used.
Usually, in each electric pulse application 8 pulses
of 1000-1300 V/cm in frequency 5 kHz are applied.
Since different electrodes are used for different
clinical situations, the reports should describe
which electrodes were used. Furthermore, when
standard operating procedures for BEST will be
prepared, recommendations for the use of specific
types of electrodes should also be prepared.

BEST standardization

To date, there are no standardized guidelines for
BEST. As a result, each center applies the treatment
according to local protocols and clinical experi-
ence. Therefore, standardization of some proce-
dural aspects is needed.

The spread of a new technology depends on
its safety. Safety aspects have already been cor-

14S

FIGURE 2. Patient treated by BEST. Axial T2-weighted, fat-saturated MRI with
hyperintense (arrow) gluteal venous malformation before freatment (A). Axial
T2-weighted, fat-saturated MRI of the same region 4 months after treatment. The
main part of the venous malformation is occluded (B). Photography before (C)
and after the treatment (D).

roborated, since there are already some reports of
significant morbidity with bleomycin only, but not
with BEST treatment.*® We must be aware that cy-
totoxic drugs are used for the treatment of benign
disease, that can be spilled and are sometimes also
used in very young patients. This safety aspect is
also related to the experience in image-guided ble-
omycin and electric pulse application (Figure 2).

Currently, BEST must be practiced in the frame-
work of clinical studies, where patient referral
and suitability for BEST treatment need to be
defined. The patients need to be informed about
other treatment options and their suitability for
the treatment evaluated by a multidisciplinary
team (MDT).

It is expected that in the early stage of develop-
ment, BEST will be considered in recurrences after
previous treatments, whereas subsequently more
precise indications for specific types of vascular
malformations will be individuated.

Radiol Oncol 2023; 57(2): 141-149.
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TABLE 2. Clinical studies and case reports using bleomycin electrosclerotherapy*-4>

Type of

Bleomycin dose and

Electrodes

N of pulse

etz malformation - concentration used applications EemiEe el
McMorrow
etal,BrlJ Considerable improvement .
Venous Reduced dose: 1/3 of Not . Case report with poor
Oral and . Not reported after 6 unsuccessful sessions ) .
Maxillofacial malformation the standard dose reported with bleomycin respiratory function
Surg 2017+
Horbach et al., Hypertrophic 5 pts. 7-8 weeks .
Dermatologic capillary (out of 20 0.25 mg or units/cm® ?:;Zé Not reported DERQI (changes in colorimetry) Rﬁgﬂ?{;'wd caielize
Surgery 20204 malformations planned) Flux in ROI (in Perfusion Units) P
t i1 . -
SflgsgéTZLs Lymphatic 1 0.5 mg/kg (5.4 mg) Needle lyg;;ﬁgdﬁons gi%r%gxh e etme Case report
20204 malformation > MY/KG >4 Mg 2nd session: 74 No recurrence at 18 months P
applications Follow up
Calculated based on gﬁ;%ggﬁﬁimtiﬁr:%m‘
Wohlgemuth g]i gzgso;gﬁnlfﬂon' Volume reduction,%:
efal, Journal Venous . 17 st.' Intralesional injection Needle & Not reported i 90%. 9 Ieslons ReTrospe_chve
of Vascular malformations (20 lesions) (25% concentration of finger >70% in < 90% 6 lesions observational case study
Surgery 20214 sTonodcrd et >50% in < 70% 2 lesions
Y <35% 2 lesions
sclerotherapy) }
No response 1 lesion
30 pts. Calculated based on 17 Complete Response Prospective observational
. . . the size of the lesion. 7: significant improvement case study
Kostusiak et al., Various VM: 17 L : )
Dermatologic vascular AVM: 3 Bl?ﬁTyC‘Ln T'?efy Eeedle & Not reported }j mpderofe improvement Elff;;cfr%s?erofheropy di
surgery 2022% malformations  CVM with 1 mL plain 1% inger :minor response offered fo non-responding
M: 2 lidocaine 1: no response patients to standard
Miked' 9 Dose not reported 3: active follow up bleomycin
Krt et al., Front Arteriovenous 750 IU BLM
Oncol 20224 b 1 e Plate 15 CR 18 months after BEST Case report

AVM = arteriovenous malformation; BLM = bleomycin; CYM = capillary venous malformations; VM - venous malformation; LM = lymphatic malformation;

Other relevant procedural aspects that need to
be clarified include drug injection, questions of
dosage, the need for general anesthesia, electrode
placement and delivery of electric pulses.

Exclusion criteria need to be defined as well,
such as pregnancy, lactation and allergy or hyper-
sensitivity to bleomycin, or abnormal respiratory
parameters.

The application of electric pulses, especially
with needle electrodes, is painful. Therefore, local
or general anesthesia is needed. In this regard,
the experience accumulated with electrochemo-
therapy can be informative. Generally, the choice
of the type of anesthesia is at the discretion of
each center. However, there is a recent report that
continuous intravenous sedation is also an option
that requires less anesthetic and is much shorter
in time.*”

Another important issue is the route of bleo-
mycin injection. In electrochemotherapy, the pre-
ferred route is intravenous injection; however, in
BEST treatment, this is a limited option since in-
travenous sclerotherapy with bleomycin is not the
standard of care. Instead, direct injection is pre-
ferred, possibly under image guidance and poten-
tially with a lower dose to avoid systemic toxicity.

Radiol Oncol 2023; 57(2): 141-149.

In electrochemotherapy, the bleomycin dose
in intravenous or intratumoral administration is
defined.®® In elderly patients older than 65 years
or with renal impairment, the intravenously ad-
ministered dose can be decreased by 1/3.48 In BEST
treatment, the dose can be substantially decreased.
The lowest effective dose of bleomycin for BEST
treatment still needs to be established. The con-
centration of bleomycin in the solution needs to be
standardized.

Another peculiar aspect is that the volume of
the drug solution is dependent on the type and
volume of the malformation. Furthermore, it de-
pends on whether bleomycin is diluted either with
foam, lidocaine or contrast agent and whether
there is drainage from the malformation that
needs to be stopped, either by compression or in-
travascular techniques. By all means, the concen-
tration and volume of the drug injected needs to
be recorded and reported. The dose and route of
administration may also differ in the case of fast
or slow flow malformations. The treatment can be
repeated up to a cumulative dose for bleomycin of
400 000 IU.#8

The interval between the intralesional bleo-
mycin injection and the application of electric
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pulses needs to be short, while the drug is pre-
sent in the treated tissue. The one-minute interval
would be enough. A similar situation is also ob-
served in electrochemotherapy, where the time in-
terval is different when bleomycin is injected either
intratumorally or intravenously. In the case of in-
travenous injection, the time interval is 8 minutes,
and after intratumoral injection, the time interval
is just 1-3 minutes.*® The choice of the electrodes
used is dependent on many factors. The type, lo-
cation and size of the malformation are the most
important factors. Needle electrodes with shorter
or longer needles in fixed geometry are available.
Some centers have concerns about so-called hex-
agonal electrodes since they deliver many electric
pulses between the needles with a high risk of skin
hyperpigmentation at the puncture sites. Some
malformations require so-called variable geom-
etry electrodes. These are single long needle elec-
trodes that can be placed separately and can cover
deeper mostly subfascial malformations.

Vascular malformations do not need to be cov-
ered entirely with electric pulses, in contrast to
electrochemotherapy. In the case of BEST, damage
to the endothelium and vessels needs to be done
throughout the malformation but not necessarily
with dense and complete coverage of the whole
lesion, since the goal is to improve the symptoms
more than eradicating the lesion. In this way, the
risk of tissue swelling and mucosal ulceration
could be reduced.

BEST treatment can be performed as a day case
procedure unless pain, bleeding or swelling is an-
ticipated. Generally, follow-up is recommended at
approximately three-month intervals.

These are recommendations and considerations
for BEST treatment according to the experiences
gained by the authors of this manuscript. The
members of this working group will continue to
share experiences and discuss results to identify
the procedural aspects associated with the best re-
sults. When a more formal consensus is reached,
we will propose our best practice in the form of
standard operating procedures (SOPs).

Role of InspECT in BEST
applications

InspECT is an international network of 42 clinical
centers using electrochemotherapy for the treat-
ment of cancer. This is the largest group of experts
on electroporation-based treatments. Some of
them are acquainted with BEST and report a posi-

tive experience as other external centers. Together,
these centers form a network that can promote
BEST worldwide. A dedicated working group for
vascular malformations has been formed within
InspECT. This group will promote clinical studies
with BEST and seek collaboration with other cent-
ers. This paper aims to raise interest and aware-
ness in the treatment of vascular malformations
with BEST and provide an overview of the current
status of development of this approach.

Future directions and
conclusions

The number of clinicians using BEST to treat vascu-
lar malformations is growing. Due to the first and
positive experiences in various vascular malfor-
mations, BEST application is being practiced in an
increasing number of centers throughout Europe
and the UK. This article summarizes the rationale
and underlying mechanisms of BEST, along with
the initial clinical experiences. Additionally, it
highlights the main controversial procedural as-
pects and the need for dedicated SOPs.

Acknowledgments

The authors acknowledge the financial support
from the state budget by the Slovenian Research
Agency, program no. ’3-0003.

References

1. Classification International Society for the Study of Vascular Anomalies.
[Internet]. [cited 2023 May 16]. Available at: https://www.issva.org/clas-
sification

2. Wu IC, Orbach DB. Neurointerventional management of high-flow vascular
malformations of the head and neck. Neuroimaging Clin N Am 2009; 19:
219-40. doi: 10.1016/j.nic.2009.01.005.

3. Sadick M, Wohlgemuth WA, Huelse R, Lange B, Henzler T, Schoenberg SO,
et al. Interdisciplinary management of head and neck vascular anomalies:
clinical presentation, diagnostic findings and minimalinvasive therapies. Eur
J Radiol Open 2017; 4: 63-8. doi: 10.1016/j.ejr0.2017.05.001

4. Hage AN, Beecham Chick JF, Srinivasa RN, Bundy JJ, Chauhan NR, Acord
M, et al. Treatment of venous malformations: the data, where we are,
and how it is done. Tech Vasc Interv Radiol 2018; 21: 45-54. doi: 10.1053/j.
tvir.2018.03.001

5. Horbach SER, Lokhorst MM, Saeed P, de Goliyon Matignon de Pontouraude
CMF, Rothova A, Van Der Horst CMAM. Sclerotherapy for low-flow vascular
malformations of the head and neck: a systematic review of sclerosing
agents. J Plast Reconstr Aesthet Surg 2016; 69: 295-304. doi: 10.1016/j.
bjps.2015.10.045

6. Maria L De, Sanctis P De, Balakrishnan K, Tollefson M, Brinjikji W.
Sclerotherapy for venous malformations of head and neck: systematic
review and meta-analysis. Neurointervention 2020; 15: 4. doi: 10.5469/
neuroint.2019.00213

Radiol Oncol 2023; 57(2): 141-149.

147



148

Muir T et al. / Bleomycin electrosclerotherapy of vascular malformations

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Johnson AB, Richter GT. Surgical considerations in vascular malformations.
Tech Vasc Interv Radiol 2019; 22: 100635. doi: 10.1016/j.tvir.2019.100635

Wang YJ, Fletcher R, Yu J, Zhang L. Immunogenic effects of chemotherapy-
induced tumor cell death. Genes Dis 2018; 5: 194. doi: 10.1016/j.gen-
dis.2018.05.003

Sersa G, Ursic K, Cemazar M, Heller R, Bosnjak M, Campana LG. Biological
factors of the tumour response to electrochemotherapy: review of the evi-
dence and a research roadmap. Eur J Surg Oncol 2021; 47: 1836-1846. doi:
10.1016/j.€js0.2021.03.229

Ursic K, Kos S, Kamensek U, Cemazar M, Miceska S, Markelc B, et al.
Potentiation of electrochemotherapy effectiveness by immunostimulation
with IL-12 gene electrotransfer in mice is dependent on tumor immune sta-
tus. J Control Release 2021; 332: 623-35. doi: 10.1016/j.jconrel.2021.03.009

Yarmush ML, Golberg A, Sersa G, Kotnik T, Miklavcic D. Electroporation-
based technologies for medicine: principles, applications, and challenges.
Annu Rev Biomed Eng 2014; 16: 295-320. doi: 10.1146/annurev-bio-
eng-071813-104622

Kesar U, Markelc B, Jesenko T, Valentinuzzi KU, Cemazar M, Strojan P, et al.
Effects of electrochemotherapy on immunologically important modifica-
tions in tumor cells. Vaccines 2023; 11: 925. doi: 10.3390/vaccines11050925

Sersa G, Teissie J, Cemazar M, Signori E, Kamensek U, Marshall G, et al.
Electrochemotherapy of tumors as in situ vaccination boosted by immuno-
gene electrotransfer. Cancer Immunol Immunother 2015; 64: 1315-27. doi:
10.1007/s00262-015-1724-2

Groselj A, Bosnjak M, Jesenko T, Cemazar M, Markelc B, Strojan P, et al.
Treatment of skin tumors with intratumoral interleukin 12 gene electro-
transfer in the head and neck region: a first-in-human clinical trial protocol.
Radiol Oncol 2022; 56: 398-408. doi: 10.2478/raon-2022-0021

Conforti A, Marra E, Palombo F, Roscilli G, Rava M, Fumagalli V, et al. COVID-
eVax, an electroporated DNA vaccine candidate encoding the SARS-CoV-2
RBD, elicits protective responses in animal models. Mol Ther 2022; 30: 311-
26. doi: 10.1016/j.ymthe.2021.09.011

Campana LG, Edhemovic |, Soden D, Perrone AM, Scarpa M, Campanacci
L, et al. Electrochemotherapy - emerging applications technical advances,
new indications, combined approaches, and multi-institutional collabora-
tion. Eur J Surg Oncol 2019; 45: 92-102. doi: 10.1016/j.€js0.2018.11.023

Clover AJP, de Terlizzi F, Bertino G, Curatolo P, Odili J, Campana LG, et al.
Electrochemotherapy in the treatment of cutaneous malignancy: outcomes
and subgroup analysis from the cumulative results from the pan-European
International Network for Sharing Practice in Electrochemotherapy data-
base for 2482 lesions in 987 patients (2008-2019). Eur J Cancer 2020; 138:
30-40. doi: 10.1016/j.ejca.2020.06.020

Mir LM, Orlowski S, Belehradek J, Paoletti C. Electrochemotherapy potentia-
tion of antitumour effect of bleomycin by local electric pulses. Eur J Cancer
1991; 27: 68-72. doi: 10.1016/0277-5379(91)90064-K

Wang M, Duan Y, Yang M, Guo Y, Li F, Wang J, et al. The analysis of im-
munogenic cell death induced by ablation at different temperatures in
hepatocellular carcinoma cells. Front Cell Dev Biol 2023; 11: 1146195. doi:
10.3389/fcell.2023.1146195

Polajzer T, Jarm T, Miklavcic D. Analysis of damage-associated molecular
pattern molecules due to electroporation of cells in vitro. Radiol Oncol 2020;
54: 317-328. doi: 10.2478/raon-2020-0047

Campana LG, Peric B, Mascherini M, Spina R, Kunte C, Kis E, et al.
Combination of pembrolizumab with electrochemotherapy in cutaneous
metastases from melanoma: a comparative retrospective study from the
inspect and slovenian cancer registry. Cancers 2021; 13: 4289. doi: 10.3390/
cancers13174289

Sersa G, Cemazar M, Parkins CS, Chaplin DJ. Tumour blood flow changes
induced by application of electric pulses. Eur J Cancer 1999; 35: 672-7. doi:
10.1016/S0959-8049(98)00426-2

Gehl J, Skovsgaard T, Mir LM. Vascular reactions to in vivo electropora-
tion: characterization and consequences for drug and gene delivery.
Biochim Biophys Acta Gen Subj 2002; 1569: 51-8. doi: 10.1016/S0304-
4165(01)00233-1

Jarm T, Cemazar M, Miklavcic D, Sersa G. Antivascular effects of electro-
chemotherapy: implications in treatment of bleeding metastases. Expert
Rev Anticancer Ther 2010; 10: 729-46. doi: 10.1586/era.10.43.

Radiol Oncol 2023; 57(2): 141-149.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Markelc B, Sersa G, Cemazar M. Differential mechanisms associated with
vascular disrupting action of electrochemotherapy: intravital microscopy
on the level of single normal and tumor blood vessels. PLoS One 2013; 8:
€59557 doi: 10.1371/journal.pone.0059557

Markelc B, Bellard E, Sersa G, Jesenko T, Pelofy S, Teissié J, et al. Increased
permeability of blood vessels after reversible electroporation is facilitated
by alterations in endothelial cell-to-cell junctions. J Control Release 2018;
276: 30-41. doi: 10.1016/j.jconrel.2018.02.032

Sersa G, Jarm T, Kotnik T, Coer A, Podkrajsek M, Sentjurc M, et al. Vascular
disrupting action of electroporation and electrochemotherapy with bleo-
mycin in murine sarcoma. Br J Cancer 2008; 98: 388-98. doi: 10.1038/
sj.bjc.6604168

Djokic M, Cemazar M, Popovic P, Kos B, Dezman R, Bosnjak M, et al.
Electrochemotherapy as treatment option for hepatocellular carcinoma, a
prospective pilot study. Eur J Surg Oncol 2018; 44: 651-657. doi: 10.1016/j.
€js0.2018.01.090

Edhemovic |, Brecelj E, Cemazar M, Boc N, Trotovsek B, Djokic M, et al.
Intraoperative electrochemotherapy of colorectal liver metastases: a pro-
spective phase Il study. Eur J Surg Oncl 2020; 46: 1628-1633. doi: 10.1016/j.
€js0.2020.04.037

Groselj A, Kranjc S, Bosnjak M, Krzan M, Kosjek T, Prevc A, et al.
Vascularization of the tumours affects the pharmacokinetics of bleomycin
and the effectiveness of electrochemotherapy. Basic Clin Pharmacol Toxicol
2018; 123: 247-256. doi: 10.1111/bcpt.13012

Curatolo P, Careri R, Simioni A, Campana LG. Cryotherapy, imiquimod, and
electrochemotherapy are effective options for kaposi sarcoma: a call for
standardization to allow for comparisons and informed decisions. J Cutan
Med Surg 2020; 24: 218-9. doi: 10.1177/1203475419893302

Lalanda R, Bartolo J, Carvalhal S, Abecasis N, Farricha V, Sofia R, et al.
Cutaneous and subcutaneous Kaposi’s sarcoma lesions treated with elec-
trochemotherapy. Int J Dermatol 2023; 62: 115-119. doi: 10.1111/ijd.16261

Guida M, Campana LG, Curatolo P, Strippoli S, Bonadies A, Grilz G, et al.
Local treatment with electrochemotherapy of superficial angiosarcomas:
efficacy and safety results from a multi-institutional retrospective study. J
Surg Oncol 2016; 114: 246-53. doi: 10.1002/js0.24287

Campana LG, Kis E, Bottyan K, Orlando A, de Terlizzi F, Mitsala G, et al.
Electrochemotherapy for advanced cutaneous angiosarcoma: a European
register-based cohort study from the International Network for Sharing
Practices of Electrochemotherapy (InspECT). Int J Surg 2019; 72: 34-42. doi:
10.1016/).1)SU.2019.10.013

Djokic M, Cemazar M, Bosnjak M, Dezman R, Badovinac D, Miklavcic D, et
al. A Prospective phase Il study evaluating intraoperative electrochemo-
therapy of hepatocellular carcinoma. Cancers 2020; 12: 3778. doi: 10.3390/
cancers12123778

Spiliotis AE, Hollander S, Rudzitis-Auth J, Wagenpfeil G, Eisele R, Nika S, et
al. Evaluation of electrochemotherapy with bleomycin in the treatment of
colorectal hepatic metastases in a rat model. Cancers 2023; 15: 1598. doi:
10.3390/cancers15051598

Gehl J, Geertsen PF. Palliation of haemorrhaging and ulcerated cutaneous
tumours using electrochemotherapy. Eur J Cancer Supp 2006; 4: 35-7. doi:
10.1016/j.ejcsup.2006.07.007

Lampejo AO, Ghavimi SAA, Hagerling R, Agarwal S, Murfee WL. Lymphatic/
blood vessel plasticity: motivation for a future research area based on
present and past observations. Am J Physiol Heart Circ Physiol 2023; 324:
H109-21. doi: 10.1152/ajpheart.00612.2022

Gasljevic G, Edhemovic |, Cemazar M, Brecelj E, Gadzijev EM, Music MM,
et al. Histopathological findings in colorectal liver metastases after elec-
trochemotherapy. PLoS One 2017; 12: e0180709. doi: 10.1371/journal.
pone.0180709

Wohlgemuth WA, Miiller-Wille R, Meyer L, Wildgruber M, Guntau M, Heydt
S von der, et al. Bleomycin electrosclerotherapy in therapy-resistant venous
malformations of the body. J Vasc Surg Venous Lymphat Disord 2021; 9:
731-9. doi: 10.1016/J.JVSV.2020.09.009

Krt A, Cemazar M, Lovric D, Sersa G, Jamsek C, Groselj A. Combining su-
perselective catheterization and electrochemotherapy: a new technological
approach to the treatment of high-flow head and neck vascular malforma-
tions. Front Oncol 2022; 12: 1025270. doi: 10.3389/FONC.2022.1025270



42.

43.

44,

45.

46.

47.

~

48.

Muir T et al. / Bleomycin electrosclerotherapy of vascular malformations

Kostusiak M, Murugan S, Muir T. Bleomycin electrosclerotherapy treatment
in the management of vascular malformations. Dermatol Surg 2022; 48:
67-71. doi: 10.1097/DSS.0000000000003220

Dalmady S, Csoma Z, Besenyi Z, Bottyan K, Olah J, Kemény L, et al. New
treatment option for capillary lymphangioma: bleomycin-based electro-
chemotherapy of an infant. Pediatrics 2020; 146: €20200566. doi: 10.1542/
PEDS.2020-0566

McMorrow L, Shaikh M, Kessell G, Muir T. Bleomycin electrosclerotherapy:
new treatment to manage vascular malformations. BrJ Oral Maxillofac Surg
2017; 55: 977-9. doi: 10.1016/).BJOMS.2017.10.002

Horbach SER, Wolkerstorfer A, Jolink F, Bloemen PR, van der Horst CMAM.
Electrosclerotherapy as a novel treatment option for hypertrophic capillary
malformations: a randomized controlled pilot trial. Dermatol Surg 2020; 46:
491-8. doi: 10.1097/DSS.0000000000002191

Ge V, Banakh |, Tiruvoipati R, Haji K. Bleomycin-induced pulmonary toxicity
and treatment with infliximab: a case report. Clin Case Rep 2018; 6: 2011-4.
doi: 10.1002/CCR3.1790

Benedik J, Ogorevc B, Brezar SK, Cemazar M, Sersa G, Groselj A. Comparison
of general anesthesia and continuous intravenous sedation for elec-
trochemotherapy of head and neck skin lesions. Front Oncol 2022; 12:
1011721. doi: 10.3389/FONC.2022.1011721

Gehl J, Sersa G, Matthiessen LW, Muir T, Soden D, Occhini A, et al.
Updated standard operating procedures for electrochemotherapy of cu-
taneous tumours and skin metastases. Acta Oncol 2018; 57: 874-82. doi:
10.1080/0284186X.2018.1454602

Radiol Oncol 2023; 57(2): 141-149.

149



150

research article

Correlation of mean apparent diffusion
coefficient (ADC) and maximal standard
uptake value (SUVmax) evaluated by diffusion-

weighted MRI and 18F-FDG-PET/CT in children
with Hodgkin lymphoma: a feasibility study

Nicolas Rosbach', Sebastian Fischer', Vitali Koch', Thomas J. Vogl', Konrad Bochennek?,
Thomas Lehrnbecher?, Scherwin Mahmoudi', Leon Griinewald', Frank Grinwald?,
Simon Bernatz'

' Department of Diagnostic and Interventional Radiology, University Hospital Frankfurt, Goethe University, Frankfurt am
Main, Germany

2 Division of Paediatric Haematology and Oncology, Hospital for Children and Adolescents, University Hospital Frankfurt,
Goethe University, Frankfurt am Main, Germany

3 Department of Nuclear Medicine, University Hospital Frankfurt, Goethe University, Frankfurt am Main, Germany

Radiol Oncol 2023; 57(2): 150-157.
Received 02 February 2023

Accepted 27 March 2023

Correspondence to: Dr. Nicolas Rosbach, Institute for Diagnostic and Interventional Radiology, University Hospital Frankfurt,
Theodor-Stern-Kai 7, 60590 Frankfurt am Main, Germany. E-mail: nicolas.rosbach@kgu.de

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. The objective was to analyse if magnetic resonance imaging (MRI) can act as a non-radiation ex-
posure surrogate for (18)F-Fluorodeoxyglucose (FDG) positron emission tomography/computed tomography (PET/
CT) in children with histologically confirmed Hodgkin lymphoma (HL) before treatment. This was done by analysing a
potential correlation between apparent diffusion coefficient (ADC) in MRl and the maximum standardized uptake
value (SUVmax) in FDG-PET/CT.

Patients and methods. Seventeen patients (six female, eleven male, median age: 16 years, range: 12-20 years)
with histologically confirmed HL were retrospectively analysed. The patients underwent both MRI and (18)F-FDG PET/
CT before the start of freatment. (18)F-FDG PET/CT data and correlating ADC maps in MRI were collected. For each
HL-lesion two readers independently evaluated the SUVmax and correlating meanADC.

Results. The seventeen patients had a total of 72 evaluable lesions of HL and there was no significant difference
in the number of lesions between male and female patients (median male: 15, range: 12-19 years, median female:
17 range: 12-18 years, p = 0.021). The mean duration between MRI and PET/CT was 5.9 + 5.3 days. The inter-reader
agreement as assessed by the infraclass correlation coefficient (ICC) was excellent (ICC =0.98, 95% CI: 0.97-0.99). The
correlated SUVmax and meanADC of all 17 patients (ROIs n = 72) showed a strong negative correlation of -0.75 (95%
Cl:-0.84, —-0.63, p = 0.001). Analysis revealed a difference in the correlations of the examination fields. The correlated
SUVmax and meanADC showed a strong correlation at neck and thoracal examinations (neck: -0.83, 95% ClI: -0.93,
—-0.63, p < 0.0001, thoracal: -0.82, 95% CI: -0.91, —-0.64, p < 0.0001) and a fair correlation at abdominal examinations
of -0.62 (95% CI: -0.83, - -0.28, p = 0.001).

Conclusions. SUVmax and meanADC showed a strong negative correlation in paediatric HL lesions. The assessment
seemed robust according to inter-reader agreements. Our results suggest that ADC maps and meanADC have the
potential to replace PET/CT in the analysis of disease activity in paediatric Hodgkin lymphoma patients. This may help
reduce the number of PET/CT examinations and decrease radiation exposure fo children.

Key words: Hodgkin lymphoma; diffusion weighted imaging; apparent diffusion coefficient; MRI; PET/CT
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Introduction

Hodgkin lymphoma (HL) accounts for approxi-
mately 6% of all paediatric cancers. It has an in-
cidence rate of 12 cases per million per year in
the age group 0-14 with a male predominance.?
Clinical trials and advances in therapy lead to
an improvement of the 5-year survival rate for
children newly diagnosed with HL.>* The cur-
rent National Comprehensive Cancer Network
(NCCN) guidelines do not address HL in paediat-
ric patients.® Therefore, initial radiological staging
examinations depend on study protocols. Most pa-
tients with HL receive (18)F-Fluorodeoxyglucose
(FDG) positron emission tomography/computed
tomography (PET/CT) scans as initial staging
and during follow-up to assess early response
and to identify responders or non-responders to
chemotherapy.®® Over 95% of children with HL
will become long-time survivors.* Currently the
Deauville five-point scale is recommended for
FDG-PET/CT-based response assessment in pa-
tients with lymphoma. It is a visual scale using
mediastinal and liver blood pool FDG-uptake as
reference points.’ The therapeutic improvements
lead to increasing live expectancy and increasing
number of dose-intense follow-up examinations
with PET/CT. Several studies examined methods
to reduce the radiation exposure for paediatric
patients in whole body PET/CTs, but FDG-PET/CT
is still the preferred examination to evaluate the
treatment response of HL patients.’® Magnetic res-

Patients with histological confirmed
Hodgkin Lymphoma undergoing FDG-
PET/CT or MRI scans from 04/2015 to

22/2021
n = 39 cases

onance imaging (MRI) plays an important role in a
wide field of paediatric specialities, ranging from
acute trauma to oncology.!'** In HL patients MRI
is used to evaluate soft tissue lesions. In contrast
to PET/CT imaging there is no radiation exposure
in MRI examinations, which is especially benefi-
cial in paediatric patients. In MRI with diffusion
weighted imaging (DWI) apparent diffusion coef-
ficient maps can be calculated. Apparent diffusion
coefficient (ADC) maps have been utilized in dif-
ferent setting such as ischemic stroke, heart imag-
ing and differentiation between several types of
cancer and cancer detection.’>® The potential of
MRI-derived apparent diffusion coefficient meas-
urements as radiation free surrogate for SUVmax
has not yet been evaluated. In the present study,
we retrospectively evaluated the correlation be-
tween ADC and SUVmax in paediatric patients
with HL.

Patients and methods

This retrospective study was approved by the in-
stitutional review board (IRB) of the University
Hospital Frankfurt (IRB; 2022-603).

Inclusion criteria were (I) histologically con-
firmed Hodgkin lymphoma with (II) pretherapeu-
tic MRI and (III) (18)F-FDG PET/CT on the same
MRI or PET/CT in (IV) patients < 18 years with a
(V) maximum duration between MRI and PET/CT
of 30 days.

Exclusion criteria

Single center study with MRI and PET/CT
examinations at the same scanners,

External initial MRI or PET/CT

No Diffusion weighted imaging (DW!1)

v No MRI scans

No temporal correlation between MRI and PET/CT

5 3 35
W

w vy o

Final study cohort

n =17 cases

FIGURE 1. Flowchart for recruitment of study subjects according to the Standards for Reporting of Diagnostic Accuracy (STARD)

studies.
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TABLE 1. Magnetic resonance imaging sequences

Sequence Orientation Body part
T2w-TIRM in transversal orientation fransversal neck
TIw-TSE (fat suppressed, +/- contrast media) fransversal neck
TIw-TSE (no fat suppression, with substraction, +/- contrast media) coronal neck

DWI (b-values: 50, 200, 800) fransversal neck, body
T2w-HASTE coronal, sagittal and transversal body
T1w-VIBE (with fat suppression) without breath-hold-imaging +/- contrast media transversal body

DWI = diffusion-weighted magnetic resonance imaging; HASTE = T2-weighted half-Fourier acquisition single-shot turbo spin-echo; Tiw = T1-weighted; T2w = T2-weighted;
TIRM = turbo inversion recovery magnitude; TSE = turbo spin echo; VIBE = T1-weighted volumetric interpolated breath-hold examination

Exclusion criteria were (I) missing ADC assess-
ment, (II) duration between MRI and PET/CT > 30
days, (III) imaging artifacts (Figure 1).

MR imaging acquisition and examination

Examinations of this retrospective single centre
study took place at University Hospital Frankfurt
am Main/Germany at a single 1.5-T MRI Scanner
in clinical routine using a standard 18-channel
body-coil (Magnetom Aera; Siemens Healthineers,
Forchheim/Germany) and at a single PET/CT
Scanner (Biograph 6; Siemens Healthineers,
Forchheim/Germany).

Neck MRI examinations were performed using
the following sequences: (a) T2-weighted (T2w)
Turbo inversion recovery magnitude (TIRM) in
transversal orientation, (b) Tl-weighted (T1w)
turbo spin echo (TSE) in transversal (with fat sup-
pression) and coronal orientation (without fat sup-
pression, substraction images were calculated)
with and without contrast media, and diffusion-
weighted magnetic resonance imaging (DWI) (b-
values: 50, 200, 800).

TABLE 2. Radiation exposure and examination time

Body MRI examinations were performed us-
ing the following sequences: (a) T2-weighted
half-Fourier acquisition single-shot turbo spin-
echo (HASTE) in coronal, sagittal and transver-
sal orientation, (b) diffusion-weighted magnetic
resonance imaging (b-values: 50, 200, 800), and (c)
T1-weighted volumetric interpolated breath-hold
examination (VIBE) dixon (with fat suppression)
in transversal orientation without breath-hold-im-
aging, without and with contrast media (Table 1).

In PET/CT examinations the mean computed
tomography dose index (CTDI) was 2.2 + 0.8 Milli-
Gray (mGy). The mean dose length product (DLP)
was 215.1 £ 92.1 mGy*cm (Table 2).

Image evaluation

Image evaluation was performed by using a con-
ventional picture archiving and communication
system station (PACS-station, Centricity Universal
Viewer, Version 7.0). MRI examinations and (18)
F-FDG PET/CT examinations with temporal cor-
relation (both examinations within one month)
were paired (Figure 2). At MRI, the Hodgkin le-

Modality CTDI [mGy] DLP [mGy*cm] Examination time [min]
Mean (SD) Range Mean (SD) Range Mean (SD) Range
FDG-PET/CT 2.2 (0.8) 1.2-4.1 215.1 (92.1) 93.9-410.2 28 (8:26)! 20-49
MRI
Neck 19:45 (3:41) 17:21-24:47
Thorax 09:23 (2:12) 08:01-10:29
Abdomen 09:23 (2:59) 07:32-12:21

CTDI = computed tomography dose index; DLP = dose length product; mGy = milligray; min = minutes; ' FDG has to distribute for 1h after application. Time given in the
table is the scanning time after application

Radiol Oncol 2023; 57(2): 150-157.
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TABLE 3. Patient characteristics and classifications

Retrospective
cohort of patients

Yoriable with Hodgkin
lymphoma;
baseline features

No. of patients 17

Median age (SD), years 15.8 (2.2)

Sex

el 11 (65%)

Female 6 (35%)
Lugano classification

! 3 (18%)

2 6 (35%)

3 4 (23%)

4 4 (23%)

Hodgkin lymphoma subtypes (WHO classification)

Nodular sclerosis 9 (52%)
Mixed cellularity 5 (29%)
Lymphocyte rich 2 (12%)
Lymphocyte depleted 1(6%)

Unless otherwise indicated, data are the number of patients.
WHO = World Health Organization

sions were identified on DWI and ADC. For each
Hodgkin lesion in (18)F-FDG PET/CT with meas-
ured SUV two readers (N.R, board-certified ra-
diologist with six years of experience and S.B.,
radiology resident with four years of experience)
defined a 2D-ROI in the correlating MRI lesion in
ADC maps covering the entire HL lesion and the
mean ADC was evaluated. In total 72 ROIs with
correlating SUVmax lesions were evaluated. After
an initial analysis the 72 ROIs were subdivided
into the three different examination areas. 22 ROIs
were selected at neck imaging, 28 ROIs at thora-
cal imaging and 22 ROIs at abdominal imaging.
Image quality and noise were evaluated by using a
5-point Likert scales (1, unacceptable; 5, excellent).

Statistical analysis

Statistical ~analyses were performed using
RStudio 2021.09.2 (Posit PBC). The nonparametric
Kolmogorov-Smirnov test was applied to assess the
normality of the data. Variables were expressed as
means + standard deviation and analyzed with the
Wilcoxon test. A p < .05 (two-tailed) was consid-

153

FIGURE 2. MRl and FDG-PET/CT imaging of two Hodgkin lymphoma (HL) patients.
Left side (A, B): 12yo patient with newly diagnosed HL, (A) MRI examination with
thoracal apparent diffusion coefficient (ADC) map. (B) correlating FDG-PET/
CT examination with a HL lesion and calculated SUVmax. right side (C, D): 9yo
patient with newly diagnosed HL, (C) MRI examination with neck ADC map. (D)
correlating FDG-PET/CT examination with a HL lesion and calculated SUVmax.

ered statistically significant. Correlation between
SUVmax and meanADC was calculated using the
Pearson’s Product Moment Correlation Coefficient.
The difference between the correlations of neck,
thoracal and abdominal mean ADC was calculated
using the Fisher Z-Transformation with Z Test sta-
tistic (Z-Score) and probability (p).!** According to
Landis and Koch, weighted « statistics was used
evaluating the interrater agreement.?!

Results

Between April 2015 and November 2021 39 pedi-
atric patients underwent treatment for Hodgkin
lymphoma at the University Hospital Frankfurt
am Main and received as part of routine diagnos-
tics a PET/CT examination. Out of these, seventeen
patients (median age: 16 years, range: 12-20 years;
six females [median age: 17 range: 1218 years] and

Radiol Oncol 2023; 57(2): 150-157.
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SUVmax vs. meanADC
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FIGURE 3. Correlation of SUVmax and mean apparent
diffusion coefficient (ADC). The calculated meanADC of the
MRI examinations show a strong inverse correlation with the
correlating SUVmax of the FDG-PET/CT examinations.

eleven males [median age: 15, range: 12-19 years])
met the inclusion criteria (Table 3).

One ROI was defined in each of the 72 evalu-
able lesions in MRI examinations of 17 patients
(Figure 2).

Pretherapeutic mean ADC was 931.17 x 10-3
mm?/s + 282.39 x 10-3 mm?/s (minimum: 373
x 10-3 mm?/s, maximum: 1658 x 10-3 mm?/s).
Pretherapeutic mean SUVmax was 6.53 + 2.37
(minimum: 2.92, maximum: 13.4). The meanADC
lesions of MRI showed a high inverse correlation
of -0.75 (95% CI: -0.84 — -0.63, p = 0.001) with the
matched SUVmax (Figure 3) of all 72 ROIs. The in-
traclass correlation coefficient (ICC) for the evalua-
tion of the mean ADC was 0.98 (95% CI: 0.97-0.99).

The 72 ROIs were then subdivided into 22 neck,
28 thoracal and 22 abdominal lesions.

At the neck lesions, pretherapeutic meanADC
was 91995 x 10-3 mm?/s + 243.77 x 10-3 mm?/s
(minimum: 462 x 10-3 mm?/s, maximum: 1321 x
10-3 mm?/s). Pretherapeutic mean SUVmax was
4.26 + 093 (minimum: 2.85, maximum: 6.04). The
meanADC lesions of neck MRI showed a high in-
verse correlation of -0.83 (95% CI: -0.92 - -0.63, p
< 0.001) with the matched SUVmax (Figure 4) of
the 22 ROIs. The intraclass correlation coefficient
for the evaluation of the neck mean ADC was 0.98
(95% CI: 0.95-0.99).

Radiol Oncol 2023; 57(2): 150-157.
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FIGURE 4. Neck imaging: correlation of SUVmax and mean
apparent diffusion coefficient (ADC). The calculated
meanADC of the MRI examinations show a strong inverse
correlation with the correlating SUVmax of the FDG-PET/CT
examinations.

At the thoracal lesions, pretherapeutic mean-
ADC was 976.22 x 10-3 mm?/s + 355.34 x 10-3 mm?/s
(minimum: 373 x 10-3 mm?/s, maximum: 1630 x
10-3 mm?/s). Pretherapeutic mean SUVmax was
4.70 + 1.30 (minimum: 2.82, maximum: 6.94). The
meanADC lesions of thoracal MRI showed a high
inverse correlation of -0.82 (95% CL: -0.91 - -0.64,
p < 0.001) with the matched SUVmax (Figure 5) of
the 28 ROIs. The intraclass correlation coefficient
for the evaluation of the thoracal mean ADC was
0.99 (95% CI: 0.98-1.00).

At the abdominal lesions, pretherapeutic mean-
ADC was 931.68 x 10-3 mm?/s + 244.72 x 10-3
mm?/s (minimum: 529 x 10-3 mm?/s, maximum:
1658 x 10-3 mm?/s). Pretherapeutic mean SUVmax
was 4.66 = 1.27 (minimum: 2.69, maximum: 7.44).
The meanADC lesions of abdominal MRI showed
an inverse correlation of -0.62 (95% CI: -0.83 —-0.28,
p = 0.001) with the matched SUVmax (Figure 6) of
the 22 ROIs. The intraclass correlation coefficient
for the evaluation of the abdominal mean ADC
was 0.97 (95% CI: 0.95-0.99).

The correlations of neck and thoracal imag-
ing differed not significantly (Z-Score = 0.10, p =
0.92). There is no significant difference of the cor-
relations of neck and abdominal (Z-Score = 1.42,
p = 0.15) and of thoracal and abdominal imaging
(Z-Score =1.42, p =0.16).
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Thoracal SUVmax vs. meanADC
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FIGURE 5. Thoracal imaging: correlation of SUVmax and
mean apparent diffusion coefficient (ADC). The calculated
meanADC of the MRI examinations show a strong inverse
correlation with the correlating SUVmax of the FDG-PET/CT
examinations.

Image ratings

ADC maps were evaluated regarding image noise
and image quality. Image noise was rated with
mean scores of 4.6 + 0.7. Image quality was rated
with mean scores of 4.4 + 0.9. The interrater agree-
ment was good for image quality (x =0.7 +0.14) and
image noise (k = 0.64 + 0.21) (p < 0.0001).

Discussion

Currently study protocols for HL patients contain
PET/CT and MRI for initial staging, early assess-
ment, and treatment response. Several studies
demonstrated the important role of FDG-PET/CT
scans as initial staging and during follow-up in
HL patients.??** Children are radiation sensitive
because of the high cell division rate. Radiation
dose induced damages in children are closely ex-
amined in several studies.”® The increasing num-
ber of examinations with X-rays in patients leads
to a lifelong increased risk of radiation induced
cancer.” Paediatric radiology societies point out
the necessity of the ALARA (as low as reasonably
achievable) principle in radiation exposure at chil-
dren.? On the other hand, assessment of the activ-
ity by PET/CT might reduce radiation exposure, as

Abdominal SUVmax vs. meanADC

12

maximal Standardized Uptake Values [SUVmax]
s

500 750 1000 1250 1500
mean Apparent Diffusion Coefficient [meanADC]

FIGURE 6. Abdominal imaging: correlation of SUVmax and
meanADC.The calculated meanADC of the MRIexaminations
show a fairinverse correlation with the correlating SUVmax of
the FDG-PET/CT examinations.

patients with negative PET/CT assessed early point
during therapy might not receive radiotherapy.
MRI might be beneficial in paediatric patients as
there is no radiation exposure. Whole-body MRI
(WB-MRI) examinations can play an important
role as initial staging and follow-up examination
in HL patients.”®? Spijkers et al. demonstrated a
high correlation between WB-MRI with DWI and
FDG-PET/CT scans in staging of adult HL pa-
tients.® The results of our feasibility study support
that the results of Spijkers ef al. also hold in pae-
diatric patients, as ADC maps and FDG-PET/CT
examinations showed a strong inverse correlation.

Our preliminary results in pre-therapeutic
imaging suggests that pretherapeutic MRI ADC
maps and meanADC demonstrated a strong in-
verse correlation with SUVmax of FDG-PET/CT
neck and thoracal examinations in paediatric HL
patients. However, data must be confirmed in the
assessment of therapy response.

At abdominal imaging the correlation between
meanADC and SUVmax decreased with no sig-
nificant difference to neck and thoracal imaging.
The inter reader agreement at abdominal MRI
meanADC was excellent. Noise and image qual-
ity did not influence the evaluation of mean ADC.
Pediatric MRI examinations were performed with-
out breath-hold imaging. There may be an influ-

Radiol Oncol 2023; 57(2): 150-157.
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ence of breathing artifacts on the acquisition of
abdominal DWI sequences. Further examinations
in breath-hold imaging are necessary to exclude a
potential breathing influence.

With this study we shed light on the potential
application of MRI instead of PET/CT to assess
paediatric patients with HL to reduce radiation
exposure.

In this study only pretherapeutic FDG-PET/CT
and MRI scans were selected to exclude a potential
bias due to treatment. MRI scans with ADC maps
may play an important role in follow-up examina-
tions and assessment of treatment response of HL
patients. To evaluate a post therapeutic correlation
of meanADC and SUVmax further studies are nec-
essary.

The examinations of our study were performed
with a single MRI scanner, and one single DWI
sequence was used at all patients. This is impor-
tant as Kivrak ef al. and Hoang-Dinh et al. demon-
strated a statistically significant difference in the
calculated ADC maps of different MRI scanners
from different vendors.?2 The difference in calcu-
lated ACD maps may be caused by different DWI
sequence settings. Sadinski et al. demonstrated
a high reproducibility of ADC maps at a single
scanner and Newitt ef al. demonstrated a high re-
producibility of ADC maps at different scanners
from different vendors with the same DWI set-
tings.®*34 The evaluation of the robustness of the
pretherapeutic correlation between meanADC
and SUVmax in different scanners was beyond the
scope of our analysis and requires further studies.

This study has limitations beyond its retrospec-
tive design. Missing MRI, missing pretherapeu-
tic MRI and PET/CT examinations and missing
temporal correlation between MRI and PET/CT
reduced the number of eligible patients, which
might has resulted in a selection bias. To exclude
inter-scanner noise, we only included examina-
tions from the same scanner. This homogenized
the signals, but at the same time, limited the num-
ber of eligible patients and might limit the general-
izability of the results.
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Background. While computed tomography (CT)-guided liver biopsies are commonly performed using unenhanced
images, contrast-enhanced images are beneficial for challenging puncture pathways and lesion locations. This study
aimed fo evaluate the accuracy of CT-guided biopsies for infrahepatic lesions using unenhanced, intravenous (IV)-
enhanced, or infra-arterial Lipiodol-marked CT for lesion marking.

Patients and methods. Six-hundred-seven patients (men: 358 [59.0%], mean age 41 years; SD 12.04) with suspect
hepatic lesions and CT-guided liver biopsies were refrospectively evaluated. Successful biopsies were histopathologi-
cal findings other than typical liver tissue or non-specific findings. Data was ascertained regarding the use of confrast
medium for the biopsy-planning CT, unenhanced (group 1) vs. Lipiodol (group 2) vs. IV contrast (group 3). Technical
success and influencing factors were insulated. Complications were noted. The results were analyzed using the
Wilcoxon-Man-Whitney t-test, Chi-square test, and Spearman-Rho.

Results. Overall lesion hitting rate was 73.1%, with significantly better rates using Lipiodol-marked lesions (79.3%) com-
pared to group 1 (73.8%) and group 3 (65.2%) (p = 0.037). Smaller lesions (<20 mm diameter) benefited significantly
from Lipiodol-marking with 71.2% successful biopsy rate compared to group 1 (65.5%) and group 3 (47.7%) (p = 0.021).
Liver cirrhosis (p = 0.94) and entity of parenchymal lesions (p = 0.78) had no impact on the hitting rate between the
groups. No major complications occurred during the inferventions.

Conclusions. Pre-biopsy Lipiodol marking of suspect hepatic lesions significantly increases the lesion-hitting rate and
is especially beneficial for biopsy of smaller targets below 20 mm diameter. Further, Lipiodol marking is superior fo IV
contrast for non-visible lesions in unenhanced CT. Target lesion entity has no impact on the hitting rate.

Key words: ethiodized oil; liver; biopsy; X-ray computed tomography

Introduction in the majority of suspect cases, especially in pa-

tients with known or suspected malignant dis-
Suspicious hepatic lesions are often detected in- ease.!? Thus, biopsies of suspicious intrahepatic
cidentally or during staging and remain suspect lesions are an established procedure commonly
despite the use of various diagnostic imaging performed in the clinical routine, with several op-
methods. However, accurate diagnosis is crucial tions for image guidance available.
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Therefore, various guiding procedures have
been established for liver biopsies with good suc-
cess rates providing reliable histopathological re-
sults. Ultrasound-guided biopsy is the primary
option for all hepatic lesions, widely available, and
allows for a biopsy performed under continuous
dynamic guidance.’* However, the applicability of
ultrasound is limited by the location of the lesion
(e.g., infra-diaphragmatic, deep in the liver) and in-
terference with other structures, especially ribs or
intestinal gas. In challenging cases with uncertain
identification of the target lesions by ultrasound,
magnetic resonance imaging (MRI)- or computed
tomography (CT)-guidance may be beneficial for a
safe and reliable biopsy.>”

MRI guidance is technically feasible but un-
common for biopsy hepatic lesions due to high
cost, time-consuming, restricted availability, and
motion artifacts. The clinical applicability is com-
monly limited to other, more steady regions like
the prostate or breast.?

In addition to ultrasound-guided biopsy, CT-
guided biopsy is an integral part of routine clinical
diagnostics. In most cases, the target liver lesions
are visible in unenhanced CT images, commonly
acquired for biopsy planning. Especially with the
knowledge of a previous contrast-enhanced CT or
MRI in which the lesions were identified and stat-
ed as suspect.’ Nevertheless, some hepatic lesions
are challenging to delaminate in an unenhanced
CT, particularly in altered liver parenchyma like
hepatic cirrhosis. Also, lesions with a deep paren-
chymal position or with small size are challeng-
ing to detect.!®!! Contrast-enhanced CT images are
commonly used to overcome this limitation with
two options available; application of intravenous
(IV) contrast medium during the examination or
a previous lesion marking using Lipiodol as a con-
trast agent.!”! Intravenous contrast is promptly
washed out of the lesion and liver parenchyma and
may not allow sufficient differentiation during the
entire examination.’>!® In comparison, Lipiodol is
interventionally administered intra-arterial dur-
ing angiography and provides a long-lasting up-
take (Lipiodol washout half-life 29 to 55 days') in
the lesion or perilesional altered tissue during the
complete intervention.!>!8

A novel approach uses fusion imaging, ultra-
sound, or real-time fluoroscopy synchronized
with previously acquired contrast-enhanced CT
or MRI images to delineate the lesion during the
intervention. This technique requires the newest
equipment accompanied by high costs and is lim-
ited to a few centers only.”

This study aimed to evaluate the interventional
performance of CT-guided biopsies of suspicious
intrahepatic lesions performed using unenhanced
CT, intravenous contrast agent, or prior interven-
tional lesion marking with Lipiodol for image
guidance by analysis of the accuracy and potential
influencing factors.

Patients and methods
Patient series and study setting

The institutional review board (IRB) approved
this retrospective cohort study with a waiver for
written informed consent. Inclusion criteria were
as follows: unclear and suspect hepatic lesion, CT-
guided biopsy of the hepatic lesion, unenhanced,
IV contrast or previous Lipiodol-angiography for
lesion marking, age 18 and above. All patients
who met the inclusion criteria (Figure 1) were in-
cluded. We excluded all patients with a time in-
terval between CT-guided biopsy and Lipiodol-
angiography of more than two months (n = 18) or
an abort of the CT intervention during the exami-
nation due to lack of lesion visibility or sufficient
biopsy window (n = 23).

CT-guided biopsy

Data were evaluated for the whole study popula-
tion, and a comparison of the three groups, un-
enhanced (group 1), Lipiodol enhanced (group 2),
and IV contrast medium enhanced (group 3) was
performed. Only patients who were not eligible for
an ultrasound-guided biopsy or after an unsuc-
cessful ultrasound-guided biopsy were referred to
the radiology department for a CT-guided inter-
vention. The interdisciplinary tumor board made
the decision to biopsy. The enhancement protocol
was selected at the time of the decision for biop-
sy based on several parameters and experience.
Patients with lesions expected to be displayed
well in unenhanced CT, either by size, location, or
based on previous imaging, were planned for an
unenhanced biopsy. A contrast protocol was deter-
mined in patients with lesions that might be more
challenging to display in unenhanced CT. The
decision for contrast protocol, Lipiodol (Example
given in Figure 2) vs. IV contrast medium (e.g,
Figure 3), was also based on the lesions’ location
and parameters (e.g, size, architecture with visible
changes in the liver parenchyma). Small lesions
and lesions with a challenging location were more
likely marked with Lipiodol due to a more long-

Radiol Oncol 2023; 57(2): 158-167.

159



160

Langenbach MC et al. / Lipiodol-marking improves biopsy success in CT-guided liver biopsy

CT-guided
liver biopsy,
n=648

\ 4

Excluded patients n=41
. Time interval Lipiodol-angiography
and biopsy >2 month (n=18)
¢  Abort of intervention (n=23)

n=607

Study population

h 4 \ 4

\ 4

Unenhanced biopsy
n=321 (52.9 %)

Lipiodol-marking
n=145 (23.9%)

Intravenous contrast
n=141 (23.2%)

FIGURE 1. The Standards for the Reporting of Diagnostic Accuracy studies (STARD) flow diagram for a study of 607 patients

undergoing CT-guided liver biopsy.

lasting uptake which enables a secure identifica-
tion during the whole examination, while IV con-
trast might have been washed out. In clinical prac-
tice, more intravenous contrast applications were
performed in the early years of the study period. In
the last years, more patients were examined using
a previous intra-arterial enhancement by Lipiodol
based on good local experience. The study popula-
tion and the three groups were subdivided by le-
sion size and occurrence of liver cirrhosis.

All patients received a transcutaneous CT-
guided biopsy of the hepatic lesion using the same
128-multislice CT scanner [SOMATOM Definition
AS, Siemens Healthineers] for image acquisition.
The interventions were performed by interven-
tional radiologists with more than five years of ex-
perience in CT-guided interventions. The obtained
core biopsies were histopathologically analyzed by
the local Institute for Pathology. Successful biopsy
was defined as histopathological findings other
than typical liver tissue or non-specific findings.
Based on our experience, Lipiodol does not affect
the analysis of the specimen.

Before the examination, the coagulation profile
was checked. Patients who were planned for an ap-
plication of IV contrast medium were screened for
contraindications, e.g., reduced renal function or
hyperthyroidism. The use of oral anticoagulants
was prohibited based on national guidelines. No

Radiol Oncol 2023; 57(2): 158-167.

changes to institutional guidelines (standard op-
erating procedures) were made. If patients were
planned for IV contrast, 60 ml of contrast agent
[Imeron® 350, Bracco] were administered with an
application rate of 3-5 mL/s. We used a fixed delay
of 60 s until the first planning scan was initiated.
After the patients received the first plan-
ning scan, the access path was planned using a
standard 3D-CT workstation [syngo.via, Siemens
Healthineers] without software modifications.
In the case of multiple lesions with a similar sus-
pect appearance, the lesion with the best reach-
ability was defined as the target. Based on the
biopsy planning, the cutaneous entry point was
marked. After introducing the coaxial needle,
the lesion approach was performed under im-
age guidance. A coaxial approach was used for
CT-guided intervention. This approach is char-
acterized by combining two needles: a puncture
sheath [17 G, Puncture Sheath, Somatex® Medical
Technologies, Germany] and a biopsy handy [18 G,
Biopsy Handy, Somatex® Medical Technologies,
Germany]. The sheath - a thicker, shorter needle
(5cm, 10 cm, or 15 ¢m) is inserted down to the ante-
rior edge of the lesion. Then, the biopsy handy - a
thinner, longer needle (10 cm, 15 cm, or 20 c¢m) is
introduced through the sheath. Finally, the biopsy
needle is inserted 2 cm into the edge of the lesion
for tissue sampling. Three or four samples can be
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FIGURE 2. The decision for a biopsy of the suspicious hepatic lesion was made for the same male patient. Because of the small lesion size and
isodensity in the unenhanced CT, a prior intra-arterial Lipiodol-marking (A) was performed. Directly after the intervention (B) and during the CT
intervention (C) (white arrow) was well displayable, and the biopsy was successful, revealing a hepatocellular carcinoma.

taken using the thinner biopsy needle. After the
examination, additional CT single shots were per-
formed to rule out immediate complications like
bleeding or pneumothorax. Afterward, the pa-
tients had bed rest for 2 hours, a laboratory check
of the blood parameters, and an ultrasound follow-
up after 6 hours to rule out potential complications
such as capsular hematoma or any other signs of
bleeding.

Angiography

In patients with a prior Lipiodol-marking, the an-
giography was performed at a minimum interval
of 12 hours before the biopsy. The angiographic ap-
proach was according to our standard procedure
for hepatic interventions (Figure 2A).12 The same
team of interventional radiologists with over five
years of experience conducted all interventions.
The angiographic approach was through the fem-
oral artery in all cases. After the introduction of
the catheter [Boston Scientific], contrast medium
iomeprol [Imeron®, Bracco] was used to display
the abdominal and hepatic vessels. Following this,
an overview angiography was performed. The
superior mesenteric artery and celiac trunk were
selectively catheterized, including an indirect por-
tography to demonstrate vascular anatomy, ensure
the portal vein’s patency, and rule out portal vein
thrombosis. Then, super-selective catheteriza-
tion of the segmental and subsegmental hepatic
branches was performed using a microcath-
eter [Progreat®, Terumo] for approach and pre-
cise placement. Lipiodol [Lipiodol Ultra-Fluid®,

Guerbet] was administered as a tumor visualizer
and transient embolic agent until stasis with a
maximum amount of 15 ml. After the procedure,
all patients were transferred to our ward for a min-
imum of 24-hour surveillance.

Data analysis

Patient data were retrieved from the electronic pa-
tient record (Orbis, Dedalus Healthcare), imaging
data from the local radiology information system
(RIS, GE Healthcare), and picture archiving and
communication system (PACS, GE Healthcare).
We included patients who matched the inclusion
criteria and received a CT-guided biopsy between
01/2010 and 12/2018.

Demographic data, underlying hepatic diseases,
and liver cirrhosis were analyzed. Based on the CT
images, lesion diameter, number of lesions, and
lesion localization were noted. In patients with a
prior Lipiodol angiography, the Lipiodol enhance-
ment of the lesions was evaluated (visible or non-
visible). During the CT-guided intervention, the
puncture path (lateral-intercostal, anterolateral,
anterior-subcostal, dorsolateral), length cutis-to-
lesion, and liver capsule-to-lesion were measured.
Dose-length-product (DLP) and the number of
images of the entire examination, which includes
the planning scan and the post-procedure scan, as
well as for puncture sequence, including scans for
needle placement, positioning, and sample acqui-
sition, were noted and compared. This differentia-
tion was made to achieve optimal comparability,
as the differences in radiation exposure are caused
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TABLE 1. Overview of patient characteristics. P-values based on the Chi-square test indicate only a difference in the distribution of liver cirrhosis in
comparison of the three enhancement groups

Characteristic Overall Unenhanced biopsy Lipiodol-enhanced i.v. contrast-enhanced p-value
Age, y (SD) 61.0£12.0 61.9 +11.95 60.4+11.12 59.6 £ 13.04 0.228
Gender, n (%)
Male 358 (59.0) 177 (55.1) 108 (74.5) 73 (51.8) 0.134
Female 249 (41.0) 144 (44.9) 37 (25.5) 68 (48.2)
Hepatic disease, n (%)
HCV 101 (16.6) 34 (10.6) 53 (36.6) 14 (9.9)
HBV 28 (4.6) 6(1.9) 17 (11.7) 5(3.9)
HCV+HBV 8 (1.3) 3(0.9) 3(2.0) 2(1.4) 0.354
NASH 34 (5.6) 12 (3.7) 17 (11.7) 5(3.5) ’
Toxic damage 48 (7.9) 20 (6.2) 16 (11.0) 12 (8.5)
Others 53 (8.7) 26 (8.1) 19 (13.1) 8(5.7)
No disease 335 (55.2) 220 (68.5) 20 (13.8) 95 (67.4)
Cirrhosis 188 (33.0) 59 (19.2) 100 (71.9) 29 (3.4) 0.013
Infrohe_puiic lesions, n (%)
; :gz:ggs 297 (48.9) 164 (51.1) 68 (46.9) 65 (46.1) 0.541
. 116 (19.1) 45 (14.0) 37 (25.5) 34 (24.1)
3 ormore lesions 194 (32.0) 112 (34.9) 40 (27.6) 42 (29.8)
Lesion size, mm (SD) 29.3+18.0 30.1 £18.1 259 +17.4 29.8+18.7 0.182

Results are presented as mean and standard deviation or number (%)

HBV = Hepatitis-B-Virus; HCV = Hepatitis-C-Virus; i.v. — infravenous; NASH — Non-alcoholic steato hepatitis; SD = Standard deviation

by the required placement and positioning scans.
For the angiography, the dose-area-product (DAB)
was noted. The major endpoint of this study was
the evaluation of the hitting rate, defined by histo-
pathological findings other than healthy liver tis-
sue. Successful biopsy findings were defined as fol-
lows: hemangioma, focal nodular hyperplasia, re-
generative nodule, granuloma, adenoma, necrosis,
and all types of malignancies. Unsuccessful biop-
sies were defined as healthy liver tissue, steatosis,
inflammatory disease, fibrosis, and toxic damage.

Statistics

IBM SPSS statistics version 24 (IBM) was used for
statistical analysis. For continuous data, median,
mean, standard deviation, minimum, maximum,
and range were calculated. For all continuous data,
results were calculated for the whole study group
and the three cohorts. The Chi-square test was
used to test for differences in the successful biop-
sies between the three cohorts. In the first step, the
whole study population was analyzed. In the sec-
ond step, different subgroups (e.g., lesions <20 mm,
liver cirrhosis) were compared in detail.

Further, the Chi-square test was used to check
for differences in the distribution of attributes
within the groups. Correlations were calculated
according to Spearman-Rho. P-values less than
0.05 was considered statistically significant. A lo-
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gistic regression analysis was performed to screen
for potential factors within the demographic fac-
tors influencing the lesion hitting rate.

Complications

Patient records were also screened for complica-
tions, during the intervention or within the 24-hour
surveillance. Complications were rated according
to the severity score based on SIR’s latest classifica-
tion: 0 = no complications, 1 =mild adverse events
(no/non-substantial therapy required), 2 = moder-
ate adverse event (substantial treatment required),
3 = severe adverse events (escalation of care), 4 =
life-threatening or disabling event, 5 = patient
death. Complication score was evaluated for the
whole study population and the subgroups.?

Results
Study population

Six hundred-seven patients, 358 men (59%) and
249 women (41%) (mean age 61 years; SD + 12.04;
range 22-86 years) with unclear suspect liver le-
sions, were retrospectively evaluated. In 321 pa-
tients (52.9%), the biopsy was obtained with un-
enhanced imaging, 145 lesions were prior marked
with Lipiodol (23.9%), and 141 patients received
IV contrast for the intervention (23.2%) (Figure 1).
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Liver cirrhosis was histopathologically diagnosed
in 188 patients (33.0%). Patient characteristics are
displayed in detail in Table 1.

Most patients had a known hepatic disease (n =
310, 51.1%). The most common disease was hepati-
tis C in 101 cases (16.6%). Other more frequent pre-
existing hepatic diseases were toxic liver damage
(n = 48, 7.9%), non-alcoholic steatohepatitis (NASH)
(n = 34, 5.6%), and hepatitis B infection (n = 28,
4.6%). No pre-existing hepatic disease was report-
ed in 297 patients (48.9%).

Lesion characteristics

Based on patient medical records and the planning
CT scan for the biopsy, 297 patients (48.9%) had a
solitary suspect hepatic lesion, while 310 (51.1%)
had two or more lesions. The target lesions were
localized in all liver segments, with the majority
found in liver segments 4 and 6 (each n=112, 18.5%),
and no differences according to the Chi-square test
were seen between the three groups (p =0.052). The
mean lesion size was 29 + 18 mm (range 4-116 mm).
Target lesion smaller than 20 mm was seen in 229
patients (31.5%), and lesion smaller than 10 mm was
seen in 38 patients (6.3%) (Table 1).

Biopsy

Access path was in 335 cases (55.2%) from lateral-
intercostal, in 224 patients (36.9%) from anterior-
subcostal, in 44 cases (7.2%) from anterior-lateral
subcostal and in 4 cases (0.7%) from dorsal-lateral
intercostal. The mean access path length from cu-
tis to the lesion was 83 mm (+ 26 mm), and within
the liver from capsule to lesion, 43 mm (+ 26 mm).
Per patient, 2.6 probes were obtained in mean (+
1.3), equal across all groups assessed by the Chi-
square test (p = 0.307) (Table 2). Regarding the
visual aspect, all lesions previously marked in the
angiography were seen in the biopsy-CT, either by
lesion enhancement or circular enhancement of
the surrounding tissue.

Lesion hitting rate

The target lesion was successfully biopsied in 444
patients (73.1%). In 163 patients (26.9%), the biopsy
probe revealed healthy liver tissue defined as non-
hitting of the target lesion. For group 1 with unen-
hanced CT, the biopsy was successful in 73.8% (n =
232). Group 2, with a prior Lipiodol-marking of the
target lesion, showed the significantly highest hit-
ting rate with 79.3% (n = 115) (Figure 2). The lowest
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FIGURE 3. A male patient with a suspect and unclear hepatic lesion with 6 mm
in segment 7. While not visible in the unenhanced CT (A), the lesion impressed
arterial hypervascularized after intravenous contrast medium application (B)
(white arrow).

hitting rate was seen in group 3 with IV contrast
medium with 65.2% (n = 92) (Figure 3). The differ-
ence between all three groups was stated as signif-
icant (p =0.037). In patients with liver target lesions
smaller than 20 mm, the successful hitting rate
was significantly higher after Lipiodol-marking
compared to unenhanced or intravenous contrast-
enhanced images (71.2%, 65.5%, and 47.7%, respec-
tively) (p = 0.021). The location within the liver
based on the liver segment model had no impact
on the lesion hitting rate (p = 0.107) (Figure 4).

The presence of liver cirrhosis showed no sig-
nificant impact on the overall success of liver bi-
opsy in all three groups (p = 0.94). In the subset
of patients without liver cirrhosis, a successful
biopsy was highest in the Lipiodol group, 74.4%,
compared to 71.5% in the unenhanced group and
58.5% using IV contrast (p = 0.049).

90%
80% —

70%
60%
50%
40%
30%

20%
10%

0%

Successful biopsy Not successful

mOverall mLipiodol-enhanced m Unenhanced biopsy i.v.-contrast enhanced

FIGURE 4. Presentation of histopathologically correlated puncture successes for
the overall cohort and individual groups individually.
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TABLE 2. Biopsy characteristics overall and for the three enhancement groups. A Chi-square test was performed to test for differences between
the groups. Significance is indicated in bold

Characteristic Overall Unebrgggg;:ed e"[']’;'g::;'d ";'nf‘z:';:g' p-value
Biopsy access path
Lateral-intercostal 335 (55.2) 162 (50.5) 94 (64.8) 79 (56.0)
Anterior-subcostal 224 (36.9) 25 (7.8) 9 (6.2) 10 (7.1) 0.718
Anterior-lateral 44 (7.2) 132 (41.1) 42 (29.0) 50 (35.5)
Dorsal-lateral 4(0.7) 2 (0.6) 0 2 (1.4)
Segment localization
1 6 (1.0) 2 (0.6) 2 (1.4) 2 (1.4)
2 54 (8.9) 29 (9.0) 14 (9.7) 11 (7.8)
3 41 (6.8) 23 (7.2) 8 (5.5) 10 (7.1)
4 112 (18.5) 66 (20.6) 23 (15.9) 23 (16.3) 0.052
5 95 (15.7) 57 (17.8) 21 (14.5) 17 (12.1)
6 112 (18.5) 69 (21.5) 21 (14.5) 22 (15.6)
7 82 (13.5) 31 (9.7) 22 (15.2) 29 (20.6)
8 105 (17.3) 44 (13.7) 34 (23.4) 27 (19.1)
Access path length [mm] (SD)
Cutis to lesion 8326 82 +27 85 +27 83 +26 0.527
Liver capsule to lesion 43 +26 44 +21 41 +21 43 +21 0.473
Obtained probes (SD) 2.6%1.3 2.7 £1.5 2.5%0.9 2.4+0.9 0.158
Radiation exposure (SD)
Whole examination [mGycm?] 498.3 £429.5 361.0 £166.6 411.3 £517.9 900.3 +495.6 0.019
Biopsy scans [mGycm?] 80.1 £58.0 79.7 £60.0 88.2 £56.3 72.6 £56.4 0.053
Intervention (i)-images [n] 34.4+24.0 34.6 +23.8 37.7 £23.4 30.6 +24.7 0.182
Complications
Sub-capsular liver bleeding 3(0.5) 1(0.3) 1(0.7) 1(0.7)
Fluid edge around liver 2(0.3) 1(0.3) 0 1(0.7) 0.870
Bleeding along the access path 1(0.2) 0 1(0.7) 0
Circulatory problems 1(0.2) 1(0.3) 0 0

Values are mean and standard deviation or number (%)

i.v. = —intravenous; SD = Standard deviation

Patients with a known malignant disease also
showed a significant difference comparing the
three procedures. A successful biopsy was pos-
sible in 83.0% (n = 39) using Lipiodol-marking, in
68.2% (n=131) unenhanced, and in 58.3% (n = 35)
with IV contrast medium (p = 0.024). The entity of
the biopsied lesion did not impact the hitting rate
by showing no significant difference between the
protocols.

Based on the performed logistic regression
analysis, the lesion diameter (regression coeffi-
cient 0.023, p = 0.048) and the number of obtained
probes (r = 0.199, p = 0.047) significantly impacted
the hitting rate. Age and length of the puncture
path, from cutis or liver capsule to lesion, revealed
no significant impact.

Histopathological results

Histopathological results revealed that the major
malignant disease was HCC in 155 cases (25.5%).
Inflammatory changes in the liver tissue were
found to lead the non-malignant changes in 134
patients (22.1%). Appendix 1 shows the high vari-
ability of the diagnosed diseases.
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Radiation exposure

Overall DLP was 498.31 mGycm? in mean (+ 429.53
mGycm?) for the complete examination, includ-
ing control and post-procedure scan. In the unen-
hanced group 1, 361.00 mGycm? (= 166.55 mGycm?),
in the Lipiodol-marking group 2, 411.27 mGycm?
(= 517.87 mGycm?), and in the IV contrast-medium
group 3 900.27 mGycm? (+ 495.55 mGycm?), reach-
ing a significant difference with higher exposure
in group 3 (p = 0.019).

Only counting the applied radiation during the
biopsy scans, which contain the scans for needle
placement, positioning, and sample acquisition,
overall DLP was 80.07 mGycm? in mean (+ 57.97
mGycm?), in group 1 with 79.69 mGycm? in mean
(= 59.98 mGycm?), in group 2 with 88.19 mGycm?
in mean (+ 56.33 mGycm?) and group 3 with 72.59
mGycm? in mean (+ 56.37 mGycm?), showing no
significant differences (p = 0.053). The total amount
of the intervention (i)-sequences was n = 34.4 (+
24.0), in group 1 n =34.6 (+ 23.8), in group 2 n =377
(+23.4), and in group 3 n=230.6 (+ 24.7) equal across
all groups (p = 0.182) (Table 2).
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For the previously performed angiography in
group 2 to mark the lesion with Lipiodol, an over-
all DAP of 10421 ¢cGycm? in mean (+ 10277 ¢cGycm?)
was noted.

Complications

In 599 patients, no treatment-related complication
was stated in the patient’s medical record. Eight
patients presented with a grade 1 complication: 3
patients with sub-capsular bleeding (0.5%), mini-
mal hemorrhagic fluid edge surrounding the liver
in 2 patients (0.3%), bleeding in the access path (1
patient, 0.2%), bleeding in the tumor (1 patient,
0.2%), and circulatory problems due to orthostatic
problems (1 patient, 0.2%). No complications of
grade 2 or higher were seen related to the interven-
tion. No significant differences in the occurrence
of complications were reported (p = 0.870). Details
are given in Table 2.

Discussion

This study’s purpose was to compare three differ-
ent enhancement protocols, unenhanced, with a
prior Lipiodol marking and application of IV con-
trast, for CT-guided biopsies of unspecified sus-
pect intrahepatic lesions.

CT-guided biopsies of suspect and unclear he-
patic lesions are an established procedure in the
diagnostic cascade with high reliability and a de-
tection rate based on the study of Haage ef al. of
90.5%.2t Several technical adaptions to increase
the safety and success rate are possible, for ex-
ample, variation of the access path or the needle
thickness.”? The histopathological reliability of
the obtained tissue is very good, as various stud-
ies showed with an accuracy between 80% and
97%_23,24

A previous study by Gerhards et al. investigated
the use of Lipiodol for biopsy of HCC-suspect or
proven HCC lesions in a very small and selected
patient cohort. The lesion hitting rates showed
comparable results to our study, with a benefit of
Lipiodol confirming our presented results. This
study goes beyond the results of Gerhards ef al. by
investigating various lesion entities, different bi-
opsy groups, with and without contrast enhance-
ment, and a larger study cohort.”

The detectability of HCC lesions by the addi-
tional use of Lipiodol compared to conventional
contrast medium was proven by Rizvi et al. With
prior Lipiodol-marking, the detection rate of HCC

lesions was perfect (sensitivity 1.0, specificity 0.6,
accuracy 0.91), while conventional contrast medi-
um (sensitivity 0.65, specificity 1.0, accuracy 0.68)
showed benefits in discriminating the lesion enti-
ty.2 Setting this fact in context to our study, only a
reliable lesion marking is essential for a successful
CT-guided biopsy. This is the case in most lesions
and is supported by our results with a favorable
lesion hitting rate due to the usage of Lipiodol. A
clear delineation and diagnosis of the lesion entity
are optional, as it will be diagnosed based on the
histopathological probe. Nevertheless, Lipiodol
distribution within the suspected lesion can unveil
HCCs, which may direct the patient directly into
therapy, avoiding a biopsy.1>"

We also investigated the impact of existing liv-
er cirrhosis on the biopsy results. Cirrhotic liver
might have been a potential influencing factor
making a successful biopsy more difficult as the
lesion is camouflaged by reticular liver tissue. This
was refuted by the results of our study showing
no difference between the three study groups.
Possible reasons for the results are the stronger tis-
sue response during the intervention allowing for
a bit easier needle control or the better visibility of
the lesions in unenhanced imaging based on the
altered tissue type, even in reticular liver tissue.

Another important point is the impact of lesion
size on technical success. Smaller lesions are much
more difficult for a secure biopsy.?”28 With a previ-
ous Lipiodol marking, especially lesions below 20
mm were easier to detect securely and to puncture
successfully. Previous studies mainly investigat-
ed only HCC lesions with this question, but our
study showed a benefit across all entities. Further,
small lesions are defined as very variable in the
literature with a size below 20 to 50 mm making
the existing data inconclusive and problematic
to compare with our results. The sensitivity of
Lipiodol-CT for this small lesion ranged between
58% and 98% based on previous studies.?*% For ex-
ample, our results should be considered in clinical
practice for patients with a small unclear lesion in
MRI imaging, which will be difficultly detectable
in unenhanced CT. These patients benefit the most
from a prior marking, with Lipiodol offering the
best reliable biopsy method.

Interestingly, the patient group with an intra-
venous contrast medium application during the
intervention showed the lowest lesion hitting rate.
We identified two potential biases causing these
results. First, these patients were primarily sched-
uled for interventions without contrast medium.
In the CT scan directly before the examination
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for the biopsy planning, the lesion was not detect-
able. Reasons for this might have been a small size
or a challenging access path. Then the decision
to administer IV contrast to visualize the lesion
was reached. Second, the time of visibility is lim-
ited, and especially small lesions are challenging
to detect after wash-out of the contrast medium.
Compared to the unenhanced group, the IV con-
trast group might contain more technically com-
plex patients. Patients presenting small lesions or
a challenging access path in pre-interventional im-
aging might benefit from a prior Lipiodol-marking
of the target lesion. Especially lesions that may be
isodense in unenhanced, enhanced CT and ob-
scured in delayed phase CT should be marked be-
fore the intervention.

As mentioned, most studies investigate the role
of Lipiodol in the context of HCC, and it is known
that the best and strongest enhancement is seen for
hypervascularized lesions. But based on previous
studies on TACE, it is known that Lipiodol shows
an enhancement also in a wide variability of other
tumors, e.g,, breast cancer or colorectal carcinoma,
which are often hypo vascularized. Although not
all lesions enhance strong and homogeneity, the
wall area or the area of altered liver tissue around
the lesions shows a typical enhancement that can
be used for biopsy guidance. This underlines the
potential for clinical use even if the entity of the
lesion is not known before the intervention.

Besides CT, CEUS (Contrast-enhanced ultra-
sound) and cone beam CT (CBCT) with intra-ar-
terial contrast application are useful other imag-
ing modalities to assess suspicious intrahepatic
lesions interventionally.®® These techniques also
allow for the accurate detection and localiza-
tion of hepatic lesions. However, both modalities
may not be widely available in all medical facili-
ties, limiting their accessibility for some patients.
Additionally, CEUS requires highly skilled opera-
tors with specific training and expertise. The qual-
ity and accuracy of the results may depend on the
operator’s skill and experience. CBCT fusion imag-
ing with ultrasound for transcutaneous hepatic in-
terventions is a new approach with promising first
results, but it still requires further investigation.

The overall complication rate was very low,
with no major complications. This is according to
the prevalence of complications reported in other
studies?'?, stating that a CT-guided biopsy is an
approved and secure intervention well established
in the clinical practice. The contrast medium did
not influence the complication rate, even in chal-
lenging lesion locations.

Radiol Oncol 2023; 57(2): 158-167.

Besides all benefits of the biopsy, the applica-
tion of Lipiodol is an interventional procedure
with the potential occurrence of complications and
increased radiation exposure. Although a tran-
sarterial embolization is established in the clinical
routine, the rate of major complications is low at
under 0.9%.%> Additionally, the increased radia-
tion exposure comes with the risk of stochastic ra-
diation damage and radiation-related late effects.
Consequently, the application should be reserved
for patients who benefit the most. Based on the re-
sults, prior Lipiodol-marking can be beneficial in
patients with a lesion below 20 mm or a potentially
challenging access path.

We acknowledge that this retrospective study
had several limitations. This study intended to
compare different enhancement protocols for CT-
guided biopsies of various intrahepatic lesions.
Therefore, we used a retrospective design and a
relatively small cohort in a few tumor entities. A
study including a prospective design and multiple
centers, probably with a closer look at selected le-
sion entities, is required to prove the results. The
histopathological results are problematic in a few
cases as the pathologists described several pat-
terns—further, the decision process for the en-
hancement protocol needed to be randomized. The
multidisciplinary tumor board made the decision
based on several parameters. This was based on
pre-interventional imaging, lesion characteristics,
age, or the patient’s individual preference. This de-
cision might have led to a selection bias. Also, IV
enhancement was favored in the early years, while
Lipiodol enhancement was performed based on
convincing local experience in the later years. For
lesions with the pathological finding of necrosis,
this might also have been caused by a diffuse ne-
crotic area, which might be considered as a non-
successful biopsy. From the pathological results,
no differentiation is possible.

In conclusion, the use of Lipiodol as a contrast
agent and pre-puncture marking in angiography
increases the lesion-hitting rate in CT-guided bi-
opsies of suspect and unclear hepatic lesions sig-
nificantly, especially for small suspect liver lesions
with a diameter below 20 mm and might be used
as an alternative to unenhanced imaging or IV
contrast enhancement. For lesions that cannot be
seen in unenhanced CT, Lipiodol marking is supe-
rior to IV marking and should be preferred.
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Background. Liver transplantation offers curative treatment to patients with acute and chronic end-stage liver
disease. The impact of nutritional status on postoperative outcomes after liver transplantation remains poorly under-
stood. The present study investigated the predictive value of radiologically assessed skeletal muscle index (SMI) and
myosteatosis (MI) on postoperative outcomes.

Patients and methods. Data of 138 adult patients who underwent their first orthotopic liver transplantation were
retrospectively analysed. SMI and Ml in computer tomography (CT) scan at the third lumbar vertebra level were cal-
culated. Results were analyzed for the length of hospitalisation and postoperative outcomes.

Results. In 63% of male and 28.9% of female recipients, low SMI was found. High Ml was found in 45(32.6%) patients.
Male patients with high SMI had longer intensive care unit (ICU) stay (P < 0.025). Low SMI had no influence on ICU stay
in female patients (P = 0.544), length of hospitalisation (male, P > 0.05; female, P = 0.843), postoperative complication
rates (males, P = 0.883; females, P = 0.113), infection rate (males, P = 0.293, females, P = 0.285) and graft rejection
(males, P = 0.875; females, P = 0.135). The presence of MI did not influence ICU stay (P = 0.161), hospitalization (P =
0.771), postoperative complication rates (P = 0.467), infection rate (P = 0.173) or graft rejection rate (P = 0.173).
Conclusions. In our study, changes in body composition of liver transplant recipients observed with SMI and Ml had
no impact on postoperative course after liver transplantation. CT body composition analysis of recipients and uni-
formly accepted cut-off points are crucial to producing reliable data in the future.

Key words: muscle mass; liver fransplantation; myosteatosis; skeletal muscle index; GLIM score

Introduction 5-year survival rate and better quality of life are

the two most important outcomes of LT.2 Most liv-
Since 1963 when the first liver transplantation (LT)  er transplant centres use the Model for End-stage
was performed by Starzl!, it has become a standard  Liver Disease (MELD) score for organ allocation.?
treatment modality for patients with acute liver  Patients with MELD score 15 or more, patients with
failure and chronic liver disease.? Ninety percent poor quality of life due to chronic liver disease
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symptoms (diuretic-intractable ascites, variceal
bleeding, pruritus, cachexia), and patients with
acute liver failure are those who benefit most from
LT.3 MELD score can underestimate the severity of
liver disease in specific groups of patients (acute
on chronic liver disease, presence of sarcopenia,
chronic kidney disease, etc.).> Several modifica-
tions of the MELD score have been introduced, but
none offers a more reliable and accurate scoring
system. Albumin-bilirubin (ALBI) score is mainly
used as an objective method to assess liver func-
tion and predict postoperative complications, par-
ticularly after hepatectomy in patients with hepa-
tocellular carcinoma (HCC).* Its role in determin-
ing post-LT outcomes is not yet determined. Two
main objective parameters of nutritional status are
sarcopenia and myosteatosis (MI). The European
Working Group on Sarcopenia defines sarcopenia
as the presence of low muscle mass (under the 5t
percentile) and low muscle function (strength or
performance) in patients with advanced age, can-
cer, or other diseases.>® Myosteatosis is defined
as the abnormal fatty transformation of skeletal
muscle. It negatively affects muscle strength and is
common in advanced age”®, diabetes’8, obesity®',
chronic®, and malignant diseases.!’? Overview
of the literature shows large number of different
methods used for body composition assessment in
patients with liver cirrhosis.!* There is still no con-
sensus on the best tools for each body component
in patients with liver cirrhosis. Most frequently
used are computed tomography (CT), bioimped-
ance analysis (BIA), dual-energy X-ray absorp-
tiometry (DXA) and anthropometry.® Some of
them BIA, DXA and body mass index (BMI)) are
not applicable in patients with end-stage liver dis-
ease due to frequent water retention.'#!> In the last
decade, computed tomography with automated or
semiautomated body composition analysis at the
third lumbar vertebra has emerged as an objec-
tive method of defining the nutritional status of
patients with chronic liver disease.’>* Nutritional
assessment with CT is not affected by water reten-
tion or presence of ascites. Skeletal muscle volume
and myosteatosis can be measured from CT images
obtained as a part of routine pre-transplant evalu-
ation.* Skeletal muscle mass index (SMI) is calcu-
lated as muscle mass area divided by the square
of the height. The Global Leadership Initiative on
Malnutrition (GLIM)* score was introduced as
a potential nutritional assessment tool in recent
years. It was shown to have good predictive value
as a risk assessment tool for postoperative morbid-
ity and mortality in patients after colorectal sur-

gery.” However, its role as a predictive factor in LT
is not yet established.

This study aimed to investigate feasibility of
radiological assessment of a nutritional status of
a patient and the predictive value of SMI and MI
on postoperative complications, length of hospi-
talization, liver graft rejection, and mortality. We
further compared the predictive value of SMI and
MI with MELD, ALBI, and GLIM scores.

Patients and methods

We retrospectively analyzed 138 adult patients who
had first orthotropic LT from brain dead donors be-
tween 1.1.2012 and 1.1.2020 in our institution. We
excluded patients who had re-LT procedure and
those whose abdominal CT scan could not be ob-
tained from data base or received reduced size and
liver graft from donation after cardiac death (DCD)
donor. From the medical database, we collected re-
cipient age, gender, body mass index, underlying
liver disease, presence of ascites, hepatocellular
carcinoma (HCC), and laboratory parameters (se-
rum levels of sodium, creatinine, albumin, pro-
tein, bilirubin, and International normalized ratio
(INR)). We calculated MELD and ALBI scores from
laboratory parameters. Among GLIM criteria, we
used chronic liver failure and end-stage liver dis-
ease as etiologic and SMI or MI as phenotypic cri-
teria. Length of intensive care unit (ICU) stay, hos-
pitalization, postoperative complications accord-
ing to Clavien-Dindo classification!®, infections,
and 90-day mortality were collected from the da-
tabase of liver recipients and analyzed. Diagnosis
of liver rejections was confirmed with laboratory
tests and histological examination of all liver graft
specimens obtained by ultrasound-guided biopsy.
Acute rejection was defined with 6 points or more
according to the liver allograft fibrosis score.”

The Slovenian National Medical Ethics
Committee approved our study design (approval
number 0120-230/2018-10) and waived the need to
obtain informed consent from participants.

CT-body composition analysis

Abdominal CT scans were obtained from the hos-
pital database system. In case of multiple CT scans,
we used last CT scan before LT procedure. A single
slice of each patient at the level of the 3*¢ lumbar
vertebrae was selected for automatic segmentation.
CT scans were analysed using the “Automated
Body Composition Analyzer using Computed to-
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TABLE 1. Laboratory and clinical data of patients

. . 95% CI

Variable Min Max IQR SD

Lower Upper
BMI 15 38 ) 4.775 2513 26.74
V_Voiﬂng )
i el vl 1 691 166 151311  108.44  159.38
tfransplantation
(days)
Sodium 121 147 ) 4.701 136.09 137.68
Creatinine 41 696 46 67.082 85.91 108.49
Albumin 10 62 10 7.674 31.28 33.86
Protein 23 89 12 11.494 65.80 69.74
Bilirubin 2 687 56 107.535 51.83 88.04
INR 1 4 1 .502 1.44 1.61
MELD score 7 46 9 6.700 14.30 16.56
ALBI score -4 0 1.13 0.802 -1.87 -1.60

ALBI score = albumin-bilirubin score; BMI = body mass index; INR = international normalized
ratio; IQR = Interquartile range; MELD score = model for end-stage liver disease score

TABLE 2. Aetiology of liver disease and incidence of myosteatosis

Myosteatosis

Variable
no yes
Alcohol-related 32 28
Liver failure Virus-related 14 3
Other 47 14
X2 9.717
Degrees of freedom (Df) 2
P 0.008

mography image Segmentation” (ABACS)® soft-
ware, which uses predefined Hounsfield units
(HU) values to recognize different tissues. ABACS
uses HU values from —29 to +150 HU to assess and
calculate the total cross-sectional area for mus-
cular tissue (SMA - skeletal muscle area). The L3
skeletal muscles included the psoas muscle, the
lumbar muscles, the erector spinae, the transver-
sus abdominis muscle, the internal and external
oblique muscles, and the rectus abdominis. SMI
was calculated using the following formula: SMI
=SMA (cm?) / height2 (m?)°* and patients were di-
vided into a group with lower SMI (men <52.4 cm?/
m?, women < 38 cm?/m?)°?' and another with nor-
mal SMI. MI was determined by the medium value
of HU in a skeletal muscle area. We used recently
defined threshold parameters for MI in a patient
with a chronic liver disease (< 33 HU in patients
with a BMI > 25 kg/m? and <41 HU in those with a
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BMI < 25).2224 Based on previous literature findings
and conclusions no adjustment for sex was made
for MI1.2324

Statistical analysis

Data were analysed using SPSS for macOS, 26" edi-
tion. Descriptive statistics such as frequencies, per-
centages, mean/median, and standard deviations
were used for description and summary. Because
the data were not normally distributed, patient
characteristics were compared between groups us-
ing the Kruskal-Wallis test and the Mann-Whitney
U test. In addition, Spearman rank-order correla-
tion and multiple linear regression were used to
determine the relationship between variables and
predict patient outcomes based on their character-
istics and condition, as well as the chi-square in-
dependence test. A P-value < 0.05 was considered
statistically significant.

Results
Patients characteristics

Between 1.1.2012 and 1.1.2020, 138 patients (100
men and 38 women) met the criteria for inclusion
in the study. The median age was 57.5 years (22 to
69 years). Table 1 provides general data on the pop-
ulation laboratory and clinical variables.

Sixty-one (61, 44.2%) patients had LT due to in-
herited or metabolic liver disease, 60 patients had
alcoholic liver disease (43.5%), and 17 patients had
virus-related liver disease (12.3%). At the time of
LT, 80 (58%) patients had ascites, and 27 patients
had HCC (19.4%).

Incidence of low SMI and MI

In our study group, 63% of male and 28.9% of fe-
male patients had low SMI. MI was present in 45
(32.6%) patients. We found no statistical signifi-
cance between the aetiology of underlying liver
disease and SMI (P = 0.214). The aetiology of liver
disease had a statistically significant influence on
the incidence of MI. Patients with alcoholic ae-
tiology had more fatty infiltrated muscles than
patients with other liver disease aetiologies (P =
0.008) (Table 2).

A Spearman’s rank-order correlation was run
to determine the relationship between the MI and
BMI. There was a moderate, negative correlation
between MI and BMI, which was statistically sig-
nificant (rs =-0.597, p < 0.000).
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Eighty patients (57.9%) had decompensated liver
cirrhosis with the presence of ascites at the time of
CT scan. The Mann-Whitney U test indicates that
ascites significantly impacted patients” SMI. The
presence of ascites correlated with low SMI (P <
0.05, Figure 1) and had no impact on the incidence
of MI (P =0.244).

Presence of HCC in patients with liver disease
(27 patients, 19.6%) had no influence on SMI (P =
0.546) or MI (P = 0.174).

Influence of low SMI on hospitalization

The Mann-Whitney U test indicates that male pa-
tients with normal or high SMI (> 52.4 cm?/m? had
a longer ICU length of stay (P < 0.025). Linear re-
gression was calculated to predict ICU length of
stay based on SMI. A significant regression equa-
tion was found (F (1.96) = 6.823, P = 0.010) (Figure 2),
with R? of 0.066. SMI was found to significantly
predict length of ICU stay ( = 0.258; 95% CI 0.026,
0.189; P = 0.010). The predicted length of stay equals
-1.117+0.107 (SMI) days when SMI is measured in
cm?/m? The ICU length of stay increased by 0.107
days for each cm?/m? of SMI in the male population.

A Spearman’s rank-order correlation showed no
difference in hospitalization time between males
with low or normal SMI. Mann-Whitney U test in-
dicates statistically significant differences between
low or normal SMI (P < 0.05) in more extended hos-
pitalization in male patients with normal SMI. In
addition, the linear regression analysis was per-
formed to predict the length of hospital stay based
on SMI in male patients; however, no statistically
significant regression equation was found (3 =
-0.031; 95% CI -0.656, 0.480; P > 0.05). In the female
population, we found no statistically significant
influence of SMI on ICU length of stay (3 = -0.123;
95% CI -0.741, 0.463; P = 0.544) and hospitalization
time (3 = 0.013; 95% CI 0.075, 0.941; P = 0.843).

Influence of MI on hospitalisation

The Mann-Whitney U test indicates that there
were no differences among the groups (MI and no-
MI) regarding the ICU length of stay (P = 0.161) or
hospitalization (P = 0.771).

Influence of SMI and MI on postoperative
complications

Postoperative complications of stage 2 or more by
Clavien-Dindo classification!” were present in 79
patients (57.2%). Infection occurred in 59 patients
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FIGURE 1. Correlation between ascites and skeletal muscle index.

(42.8%), most commonly as intra-abdominal in-
fection (50.8%), respiratory tract infection (23.7%)
and urosepsis (6.8%). 5 (3.6%) patients developed
critical illness myopathy. Surgical intervention
was needed in 38% of patients with postoperative
complications.

There was no statistically significant differ-
ence in the frequency of postoperative compli-
cations between males (P = 0.883) and females
(P =0.113) with low or normal SMI. The postopera-
tive infection rate was similar in males (P = 0.293)
and females (P = 0.285) with low or normal SMI.
MI did not show significant influence on postop-
erative complications (P = 0.839) and infection rate
(P = 0.703).
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Influence of SMI and MI on liver graft
rejection

Rejection was diagnosed in 22 patients (16.1%), 20
in male and 2 in female patients. We found no sta-
tistically significant influence of SMI (males, P =
0.875; females, P = 0.135) and MI (P = 0.449) on liver
graft rejection.

Influence of MELD and ALBI score on
postoperative outcomes

The median MELD score was 14 (7 — 46). A
Spearman’s rank-order correlation was run to de-
termine the relationship between the MELD score
and ICU length of stay (days). There was a weak,
positive correlation between the MELD score and
ICU length of stay, which was statistically signifi-
cant (r_=0.261, P < 0.002). There was no significant
relationship between the MELD score and compli-
cation rate or length of hospitalization (P > 0.05).

There is a week, positive correlation between
the ALBI score and ICU length of stay and hospi-
talisation time, which was statistically significant
(r,=0.279, P <0.001; r,=0.197; P = 0.022). There is no
correlation between the ALBI score and postopera-
tive complications.

GLIM score

GLIM score using skeletal muscle index as a
phenotypic factor

We analyzed differences between patients who
meets criteria for positive GLIM score (acute or
chronic liver disease as etiological factor and skel-
etal muscle index as a phenotypic factor) and those
with negative GLIM score regarding ICU length
of stay, postoperative complications, rate of infec-
tions, graft rejections and mortality.

Based on the chi-square independence test, no
association was found between the groups in post-
operative complications (x2(1) = 0.600; P = 0.438),
rate of infections (x2(1) = 0.918; P = 0.338), graft re-
jection (x2(1) = 1.205; P = 0.272), and mortality (x2(1)
=0.232; P = 0.630). In addition, there were no statis-
tically significant differences in ICU length of stay
between groups (x2(14) = 15.125; P = 0.370), based
on the Mann-Whitney test.

GLIM score using myosteatosis as a phenotypic
factor

We analyzed differences between patient who
meets criteria for positive GLIM score (acute or
chronic liver disease as etiological factor and my-
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osteatosis as a phenotypic factor) and those with
negative GLIM score regarding ICU length of stay,
postoperative complications, rate of infections,
graft rejections and mortality.

Based on the chi-square independence test,
there was no association between the groups in
terms of postoperative complications (x2(1) = 1.378;
P = 0.242), infection rate (x2(1) = 2.921; P = 0.089),
graft rejection (x2(1) = 0.873; P = 0.352), and mor-
tality (x2(1) = 0.010; P = 0.922). In addition, there
were no statistically significant differences in ICU
length of stay between groups (x2(14) = 16.271; P =
0.297), based on the Mann-Whitney test.

Multiple linear regression analysis

Multiple linear regression was calculated to pre-
dict ICU length of stay on SMI and infection. A sig-
nificant regression equation was found (F (2. 95) =
11.192, P <0.000), with R? of 0.191. SMI was found to
significantly predict length of ICU stay (3 = 0.292;
95% CI 0.045, 0.199; P = 0.002). The length of ICU
stays increased by 0.122 days per cm?*m? SMI in
male patients with infection.

Mortality

In our study group, 5 (3.6%) patients died in the
first 90 days after liver transplantation. Two pa-
tients died immediately after the procedure due
to irreversible haemorrhagic shock with dissemi-
nated intravascular thrombosis and abdominal
organ ischemia. The cause of death in three pa-
tients was sepsis with multiorgan failure in one
patient (day 66), and severe postoperative bleed-
ing, intraabdominal infection with liver abscess,
and multiorgan failure in two patients (34 and 53
days). One year survival rate was 95%. Due to the
small number of patients, statistical analysis was
not performed.

Discussion

Malnutrition with skeletal muscle mass loss is a
frequent complication in patients with chronic or
end-stage liver disease.?> The aetiology of malnu-
trition is multifactorial.?® Insufficient calorie intake
(early satiety, loss of appetite, alcohol consump-
tion, diet restriction), metabolic abnormalities, cat-
abolic state of metabolism, and malabsorption are
the main contributors to muscle loss.?>? It affects
from 30 to 70%?** of patients with end-stage liver
disease and up to 80%? of patients with alcohol-re-
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lated liver disease. Myosteatosis affects more than
half of patients with chronic liver disease.’ In our
patient population, we used selected parameters
for low SMI (men < 52.4 cm?/m? women < 38 cm?/
m?)°2! and MI (< 33 HU in patients with a BMI > 25
kg/m? and < 41 HU in those with a BMI < 25).222
These cut-off values were determined specifically
for patients on LT waiting list are the most widely
used in literature.???* Low SMI was present in 63%
of males and 28.9% of females. More than one-
third of the patients (32.6%) had fatty infiltration
of the skeletal muscle. Patients with alcoholic aeti-
ology had more fat-infiltrated muscles than other
aetiologies for end-stage liver disease (P < 0.008).
Alterations in the metabolism of fatty acids, eating
habits, and alcohol consumption probably result in
fatty infiltration of skeletal muscle fibres. However,
due to the small numbers of patients (3 patients)
with non-alcoholic steatohepatitis (NASH) or non-
alcoholic fatty liver disease (NAFLD) in our study
group, we cannot properly assess the relationship
between the aetiology of underlying liver disease
and the degree of ML

Several studies have shown that sarcopenia
and myosteatosis are associated with a higher in-
cidence of postoperative complications, infection
rate, duration of hospitalization, and mortality in
a wide range of gastrointestinal cancers, including
tumours of the hepatopancreatobiliary system.?-3
Lack of a strictly defined patient population, dif-
ferent methods of measurement of muscle mass
and function, and the absence of uniformly ac-
cepted cut-off points for patients with chronic or
end-stage liver disease are the leading causes for
wide ranges of sarcopenia incidence reported in
the literature.*?33 Therefore, the selected cut-off
points for patients with cancer are used for evalua-
tion, which may affect the quality of results.

Sarcopenia is associated with poorer outcomes
in patients with chronic liver disease on the wait-
list or after LT.3*% Patients with end-stage liver
disease and sarcopenia have shorter survival than
non-sarcopenic patients (22 + 3 vs. 95 + 22-month, P
<0.001).>%¢ The main cause of death in patients with
end-stage liver disease is sepsis.*” Incidence of sep-
sis as a cause of death is even higher in presence
of sarcopenia (36% vs. 16%, P < 0.001) or myosteato-
sis (32% wvs. 19%, P = 0.020).° Lower muscle mass is
also associated with a higher incidence of hepatic
encephalopathy in patients with end-stage liver
disease.®*% On the other hand, a group from USA%
showed that sarcopenic patients had a higher ten-
dency for pulmonary complications than the non-
sarcopenic group (38% vs. 18%, P = 0.100); however,

there was no significant difference in morbidity
and mortality.

CT imaging is considered as the gold standard
for body composition assessment. SMI calculated
on the level of third lumbar vertebra is superior
since it correlates best with the actual quantity of
the muscles in the body*! It is not affected by as-
cites and is part of preoperative evaluation in pa-
tients with hepatocellular carcinoma or the com-
plications of portal hypertension. The value of SMI
as a predicting factor for postoperative morbidity
and mortality is yet to be determined. However,
it has been shown in several reports that it has a
negative impact on postoperative outcomes. Lower
values of SMI are associated with more significant
postoperative mortality, higher infection risk, and
postoperative complications, more extended in-
tensive care unit stay, ventilator dependency, and
higher waitlist mortality rates in patients with end-
stage liver disease.®#243 SMI as a predicting factor
for higher mortality rate in patients with end-stage
liver disease was superior to other nutritional as-
sessment indicators, such as BMI, upper arm mus-
cle circumference, and triceps skinfold thickness.*
However, some other reports showed contrasting
findings. Using SMI for prespecified definitions of
sarcopenia had no impact on mortality or delisting
from the transplant waitlist between patients with
and without sarcopenia.** Length of hospitaliza-
tion following LT, days of hospitalization during
the first year post-LT, survival at one year, or over-
all survival was not different between sarcopenic
and nonsarcopenic patients.* Low SMI alone was
not associated with graft and patient survival (P
=0.273 and P = 0.278) after LT.#” These conflicting
results are probably due to heterogeneity of used
specific cut-off points (sex, age, race) and lack of
strictly defined parameters representative unique-
ly for patients with chronic liver disease. We found
a negative correlation between BMI and SMI,
probably due to high-volume ascites in the patient
population This confirms findings that BMI is not
suitable for body assessment in patients with end-
stage liver disease. In our study, the presence of as-
cites was associated with significantly lower SMI
(P < 0.05) in patients with end-stage liver disease
but did not influence ML There is a weak, positive
correlation between SMI and ICU length of stay in
male patients, which was statistically significant
(rs = 0.226, P < 0.025). We speculate that the main
reason is a more pronounced systemic inflamma-
tory reaction to surgical stress in patients with
preserved muscle mass. It is known that muscle
mass is mandatory for the normal function of the
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immune system.*® Experience from Japan* shows
a connection between low SMI and decreased
incidence of graft rejection in living-donor liver
transplantation. Analysis of our results shows no
statistically significant difference in postopera-
tive complications, rate of postoperative infection,
and liver graft rejection rate between males and
females with low or normal SMI (P > 0.05). BIA is
commonly used technique in body composition
analysis in every day clinical practice.* Its key pa-
rameters are resistance, reactance and phase angle
(PA). PA is found to be associated with outcomes
in different diseases and has been found to be use-
ful for monitoring fluid changes and response to
interventions.” The main limitation is the com-
plexity of the determinants that requires its ad-
justment to the individual phenotypic diagnosis
of each patient. Results can be affected by altered
water and electrolyte balance, fluid retention and
diuretic therapy.”*® DXA allows for the quantifica-
tion of three body compartments (bone mass, fat
mass, and bone fat-free mass (or lean mass)) based
upon the differential tissue attenuation of X-ray
photons.>! However, it can be affected by presence
of ascites.” Even though DXA can be modified to
exclude influence of ascites or tissue oedema the
correlation between the lean mass index and SMI
was weaker (y =0.29, p = 0.035) and falsely high in
patients with ascites before liver transplantation.*
Main disadvantages of DXA compared to CT is in-
ability to assess muscle mass quality (myosteato-
sis).’!

Myosteatosis is a more clearly defined factor,
and its influence is more uniformly established in
literature.>* However, there are many different cut
off points (HU < 25 to HU < 39) reported in litera-
ture in patients with malignant disease.>® Majority
of reports uses a Martin cut-off point (< 33 HU in
patients with a BMI > 25 kg/m? and < 41 HU in
those with a BMI < 25)* for determining presence
of myosteatosis. Martin cut-off point is also recent-
ly defined threshold parameters for Ml in a patient
with a chronic liver disease.?*?* It has been shown
that severely ill patients with myosteatosis have a
lower survival rate than those without fatty infil-
tration in muscles.” Myosteatosis negatively im-
pacts the survival of patients with end-stage liver
disease (28 + 5 vs. 95 + 22-month, P < 0.001)°¢ and is
associated with longer hospitalization and higher
morbidity.# Patients with myosteatosis showed a
higher mortality rate, most commonly due to res-
piratory and septic complication.*” Myosteatosis
had no influence on ICU length of stay (P = 0.161),
hospitalisation (P = 0.771), postoperative complica-
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tions (P = 0.839), infection rate (P = 0.703) and graft
rejection (P=0.449) in our patient population.

The nutritional status on the waitlist for LT as a
possible risk factor is overlooked with the MELD
score.®® Another important limiting factor of the
MELD score is using serum creatinine levels for
score calculation.® Serum creatinine level may
vary significantly and is influenced by chronic
kidney disease, ascites, paracentesis, and the in-
fluence of gender and liver disease on skeletal
muscle mass.* Variation of serum creatinine levels
may affect the MELD score and underestimate the
severity of liver disease.’® Thus, several modifica-
tions of the MELD score were developed to incor-
porate the nutritional parameters. Body composi-
tion MELD (BC-MELD)® has a better predictive
value for waiting list mortality than MELD score.
MELD-sarcopenia score showed a positive predic-
tive value in patients with a lower score (< 15) on
the postoperative course; however, it was not use-
ful in patients with MELD above 15.592 Combining
SMI in MELD in multivariate analysis (AUROC=
0.812) is significantly better than MELD alone
(AUROC = 0.787) for predicting 5-year mortality
(P <0.001).# We found a weak, positive correlation
between the MELD score and ICU length of stay
(rs = 0.261, P < 0.002). ALBI score showed promis-
ing results in more accurate prediction of liver dis-
ease severity and mortality on waitlist compared
to the Child-Pugh score; however, its predictive
value was inferior to the MELD score.®® Patients
with pre-transplant ALBI grade 3 liver disease had
increased mortality after LT.** We found a weak,
positive correlation between the ALBI score and
ICU length of stay and hospitalization time, which
was statistically significant (rs = 0.279, P < 0.001; rs
=0.197; P = 0.022). We found no correlation between
the ALBI score and postoperative complications.
The GLIM score!® was established as a potential
assessment tool for evaluating patient nutritional
status in recent years. Our results showed no dif-
ference between the patients who met GLIM cri-
teria and those who did not, regarding ICU stay,
length of hospitalization, postoperative complica-
tions, infection, and mortality.

We believe that nutritional status in a patient
with end-stage liver disease is an essential aspect
of pre-transplant workup. However, its precise
role is not yet determined. LT is a complex surgi-
cal procedure influenced by numerous factors. In
the early phase of LT, donor characteristics and
comorbidities, quality of liver graft retrieval, liver
graft quality, cold preservation duration, ischemic
damage to the liver graft during static cold storage,
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recipient medical conditions and comorbidities,
surgical procedure, and early postoperative ther-
apy are by our opinion the most essential factors.
However, muscle mass status, muscle function
and myosteatosis are crucial factors in a period of
rehabilitation.®®

Patient with cachexia or with high-risk (<18.5kg/
m?, Child-Pough C)® to lose muscle mass should
be screened and involved in intensive but person-
alized nutritional support therapy. Nutritional re-
quirements in end stage liver disease are 35 kcal/
kg per day in non-obese patients (BMI 30 kg/m?)
and 1,2g/kg per day intake of proteins.® It is safe
to calculate requirements based on the dry weight
of a patients.® In presence of hepatic encephalopa-
thy (HE), animal protein should be substituted
with vegetable protein origin. Randomized control
study®” showed that substitution of animal protein
with vegetable protein for a period of six months
(30-35 kcal/kg/d,1.0-1.5 g/kg/d protein) improved
neuropsychiatric performance in patients with
minimal HE and decrease their risk of develop-
ing overt HE compared to no intervention. It is
unreal to expect to gain muscle mass in cirrhotic
patients, but muscle mass preservation should be
focus of such nutritional interventions. There are
several strategies to prevent muscle mass loss in
patients with end stage liver disease. First strategy
is nutritional supplementations. Patients should
have frequent small meals to avoid prolong fast-
ing period (> 6 h).®%%%% Enteral supplements with
side branched amino acids should be adminis-
tered.®®%%% Snacks rich in carbohydrates should
be taken as a late-night snack.®#%%% Second, physi-
cal activity in a form of resistance and endurance
exercise, is probably appropriate and beneficial.”
Micronutrition, especially administration of fat-
soluble vitamins” and ammonia lowering thera-
py’?is also important. Role of immunonutrition in
patient with end stage liver disease is not yet estab-
lished.®®” Post-transplant screening is advised in
all patients after liver transplantation.®®”

There are several drawbacks to our study. The
two most important are the retrospective nature
of data collection and the lack of functional assess-
ment of recipients’ muscles. Another factor that
may influence results is the relatively small num-
ber of cases that may affect some results or may
not produce statistical significance due to the com-
plexity of the treatment and numerous factors that
determine its outcome.

In conclusion radiological assessment of a pa-
tient’s nutritional status at the third lumbar ver-
tebra represents an objective and reproducible

method. It should become a standard screening
tool in patients with acute or chronic end-stage
liver disease. Due to complexity of liver transplant
procedure, liver graft and liver recipients’ factors,
it is difficult to established impact of a skeletal
muscle index and myosteatosis on postoperative
outcomes. However, nutritional interventions
and physical activity should be part of the clinical
pathway in patients with end-stage liver disease
waiting for liver transplantation. Prospective ran-
domized controlled studies are not possible due
to ethical considerations; hence, standardization
and uniformity in definitions, methods, and cut-
off points are crucial to producing reliable data in
the future.
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Background. During the period of fetal development, myelination plays a key role and follows specific time and spa-
tial sequences. The water content in the brain is inversely proportional to myelination — the more myelinated the brain,
the lower the water content in it. The diffusion of water molecules can be quantitatively assessed using the apparent
diffusion coefficient (ADC). We were interested in whether, by determining the ADC values, we could quantitatively
evaluate the development of the fetal brain.

Patients and methods. The study included 42 fetuses with gestational age 25 to 35 weeks. We manually selected
13 regions on diffusion-weighted images. Statistically significant differences between ADC values were checked using
one-way analysis of variance and Tukey's post hoc test. The relationship between the ADC values and the gestational
age of the fetuses was then assessed using linear regression.

Results. The average gestational age of the fetuses was 29.8 + 2.4 weeks. ADC values in the thalami, pons and
cerebellum differed significantly among each other and from the ADC values in other brain regions. In the thalami,
pons and cerebellum, linear regression showed a significant decrease in ADC values with increasing gestational age.
Conclusions. ADC values change with the increasing gestational age of the fetus and differ among different brain
regions. In the pons, cerebellum and thalami, the ADC coefficient could be used as a biomarker of fetal brain matura-
tion since ADC values decrease linearly with increasing gestational age.

Key words: myelination; fetal brain maturation; ADC; biomarker; diffusion-weighted imaging; diffusion

Introduction

Human brain development is a complex process
that begins in the third gestational week and con-
tinues well after birth, even into adulthood.! In our
study, we were interested in the process of myeli-
nation and how it can affect apparent diffusion co-
efficient (ADC) values.

Myelination is the final stage in the develop-
ment of the white matter of the brain. It begins in
the second half of pregnancy, after the prolifera-
tion and maturation of oligodendrocyte cells. It al-
so has a characteristic course, from caudal to ros-
tral regions of the brain, from the center outwards,

Radiol Oncol 2023; 57(2): 178-183.

and from dorsal to ventral regions of the brain.??
As early as around the 20" week of gestation, mi-
croscopic amounts of myelin can be observed, es-
pecially in the medulla oblongata and pons. The
brainstem is completely myelinated at 29 weeks.*
Between the 37" and 40t gestational week, mature
myelin is present in the cerebellum and the internal
capsule.*> Sensory pathways are myelinated earlier
than motor pathways, and occipital areas are my-
elinated earlier than parietal, temporal and frontal
areas. Myelination of the brain also takes place in
the postnatal period — it is completed only after the
age of 20 when the areas of the corpus callosum
and prefrontal brain become fully myelinated.*”

doi: 10.2478/raon-2023-0022



Knowing the exact course of myelination is cru-
cial for detecting pathological changes that affect
myelination. In premature infants, hypomyelina-
tion may be a predictive factor for motor and cog-
nitive impairments. Myelination can also be affect-
ed by many genetic and autoimmune diseases and
infections.10-12

As the brain matures, the water content changes
over time. The amount of water in the brain is in-
versely proportional to myelination - the more my-
elinated the brain, the less water it contains. The
decrease in water content can be attributed to the
accumulation of lipids and proteins and changes
in the electrolytic composition of tissues. The re-
duction in the proportion of water continues even
after birth. In addition to the water content, the
movement of water molecules in the brain is also
affected by the number of cells and the amount of
myelin, both of which limit the movement of mol-
ecules.!317

With the development of MRI, especially with
the advance of diffusion-weighted magnetic reso-
nance imaging (DWI), an opportunity has ap-
peared for the non-invasive assessment of myelina-
tion in fetuses. Furthermore, the diffusion of water
molecules can now be quantitatively evaluated us-
ing the ADC values.

DWTI is an extremely useful technique for detect-
ing hyperacute hypoxic-ischemic changes, it can
be helpful in other disease processes that affect the
movement of water molecules in tissues, e.g., ab-
scesses, tumours etc. and it can also be used to mon-
itor the normal development of the fetal brain.!52
This technique is already a part of the standard
protocol in fetal MR imaging to diagnose anomalies
of the central nervous system but, despite previous
studies that have addressed this issue, it is still not
completely clear whether a quantitative evaluation
of fetal brain development using ADC values can
be used in clinical practice. We do not yet have ref-
erence ADC values that would allow us to compare
healthy fetuses with fetuses suspected of develop-
ing anomalies of the central nervous system.23
Research is therefore increasingly focused on stud-
ying ADC values in different areas of the fetal brain.

In our study, we observed how ADC values
change during the process of fetal brain matura-
tion. We postulated that the values would depend
on the gestational age of the fetus and also on the
areas of the brain. The determined ADC values
could serve as reference values in daily clinical
work. They would be useful in assessing the level
of fetal brain maturity and early detection of patho-
logical changes.

Kobal L et al. / ADC values in fetal brain maturation

The purpose of our research was to determine
how ADC values change with the gestational age
of the fetus. We were interested in how ADC values
differ among different brain areas. We also wanted
to discover whether the ADC could be used as a
biomarker of fetal brain maturation.

Our hypotheses were:

1. ADC is a useful biomarker of fetal brain matura-
tion.

2. ADC values depend on the age of the fetus and
the area of the brain.

Patients and methods

The retrospective study was conducted at the
Clinical Institute of Radiology of the University
Medical Center Ljubljana. The National Medical
Ethics Committee of the Republic of Slovenia
judged that the research was ethically accept-
able and gave consent for its implementation (No.
0120-56/2022/3).

Patients

We initially selected 59 fetuses that had had an
MRI done between 18. 1. 2015 and 4. 3. 2021. Of
these, the MRI images of 17 fetuses were excluded
since their DWI images had artefacts due to fetal
movement. We therefore performed the measure-
ments on MRI images of 42 fetuses. We included
fetuses that have been referred for MRI due to sus-
picious US changes in the central nervous system
(CNS), face or neck (wider cisterna magna, sus-
pected agenesis of the corpus callosum, ranula etc.)
but in which we did not confirm CNS anomalies
with MRI. All included pregnant women under-
went amniocentesis, which excluded chromosomal
abnormalities and infections. After birth, no signs
indicating abnormal development of the central
nervous system were found in our group. The ges-
tational age of the fetuses was from 25 to 35 weeks
(mean 29.8 + 2.4 weeks).

Magnetic resonance imaging

Examinations were performed on a Siemens Aera
1.5 T MR device. The pregnant women did not eat
or drink for four hours before the examination and,
during the examination, they were in a supine or
left decubitus position. They did not receive any
medication before the procedure. An abdominal
coil with a small, 24 c¢m field of view and a 192 x
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FIGURE 1. Position of the ROI in the brain of a fetus with a gestational age of 29
weeks. Region of interests (ROIs) were placed in each brain region bilaterally.
Markings are visible only on one side. (A) Frontal white matter, (B) parietal white
matter, (C) temporal white matter, (D) occipital white matter, (E) thalamus, (F) pons,
(G) hemisphere of the cerebellum.

TABLE 1. Intraclass correlation coefficient (ICC) for different
regions of inferest (ROIs)

ROI ICC
FWM 0.91
PWM 0.90
TWM 0.75
OWM 0.78
Thalami 0.85
Pons 0.81
Cerebellum 0.92

FWM = frontal white matter; OWM = occipital white matter; PWM =
parietal white matter; TWM = temporal white matter

160 matrix was used. A 3D scout sequence was
performed to assess the fetal position. Scout se-
quence is an ultrafast T2-weighted sequence, with
slice thicknesses of 6-8 mm, gaps of 1-2 mm, and a
large field of view. Our protocol consisted of ultra-
fast T2-weighted sequences in three planes (axial,
coronary, sagittal) with slice thicknesses of 3 and 4
mm and intermediate intervals of 0.3 mm, T1- and
T2-gradient sequences in the axial plane (the for-
mer with slice thickness 4.5 mm and intermediate
intervals 0.5 mm, the latter with slice thickness 3
mm and intermediate intervals 0.3 mm) and DWI-
sequence in the axial plane (slice thickness 5 mm
with intermediate intervals 2 mm). Diffusion was
measured in three directions at values of b = 0 s/
mm?2 b =500 s/mm?2, and b = 1000 s/mm?.
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ADC value measurements

ADC measurements were performed by two re-
searchers (L.K., T.V.V.). On ADC maps, we manu-
ally selected 13 areas (region of interest, ROI) using
a Syngo. via program (Siemens Medical Solutions
USA, Inc. ©2022): bilaterally in the frontal white
matter (FWM), parietal white matter (PWM), tem-
poral white matter (TWM) and occipital white mat-
ter (OWM), bilaterally in the white matter of the
cerebellum, in both thalami and the central part of
the pons. The surface area of the ROI was adapted
to the age of the fetus and the anatomical area, with
values between 15 and 65 mm?

Statistical data analysis

Statistical data analysis and graph production
were performed using IBM SPSS Statistics (IBM
SPSS Statistics for Windows, version 25.0; IBM
Corp., Armonk, NY). Interrater reliability was as-
sessed using the intraclass correlation coefficient
(ICC) with a two-way mixed model for the average
of the measurements.

ICC values below 0.5 indicate low, between 0.5
and 0.75 moderate, between 0.75 and 0.9 good, and
above 0.9 excellent reliability. Since the ICC was
0.75 or higher in all measured brain areas, we av-
eraged the measurements of the two researchers.
Statistically significant differences between ADC
values for different areas of the brain were checked
using one-way analysis of variance (ANOVA).
Statistically significant differences between ADC
values in individual groups were searched for with
Tukey’s post hoc test. Before the one-way analysis
of variance, we checked the homogeneity of the
variances with Levene’s test, whereby we rejected
the null hypothesis that the variances are homoge-
neous or homoscedastic. The association between
the ADC values of the brain regions and the gesta-
tional age of the fetuses was then evaluated using
linear regression. Before the statistical data analy-
sis, we determined the p-value 0.05 as the thresh-
old.

Results

ICC values by individual brain areas are shown in
Table 1.

The average ADC values for different ROIs are
shown in Figure 2. Using one-way analysis of vari-
ance, we found that there was a statistically sig-
nificant difference between the ADC values for dif-



ferent brain areas. The ADC values in the thalami,
pons and cerebellum differed significantly from
each other and from the ADC values in all other
brain areas. There were no significant differences
between ADC values in FWM, PWM, TWM and
OWM.

In the thalami, pons and cerebellum, linear re-
gression showed a statistically significant decrease
in ADC values with increasing gestational age
(Figure 3). ADC values also decreased with in-
creasing gestational age in PWM and OWM, but
the results were not statistically significant. ADC
values increased in FWM and TWM, but the in-
crease in values in these areas was also not statisti-
cally significant.

Discussion

Our study confirmed that the average ADC values
in fetuses differ among different brain areas. As
shown in Figure 2, the lowest values were meas-
ured in the pons, thalami and cerebellum, and
the highest in the FWM, PWM, TWM and OWM.
These differences can be attributed to the charac-
teristic course of myelination and the number of
neurons in individual areas. The amount of neu-
rons in the thalami is greater than in the white mat-
ter, so the diffusion of water is more limited. Since
myelination proceeds from the caudal to the rostral
regions of the brain, from the central regions to the
periphery, and from the dorsal to the ventral re-
gions, the pons, thalami and cerebellum are myeli-
nated earlier than the white matter of the cerebral
hemispheres, where the myelination process still
takes place in the postnatal period. ADC values in
fetuses, therefore cannot be compared with values
in newborns and children, nor with values in pre-
term infants of the same gestational age, since large
changes in the amount and distribution of water in
the brain occur after birth.2?

ADC values in the pons, thalami and cerebellum
were much lower than in the white matter of the
cerebral hemispheres, which is consistent with pre-
vious research. The average values in these areas
were comparable with previous studies, while the
average ADC values for FWM, PWM, TWM and
OWM were slightly lower in our study. The largest
deviations can be seen for the FWM area, where in
our research we measured an average ADC value
of 1.52 x 10 mm?/s. Han et al. (1.8 x 10° mm?/s),
Schneider et al. (1.8 x 10° mm?/s), Hoffmann et al.
(1.8 x 10°* mm?/s) and Righini et al. (2.9 x 10 mm?/s)
all recorded higher values.??*-3! These differences
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could be attributed to the slightly lower average
age of the fetuses in our study and the possible
non-linear changing of ADC values, as described
below.

OWM is known to be myelinated earlier than
PWM, TWM and FWM.® We were unable to con-
firm this with our research. The results of our re-
search showed that ADC values did not differ
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Association between
apparent diffusion coefficient (ADC)
values in different brain regions and

. fetal gestational age in days. (A)

Frontal white maftter, (B) parietal

white matter, (C) temporal white

matter, (D) occipital white matter, (E)

thalamus, (F) pons, (G) cerebellum.
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statistically significantly among these areas. We
attribute these results to the fact that the occipital
part of the brain in fetuses is thinner than in the rest
of the cerebral hemispheres. The ROIs were there-
fore placed closer to the cerebrospinal fluid than
in other areas, which may have resulted in partial
coverage of the cerebrospinal fluid signal in the
ROL As a result, measurements may be affected
by averaging the values of cerebrospinal fluid and
brain parenchyma. This may also explain why the
ICCs between the researchers differed predomi-
nantly in the areas of OWM and TWM, where the
cerebral mantle is also thinner.

In the thalami, pons and cerebellum, linear re-
gression showed a statistically significant decrease
in ADC values with increasing gestational age
(Figure 3). ADC values also decreased with increas-
ing gestational age in PWM and OWM, but the re-
sults were not statistically significant. In FWM and
TWM, ADC values increased in our study, but the
increase in values was not statistically significant in
these areas either. The FWM is the last of all brain
areas to be myelinated, the amount of water there
being the highest for the longest time, which could
be the reason for the measured values in our re-
search.

All the studies published so far have confirmed
the decline in ADC values with increasing gesta-
tional age in the areas of the cerebellum, thalami
and pons.??#3! The results indicate that in these
areas of the brain, the amount of water decreases
with age, which affects the reduction of ADC val-
ues. In our study, ADC values also declined most
rapidly in the cerebellum, pons and thalami, which
suggests earlier maturation of these regions and is
consistent with other studies.

Differences among studies occurred in other
brain areas. A decrease in ADC values in PWM and
OWM was demonstrated by Han et al., Hoffmann
et al. and Righini et al., while Cannie et al. detected
an increase in ADC values in OWM.?-* Similar to
our study, some other researchers have also detect-
ed an increase in ADC values with gestational age
in FWM.#505 Schneider et al, on the other hand,
measured increasing ADC values in FWM, PWM,
TWM and OWM until the 30% gestational week,
but thereafter the ADC values began to decrease.?!

The results of Schneider et al. are consistent
with the course of fetal brain development. During
development, the brain consists of several layers
- above the ventricular layer, there is an interme-
diate layer, a subplate and a cortical layer. Wide
extracellular spaces are present in the intermedi-
ate layer and subplate, which allow nerve cells
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to migrate. In these spaces, water molecules can
move freely, which could explain the rise in ADC
values. Schneider et al. explained the repeated de-
cline in ADC value by a combination of different
factors that begin to dominate after the 30t week:
the subplate and the intermediate layer slowly dis-
appear, the total amount of water decreases and,
at the same time, the number of lipids and macro-
molecules in the intracellular spaces increases. We
therefore allow the possibility that the change in
ADC values in FWM, PWM, TWM and OWM with
increasing gestational age is not linear, but may be
better explained by more complex models, for ex-
ample using a quadratic polynomial curve, which
means that the values initially increase and then
decrease.?!

The multilayered structure of the brain is vis-
ible on T2-weighted sequences in fetuses of the
gestational age of 20-28 weeks but, with increasing
gestational age, the boundaries between the layers
are blurred. Due to the poor image resolution of
the ADC maps, it is very difficult to distinguish the
layers from each other, even in younger fetuses.
When manually placing the ROIs, due to the poor
resolution on the ADC maps we may also capture
areas of the subplate, which later develop into the
cerebral cortex, and not the white matter, which
could affect the results of the measurements.

The downside of our research was the relatively
small number of subjects. A disadvantage is also
the probability of measurement errors due to the
movement of the fetus during the examination,
which was reduced by preparing the mothers for
the MRI examination and eliminating poor-quality
images. In fetal MRI, measurements are also affect-
ed by the small size of the structures, which may
result in the capture of the cerebrospinal fluid or
subplate in selected cases. ROI drawing may also
be challenging due to the poor resolution of the
brain layers on the ADC maps.

Another thing to consider before comparing re-
sults from different studies is variability in meas-
ured ADC values due to the use of different MRI
equipment and sequence selections.

Conclusions

We conclude that ADC values are a reliable indi-
cator of brain maturation in the areas of the pons,
cerebellum and thalami. The results of our research
are concordant with previous research, which has
shown that the values in these areas decrease lin-
early with increasing gestational age. We also



confirmed that the ADC values are higher in the
FWM, PWM, TWM, and OWM regions than in the
pons, cerebellum and thalami. However, it is still
unknown how ADC values in FWM, PWM, TWM
and OWM change with gestational age, since re-
sults vary among studies. Further research is need-
ed to define more precisely the variation of ADC
values in these areas, which would help us to set
reference values. Nevertheless, we confirmed our
second hypothesis that ADC values in different
brain areas differ from each other and also change
over time.
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Background. Hybrid MRI linear accelerators (MR-Linac) might enable individualized online adaptation of radiothera-
py using quantitative MRI sequences as diffusion-weighted imaging (DWI). The purpose of this study was to investigate
the dynamics of lesion apparent diffusion coefficient (ADC) in patients with prostate cancer undergoing MR-guided
radiation therapy (MRgRT) on a 1.5T MR-Linac. The ADC values at a diagnostic 3T MRI scanner were used as the refer-
ence standard.

Patients and and methods. In this prospective single-center study, patients with biopsy-confirmed prostate cancer
who underwent both an MRI exam at a 3T scanner (MRI,;) and an exam at a 1.5T MR-Linac (MRL) at baseline and
during radiotherapy were included. Lesion ADC values were measured by a radiologist and a radiation oncologist
on the slice with the largest lesion. ADC values were compared before vs. during radiotherapy (during the second
week) on both systems via paired t-tests. Furthermore, Pearson correlation coefficient and inter-reader agreement
were computed.

Results. A total of nine male patients aged 67 * 6 years [range 60 — 67 years] were included. In seven patients, the
cancerous lesion was in the peripheral zone, and in two patients the lesion was in the transition zone. Inter-reader reli-
ability regarding lesion ADC measurement was excellent with an infraclass correlation coefficient of (ICC) > 0.90 both
at baseline and during radiotherapy. Thus, the results of the first reader will be reported. In both systems, there was a

Radiol Oncol 2023; 57(2): 184-190. doi: 10.2478/raon-2023-0020
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statistically significant elevation of lesion ADC during radiotherapy (mean MRL-ADC at baseline was 0.97 +0.18 x 103
mm?/s vs. mean MRL-ADC during radiotherapy 1.38 £ 0.3 x 103 mm?/s, yielding a mean lesion ADC elevation of 0.41
+0.20 x 103 mm?/s, p < 0.001). Mean MRI,-ADC at baseline was 0.78 £ 0.165 x 10° mm?/s vs. mean MRI,-ADC during
radiotherapy 0.99 + 0.175 x 102 mm?/s, yielding a mean lesion ADC elevation of 0.21 £ 0.96 x 102 mm?/s p < 0.001).
The absolute ADC values from MRL were consistently significantly higher than those from MRI,; at baseline and during
radiotherapy (p < = 0.001). However, there was a strong positive correlation between MRL-ADC and MRI,-ADC at
baseline (r=0.798, p = 0.01) and during radiotherapy (r = 0.863, p = 0.003).

Conclusions. Lesion ADC as measured on MRL increased significantly during radiotherapy and ADC measurements
of lesions on both systems showed similar dynamics. This indicates that lesion ADC as measured on the MRL may be
used as a biomarker for evaluation of treatment response. In contrast, absolute ADC values as calculated by the
algorithm of the manufacturer of the MRL showed systematic deviations from values obtained on a diagnostic 3T MRI
system. These preliminary findings are promising but need large-scale validation. Once validated, lesion ADC on MRL
might be used for real-time assessment of tumor response in patients with prostate cancer undergoing MR-guided

radiation therapy.

Key words: prostate carcinoma; MRI; adaptive radiotherapy; image guidance; MR-Linac; ADC

Introduction

Radiotherapy (RT) is a curative treatment option
for patients with localized prostate cancer.! MR-
guided radiotherapy (MRgRT) enables improved
soft tissue contrast and enhances accuracy of
treatment planning.? In this context, the hybrid
magnetic resonance 1.5T scanner with a linear ac-
celerator MR-Linac (MRL) is currently being used
in centers around the world to perform high-preci-
sion MRgRT with daily plan adaptations based on
anatomical MR sequences.>* Furthermore, func-
tional MRI sequences such as diffusion weighted
imaging (DWI) are being additionally taken into
account for radiotherapy planning, as they provide
valuable “real-time” functional information.> The
apparent diffusion coefficient (ADC) of a tumor le-
sion has been shown to function as a biomarker for
prostate cancer on diagnostic scanners.® MRL pre-
sents a novel opportunity to integrate ADC-values
of a tumor lesion into daily plan adaptations and
individualize radiotherapy.” A prerequisite is the
clinical translatability of ADC-measurements on
MRL to a “gold standard” 3T diagnostic scanner
(MRL,,).

In a previous study, it was demonstrated that
ADC measurements of a region of interest in in-
traprostatic tumor lesions on MRL correlated with
corresponding measurements on a diagnostic 3T
MRI scanner (MRL,;).? In that analysis, the MRIs
on both scanners were performed prior to treat-
ment initiation. However, as an initial step to
evaluate, whether ADC measurements on an MRL
might function as a biomarker enabling response
assessment under RT, the longitudinal stability of
ADC data gained on an MRL should be examined.

The purpose of this study is to longitudinally
investigate the dynamics of lesion ADC in patients
with prostate cancer undergoing MR-guided ra-
diation therapy on an MR-Linac using the ADC
values at a 3T MRI scanner as a reference standard.

Patients and methods

Participant sample, study design and MRI
technique

All patients included in this prospective study
were recruited in the M-base Pro 1.0° or M-base
HyPro 2.0 at our institution (ClinicalTrials.gov
Identifiers: NCT02724670; NCT03880851). The
study was conducted according to the guidelines
of the Declaration of Helsinki, and approved by the
Institutional Review Board of the medical faculty of
Tuebingen University (No. 022/2016BO1, 14.03.2016
and No. 920/2018BO1, 10.07.2019). Informed con-
sent was obtained from all subjects involved in the
study. All patients consented to prospectively un-
dergo multiple MRIs on an MRL and additionally
on a MRI,; at several points prior to and during RT.
The aforementioned studies each examine a novel
MR-adaptive concept for radiotherapy of primary
localized prostate cancer. Between February 2019
and October 2021, 9 patients with biopsy-confirmed
prostate cancer and available MRL and MRI,; data
sets prior to RT and under RT were included. All
patients were treated daily on a 1.5T MRL (Elekta
Unity™, Philips, Stockholm, Sweden).® All pa-
tients were treated according to national guide-
lines with either 39 x 2 Gy per fraction over eight
weeks (M-base 1.0 study, n = 3 patients) or 20 x 3
Gy per fraction over four weeks (M-base Hypro 2.0

Radiol Oncol 2023; 57(2): 184-190.
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[ Enrollment ]

Patients with biopsy-confirmed prostate
cancer and an indication for curative RT
treated within the M-Base Pro 1.0 or M-
Base Hypro 2.0 studies and on the 1.5T
MRL between 2019-2021 (n=13)

Excluded (n=4)

® Study MRIs not performed per protocol
(n=3)

® MRI sequences/quality not meeting
analysis criteria (n=1)

4

[ Analysis ]

Analysed (n=9)

RT = radiotherapy; MRL = 1.5 T MR-Linac Unity.

FIGURE 1. Flow diagram illustrating the inclusion/ exclusion process.

study, n = 6 patients) and additional neoadjuvant
androgen deprivation therapy (ADT) of six months
for intermediate risk patients and 24-36 months for
high risk patients.! The time point of the MRL and
MRI,, was during week 2 of RT in both treatment
protocols. MRI technique, specifications and ac-
quisition parameters of the examinations on both
systems have been previously described.® Most
study participants in this study were used in the
prior publication®, but only examinations prior to
RT were analyzed. No lesion ADC dynamics dur-
ing RT were reported in the previous study.?

Lesion ADC evaluation

The ADC maps for MRL and MRI,; for each pa-
tient, prior to and during radiotherapy, were in-
dependently presented to two readers (reader 1, a
board certified radiation oncologist with 8 years
of experience reader 2, a radiology resident with 4
years of experience). Both readers placed an elliptic
region-of-interest (ROI) within the lesions for each
patient in MRL and MRIL,; image sets. A dedicated
workstation (GE Healthcare Centricity™ PACS
RA1000, Milwaukee WI, USA) was utilized for im-
age analysis using a dedicated software (syngo.via,
Siemens Healthcare, Erlangen, Germany).

Statistical analysis

Continuous variables were reported as mean and
standard deviation. Paired t-tests were used for

Radiol Oncol 2023; 57(2): 184-190.

pair-wise pre- vs. during-treatment comparisons,
as well as MRL vs. MRI-3T. Intraclass correlation
coefficient (ICC, two-way, absolute agreement)
was used to compute inter-reader agreement. An
ICC of less than 0.4 signalizes poor agreement, of
0.40 to 0.59 indicates fair agreement, of 0.60 to 0.74
good agreement, and an ICC of 0.75 to 1.00 signal-
izes excellent agreement.!> Pearson Correlation co-
efficient was used to compare lesion ADC between
MRL and MRIL,;. Level of significance was set at
0.05. Statistical analyses were performed using
SPSS (v26.0, IBM-Corp, Armonk, NY, USA).

Results

A total of nine patients were included. Figure 1 de-
lineates the the inclusion/exclusion process.

Table 1 summarizes patients’ characteristics.
For each patient, the two imaging examinations
prior to and during RT were successfully per-
formed and evaluated.

The mean elapsed time between the baseline
MRL exam and the MRL exam during radiothera-
py was 26 days + 14 days. The mean time difference
between MRI,, and MRL examinations at baseline
was 1.7 days * 1.7 days. Similarly, the mean time
difference between MRIL,. and MRL examinations
during radiotherapy was was 1.7 days + 1.3 days.

Inter-reader reliability regarding lesion ADC
measurement was excellent with ICC > 0.90 both
at baseline and during radiotherapy (ICC for MRL
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FIGURE 2. T2-weighted MR images (scan time: 2 minutes) and apparent diffusion coefficient (ADC) maps of a 66-year-old
male patient with prostate cancer in the antero-apical region of the transition zone (red arrows) at baseline (left column) and
during radiotherapy (right column) as recorded on MR-Linac (MRL) and on standard MRI at 3T (MRI3T). The figure shows similar

dynamics of lesion ADC elevation during radiotherapy.

at baseline was 0.927 and during radiotherapy was
0.976; ICC for MRL,; at baseline was 0.978 and dur-
ing radiotherapy was 0.998).

For reader 1, in both systems, there was a sta-
tistically significant elevation of lesion ADC dur-
ing radiotherapy (Figure 2). Mean MRL-ADC at
baseline was 0.97 + 0.18 mm?/s vs. mean MRL-ADC
during radiotherapy 1.38 + 0.3 mm?/s, yielding a
mean lesion ADC elevation of 0.41 + 0.20 mm?/s,
p <0.001. Mean MRI,-ADC at baseline was 0.78 +
0.165 mm?/s vs. mean MRI,-ADC during radio-
therapy 0.99 + 0.175 mm?/s, yielding a mean lesion
ADC elevation of 0.21 + 0.96 mm?/s p <0.001.

The ADC values at MRL were consistently sig-
nificantly higher than MRI,; at baseline and dur-
ing radiotherapy (p < 0.01). However, there was a
strong positive correlation between MRL-ADC
and MRI, -ADC at baseline (r = 0.798, p = 0.01) and
during radiotherapy (r = 0.863, p = 0.003) (Figure 3).

Similarly, for reader 2, in both systems, there
was a statistically significant elevation of lesion
ADC during radiotherapy (mean MRL-ADC at
baseline was 1.0 + 0.23 x 10-*mm?/s vs. mean MRL-
ADC during radiotherapy 1.36 + 0.30 x 10> mm?/s,
yielding a mean lesion ADC elevation of 0.36 + 0.17
x 10°* mm?/s, p <0.001). Mean MRI,-ADC at base-
line was 0.78 + 0.17 x 10 mm2/s vs. mean MRI,,;-
ADC during radiotherapy 1.0 + 0.183 x 10-* mm?/s,
yielding a mean lesion ADC elevation of 0.22 +
0.129 x 10°*mm?/s p <0.001).

The ADC values at MRL were consistently sig-
nificantly higher than MRI,; at baseline and dur-
ing radiotherapy (p < 0.001). However, there was
a strong positive correlation between MRL-ADC
and MRI,,-ADC at baseline (r =0.872, p=0.002) and
during radiotherapy (r = 0.788, p = 0.012).

Discussion

This prospective study compared lesion ADC val-
ues in patients with prostate carcinoma undergo-
ing MR-guided radiotherapy on an MRL at 1.5 T
to a diagnostic scanner at 3T. Absolute values of
lesion ADC measurements differed while dynam-
ics in the context of radiation therapy were compa-
rable between the scanners. In both systems, there
was a statistically significant elevation of lesion
ADC during radiotherapy with a strong positive
correlation of lesion ADC between the scanners.

ADC changes during radiotherapy

ADC changes of the intraprostatic tumor are to
be expected both during radiotherapy and during
ADT and the correlation between ADC and pros-
tate cancer aggressiveness has been shown before
on diagnostic scanners.'”!® The mean ADC-values
calculated in this study on both scanners are
similar to values found in the literature: Tamada

Radiol Oncol 2023; 57(2): 184-190.
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FIGURE 3. Scatter plots with a fitted line for ADC values as recorded on MR-Linac
and MRI,, for reader 1. (A) af baseline, (B) during radiotherapy (week 2). These
plots illustrate the strong positive correlation between MRL-ADC and MRI,,-ADC

at both time points.

et al. reported mean ADC values of (untreated)
tumor regions of 1.02 = 0.25 x 10 mm?/s for the
peripheral zone and of 0.94 + 0.21 x 10-* mm?/s for
the transitional zone of the prostate.!® Van Schie
et al. reported median ADC values in the tumor
scanned on a diagnostic scanner of 1.08 + 0.39 x
10 mm?/s (mean + SD) prior to treatment and as-
sessed changes of ADC prior to a hypofractionated
RT and then weekly during RT in 73 patients in
a similar manner as performed in our study. The
group found a (non-significant) median increase of
the ADC-value in the tumor of 7% for patients with
concurrent ADT and a median increase of 20% for
patients without ADT.*

ADC as biomarker for response
assessment and role of MRL

Moreover, ADC values and -changes have been
shown to function as biomarkers for RT response
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in prostate cancer patients.®!> Radiomics approach-
es seem promising in assessing response to RT, as
performed by Abdollahi et al. prior to vs. after RT.1
In all of these studies and in prostate cancer di-
agnostics, a 3 T MRI scanner has been established
as the gold standard for mpMRILY” MRI,; leads to
optimal diagnostic images, often aided by sup-
pression of peristalsis via intravenous application
of butyl scopolamine or other agents. In contrast,
on a 1.5 T MRL, the utilized sequences are opti-
mized for fast and geometrically accurate image
acquisition in an online workflow without routine
administration of peristalisis suppressing medica-
tions or contrast agents. These possible limitations,
in addition to technical differences of the hybrid
system to diagnostic scanners®, pose the question
whether an MRL can deliver comparable function-
al information during RT of prostate cancer.

In principle, the hybrid system offers fertile
ground for further plan adaption in prostate carci-
noma patients based on mpMRT findings such as
ADC values since it offers daily MR-guided plan
adaptations. Treatment individualization and plan
adaptation under RT are a focus of research in
other tumor entities as well.”?*? Longitudinal dif-
fusion MRI on a 0.35 T hybrid system was already
performed in small series for several other tumor
entities with promising results (Yang et al.: three
head and neck cancer patients and three sarcoma
patients?; Shaverdian et al.: three rectal cancer pa-
tients??). On the 1.5 T MRL, Lawrence et al. report
a high ADC repeatability and comparability to a
diagnostic 1.5 T scanner for 59 patients with cen-
tral nervous system tumors.?> Habrich et al. used a
test-retest approach on 11 patients with head and
cancers and showed to a high repeatability of ADC
measurements on the 1.5 T MRL.* In the context of
prostate carcinoma, Habrich ef al. also examined
intravoxel incoherent motion (IVIM) and dynamic
contrast enhanced (DCE) MRI changes over the
course of a moderately hypofractionated RT in 20
patients, also indicating that longitudinal meas-
urements of functional imaging parameters is fea-
sible and could be used for response assessment in
the future.?

However, concerning intraprostatic tumor le-
sions, the verification of longitudinal stability of
ADC measurements on an MRL as performed in
this study in a comparison to a latest generation 3
T diagnostic scanner has to the best of our knowl-
edge not been performed yet.

In a previous study, we tested the clinical ap-
plicability based on qualitative and quantitative
parameters of prostate MR images on an MRL
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against a MRIL,; at one point of time prior to start-
ing RT. We were able to show a promising and
comparable result of T2 weighted image quality,
and lesion conspicuity and we reported compara-
ble lesion ADC measurements between MRL and
l\Z[I{IC’)TA8

With the current work, we demonstrate longi-
tudinal comparability and reliability between the
two system during RT. This represents a neces-
sary basis for future analyses of lesion changes
over time on the MRL and confirms its potential
for individualized treatment adaptations such as
dose painting? and response assessment during
treatment.

This study has limitations. Firstly, the small
sample size of patients who underwent multi-
ple prostate imaging at both devices and the fact
that only one time-point during radiotherapy was
used for analysis. Multiple time-points during
the course of radiotherapy should be analyzed to
further validate the stability and comparability of
ADC measurements. However, logistic challenges
hindered further validation with an MRI, at more
than one time point. Secondly, treatment regimens
differed in this population (either 20 x 3 Gy oder 39
x 2 Gy, additional neoadjuvant ADT in 3 patients).
Thirdly, the DWI acquisition parameters did not
fully conform to the published recommendations
of the MR-linac consortium, which were published
after we had already included the patients in our
study and predefinded the technical aspects of the
utilized sequences.”

Nonetheless, this study depticts the reality and
the challenges of clinical routine and its prelimi-
nary findings could be considered novel. Indeed,
further prospective studies examining mpMRI
data under RT and correlating those with clinical
endpoints are desirable to advance individualized
radiation treatment.

In conclusion, lesion ADC as measured on MRL
increased significantly during radiotherapy and le-
sion ADC measurements on both systems showed
similar dynamics. These preliminary findings are
promising but need large-scale validation. Once
validated, lesion ADC on MRL might be used as
a biomarker for real-time assessment of tumor re-
sponse in patients with prostate cancer undergo-
ing MR-guided radiation therapy.
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Background. Awake craniotomy is a neurosurgical fechnique that allows neurophysiological testing with patient
cooperation during the resection of brain tumour in regional anaesthesia. This allows identification of vital functional
(i.e. eloquent) brain areas during surgery and avoidance of their injury. The aim of the study was to present clinical
experience with awake craniotomy for the treatment of gliomas at the University Medical Centre Ljubljana from 2015
to 2019.

Patients and methods. Awake craniotomy was considered in patients with a gliomas near or within the language
brain areas, in all cases of insular lesions and selected patients with lesions near or within primary motor brain cortex.
Each patient was assessed before and after surgery.

Results. During the 5-year period, 24 awake craniotomies were performed (18 male and 6 female patients; average
age 41). The patient’s cooperation, discomfort and perceived pain assessed during the awake craniotomy were in
maijority of the cases excellent, slight, and moderate, respectively. After surgery, mild neurological worsening was
observed in 13% (3/24) of patients. Gross total resection, in cases of malignant gliomas, was feasible in 60% (6/10) and
in cases of low-grade gliomas in 29% (4/14). The surgery did not have important negative impact on functional status
or quality of life as assessed by Karnofsky score and Short-Form 36 health survey, respectively (p > 0.05).
Conclusions. The results suggest that awake craniotomy for treatment of gliomas is feasible and safe neurosurgical
technique. The proper selection of patients, preoperative preparation with planning, and cooperation of medical
team members are necessary for best treatment outcome.

Key words: awake craniotomy; surgery of gliomas; infraoperative neurophysiological testing; primary brain tumours;
clinical experiences

Introduction

Gliomas are one of the most common primary
brain tumours and represent 75% of all malignant
primary brain tumours in adults! The primary
treatment consists of surgical resection, followed
by radiotherapy and chemotherapy. Despite the
modern treatment, gliomas remain incurable le-
sions.

Radiol Oncol 2023; 57(2): 191-200.

Glial tumours are classically divided into low-
grade gliomas (LGG, WHO grade IT) and malignant
gliomas (WHO grades III and IV).12 LGGs are a het-
erogeneous group, histologically classified into low-
grade astrocytoma, oligodendroglioma or mixed
oligoastrocytoma. The average age at presentation
is 35 years, and they typically occur in the frontal
lobes. In 50 to 80% of patients, the first symptom
is an epileptic seizure.? On T1-weighted magnetic
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resonance images (MRI), LGGs appear as hypo- to
isointense lesions, whereas on T2-weighted im-
ages they are hyperintensive.?2 Although LGGs are
more indolent than their high-grade counterparts,
they inevitably progress towards malignancy. This
malignant transformation is present in 13 to 86%
of cases in LGG recurrences.?® With treatment, the
median overall survival time is about six to eight
years.>* On the other hand, malignant gliomas are
more sinister. They are histologically classified into
anaplastic astrocytomas (AA, WHO grade III) and
glioblastomas (GBM, WHO grade IV).! For AAs,
the average age at presentation is 40, and for GBMs
53 years. They typically present with progressive
headaches and neurological deficits. On MRI high
grade gliomas usually appear as contrast enhanc-
ing lesions with central necrosis and surrounding
brain oedema. They have a predilection for cerebral
hemispheres. With treatment, the median overall
survival time for AAs is two to five years and for
GBMs less than two years.>®

For patients with gliomas, overall survival was
demonstrated to be related to the histological and
molecular subtype of the tumour, the patient’s age,
the presence of neurological deficit, the Karnofsky
Performance Status (KPS) score, and the size of the
tumour at presentation.”® In addition, several stud-
ies have also clearly demonstrated that the extent
of resection (EOR) during surgery has a significant
impact on survival.”® Namely, in cases of LGGs
the resection of more than 90% and less than 90%
of the tumour resulted in an 8-year overall surviv-
al rate of 91% and 60%, respectively.’ Similarly, in
cases of AAs, gross total resection (GTR) and sub-
total resection (STR) resulted in a median survival
of 58 and 34 months, respectively.” And in cases of
GBM, GTR and STR resulted in a median survival
of 13 and 8 months, respectively.??

Gliomas are infiltrative lesions and can arise
within or near the functionally the most impor-
tant brain regions, such as language areas, motor
cortex, etc. Over extensive resection in those vital
(i-e. eloquent) areas, that directly control function,
would inevitably result in permanent neurologi-
cal deficit and significant postoperative morbid-
ity, with a negative impact on the patient’s quality
of life. In addition, such significant postoperative
neurological worsening also independently re-
duces the overall survival of those patients.”#1011
Therefore, the goal of the surgical treatment of
gliomas is, in addition to maximal, also safe resec-
tion - i.e. removal of as much tumour as possible,
without causing neurological deficits (“maximal
safe resection”).
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To achieve the goal of maximal safe resection,
the intraoperative neurophysiological testing and
monitoring is mandatory to identify the precise
location of individual brain functions and thus
eloquent brain areas during surgery. In cases in
which neurophysiological techniques cannot ad-
equately assess brain functions under general
anaesthesia and the cooperation of the patient
during intraoperative testing is needed an awake
craniotomy should be used.!*!3> Awake craniotomy
is a neurosurgical technique that allows removal
of brain tumour under regional anaesthesia while
the patient is awake. It thus allows cooperation
of the patient during intraoperative testing and
monitoring in order to avoid the injury of elo-
quent brain areas. For awake craniotomy a variety
of anaesthetic methods are used: local anaesthe-
sia (scalp block, infiltration of dura), monitored
anaesthesia care (awake-awake-awake technique;
scalp block and sedation) or asleep-awake-asleep
technique (general anaesthesia and awakening
during testing).

In the present article, we presented our pro-
tocol, technique and experience with awake cra-
niotomy for glioma surgery at the Department
of Neurosurgery, Ljubljana University Medical
Centre, from years 2015 to 2019.

Patients and methods
Patients

We included all consecutive patients who under-
went surgery by awake craniotomy due to glio-
mas from years 2015 to 2019 at the Department
of Neurosurgery of Ljubljana University Medical
Centre. The study was approved by the National
Medical Ethics Committee of the Republic of
Slovenia. All the procedures were performed in ac-
cordance with the Declaration of Helsinki. Awake
craniotomy was considered in selected patients
with the following preoperative morphological
images: I) a tumour near or within the language
brain areas (Broca’s and Wernicke’s areas, angular
gyrus), II) all cases of insular tumours and III) se-
lected patients with lesions near or within primary
motor cortex or corticospinal tract.

Each patient was assessed preoperatively by
the anaesthesiologist, neuropsychologist, and
neurosurgeon. A collective decision was made
whether the patient was suitable for awake crani-
otomy. The inclusion criteria encompassed a good
clinical, physical, and affective condition. The
contraindications for awake craniotomy were a



non-compliant patient (e.g., due to old age or un-
favourable psychosocial factors), the potential for
breathing problems during surgery (e.g., known
sleep apnoea, significant obesity), and important
preoperative dysphasia (i.e., the patient names less
than 80% of objects presented at four- second in-
tervals). Informed consent was obtained from all
study participants.

Preoperative planning and evaluation

The preoperative planning consisted of the acqui-
sition and analysis of preoperative morphologi-
cal and functional images, the selection of sur-
gical approach and trajectory to the lesion, and
the planning of the extent of the resection. MRI
was performed using a 3-Tesla clinical scanner
(Siemens Trio, Siemens). The diagnostic imag-
ing included T1- and T2-weighted sequences. For
3D-imaging, we used a post-contrast T1-weighted
3D-fast spoiled gradient recalled (FSPGR) se-
quence (a series of 124 images, 1.4 mm thick with
a matrix up to 512x512 of 240mm field of view). A
fMRI was used to define the primary motor and
speech areas in all patients. We used single shot
echo planar imaging in a transverse plane (TR
3000/TE 40, a series of 43 images, 3 mm thick with
a 64x64 matrix with 200 mm field of view) during
which the patient performed a motor task (a self-
paced sequential tapping of the thumb against
each finger) or a speech task (verbal fluency and
verb generation). A general model-based statisti-
cal analysis (SPM 12) was used to measure the ex-
tent of cortical activation.

To plan the surgical procedure, we used comput-
er assisted 3D-visualization by neuronavigational
software (Stealth Station S7 Surgical Navigation
System, Medtronic) and 3D-Slicer software (http://
www.slicer.org).* The 3D-visualization of the
medical images allowed us to perform preopera-
tive 3D-planning, i.e, to interactively present rel-
evant anatomic structures as 3D-objects in virtual
space on the computer screen, to define surgical
targets, to perform quantitative measurements,
and finally to select the most suitable surgical
approach or trajectory to the lesion.’® Interactive
3D-preoperative planning started with defining
the tumour model characteristics (size, volume, ex-
tension) and their relationship to the models of the
cortical surface and functional data. Based on the
available data, we planned the position and size of
the trepanation opening, the sites of intraoperative
electrophysiological testing, and the preliminary
EOR.
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Anaesthetic method

We used awake-awake-awake technique of awake
craniotomy - i.e. procedural sedation and analge-
sia with dexmedetomidine in combination with
scalp block. Initially deksmedetomidine infusion
(200 pg in 50 ml of 0.9% NaCl; rate 0.2-1.5 4 ug/
kg/h) was started to sedate the patient followed by
scalp block. Scalp block was performed by local in-
filtration of the scalp nerves (i.e. n. supratrochlear-
is, n. supraorbitalis, n. auriculotemporalis, n. zygo-
maticotemporalis, n. occipitalis minor and major,
n. auricularis major) to enabled effective analgesia
for skin incision and craniotomy.® For local infil-
tration of the nerves we used 1-3 ml of the mixture
of levobupivacaine (Chirocaine 5 mg/ml solution,
Abbvie Pharmacy) and xylocaine with adrenaline
(Xylanaest 2% with epinephrin 1: 200000 solution,
Kemofarmacija d.d.)). Adrenaline causes vasocon-
striction and thereby delays absorption of local an-
aesthetics, increases duration of anaesthesia and
prevents local bleeding after skin incision.

In addition, we introduced therapeutic commu-
nication with medical hypnosis leaving patients
less sedated, more competent during the entire
surgical procedure without stress.”” Hypnosis ses-
sion was usually carried out 1 to 3 days before sur-
gery, to gain patients approval and confidence and
to teach the patient how to construct an imaginary
place where they can feel safe and protected.

Anaesthesia was conducted by two senior an-
aesthesiologists. The standard intraoperative mon-
itoring was used. All patients had dedicated intra-
venous and arterial lines, a Foley catheter, and a
nasal oxygen catheter. Hypothermia was prevent-
ed with use of warming blankets. Cefazolin 2g was
used intravenously for perioperative antibiotic
prophylaxis.

The patients lay supine with their head rotated
approximately 45 degrees to the side. They were
encouraged to find the most comfortable posi-
tion and were generously padded as necessary.
The head was fixed in a Mayfield clamp under
a scalp block combined with dexmedetomidine.
Additional local anaesthesia was applied along
the skin incision line and between the dural sheets
before the skin and dura incision. Sedation during
the procedure was maintained with dexmedeto-
midine, and painful phases were treated with bo-
luses of remifentanil. Bispectral Index Scale (BIS)
was used for sedation monitoring. After the surgi-
cal procedure, all patients were transferred to the
intensive care unit for overnight observation.

Radiol Oncol 2023; 57(2): 191-200.

193



194

Zele T et al. / Awake craniotomy for glial tumours

The operative procedure and
neurophysiological testing

Tumour removal was performed in accordance
with classical microsurgical techniques. In all
cases, microsurgical microscope was employed.
During the surgical procedure, frameless neu-
ronavigation, intraoperative neurophysiological
testing and augmented malignant tumour visu-
alization with 5-aminolevulinic acid (5-ALA) were
used.

For precise intraoperative localization of the
tumour, we used neuronavigation with a Stealth
Station S7 (Medtronic) navigation station, thus
defining the size and position of the trepanation
opening and the morphological tumour bounda-
ries on the cortical surface. During tumour re-
moval, neuronavigation was used for approximate
depth orientation, and as a help to assess the EOR
intraoperatively.

Injury to the eloquent regions was avoided af-
ter they had been identified by intraoperative neu-
rophysiological testing. For cortical stimulation, a
bipolar electrode was used with biphasic electrical
current (50Hz, 0.5 ms, 4 to 10 mA). For subcortical
simulation, a monopolar electrode on the tip of as-
pirator was used, with a train of five pulses in row
(a train of five pulses at 200 Hz, 0.5 ms, from 2 to
maximum 20 mA). The patient’s speech was moni-
tored by an examiner, who talked to the patient
and detected potential speech difficulties. During
the stimulation of the cortical surface, the patient
named objects on pictures or repeated words after
the examiner. When stimulating the speech area,
the speech changed or ceased. The stimulation of
the primary motor area on the cortical surface re-
sulted in motor evoked potentials (MEPs) detected
in the corresponding muscles of the patient’s body,
and discomfort and/or movements, as reported by
the patient. Subcortical stimulation was performed
to define the distance from the corticospinal tract
in patients where the tumour was in its vicinity.
During tumour removal, the subcortical white mat-
ter was continuously stimulated with a monopolar
electrode, and MEPs were monitored. At the begin-
ning of the resection, the stimulation current was
set at 20 mA. When MEPs were detected during
the progression of the resection, the stimulation
current was gradually reduced. When the MEP re-
sponse was already induced by a 3-5 mA current,
the resection in that direction was stopped, due to
the proximity of the corticospinal tract.!®

In cases where the preoperative diagnostic im-
ages showed the characteristics of malignant tu-
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mours, 5-ALA was used. The fluorescence of the
tumour tissue was observed under the operating
microscope (OPMI Pentero 900 Microscope, Carl
Zeiss).

Assessment

The demographic data of the patients were col-
lected before surgery. According to the American
Society of Anaesthesiologists, their physical status
classification system ASA score was noted and KPS
was assessed in all patients. In 12 patients, health-
related quality of life (HRQoL) was assessed by
36-Item Short Form (SF-36) health survey.!>2

During the surgery, we measured duration of
anaesthesia, duration of the operative procedure
and duration of the neurophysiological testing.
Patient cooperation during surgery was assessed
by a neurosurgeon and neurophysiologist and
graded on scale from 0 to 10 (modified 11-point
numerical rating scale, where 0 represented poor
cooperation and 10 excellent cooperation). Patient
comfort and pain were assessed by the anaesthesi-
ologist. Pain was assessed by visual analogue scale
(VAS) from 0-10 (0 meaning no pain, 10 meaning
intolerable pain). Comfort was assessed by modi-
fied VAS scale from 0-10 (0 being the least and 10
being the most comfortable). Intraoperative com-
plications were recorded.

After surgery, we monitored postoperative neu-
rological status and noted non-neurological com-
plications. The level of effort needed for the whole
procedure, as reported by the patients, was as-
sessed by anaesthesiologist 2-5 days after surgery,
by modified VAS scale from 0-10 (0 being the least
and 10 being the most difficult). KPS was assessed
1 week after surgery and the patients were asked
to describe what was the worst experience during
the awake craniotomy. A contrast enhanced brain
MRI scan was performed the day following the
surgery to assess EOR in all patients. In cases of
malignant gliomas (AA, GBM) EOR was assessed
on T1 weighted contrast enhanced MRI images.
In those cases, gross total resection (GTR) was de-
fined as no residual enhancement on postoperative
images, near total resection (NTR) was defined
as rim enhancement of the resection cavity, and
subtotal resection (STR) was defined as residual
nodular enhancement. In cases of LGG, EOR was
assessed on T2 and FLAIR weighted postoperative
MRI images. In those cases, GTR was defined as
no hyperintense signal changes on postoperative
images, STR was defined as persistence of hyper-
intense signal around resection cavity, and biopsy
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FIGURE 1. Preoperative magnetic resonance images (MRI) of low-grade glioma located in primary motor cortex (A) and anaplastic astrocytoma
located in anterior speech area (Broca area) (B). Preoperative imaging included T1 weighted contrast enhanced (A1, B1), T2 weighted (A2, B2),
FLAIR (A3, B3) and functional magnetic resonance (fMRI); (A4, A5, B4, B5) images. The fMRI demonstrated the hand activation area (yellow/red
colour) lateral (A4) and leg activation area behind (A5) the lesion in primary motor cortex. In second case fMRI demonstrated speech activation
areas posterior to the lesion on the left side (B4, B5).

resection (BR) when approximately more than 50%
of hyperintense signal remained on postoperative
images. Length of hospital stay (LOS) was noted.

Three months after the surgery, the KPS score
was assessed in all patients and the HRQoL was
assessed by SF-36 health survey in the same 12 pa-
tients as before surgery. All patients were asked,
if they would be willing to undergo awake crani-
otomy again if necessary and their answers were
noted.

Statistical analysis

The means or ranges of continuous variables are
presented, and categorical data are summarized
as counts. The differences between the KPS scores
before, after and 3 months after surgery were eval-
uated using One Way ANOVA. The differences
between the SF-36 health survey subscales before
and 3 months after surgery were evaluated us-
ing Wilcoxon test. A p-value of less than 0.05 was
considered statistically significant. Data were ana-

TABLE 1. Demographics and preoperative data

No. of patients 24
Age (years) 4111
Weight (kg) 81 %12
Height (cm) 176 +8
Gender (M/F) 18/6
ASA (I/11/111) 9/15/0
First operation/reoperation 22/2
Tumour size (cm?) 46 +27

Tumour location (side):

Insular (left/right) 4/3
Frontal Central-PMC (left/right) 2/2
Frontal- Broca area (left/right) 6/1
Temporo-frontal (left/right) 3/0
Temporal-Wernicke area (left/right) 3/0

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

ASA = American Society of Anaesthesiologist; F = female; M = male;
PMC = primary motor cortex

Radiol Oncol 2023; 57(2): 191-200.



TABLE 2. Intraoperative and early postoperative outcomes
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INTRAOPERATIVE DATA

Duration of anaesthesia (minutes) 278 + 47
Duration of procedure (minutes) 215+ 48
Duration of testing (minutes) 73 +26
Comfort score (0- least; 10- most) 8+ 2 (5-10)
Pain score (0- no pain; 10- intolerable) 4+ 2 (0-5)
Cooperation score (0- poor; 10- excellent) 10+ 1 (9-10)
Complications (none/seizure/incomplete testing) 13/8/3
EARLY POSTOPERATIVE DATA
Pain score after procedure (0- no pain; 10- intolerable) 2+ 1 (0-3)
Pain score ICU (0- no pain; 10- intolerable) 2+ 1 (0-3)
Level of effort (O- least; 10- most difficult) 3+2(0-¢)
Non-neurological complications

Wound infection 1

Pulmonary embolism 1

Nausea 2

Pain 2
Neurological complications

Walking disability 1

POCD and dysphasia 1

Mild hemiparesis, POCD, seizures 1
Tumour histology

LGG 14

AA 7

GBM 3
Extent of resection

LGG (GTR/STR/BR) 4/713

AA or GBM (GTR/NTR/STR) 6/3/1
Length of stay (days) 65

The results are expressed as mean + SD (range in brackets) or number of patients.

AA = anaplastic astrocytoma; BR = biopsy resection; GBM = glioblastoma; GTR = gross fotal
resection; ICU = intensive care unit; LGG = low grade glioma; NTR = near total resection; POCD

= postoperative cognitive decline; STR = subtotal resection

lysed by SPSS 13.0 software package (IBM Corp.,

Armonk, NY, USA).

Results

Patients and preoperative data

The demographic and preoperative data are
showed in Table 1. During the 5-year study period,

Radiol Oncol 2023; 57(2): 191-200.

we performed awake craniotomies in 24 patients
with glial brain tumours. They were 22 to 60 years
old. In all cases, the main presenting symptom
was epileptic seizure. In addition, in two patients,
a mild dysphasia, and in one a disorientation was
present. The main comorbidities in patients were
well controlled diabetes and arterial hypertension.
Four more patients were considered for awake cra-
niotomy but were later found to be unsuitable and
underwent surgery under general anaesthesia, one
due to anxiety, one due to morbid obesity, one due
to asthma and one due to psychosis.

The preoperative fMRI was successful in all pa-
tients and revealed speech dominance on the left
side in all but one case in which it was bilateral. In
4 cases with tumour in frontal-central region (i.e.,
near or within primary motor region) the fMRI
was used also to define primary motor regions
(Figure 1).

Intraoperative and early postoperative
results

Intraoperative and early postoperative outcomes
are presented in Table 2. The longest surgical pro-
cedure lasted 5 hours and 20 minutes. Patient co-
operation during surgery was in majority of the
cases excellent. Discomfort during surgery report-
ed by the patients was generally described as just
a little uneasy and/or just starting to bother. Pain
perceived during surgery was regarded as moder-
ate. In two patients, however, we observed signifi-
cant fatigue during surgery that started about 2.5
hours after the start of the procedure, and it was so
intense that further neurophysiologic testing was
not feasible. During cortical stimulation, we ob-
served epileptic seizure activity in 8 out of 24 pa-
tients (33% of the patients). In one of these patients,
further testing was not possible, due to limited
compliance after the seizure. Neurophysiological
testing by cortical stimulation was therefore suc-
cessful in identifying the cortical language ar-
eas or primary motor cortex in all but three cases.
Subcortical stimulation was performed in cases
with insular and frontocentral located tumours.
The corticospinal tract upon stimulation with a
20 mA current or less was detected in 8 out of 11
tested patients (72% of the patients).

After the surgery, the neurological worsening
was observed in 3 out of 24 patients (13% of the pa-
tients) and the other postoperative complications
were present in 6 out of 24 patients (25% of the
patients) (Table 2). Postoperative pain was mild in
almost all cases. Level of the effort during surgery



FIGURE 2. Preoperative (A) and postoperative (B) T1 weighted
contrast enhanced (Al, Bl) and T2 weighted (A2, B2)
magnetic resonance images (MRI) of glioblastoma located
in supramarginal gyrus near Wernicke area. Preoperative
images (A) demonstrate rim enhancing central necrotic
oval lesion surrounded by oedema. Postoperative images
(B) demonstrate post-resection cavity filled with partially
haemorrhagic fluid and mild irregular contrast enhancing of
resection edge -i.e. near total resection.

experienced by the patients was assessed and re-
ported to be mild to moderate. When asked “what
was the worst experience during the awake crani-
otomy”, 15 patients said “nothing”, four patients
said, “bone cutting”, two patients said, “Mayfield
clamp placement”, and the remaining three pa-
tients said, “scalp block”, “craniofix bone flap fixa-
tion” or “waiting for the end of surgery”. GTR was
achieved in 29% (4 out of 14 cases) in cases of LGG,
and in 60% (6 out of 10 cases) in cases of GBM and
AA (Figure 2).

All patents were discharged home. The time of
postoperative hospital stay was from 3 to 9 days for
most of the patients, and 23 days for one patient.

Late postoperative results

Three months after surgery all patients were un-
der postoperative oncological treatment with ra-
diotherapy and/or chemotherapy. All patients
were still on a sick leave, and none yet returned to
work. The average KPS scores after surgery and 3
months after surgery were slightly lower and are
shown in Figure 3A. However, the differences be-
tween the KPS scores before, after and 3 months
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FIGURE 3. The Karnowski Performance Scale (KPS) scores
(A) and 36-ltem Short Form (SF-36) health survey subscale
scores (B) before surgery, after surgery and 3 months after
surgery. The differences between the KPS scores and SF-36
subscale scores before and after surgery were nof statistically
significantly different (p > 0.05; n = 24 for KPS; n = 12 for SF-36).

BP = bodily pain; GH = general health; PF = physical function; MH =
mental health; RE = role limitations due fo emotional problems; RP —
role limitations due to physical problems; SF = social functioning; VT =
vitality; 3M = three months

after surgery were not significantly different (p =
0.14). Patient HRQoL was assessed by SF-36 health
survey before surgery and 3 months after surgery,
the results for each SF-36 subscale are shown in
Figure 3B. We found some increase in patient per-
ceived problems with work or other daily activities
because of physical health (i.e., “role limitations
due to physical problems” SF-36 subscale) three
months after surgery in comparison to before sur-
gery, however, the difference was not statistically
significant (p = 0.07). The scores in other SF-36 sub-
scales (i.e., physical functioning, bodily pain, gen-
eral health, vitality, social functioning, role limi-
tations due to emotional problems, mental health)
were very similar before and after surgery, and
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not significantly different (p > 0.1). Therefore, the
surgery did not have important negative impact on
functional status or quality of life as assessed by
KPS and SF-36 health survey, respectively. Three
months after surgery, the patients were asked, “if
they would be willing to undergo awake craniot-
omy again if needed”. One patient answered “no”,
one answered, “only if absolutely necessary” and
the other 22 patients answered “yes”.

Discussion

At our institution, awake craniotomy for surgical
treatment of gliomas was performed in 24 patients
in the last 5 years. Our experiences with awake
craniotomy are good and suggest that awake cra-
niotomy can be safely performed with low risk of
complications or failure rate.

The goal of an awake craniotomy is to provide
the surgeon with optimal functional monitoring
during the removal of as much of the tumour as
possible and thus avoiding damage to critical brain
structures. Awake craniotomy is mandatory in pa-
tients where neurophysiological testing and moni-
toring cannot adequately assess function under
general anaesthesia, and when the cooperation of
the patient during testing is needed. The functions
typically monitored during awake craniotomy are
mainly higher mental functions, especially speech.
Such monitoring allows safer tumour removal, re-
sulting in improved treatment outcome, even for
tumours in eloquent brain regions.>13182122

On the other hand, awake craniotomy is a tech-
nically demanding procedure, with more potential
intraoperative complications in comparison to the
same procedure performed under general anaes-
thesia.! Namely, patient intolerance or non-coop-
eration can result in too early termination of the
surgery, and incomplete or suboptimal resection.?!
Therefore, it is very important to properly select
patients for the procedure. In our series, all the
patients performed well, and the selection proto-
col for the patients was shown to be good. During
preoperative evaluation, four potential candidates
were found to be unsuitable for awake craniotomy.
In addition to obesity, potential breathing prob-
lems and dysphasia, also patient immaturity, hy-
pertension and alcohol abuse are also some of the
risk factors for sedation failure, which may worsen
the surgery and postoperative recovery.” Anxiety
and other psychological problems may also nega-
tively influence the patient’s cooperation.* The
selection of patients should therefore be individu-
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alized, and the decision-making process should
involve all team members.

A variety of anaesthetic methods are used for
awake intracranial procedures. In our institution,
we combine scalp block and procedural sedation
and analgesia with dexmedetomidine —i.e. awake-
awake-awake protocol. This technique proved to
be very safe in experienced hands, allows more
control with the patient, the anaesthesiologist is by
the patients side all the time and can react prompt-
ly if something goes wrong, and it usually results
in better patient cooperation.?>* All patients are
well-educated regarding all the steps of the surgi-
cal procedure to facilitate the intraoperative test-
ing and to decrease their anxiety. In our, and also
other studies, the most painful and unpleasant
part of the procedure, as reported by the patients,
is the placement of the cranial fixation device and
trepanation.??® It is important to note that because
of inadequate analgesia during cranial fixation,
or later due to positioning, the surgical outcome
may be compromised.?” The patient’s communi-
cation with the surgical team and addressing the
patient’s discomfort are therefore crucial. In the
case of the awake-awake-awake protocol, as used
in our cases, the duration of the surgery proved
important. The cooperation of two of our patients
became inadequate after approximately 2.5 hours
from the beginning of the surgery. To overcome
this problem, we recommend early functional test-
ing and analysis of the functions for which patent’s
cooperation is needed. In addition, we recommend
good preoperative planning and preparation to re-
duce operation time.

In our study, the patient’s perception of awake
craniotomy was generally good. Hypnosis was
well accepted in our study. Also, it was previously
shown that it prolongs the time of patient coopera-
tion during the neurophysiological testing.’® The
main challenges for patients undergoing awake
craniotomies include anxiety and fears, terrify-
ing noises and surroundings, immobility, loss of
control, the feeling of helplessness and being left
alone. In such situations, psychological support
might be very helpful and motivates patients to
have a sense of control by active participation dur-
ing surgery instead of being lost in anxiety.3!*

The rate of occurrence of epileptic seizures
during surgery in our study of 33% was higher
compared to other reports, which reported a sei-
zure rate of from 15 to 16.7%.2?® At the beginning
of the operation, cortical stimulation, especially
when used in excess during neuromonitoring,
may sometimes provoke epileptic seizures.?'?



Reported treatment was the iced Ringer solution,
which was also successfully used in our patients to
stop the seizure. We believe that the higher rate in
our series could be attributable to more extensive
testing in selected patients. In this regard, it was
observed that less stimulation is generally used
with increased experience.?

The neurological worsening observed postop-
eratively in 13% of our patients is comparable to
the meta-analysis data, which report rates of about
30% for early and 7% for late deficits of all severi-
ties after intraoperative stimulation mapping.®
GTR in our study was higher in cases of GBM or
AA in comparison to LGG (29% vs. 60%). The com-
parable GTR rates are also reported in the litera-
ture for awake craniotomy glioma surgery.3#® In
this regard, it is important to note, that although
5-ALA and neuronavigation help to delineate the
borders of the tumour tissue, the final edge of the
resection is defined by the functional borders, as
defined by intraoperative neurophysiological test-
ing. Consequently, in several cases of awake cra-
niotomy total resection of the glioma cannot be
achieved due to tumour infiltration of eloquent
regions. Based on intraoperative neurophysiologi-
cal testing, we believe that further resection in our
patients could result in significant postoperative
functional deficit.

One of the goals of surgical treatment of gliomas
is, in addition to maximal resection, preservation
of the neurocognitive profile and quality of life.1%2
Namely, gliomas are currently surgically incurable
lesions and potential postoperative neurological
deficits further reduce survival time and quality
of life of those patients. In our study, the HRQoL
assessed three months after surgery was not sig-
nificantly impaired. We did however observe no-
ticeable patient reported problems with work and
daily activities three months after surgery. The
later could be related to ongoing postoperative on-
cological treatment. Also, none of the patients at 3
months after the surgery was yet allowed to return
to work, which probably also influenced their per-
ception and the results.

To conclude, our experience suggests that awake
craniotomy using our protocol is a feasible and safe
surgical procedure. To achieve the best treatment
outcome, proper selection of the patients, preoper-
ative preparation with planning, and cooperation
of the medical team are necessary.
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Background. High grade gliomas are associated with cognitive problems. The aim of the study was to investigate
cognitive functioning in a cohort of patients with high grade glioma, according fo isocitrate dehydrogenase (IDH)
and methyl guanine methyl transferase (MGMT) status and other clinical characteristics.

Patients and methods. The patients with the high-grade glioma treated in Slovenia in given period of time were
included in study. Postoperatively they completed neuropsychological assessment consisting of Slovenian Verbal
Learning Test, Slovenian Controlled Oral Word Association Test, Trail Making Test Part A and B and self-evaluation
questionnaire. We analysed results (z-scores and dichotomized results) also according to IDH mutation and MGMT
methylation. We examined differences between groups using T-test, Mann-Whitney U, x2 and Kendall's Tau fests.
Results. Out of 275 patients in the cohort, we included 90. Forty-six percent of patients were unable to participate
due to poor performance status and other conditions related fo tumour. Patients with the IDH mutation were younger,
with better performance status, larger proportions of grade lll tumours and MGMT methylation. In this group cognitive
functioning is significantly better in the domains of immediate recall, short delayed recall and delayed recall, and in
the fields of executive functioning and recognition. There were no differences in cognitive functioning in regard to
MGMT status. Grade lll tumours were associated with more frequent MGMT methylation. Self-assessment proved week
tool, associated only with immediate recall.

Conclusions. We found no differences in cognitive functioning according to MGMT status, but cognition was better
when IDH mutation was present. In a cohort study of patients with high-grade glioma, almost half were unable to par-
ticipate in a study, which points fo an overrepresentation of patients with better cognitive functioning in the research.

Key words: cognition; high grade glioma; IDH1 mutation; MGMT methylation

Introduction
and caregivers, but also for the therapist. Although

Malignant gliomas are group of aggressive brain
tumours, comprising anaplastic astrocytoma
(Grade I1I), anaplastic oligodendrogliomas (Grade
III), anaplastic astrocytoma (Grade 1V) and glio-
blastomas (Grade IV).! Anaplastic gliomas are still
some of the most challenging tumours for patient

Radiol Oncol 2023; 57(2): 201-210.

there are some cautious advances in this field,
there is still a grim outlook for the patients. As a
number of patients is ill responding to treatment
there are efforts for identifying those who respond
well and those who would benefit from a change
in treatment strategy.

doi: 10.2478/raon-2023-0009
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Genetic and epigenetic markers like isocitrate
dehydrogenase (IDH) mutations, loss of heterozy-
gosity of 1p/19q(LoH 1p/19q), and methyl guanine
methyl transferase (MGMT) promoter methylation
have recently helped to stratify patients, removing
the mixed histology like anaplastic oligoastrocy-
toma and introducing Grade IV astrocytoma. In
IDH1 mutated patients’ survival was markedly
longer, as is in anaplastic oligodendrogliomas
(with LoH 1p/19q). Prior to widespread genetic
testing, it was already clear that patients harbour-
ing methylation of MGMT gene promoter fare bet-
ter comparing to those without.?*

Brain tumours are also associated with im-
paired cognitive functioning, due to tumour alone
but also due to treatment. Cognitive impairment
can manifest already at the time of diagnosis; the
prevalence of cognitive deficits varies from 60 to
85% in different studies.”> The most common are
in the fields of verbal memory, executive function-
ing, psycho-motor speed, but also attention and
language.®?

Cognitive functioning is also one of the prog-
nostic factors for survival. Early findings suggest-
ed that cognitive decline is preceding radiologi-
cal progression, which was not confirmed by all
studies.’™!? Further studies confirmed cognitive
impairment as independent prognostic factor in
newly diagnosed patients, both at baseline and in
the period after surgery.!>1

It was shown that IDH1 mutation (IDH1-mut) is
not only an important prognostic factor, but it is
also associated with better cognitive functioning.
Many studies have shown that cognitive function-
ing is better in IDH1-mut patients when compared
with IDH1-wildtype (IDH1-wt) patients.'”1

Among possible causes of the better cognitive
functioning of patients with IDH1-mut is brain
plasticity which could be affected negatively by the
greater tumour growth rate in IDHI-wt tumours,
while remaining intact in less invasive IDHI-mut
tumours. Preserved cognitive functioning might
also be related to the tumour microenvironment,
with more pronounced lymphocyte infiltration
and programmed death-ligand 1 (PD-L1) expres-
sion in IDH1-wt tumours, or even to differences at
the synaptic level.?

The effect and possible role of the MGMT meth-
ylation status in patients’ cognitive functioning is
even less clear. Most clinical studies focus on in-
vestigating patients with MGMT promoter meth-
ylation (MGMT-met), with cognitive function as a
secondary outcome.?! According to one study, the
absence of MGMT promoter methylation (MGMT-
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unmet) predicts greater cognitive deficit when pa-
tients are treated with radiochemotherapy.? The
MGMT-met therefore can be considered a predic-
tive marker for development of cognitive impair-
ment, but further research about its role in cogni-
tive functioning as well as the prognosis needed.
Here the challenge is the frequent overlap of
MGMT promoter methylation with the IDH1 mu-
tation, which, in conjunction with relatively small
number of patients in the high-grade glioma stud-
ies, presents difficulties in statistical analysis.

In our study, we examined how the expression
of IDH1 mutation and MGMT promoter methyla-
tion are linked to the cognitive functioning fol-
lowing the operative treatment in the cohort of all
Slovene Grade IIl and Grade IV glioma patients.

Patients and methods
Patients

We analysed the cohort of patients with high grade
glioma, treated between March 2019 and December
2021. Their diagnoses (anaplastic astrocytoma, an-
aplastic oligodendroglioma or glioblastoma) were
histological confirmed. Patients were operated in
either of the two neurosurgical departments in
Slovenia, then they were referred to Institute of
Oncology Ljubljana for evaluation regarding the
initiation of radiochemotherapy.

At the referral, they consented to be enrolled in
the study. Exclusion criteria were histology other
than gliomas WHO III/IV, Karnoffsky performance
status less than 70% and inability to undergo eval-
uation (e.g., marked dysphasia). To be included in
the study, they had to be 18 years old or older.

The following data were obtained from the
medical documentation: age, sex, date of diagno-
sis, localization of the tumour, type of surgery, ex-
tent of surgery, radiotherapy parameters, systemic
therapy, use of corticosteroids, histological, genetic
and epigenetic characteristics of tumours. All pa-
tients also had a molecular and genetic analysis of
the tumour tissue performed, so the IDHI muta-
tions and MGMT promoter methylation status
were determined.

Cognitive functioning

To asses cognitive functioning, we used psycho-
metric tests in the domains of verbal memory
(Slovenian Verbal Learning Test — TBU, measur-
ing immediate recall, short recall, delayed recall
and recognition of distracters)?, verbal fluency
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(Slovenian Controlled Oral Word Association Test
-SCOWA)*, psycho-motor speed (Trail Making
Test, Part A — TMT A), executive functions (Trail
Making Test, Part B— TMT B)?, in accordance with
the recommendations for use in the studies con-
cerning cognitive functioning of cancer patients.?
The patients also self-evaluated their cognitive
functioning on a 0-10 scale (0 = without problems,
10 = extremely intensive problems present).

Statistical analysis and ethical
consideration

We used descriptive statistics with the means val-
ues and standard deviation for the demographic
data. The correlation between variables was tested
with Pearson’s t test or Spearman’s rho test.

For each cognitive test, the test scores were
analysed either as standardized (z-scores) or as a
dichotomized variable: no impairment present (z
>-1.5 below the mean of the control group) vs. im-
pairment observed (the patient had a z-score lower
than —1.5 or was unable to perform the test at all).
At the individual level, we analysed the percent-
age of impaired patient’s results.

We next compared groups of patients with dif-
ferent IDHI1 statuses and MGMT methylation,
using either a t-test or Mann-Whitney U-test (in
case that Kolmogorov-Smirnov test of normality
showed statistically significant departure from
normality) for interval variables, a x2 test for
categorical variables and ordinal variables with
Kendall’s Tau test. All hypotheses were tested at a
5-percent alpha error rate.

We used the statistical program SPSS, to calcu-
late the power of the test we used G*Power 3.1.9.7.

Written informed consent was obtained from
all the patients before the inclusion in the clinical
trial. The study was approved by the Institutional
Review Board of the Institute of Oncology Ljubljana
and by The National Medical Ethics Committee of
the Republic of Slovenia (Approval number 0120-
393/2018/10, date 12/12/2018) and was carried out
according to the Declaration of Helsinki.

Results

Demographics and tumour
characteristics

At the time the research was performed, 275 pa-
tients were diagnosed with glial tumour. Of those,
90 patients were recruited into the study, repre-
senting 33% of all patients. Figure 1 shows reasons

All patients with WHO Grade il
and Grade IV gliomas in Slovenia, N =275

e Dysphasia, dysarthria (11; 4%)

v e Language barrier (15; 5%)

Eligible patients
N =135 (49%)

Declined (22; 8%)

e Oncological treatment (11; 4%)

e To enterstudy (11;4%)
Unknown (23; 8%)

Agreed and participated in the study
N =90 (33%)

FIGURE 1. Recruitment protocol, N = 275

for patients entering and not entering the study as
recorded by oncologists at the time of the first con-
sultation. Of the 51% of patients incapable of par-
ticipating, in the study the major reason was poor
performance status, followed by other tumour and
treatment related impairments, representing 46%
of ineligible patients, the other common issue was
language barrier.

Participating patients were 30 to 84-year-old
(median [M] = 58.78 years, standard deviation [SD]
=11.31 years). There were more males than females
(57 vs. 33). On average, female patients were older
(M = 57.67 years, SD = 9.35 years, 39-74 years) than
male patients (M = 59.42 years, SD = 12.33 years,
30-84 years), but the age difference was not statis-
tically significant (p = 0.481).

Of all 90 patients, 78 had Grade IV tumour (all
classified as glioblastoma), 8 had anaplastic astro-
cytoma, and 4 had anaplastic oligodendroglioma.
Fifteen patients had IDH1 mutation (7 anaplastic
oligodendroglioma, 4 anaplastic astrocytoma, and
4 glioblastoma). MGMT promoter was methylated
in 36 patients (4 anaplastic oligodendroglioma,
5 anaplastic astrocytoma, and 27 glioblastoma),
whereas in 1 glioblastoma, 2 anaplastic astrocy-
tomas and 1 anaplastic oligodendroglioma we
couldn’t determine the methylation status.

Patients with Grade III tumours had a statisti-
cally better performance status — the Karnoffsky

Radiol Oncol 2023; 57(2): 201-210.

Incapable to enter study (140; 51%)
e Poor physical performance (67;24%)

e Treatment related complication (25; 9%)
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TABLE 1. Demographic and medical data

Variable Levels f (%) Descriptive statistics
Male 57 (63%)
Gend
ender Female 33 (37%)
<50 17 (19%
years (9% ) = 58.78, 5D = 11.31
Age 50-70years 60 (67%) .
min = 30, max = 84
> 70 years 13 (14%)
<9 years 14 (16%)
10-13 48 (53%
Education years (53%)
14-19 years 26 (29%)
> 20 years 2 (2%)
Grade lll 12 (13%)
Tumour grade
Grade IV 78 (87%)
Frontal 34 (38%)
Parietal 21 (23%)
Tumour location Temporal 26 (29%)
Occipital 4 (4%)
central 3 (3%)
Diffuse 2 (2%)
Right 38 (42%)
Hemisphere Left 44 (49%)
Both 8 (9%)
Biopsy 11 (12%)
Surgery type Reduction 49 (54%)
Gross tumour resection 30 (33%)
70 32 (36%)
80 37 (41%)
Karnoffsky performance status
yP v 90 18 (20%)
100 3 (3%)
. X Yes 66 (73%) M =5.55,SD =473
Corticosteroids (Yes/no, mg) .
No 24 (27%) min 0, max 24
Yes 70
Radio-chemotherapy (intention to treat) No (100%)
0 (0%)
) - . ) < 6 weeks 60 (67%) M =5.98,SD =2.25
Time to beginning of adjuvant treatment (in weeks) .
>7 weeks 30 (33%) min 3, max 15
Ebilens Yes 27 (30%)
prepsy No 63 (70%)
. IDH1 mutation 15 (17%)
IDH1 mutation X
IDH1 wild type 75 (83%)
Y 36 (42%
MGMT methylation* e ( )
No 50 (58%)

IDH1 = isocitrate dehydrogenase 1; M = median; MGMT = methyl guanine methyl transferase; SD = standard deviation

performance status was 70 in 2 (17%) patients, 80 in
2 (17%) patients, 90 in 8 (67%) patients with Grade
III tumours — when compared with patients with
Grade IV tumours (in these group, the Karnoffsky
performance status was 70 in 30 patients, 80 in 35
patients, 90 in 10 patients, and 100 in 3 patients; U =
251.000, z =-2.75, p = 0.006). Compared to the group
of patients with Grade III tumours, the group with
Grade IV tumours had a statistically significantly
higher percentage of IDHI-mut tumours (73% vs.
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5%, x2(1) = 56.077, p <0.001, V = 0.789, 1-b = 0.987)
and MGMT promoter methylations (60% vs. 36%,
X2(1)=7.067, p=0.008, V =0.280, 1-b = 0.756).

Table 2 shows the structure of the sample ac-
cording to the expression of IDH1 mutation and
MGMT methylation. Five patients had both ge-
netic markers expressed, two thirds of patients
with IDHI-mut also had MGMT-met expressed,
and among patients with expressed methylation,
IDH1-mut tumours were present in 27% of pa-
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tients. The difference in the proportion of MGMT
methylation in the IDH1-mut and IDH1-wt groups
was statistically significant, x2(1) = 5.333, p = 0.021,
V'=0.243, 1-b =0,82).

Cognitive functioning

The overview of cognitive evaluation is presented
in Table 3. The achievements were impaired (z
<-1.5) in a large proportion of the patients, espe-
cially in the field of short recall, executive func-
tions and psycho-motor speed. The impairment
was least frequent in the field of recognition and
verbal fluency. The results remained similar, re-
gardless of accounting only those who were ca-
pable of completing a specific test or the sample
as whole — the biggest difference between these
two analysis methods is on the TMT A and TMT
B tests.

We examined on how many out of 7 tests the pa-
tients had an impaired test score (z <—1.5 or unable
to finish the test) and found that 11 patients (12%)
had 0-1 impaired test score, 26 (29%) patients had
2-4 impaired test scores, and 53 (60%) patients had
more than 5 impaired test scores.

On the 10-point self-evaluation scale of cognitive
functioning the mean rating was 3.66, SD = 2.81,
min = 0, max = 10; 48 (53%) patients selected rating
0-3, 23 (26%) selected rating 4-6, and 19 (21%) se-
lected a rating higher than 7. Correlations between
self-assessment and individual tests of cognitive
functioning show that self-assessment is weakly
but statistically significantly related only to imme-
diate recall (r =-0.280, df =79, t =2,57, p = 0.012).

The cognitive functioning in any of the meas-
ured fields was not statistically significantly af-
fected by sex, surgery type and the presence or ab-
sence of seizures. The test scores did, however, dif-
fer with regard to age, education, and performance
status. Age was statistically significantly related to

20S

TABLE 2. Number of patients with different combinations of IDH1 mutation
expression and methyl guanine methyl transferase (MGMT) methylation

MGMT-met MGMT -unmet Total

IDH1-mut 5 10 15

IDH1-wt 49 26 75

Total 54 36 90
IDHI-mut = isocitrate dehydrogenase 1 mutation; IDH1-wt = isocitrate dehydrogenase 1

wildtype; MGMT-met = methyl guanine methyl transferase promoter methylation; MGMT-

unmet = methyl guanine methyl transferase absence of promoter methylation

participant’s results in the field of verbal fluency (r
=-0.278, t =-2.55, df=79, p = 0.012), immediate recall
(r=-0.409, t =-3.96, df = 79, p < 0.001), short delayed
recall (r=-0.388, t = 3.72, df = 79, p < 0.001) and de-
layed recall (r =-0.333, t = 3.12, df =79, p = 0.003).

Education was significantly related to results in
the fields of verbal fluency (r, = 0.381, t = 3.66, df =
79, p <0.001), immediate recall (r=0.334, t = 3.13, df
=79, p = 0.002), short delayed recall (r, = 0.285, t =
2.63, df =79, p = 0.010), delayed recall (r, = 0.265, ¢ =
2.42, df = 80, p = 0.017) and recognition (r, = 0.264, ¢
=242, df=79, p=0.018).

Performance status was significantly related to
immediate recall (r,=0.280, £ =2.57, df=79, p = 0.012)
and delayed recall (r, = 0.296, t = 2.74, df = 79, p =
0.008).

We analysed the disease and demographic data
and the results of psychological tests with regard
to IDH1 mutation. Compared to IDH1-wt patients,
patients with tumours harbouring IDHI-mut were
statistically significantly younger, had better per-
formance status and were more likely to have
Grade III tumour and MGMT promoter methyla-
tion (Table 4). They functioned better in the field
of verbal memory (had a better performance in
immediate recall, short delayed recall and delayed
recall, measured either with z-scores or as dichot-
omised test scores) and in the field of executive

TABLE 3. Descriptive statistics for standardized test scores (z-values) and proportion of impaired patients in psychological cognitive functioning tests

. % impaired % impaired /
Domain Test /all N capable Mean z score SD of z scores
Visual — motor speed T™MT A 68 68 57 2.89 3.57
Executive function TMT B 78 46 59 2.80 2.94
Verbal fluency SCOWA 47 81 41 -1.21 0.88
Memory
immediate recall SVLT-ir 64 60 -1.83 .1
short delayed recall SVLT-sr 79 80 76 -2.05 1.31
delayed recall SVLT-dr 63 58 -1.92 1.35
recognition SVLT-recog 60 52 -2.73 3.36

SCOWA = Slovenian Controlled Oral Word Association Test; SVLT = Shiraz Verbal LearningTest; TMT A = Trail Making Test, Part A; TMT B = Trail Making Test, Part B

Radiol Oncol 2023; 57(2): 201-210.
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TABLE 4. Patient characteristics, regarding isocitrate dehydrogenase 1 (IDH1) mutation

IDH1-wt
(N = 75)

IDH1-mut
(N=15)

Result of the statistical test and effect size

Age mean (min/max/SD)

61.50 (31 /84 /9.21)

38.75 (30 / 67 / 3.8¢)

t=-5.97, df = 88, p< 0.001

Sex (female / male) 29/ 46 4/ 1 Xx2(1) =0.775,f=-0.93, p = 0.379
Education level (£ 9 years /10-13 years / _ _ _
14-19 years / = 20 years) 11/40/22/2 3/8/4/0 7b(3) =-0.06,z=-0.83, p = 0.547
KPS (70/80/90/100) 31/34/7/3 1/3/11/0 Tb(3) = 0.403, z = 18.95, p < 0.001
WHO grade (Il / 1V) 1/74 1 /4 Xx2(1) = 56.08, f =-0.789, p < 0.001
Corticosteroids mg (min/max/SD) 2(0/16/6) 5(0/24/4.5) t=-1.16, df = 88, p = 0.251
biopsy/reduction/gross tumour resection 9 /44 /22 2/5/8 X2(2) =3.65, V=0.210, p = 0.161
Tumour location (frontal / temporal /

parietal / occipital / diffuse / central) ZESA 2N a2 2 SRR e

Hemisphere (right / left / both) 21/27 /6 17711772 X2(2) =1.14,V=0.113, p = 0.566
MGMT (yes / no) 10/5 26 /49 Xx2(1) = 5.33,f =0.24, p = 0.021

IDH1-mut = isocitrate dehydrogenase 1 mutation; IDHI-wt = isocitrate dehydrogenase 1 wild type; KPS = Karnoffsky performance status; MGMT = methyl guanine methyl
transferase; NA = not available; SD = standard deviation

TABLE 5. Cognitive functioning regarding to isocitrate dehydrogenase 1 (IDH1) mutation

IDH1-wt IDH-mut . IDH1-wt IDH1-mut
Result of the statistical i Result of the
Mean Z Mean Z test % Of . . statistical test
S score (SD) & score (SD) impaired % ofimpaired
312 206 U =345.000, X2(1) = 3.67,
T™MT A 53 (3.84) 15 (2'23) z=-0.77,df = 66, 72 46 V =0.20,
. . p=0.437 p =0.055
U =221.500, X2(1) =3.87,
™T B 33 (238]2]') 13 é'g‘;) 2=-0.17, df = 66, 82 60 V=021,
) . p =0.864 p =0.050
t=-1.69, X2(1) =2.89,
SCOWA 66 -1.28 (0.87) 15 -0.86 (0.84) df =79, 51 27 vV =0.8,
p =0.095 p =0.089
t=-2.729, Xx2(1) =7.60,
SVLT-ir 65 -1.98 (1.06) 15 -1.15 (1.12) df =78, 71 33 vV =0.29,
p =0.008 p =0.006
t=-2.25, Xx2(1) = 7.06,
SVLT-sr 65 -2.20 (1.29) 15 -1.37 (1.22) df =78, 84 53 VvV =0.28,
p =0.027 p =0.008
t=-3.13, X2(1) = 6.98,
SVLT-dr 65 -2.14 (1.27) 15 -0.98 (1.34) df =78, 69 88 VvV =0.28,
p =0.002 p =0.008
U = 611.000, Xx2(1) =3.00,
SVLT-recog 65 -3.06' (3.54) 15 -1.24 (1.91) z=-2.25,df =78, 29 26 VvV =0.18,
p =0.023 p =0.083

! the distribution is significantly non-normal

IDH1-mut = isocitrate dehydrogenase 1 mutation; IDH1-wt = isocitrate dehydrogenase 1 wildtype;SCOWA = Slovenian Controlled Oral Word Association Test; SD = standard
deviation; SVLT = Shiraz Verbal Learning Test; SVLT-dr = SVLT delayed recall; SVLT-ir = SVLT immediate recall; SVLT-recog = SVLT recognition; SVLT-sr = SVLT short delayed recall;
TMT A = Trail Making Test, Part A; TMT B = Trail Making Test, Part B

functioning (measured with dichotomised test
scores) (Table 5).

Patients with IDHI-mut had on average a sta-
tistically significantly lower number of impaired
tests results than patients with IDH1-wt (M = 2.93,
SD = 2.25vs. M = 4.93, SD = 1.99; U = 286.000, z =

Radiol Oncol 2023; 57(2): 201-210.

-3.04, p = 0.002). 5 (33%) patients with IDHI1-mut tu-
mours and 6 (8%) patients without IDHI-mut had
at most one impaired result on cognitive tests; im-
paired results on 2—4 tests had 5 (33%) vs. 21 (28%).
Impaired scores on more than 5 tests had 5 (33%)
vs. 48 (64%).
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TABLE 6. Patient characteristics regarding methyl guanine methyl fransferase (MGMT) methylation

207

MGMT-unmet MGMT-met Result of the statistical test
(N=54) (N = 38) and effect size

Age mean [min/max/SD) 58.94 (31 /84 /10.42) 1 58,53 (30 /78 / 12.67) t=-0.17,df =88, p = 0.86
Sex (female / male) 19 /35 14 /22 X2(1) =0.13,f=0.04, p = 0.721
Eff]‘;agieoé‘rs'e/vf'zgzg’gg{s /10-13 years / 8/19/11/0 9/29/15/2 b (3) =-0.03, 2 =-1.41, p = 0.776
KPS (70/80/90/100) 20/23/9/2 12/14/9 /1 b (3) =0.06, z = 2.82, p = 0.541
WHO grade (Il / 1V) 3/51 9/27 x2(1) = 7.07, f=-0.28, p = 0.008
Corticosteroids mg (min/max/SD) 5.67 (0 /24 / 5,04) 5.48 (0/ 16/ 4.22) t=0.18, df =88, p = 0.857
Biopsy/reduction/gross tumour resection 9/31/14 2/18/16 X2(2) = 4.62, V =0.23, p =0.099
i e L s | ol 2 202 41 22 B/1/5/0/1/0 b
Hemisphere (right / left / both) 28/40/7 10/4/1 X2(2) = 4.46, vV =0.223, p = 0.107
IDH1 (yes / no) 5/ 49 10/ 26 x2(1) = 5.33,f=0.24, p = 0.021

IDH1 = isocitrate dehydrogenase 1; MGMT-met = methyl guanine methyl transferase promoter methylation; MGMT-unmet = methyl guanine methyl
transferase absence of promoter methylation; KPS = Karnoffsky performance status; SD = standard deviation

We found no differences between groups with
regard to self-evaluation of cognitive functioning
problems; the mean rating was 3.60,SD = 2.81, in
patients with IDHI-mut tumours vs. 3.67, SD = 2.95
in patients with IDH1-wt (U = 579.000, z = 0.18, p
= 0.857); 40 (53%) patients with IDH1-wt tumour

gave a self-assessment of 0-3 vs. 8 (53%) patients
with IDH1-mut, score 4-6 was given by 18 (24%) vs.
5 (33%) patients and a score above 7 17 (23%) vs. 2
patients (13%).

We also compared demographic characteristics
in patients with and without MGMT promoter

TABLE 7. Cognitive functioning regarding methyl guanine methyl transferase (MGMT) methylation

MGMT-met MGMT-unmet MGMT-met MGMT -unmet
Result of the Result of the
Mean Z Mean Z statistical test % of . . statistical test
= score (SD) = score (SD) impaired % of impalred
x2(1) =0.08,
=530.000, z = -0.20,
TMT A 26 2.67 (3.01) 42 3.03' (3.90) v 5‘710 OOO_Z 0-20 69 66 vV =0.03,
df = 67, p = 0.840
p=0.782
_ _ x2(1) = 1.88,
TMT B 20 3.22 (2.30) 26 2.48' (3.37) U ety 25 [k 86 74 vV =0.14,
df = 45, p =0.101
p =0.170
- _ x2(1) =0.27,
SCOWA 33 -1.25(0.87) 48 -1.18' (0.89) U'=756.000,2=-0.35, 50 44 V =0.05,
df =70, p =0.729
p =.605
_ _ x2(1) =0.01,
SVLT-ir 32 -1.85(1.27) 48 -1.82' (1.01) Udf7:7]7'200':zo 907‘23' 64 67 vV =0.01,
= p=0928
- _ x2(1) = 0.54,
SVLT-sr 32 -2.03(1.32) 48 -2.06 (1.32) f 0'029’(;;;6 78, 75 81 vV =0.08,
p=0 p =0.460
x2(1) =0.29,
t=-0.30, df = 78,
SVLT-dr 32 -1.98 (1.52) 48 -1.89 (1.25) 0 ioo 363 78 66 61 V =0.06,
=8 p =0.592
x2(1) =0.07,
-2.731 U =784.000, z = 0.828,
- _ 1 =
SVLT-recog 32 (4.24) 48 2.72' (2.71) df = 78, p = 0.407 58 61 ;\3/= 8.;);2

'the distribution is significantly non-normal

MGMT-met = methyl guanine methyl transferase promoter methylation; MGMT-unmet = methyl guanine methyl fransferase absence of promoter methylation; SD =
standard deviation; SVLT = Shiraz Verbal Learning Test; SVLT-dr = SVLT delayed recall; SVLT-ir = SVLT immediate recall; SVLT-recog = SVLT recognition; SVLT-sr = SVLT short
delayed recall; TMT A = Trail Making Test, Part A; TMT B = Trail Making Test, Part B
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methylation. The patients differed in the tumour
grade. Despite the predominance of Grade IV tu-
mours in our sample, the methylated phenotype
was more prevalent in Grade III patients (25% vs.
5%, x2(1) =7.067, V=0.28, 1 — 5= 0.757, p = 0.008). In
all other demographic characteristics, the groups
were comparable.

In the cognitive functioning, there were no dif-
ferences in mean z-scores or dichotomized test
scores between patients with methylated and un-
methylated promoter MGMT (Table 7).

There were no statistically significant differenc-
es in self-evaluation of cognitive functioning prob-
lems; the mean number of impaired results were
4.50 (SD = 1.90) in patients with MGMT un-meth-
ylated tumours vs. 4.29 (SD = 1.75), U = 1100.000, z
=1.51, p=0.251.

There were also no differences in the number of
tests in which patients achieved an impaired result
(U =1052.500, z=0.67, p = 0.501). With the mean 4.69
(SD =2.31) and 4.54 (SD =2.07) had 5 (14%) patients
with MGMT methylated tumours and 6 (11%) pa-
tients MGMT unmethylated tumours at most one
impaired result, 2—-4 impaired results had 9 (25%)
vs. 17 (31%) patients, and on more than 5 tests the
results were impaired in 22 (61%) vs. 31 (57%) pa-
tients.

Discussion

High-grade glioma patients are experiencing a
number of cognitive functioning problems. In our
study we focused on the period following the sur-
gical treatment and before commencement of sys-
temic treatment.

The majority of cognitive problems we found
were in the fields of executive functions, visual-
motor speed and verbal memory, especially im-
mediate and short delayed recall, as well delayed
recall. There were the least problems in the field of
verbal fluency, but even here more than 40% of pa-
tients had an impaired result. Among participat-
ing patients, only 12% had an impaired result in
up to one measured field, while 60% had impaired
results in the majority of the measured domains.

The analysis of cognitive test scores expressed
as z-values gave conclusions comparable to the
ones obtained with the analysis of dichotomized
scores. The use of dichotomized scores enabled
us to also include in the analyses the results of
patients who were unable to complete some tests
and so avoiding the overrepresentation of patients
with better cognitive functioning in the analyses.
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These results are in accordance with other stud-
ies examining cognitive functions in high-grade
glioma patients, but it is noticeable that in our
study the proportion of patients presenting with
the “impaired” result is higher, possibly due to the
fact that our study included the entire cohort of
high-grade glioma patients. When comparing the
results of different studies, it is necessary to con-
sider the use of different criteria for impairment,
with the otherwise dominant criterion z<-1.5.°

In comparison with IDHI1-wt patients, patients
with IDH1-mut (17%), were significantly younger,
had better performance status and more often they
had Grade III tumour. This is in line with previous
studies.?”

Additionally, the cognitive functioning of pa-
tients with IDH1-mut was statistical significantly
better in verbal memory and executive functions.
Immediate recall, short-delayed and long-delayed
recall differ statistically significantly in the analy-
sis of interval variables as well as in the analysis
of dichotomized variables. Executive functions
measured with the TMT B test only in the analysis
of dichotomized variables, which may be the re-
sult of the fact that a larger proportion of patients
were unable to complete this test, therefore, they
are not included in the analysis of interval vari-
ables. Patients with IDHI-mut tumours achieved
impaired results on significantly lower number of
tests. These findings are in line with findings of
the previous studies.®!

According to the MGMT promoter methylation
status, the groups did not differ statistically sig-
nificantly in demographic data. A statistically sig-
nificant difference was found in the expression of
MGMT methylation according to the grade of the
tumour (75% patients with grade III vs. 34% with
grade IV).2 We did not find differences in any of
the analysed fields of cognitive functioning and
also not in the number of tests in which patients
achieved an impaired result.

We intended to include all patients with the di-
agnosis of high-grade glioma in the observed pe-
riod in Slovenia. Given that, after surgery in one of
the two centres in Slovenia, all newly diagnosed
patients with gliomas are referred to our institu-
tion for evaluation regarding further treatment; it
gives us an insight into the entire population of pa-
tients with glioma. Data collected on the entire co-
hort of patients revealed that a large proportion of
high-grade glioma patients is unable to participate
in the studies of cognitive functioning. In our case
46% of patients were unable to participate due to
poor performance status or other somatic factors.
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The finding that a large proportion of patients
are unable at all to participate in cognitive func-
tioning studies additionally indicates an over-
representation of patients with better cognitive
functioning in research. From this point of view
the cohort study design corresponds better to the
everyday clinical practice with the patients with
high grade glioma.

Patients’ self-assessments on a 1-10 scale did
not correlate with the results of the tests used and
probably should not be used for any assessment
of cognitive functioning; we only found a weak
correlation between self-assessment on a 10-point
scale and objective assessment. With otherwise
different methodology, foreign studies also came
to similar results - there is no or weak correlation
between subjective assessment and psychological
tests.?

The limitation of our study is lack of data on
cognitive functioning prior to surgical treatment.
Thus, in the study we did not include eventual dif-
ferences between patients with IDH1 mutated and
wildtype tumours, which may be present even be-
fore surgery’, which would also be important in
the light of research findings regarding the differ-
ent dynamics of cognitive decline after surgery.!

Another point worth mentioning is that several
papers showed that epilepsy and the use of antie-
pileptics is an important factor of neurocognitive
functioning. But in our sample, the use of antie-
pileptics could not be analysed as virtually every
patient has received them following surgery even
those without history of seizures; though in these
cases they were weaned from antiepileptics at the
beginning of oncological treatment.

Our study took place during the coronavirus
pandemics. Despite this, oncological treatment
was not interrupted nor delayed, but in our study,
it was connected with the increase of patients re-
fusing to participate and with longer time from
surgery to the start of treatment due to infections.

It is worth to mention that targeting this popula-
tion is beyond single institution capabilities. While
the cohort study corresponds better to the clinical
practice, on the other hand the low number of the
mutations, especially in IDH1, is hampering the
statistical analysis. When conducting our study,
we noted a distinctive lack of prospective data re-
garding patients in suboptimal performance sta-
tus, thus overestimating cognitive functioning of
high-grade glioma patients. Even as we observed
the patients in WHO performance status of 2 the
number of cognitive patients rose markedly.

It is true that the single centre study is limited
in its power to demonstrate effect the genetic and
molecular changes exert on cognitive functioning
in real life scenarios, the reason being rightly, that
outside the trials where cognitive functioning is
one of secondary outcomes to survival and time
to progression where treatment compliance effec-
tively excludes patients with more pronounced im-
pairments and in reality the cognitive impairment
is more widespread in our patients than reported
previously, which should be taken into account in
designing further studies.

Our study has finished recruiting, but the lon-
gitudinal part of the follow up is continuing, thus
giving us the chance to determine the impact of
genetic and epigenetic changes on cognitive func-
tioning in patients surviving longer and maybe
even determining if cognition can be used as pre-
dictive marker for progression.
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Background. We aimed tfo identify changes in quality of life after breast cancer treatment and compare them with
the normative population data for the Slovenian population.

Patients and methods. A prospective, single-group, cohort design was used. A total of 102 early breast cancer
patients freated with chemotherapy at the Institute of Oncology Ljubljana were included. Of those, 71% returned the
questionnaires after one-year post-chemotherapy. The Slovenian versions of the European Organisation for Research
and Treatment of Cancer (EORTC) QLQ C30 and BR23 questionnaires were used. Primary outcomes were a com-
parison of global health status/quality of life (GHS) and C30 Summary Score (C30-SumSc) at baseline and one-year
post-chemotherapy with the normative Slovenian population. The exploratory analysis evaluated the differences in
symptoms and functional scales of QLQ C-30 and QLQ BR-23 between baseline and one-year post-chemotherapy.
Results. At baseline and one-year post-chemotherapy, C30-SumSc of patients was lower than the predicted
C30-SumSc from the normative Slovenian population by 2.6 points (p = 0.04) and 6.5 points (p < 0.001), resp. On the
contrary, GHS was not statistically different from predicted either at baseline or after one year. Exploratory analysis
revealed that one-year post-chemotherapy compared fo the beginning of chemotherapy, patients had stafistically
significantly and clinically meaningful lower scores in body image and cognitive functioning, and increased symptom
scores for pain, fatigue, and arm symptoms.

Conclusions. The C30-SumSc is reduced one- year post-chemotherapy. Early interventions should be directed to-
ward the prevention of the decline of cognitive functioning and body image, and to alleviate fatigue, pain, and arm
symptoms.

Key words: breast cancer; chemotherapy; quality of life; cognitive dysfunction; fatigue

Introduction cer incidence.! Breast cancer survivors represent

a large group of long-term cancer survivors with
Global cancer statistics for 2020 estimated 2,261,419  different health issues during and after treatment.
new cases of breast cancer worldwide, which rep-  According to Slovenian Cancer Registry data in
resents 11.7% of all cancers. It became the most 2019, breast cancer survivors (19.455), represent
common cancer in humans, surpassing lung can-  14.3% of all cancer survivors (136.500).2 Half of the

Radiol Oncol 2023; 57(2): 211-219. doi: 10.2478/raon-2023-0019
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Slovenian breast cancer cases are diagnosed in
women in the 20-65 age group, which means they
are active in their professional careers and family
life.

Patients with early breast cancer receive multi-
modal cancer treatment (surgical and/or systemic
treatment including chemotherapy, targeted ther-
apy, and endocrine therapy, and/or radiotherapy).
The treatment they receive greatly affects their
quality of life (QoL). For example, surgery and
radiation therapy could cause local side effects,
like breast and arm pain, and arm lymphoedema,
however, systemic therapy could have numerous
acute or long-lasting systemic side effects (nausea,
neuropathy, cardiotoxicity, fatigue, cognitive dys-
function etc.). Thus, comprehensive cancer therapy
affects many functional or symptom scales of QoL.
However, families and employers expect patients
to recover fully in a short time.

Nowadays, QoL becomes also more and more
important in terms of drug development. With the
validated quality of life questionnaires (QLQ), spe-
cifically the European Organisation for Research
and Treatment of Cancer (EORTC) core ques-
tionnaire (QLQ C30) and breast module (QLQ
BR23)**, we can monitor the impact of treatment
on patient-reported outcomes (PROs), like global
health status/QoL and summary score, and com-
pare different modules and symptoms over time.’
What is the QoL at the transition from treatment
to survivorship where a woman is expected to
be back to work? Arm symptoms and fatigue, as
well as cognitive and physical dysfunction and
work-related variables (e.g., physical demands at
work), interfered with the ability to perform work.
Schmidt et al. found associations between depres-
sive symptoms, arm symptoms, lower education,
and younger age with an impaired return to work
after one year.® Self-reported reasons that hinder
the return to work were fatigue and cognitive
problems.*” Additionally, social and personal fac-
tors influence the functioning and working ability
of individuals.

Identifying dysfunctions that disable patients
after breast cancer treatment and comparing QoL
of patients with the normative population data®
could help caregivers provide survivors with more
optimal care. They may benefit from specific in-
terventions.

The aim of our study was to prospectively eval-
uate PROs in the cohort of early breast cancer pa-
tients at the start of chemotherapy and one year af-
ter the end of chemotherapy and to compare them
with normative data for the Slovenian population.

Radiol Oncol 2023; 57(2): 211-219.

In our explorative analysis, we aimed to determine
which functional and symptom scales appeared
different one year after chemotherapy.

Patients and methods
Participants

Our current study cohort consisted of early breast
cancer patients including all subtypes who had
taken part in our previous prospective non-rand-
omized cohort study evaluating the impact of mo-
bile app use for symptom management on PROs
during chemotherapy treatment. The inclusion
criteria in the aforementioned study were patients
with early breast cancer, treated with chemothera-
py, possessing an Android-based smartphone for
symptom reporting, and willing to fill in paper
and pencil questionnaires reporting their quality
of life while receiving treatment.’

In the current prospective study, we included
102 patients who had signed informed consent for
the former study and were willing to fill in the ad-
ditional QLQ C30, QLQ BR23, and socioeconomic
questionnaires one year after the end of chemo-
therapy. Our first aim was to evaluate and com-
pare pre-treatment and post-treatment PROs with
normative data for the Slovenian population.
This reference data on QLQ-C30 dimensions was
obtained on 1231 healthy Slovenian individuals.
Our second aim was to compare the post-treat-
ment health-related quality of life (HRQoL) with
the pre-treatment one. This data has not been re-
ported yet.

Study design

A prospective, single-group, cohort design was
used combining data from a former two-arm trial
with new follow-up data collected one year after
the end of chemotherapy.’ Patients who were ad-
mitted for treatment with chemotherapy at the
Institute of Oncology Ljubljana between December
2017 and September 2018 were eligible (Figure 1).
Inclusion criteria were breast cancer stage I-III,
treatment with neoadjuvant or adjuvant chemo-
therapy, and proficiency in using an Android-
based smartphone. Exclusion criteria were stage IV
breast cancer, a lack of mobile device proficiency
or using non-Android-based smartphones, and not
understanding Slovenian. In addition to chemo-
therapy treatment, patients were treated with anti-
HER? therapy (in case of HER2 positivity), surgery,
endocrine therapy in case of hormone-receptor-
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[ Approached: 140 patients ]

Excluded: 36 patients
-12 not smartphone users
-14 unsupportive platform
-10 not interested in the study

[ Filled-in baseline questionnaires: 104 patients ]

disease)

Excluded: 2 patients (metastatic

[ Cohort at beginning of chemotherapy: 102

Assessment of baseline
global health status/QoL and
Summarv Score

year: 25 patients

Did not return questionnaires at 1

[ Cohort at 1 year after chemotherapy: 72

FIGURE 1. Consort diagram.

positive disease, according to ESMO guidelines,
and radiation therapy, if indicated.? The patient’s
demographic characteristics and type of treatment
were collected from patient charts. Ethical approv-
al for this study had been obtained from the Ethics
Committee of the Institute of Oncology Ljubljana
(ERID-EK-43 and ERID-EK-0080/2019). All patients
had given their written informed consent.

Instruments

We used the Slovenian version of EORTC QLQ C30
and QLQ BR23 questionnaires. QLQ C30 is a core
questionnaire which includes 30 items, consisting
of 5 functional scales (cognitive, emotional, physi-
cal, social and role functioning), 9 symptom scales,
and two questions which include the patient’s
assessment of global health status/quality of life

Assessment of global health
status/QoL, Summary Score and
explorative analysis at 1 year

(GHS). QLQ BR23 has 23 questions comprising four
functional scales (body image, sexual functioning,
sexual enjoyment, future perspectives) and symp-
toms regarding the treatment of breast cancer (sys-
temic therapy side effects, arm and breast symp-
toms and others). Socio-economic questionnaires,
used routinely for surveys at the Slovenian Cancer
Registry, included questions about age, gender, so-
cial class, employment, marital status, education,
and place of residence.

Outcome measures

Our primary outcomes were GHS and C30
Summary Score (C30-SumSc), derived from
EORTC QLQ C30. Symptoms and functional scales
of QLQ C30 and QLQ BR23 were used in the ex-
ploratory analysis only. The EORTC Quality of Life

Radiol Oncol 2023; 57(2): 211-219.
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TABLE 1. Clinical characteristics of participants at beginning of the study and
after one-year post-chemotherapy

Characteristic

At inclusion-before
chemotherapy
(n=102) n (%)

One year after end
of chemotherapy
(n=71)n (%)

Tumour stage

T 6 (45.1) 32 (44.4)

T2 43 (42.2) 33 (45.8)

T3 13 (12.7) 7 (9.7)
Lymph node stage

NO 43 (42.2) 31 (43.1)

N1 38 (37.3) 30 (41.7)

N2 12 (11.8) 9 (12.5)

N3 9 (8.8) 2 (2.8)
Tumour subtype

Luminal A-like 12 (11.8) 7 (9.7)

Luminal B-like 47 (46.1) 35 (48.6)

Luminal B HER2 positive 19 (18.6) 14 (19.4)

HER2 positive 8 (7.8) 6 (8.3)

Triple-negative 16 (15.7) 10 (13.9)
Type of surgery

Breast-conserving surgery +

Sentinel node biopsy 37 (36.3) 28 (38.9)

Breast-conserving surgery +

Axillary dissection 1 U821 W (-2

Mastectomy +

Sentinel node biopsy 23 (22.5) 15(20.8)

Mastectomy +

Axillary dissection 28 (27.5) 18 (25.0)
Breast reconstruction

None

Deep inferior flap ?g E?g?; ?(5) 517163)3))

Tissue expander, followed 1 (10.8) 709 7')

by silicone implant : :
Chemotherapy type

Anthracyclines and taxanes 70 (68.7) 51 (70.8)

Anthracyclines only 19 (18.6) 13 (18.1)

Taxanes only 10 (9.8) 6 (8.3)

CMF 3(2.9) 2 (2.8)
Anti-HER2 therapy 27 (26.4) 20 (27.8)
Adjuvant endocrine therapy 78 (76.5) 57 (79.2)
Radiotherapy 81 (79.4) 59 (81.9)

CMF = cyclophosphamide, methotrexate, fluorouracil; HER2 = human epidermal growth

factor receptor 2

Scoring Manual was followed.® All scales had val-
ues from 0 to 100, where 100 represented the best
GHS, the best functioning, or the worst symptoms.
The C30-SumSc, which ranged from 0 (worst) to
100 (best), was calculated from 13 out of 15 EORTC
QLQ C30 scales (the GHS and financial difficulties
scale were excluded) in accordance with Giesinger
et al. and instructions from the EORTC.>* The pa-
tient’s assessment of the clinical significance of
changes in QLQ C30 and QLQ BR23 scores were
interpreted as “slight” change either for better or
for worse when the mean change in scores was
about 5 to 10 points; “moderate” change for about
10 to 20 points; and “severe” change greater than
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20 points. An established threshold for a clinically
meaningful difference in QoL was previously set
to 10 points.

Data for GHS and C30-SumSc data for the nor-
mative Slovenian population were obtained from
recently published work by Velenik et al.'* We com-
puted each patient’s predicted normative values
for C30-SumSc and GHS (co-primary outcomes)
according to this external reference.! Using the
patient’s age (categorized as 18-39, 49-59, 60+) and
self-rated social class (lower, middle, higher), the
predicted normative value represented the pa-
tient’s scores if she had not had cancer.

Statistical analysis

Categorical variables were summarized with fre-
quencies and percentages. Numerical variables
were described with means and standard devia-
tions (or medians and interquartile ranges if dis-
tributions were asymmetric).

We compared the mean C30-SumSc and GHS of
our patients with the normative general Slovenian
population."! The mean C30-SumSc and GHS at the
start of chemotherapy and one-year post-chemo-
therapy were compared with the corresponding
mean of the normative values using two-tailed
one-sample t-tests as the variability for the norma-
tive values could not be considered (the normative
values were computed from the estimates from the
article,'! standard errors of the estimates were not
reported).

As a part of the exploratory analysis, we per-
formed a comparison of the GHS, C30-SumSc and
QLQ C30 and QLQ BR23 scales between inclusion
(start of chemotherapy) and after one year in a
smaller group (72 patients) that had available data
on both times. For statistical comparison of scales
based on at least two questions, we calculated the
average difference and 95% confidence intervals
([After 1 year] — [At inclusion]) with two-tailed
paired t-tests and 95% confidence intervals (Cls).
For scales based on one question, we performed
Wilcoxon'’s test of predicted ranks.

For all scales but C30-SumSc and GHS (pri-
mary outcomes), the corresponding p-values were
adjusted using the Holm method to control the
family-wise error rate as so many hypotheses were
tested. Corrected p-values allow a conclusion per
population, but uncorrected ones do not.

An (adjusted) p-value smaller than 0.05 was
considered statistically significant. Analyses were
performed using R statistical software (version
3.6.3)!° and SPSS v.24.0 (IBM Corporation).
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TABLE 2. Patient-reported outcomes presented by EORTC C30 Summary Score (C-30 SumSc) and global health status/quality of life (GHS) at

inclusion (beginning of chemotherapy), one-year post-chemotherapy, and the difference among both times

Predicted At inclusion At 1 year [1 year] - [At inclusion]
n mean Mean (95% Cl) p Mean (95% Cl) p Mean (95% Cl) p
C-30 SumSc 70 90.9 88.5 (86.1, 90.8) 0.04 82 (78.4, 85.5) <0.001 -6.5 (-9.6,-3.4) <0.001
GHS 71 72.7 71.1 (66.7, 75.6) 0.50 69.6 (65, 74.2) 0.19 -1.5 (-6.6, 3.5) 0.55
EORTC = European Organisation for Research and Treatment of Cancer
Results R - |
Part]c‘ pants Global health status i i i
At the beginning of chemotherapy, we included Fivalealfreioniig s et i
102 patients (Table 1, left column). These patients | |
. . . ioni [ 1
were compared with the normative Slovenian pop- posifinesoning ! :
ulation regarding baseline GHS and C30-SumSc. Emotional functioning ! —_—————— !
Seventy-two patients (71%) returned question- N _ | :
. Cogpitive functioning * —_—— |
naires at one-year post-chemotherapy (Table 1, 2 i |
right column). The median age of this cohort was =~ §  Social functioning e — 1~ :
515 years. 44% of patients were T1 and 43% were ¢ eT— N E
node-negative. Regarding subtype, 49% were lu-  § ' '
3 = 1 | I 1
minal B-like, 19% luminal HER2+, 8% HER2+ non- & Sewalfuncionns T :
luminal, 14% were triple negative and 10% were & Fatigue * | e
luminal A-like. The most common type of surgery @ : :
. . . g Nausea and vomiting | —— !
was breast-conserving surgery with sentinel node £ | |
- . . £ ! !
biopsy (39%). All patients were treated with chem- & Pain * : ——
otherapy (adjuvant (69%) or neoadjuvant (31%)), Systemic therapy * E i
28% had anti-HER?2 treatment, and 79% had adju- SEES : ;
vant endocrine therapy. 82% of patients received Breachsmokome S R R
adjuvant radiation therapy. Patients” socioeconom- T— : —————
ic characteristics are available in Supplementary ! .
-20 -10 0 10 20

Table 1. For the calculation of predicted norma-
tive values of GHS and C30-SumSc, gender, age,
and social class were used, according to Velenik
et al.! Their model was based on 1231 persons, of
them 612 (49.7%) were females. The age distribu-
tion of females was: 30.7% in cohort 18-39 years,
42.8% in cohort 40-59 years, and 26.5% in cohort
60-90 years. Self-rated social status of females was:
30.9% belonged to the lower, 57.4% to the middle,
and 11.8% to the upper social class.!!

Primary outcomes

At inclusion (before the start of chemotherapy),
C30-SumSc of our patients was statistically sig-
nificantly lower than the predicted C30-SumSc in
the general Slovenian population, namely by 2.6
points (p = 0.04). After one year, compared to the
start of chemotherapy, patients’ mean C30-SumSc
decreased by 6.5 points, which was statistically

[After 1 year] - [At inclusion]

BR-23 = breast module 23 questionnaire; EORTC: European Organisation for Research and

Treatment of Cancer

*Modules whose p-value is statistically significant (p < 0.05);

FIGURE 2. Difference of the global health status/quality of life (GHS), C-30
Summary Score (C-30 SumSc), and functional and symptoms scales of EORTC

C-30 and BR-23 questionnaires.

significant (p < 0.001), from the patient perspec-
tive as a slight change for worse, but not clinically
meaningful change (Table 2, Figure 2 - first line).
On the contrary, GHS was not statistically or clini-
cally significantly different from predicted either
at inclusion or after 1 year (Table 2, Figure 2 - sec-
ond line).
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Exploratory analysis

The exploratory analysis (Figure 2) revealed that
patients had significantly lower functioning one
year after chemotherapy compared to the begin-
ning of chemotherapy in 3 functional scales: in
body image and cognitive functioning, the dif-
ference in our sample was > 10 points (clinically
meaningful change), and in physical function-
ing under 10 points (clinically not meaningful).
Similarly, pain, fatigue, and arm symptoms score
significantly increased by more than 10 points
(clinically meaningful), and systemic therapy side
effects increased by less than 10 points (clinically
not meaningful).

Discussion

At the start of chemotherapy, early breast cancer
patients had the same mean GHS as predicted from
the general Slovenian population. C30-SumSc was
statistically significantly lower, although this was
not clinically significant since the difference was
less than 10 points.

GHS in breast cancer patients one year after the
end of chemotherapy was on average as good as
before the beginning of chemotherapy. C30-SumSc
was statistically significantly worse, from the pa-
tient’s perspective as a slight change for worse, al-
though deterioration of 6.5 points is not considered
clinically important. In the exploratory analysis, we
found significant deterioration in some functional
scales and increased symptoms in breast cancer
patients one-year post-chemotherapy compared to
the pre-chemotherapy state. Cognitive function-
ing, body image, and physical functioning signifi-
cantly deteriorated. Among symptoms, increased
arm symptoms, pain, fatigue, and systemic therapy
side effects were self-reported (Figure 2).

Patients in our study did not perceive dete-
rioration of GHS by a cancer diagnosis or cancer
treatment. That means that patients perceived
good overall well-being, as they had not been ill.
A similar finding for GHS in patients 1-15 years
post-diagnosis was found by others.”” On the
other hand, our patients reported a slight deterio-
ration of C30-SumCs one-year post-chemotherapy,
probably due to the toxicities of multimodality
treatment. Ferreira et al. noted similar persistent
deterioration of C30-SumSc after two years in pre-
menopausal patients treated with chemotherapy
and postmenopausal patients treated with endo-
crine therapy.’® Deterioration of C30-SumSc is not
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only due to treatment but could be also due to the
progression of cancer. C30 Sum-Sc has recently
been shown as an independent prognostic factor
for overall survival in several cancers.”

In our explorative analysis, we found a detri-
mental effect of cancer treatments (either chemo-
therapy, endocrine therapy, surgery, or radiother-
apy) on specific functional and symptom scales,
evaluated with QLQ C30 and QLQ BR23. Patients
reported clinically meaningful deterioration in
cognitive functioning and body image from base-
line to one-year post-chemotherapy. Deficits in
cognitive, role, social, and emotional functioning,
particularly in young patients, were also reported
by others 1-10 years after surgery.5?*?' Compared to
the general population, researchers found signifi-
cantly lower mean scores for cognitive and social
functioning, role functioning and emotional func-
tioning, physical functioning and body image, and
future perspective between 5-15 years post-thera-
py.”?%22 That means that the consequences of treat-
ment could be life-long. Interestingly, some serum
markers of systemic inflammation were found to
be statistically significantly higher in cancer survi-
vors treated with chemotherapy even 20 years af-
ter chemotherapy and were associated with lower
cognitive performance.?® Breast reconstruction,
however, improved physical functioning and body
image compared to breast-conserving surgery; the
same applies to social functioning and future per-
spective.??

In addition to detrimental effects on functional
scales, our exploratory analysis showed signifi-
cantly increased symptom scores after one year
compared to baseline: fatigue, arm symptoms,
pain, and, to a lesser degree, the systemic therapy
side effects. In addition to these symptoms, other
researchers reported insomnia or sleep distur-
bances, breast symptoms and financial difficulties,
dyspnoea, hot flashes, sexual problems, and poly-
neuropathy.”>”? Some differences in symptoms,
however, were described only as trivial, with small
clinical relevance.”

We suppose that pain and arm symptoms are
related to higher nodal burden and consequently
performed axillary dissection and irradiation.
However, perceived fatigue, pain, and arm symp-
toms could also reflect less personal engagement
in avoiding or managing these symptoms. Sixty-
nine percent of our patients had primary surgery,
followed by adjuvant chemotherapy, and 31% had
the opposite sequence of treatment. In view of this
information, we would expect that arm symptoms
(from the BR-23 questionnaire) will be greater
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at the beginning (at inclusion in the study) than
1-year post-chemotherapy. But it turned out the op-
posite. We can explain this finding by the fact that
arm symptoms are scores from three items, name-
ly pain (not only pain in the arm, but also pain in
the shoulder), swelling of the arm, and difficulties
in the mobility of the arm. The swelling of the arm
usually occurs with a delay. Swelling is more com-
mon when axillary dissection is performed (in our
case 35.3% of patients) than when removing only
sentinel lymph nodes. Radiotherapy, which was
delivered to 81.9% of our patients, could contribute
to swelling and pain as well.

Symptom pain of the C30 questionnaire is about
pain anywhere and is made up of two questions,
whether the pain is present and the question if it
affects every day functioning. Generally, chemo-
therapy, especially taxanes, received by 79.1% of
our patients, also contributes to the pain. Sensory
polyneuropathy, not only hurts but often im-
pedes normal functioning (walking, fine motoric).
Additional pain could be contributed to adjuvant
endocrine therapy (tamoxifen mainly affects large
joints, and aromatase inhibitors affect small joints).
Yoon et al. found variation in symptom reporting
influenced by race/ethnicity and other sociodemo-
graphic characteristics, and several comorbid con-
ditions.?

Returning to work is a significant milestone for
breast cancer survivors.” Von Ah et al. found that
everyday cognition correlates with work engage-
ment. What do these findings mean for cancer sur-
vivors in the setting of clinical practice? Cognitive
dysfunction and fatigue are the most important is-
sues for patients, especially if they are employed.

Cognitive dysfunction after chemotherapy
(“chemo brain”) is described as the impairment of
memory, attention, executive functions, and pro-
cessing speed.??® Recently it has also been report-
ed for hormonal therapy (tamoxifen and nonster-
oid aromatase inhibitors), targeted therapy, immu-
notherapy, and due to cancer itself, combined in
terminus “cancer-related cognitive dysfunction”.®
Subjective cognitive problems were reported by
half of breast cancer patients after chemotherapy,
but only 15-25% had an objective cognitive de-
cline.?® Despite the mild-to-moderate severity of
cognitive dysfunction, it represents an important
issue for patients.” It is especially true for pa-
tients who are employed.”®? Impaired cognitive
functioning in our patients one-year post-chemo-
therapy could be related to treatment with chemo-
therapy and surgery (general anesthesia) as well
as adjuvant endocrine treatment (85% of patients).

Among symptoms, fatigue is reported most
regularly in all studies. Fatigue is a subjective feel-
ing of lack of energy, of physical, emotional, and/or
cognitive tiredness or exhaustion related to cancer
and/or cancer treatment, and interferes with usual
functioning.? It is a multidimensional symptom
that accompanies patients while receiving chem-
otherapy and can last many years after chemo-
therapy.?” As with cognitive dysfunction, it could
be associated with the type of treatment (surgery,
chemotherapy, endocrine therapy, targeted thera-
py, or radiotherapy).

The rehabilitation of cancer survivors should be
diverse, according to the needs of the individual
patient. For example, physical functioning and fa-
tigue could be improved with regular exercise.
Arm symptoms could be managed with physical
rehabilitation and more specifically lymphoedema
treatment, elastic compressive gloves, and pain-
killers. Pain (in the breast, arm, joints, peripheral
polyneuropathy) should be appropriately man-
aged by a pain specialist. Cognitive rehabilitation
could include cognitive rehabilitation programs,
physical activity, or relaxation programs.?” Hot
flashes and sexual issues could be managed by
a gynecologist. With fewer symptoms and bet-
ter symptom scales patients would probably have
better cognitive and role functioning and a better
body image. In order to improve the QoL of cancer
survivors, a pilot study on the comprehensive re-
habilitation of breast cancer patients is underway
at our institute. Identifying problems early proba-
bly allows an earlier targeted approach, thus lead-
ing to better patient functioning, an earlier return
to work, and less absenteeism in the workplace.
Evaluation of the results of comprehensive reha-
bilitation on improving functional and symptom
scales is eagerly awaited.

Strengths of the study

Firstly, this is a prospective cohort study of health-
related quality of life, using validated question-
naires and tools, such as GHS and C30-SumSc,
recommended by the EORTC. Many studies per-
form only cross-sectional data analysis. Secondly,
we performed a comparison with our normative
population to obtain information about what pa-
tients’ scores would be without cancer.

Limitations of the study

The first limitation is the small sample size and
that we did not have a baseline value of items in
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the questionnaires before any cancer treatment.
Secondly, we included only patients that were
proficient in using smartphones, and thus prob-
ably inadvertently chose a subset of the popula-
tion that is highly motivated, healthier, and with
middle social status. However, those patients were
supported by a mobile app for coping with symp-
toms, which would probably be even heavier with-
out the app. Thirdly, we included only Android-
based smartphone users, which represented 80%
of smartphones in Slovenia at that time. However,
the app for IOS had not yet been made available.
An additional weakness of our study is that the as-
pects of depression and anxiety, which affect cog-
nitive functioning and fatigue, were not involved.
Comorbidities were also not assessed — these are
also significant predictors of symptoms, especially
amongst those receiving chemotherapy.

Conclusions

Patients with early breast cancer had similar GHS
before chemotherapy as the normative Slovenian
population, and it did not deteriorate with treat-
ment. One year after chemotherapy, C30-SumSc
deteriorated compared to that before chemothera-
py- Early interventions should be directed toward
the prevention of the decline of cognitive function-
ing and body image, and to alleviate fatigue, pain,
and arm symptoms.
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Background. The aim of the study was to evaluate the independent prognostic role of PIK3CA activating mutations
and an association between PIK3CA activating mutations and efficacy of adjuvant endocrine therapy (ET) in patients
with operable invasive lobular carcinoma (ILC).

Patients and methods. A single institution study of patients with early-stage ILC freated between 2003 and 2008 was
performed. Clinicopathological parameters, systemic therapy exposure and outcomes (distant metastasis-free sur-
vival [DMFS] and overall survival [OS]) were collected based on presence or absence of PIK3CA activating mutation
in the primary tumor determined using a quantitative polymerase chain reaction (PCR)-based assay. An association
between PIK3CA mutation status and prognosis in all patient cohort was analyzed by Kaplan-Meier survival analysis,
whereas an association between PIK3CA mutation and ET was analyzed in estrogen receptors (ER) and/or progester-
one receptors (PR)-positive group of our patients by the Cox proportional hazards model.

Results. Median age at diagnosis of all patients was 62.8 years and median follow-up time was 10.8 years. Among
365 patients, PIK3CA activating mutations were identified in 45%. PIK3CA activating mutations were not associated
with differential DMFS and OS (p = 0.36 and p = 0.42, respectively). In patients with PIK3CA mutation each year of
tamoxifen (TAM) or aromatase inhibitor (Al) decreased the risk of death by 27% and 21% in comparison to no ET, re-
spectively. The type and duration of ET did not have significant impact on DMFS, however longer duration of ET had
a favourable impact on OS.

Conclusions. PIK3CA activating mutations are not associated with an impact on DMFS and OS in early-stage ILC.
Patients with PIKBCA mutation had a statistically significantly decreased risk of death irespective of whether they
received TAM or an Al

Key words: invasive lobular carcinoma; PIK3CA mutation; endocrine therapy; genomics of invasive lobular carcinoma
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Introduction

Breast cancer represents a spectrum of heterogene-
ous diseases with different clinical behaviour and
response to specific systemic therapy. Invasive lob-
ular carcinoma (ILC) is the second most frequent
subtype of breast cancer, representing around 10%
of all breast cancer cases.!

It has been demonstrated that ILC is a special
disease entity that differs from the more common
invasive breast carcinomas such as invasive ductal
carcinoma (IDC). These differences include risk
factors, histological and clinical characteristics,
transcriptional signatures and genomic profiles.>*
ILCs usually arise in postmenopausal women, are
larger in size at the time of diagnosis due to insidi-
ous nature of its growth, but are typically of lower
histological grade. The majority of ILC tumors ex-
press hormone receptors such as estrogen recep-
tors (ER), progesterone receptors (PR) but they
less commonly exhibit human epidermal growth
factor receptor-2 (HER-2) overexpression or ampli-
fication.> Data about prognosis of ILC vary sub-
stantially; studies have demonstrated better®”, the
same®, and worse long-term overall survival (OS)
in comparison to unselected invasive breast can-
cers.

Additionally, it has been reported that ILC is less
responsive to chemotherapy (ChT)."12 However,
these tumors respond well to endocrine therapy
(ET) given their biological profile.!® Results of an
important retrospective study clearly showed an
OS benefit of adjuvant ET for patients with ILC.1

Desmedt ef al. conducted the largest genomic
study of ILC and found that mutations in PIK3CA
(phosphatidylinositol, catalytic unit) HER and
ESR1 (estrogen receptor 1) genes are more fre-
quently present in ILC tumors that in other inva-
sive breast cancers. Furthermore, in their study,
approximately 50% of ILC tumors harboured
PIK3CA-PTEN-AKT1 signaling alterations. Of
note, PIK3CA mutation was associated with lower
histological grade and lower Ki-67 (proliferating)
index.’> Mutations of PIK3CA gene are the most
common somatic genetic alterations in ER-positive
breast cancer and are associated with favorable
breast cancer characteristics such as smaller tumor
size, lower grade, ER positivity and increasing
age.1®

Investigators of the BIG 1-98 study which com-
pared letrozole monotherapy and letrozole switch-
ing strategy to tamoxifen (TAM) monotherapy
reported that postmenopausal patient population
with ILC may derive greater benefit from letrozole

(Als) than patients with IBC, NOS (invasive breast
carcinoma, no otherwise specified).”” Furthermore,
additional post-hoc analysis of the BIG 1-98 study
showed that irrespective of the histological sub-
type of breast cancer tumors with PIK3CA muta-
tion derive greater benefit from letrozole than from
tamoxifen.’® There are no data about the exact num-
ber of ILC patients with present PIK3CA mutation
in the BIG 1-98 study; however in the large meta-
analysis by Zardavas et al. there were 366 out of 951
(39%) patients who had PIK3CA mutated ILC.1

In this study, we aimed to evaluate the inde-
pendent prognostic role of PIK3CA activating
mutations and an association between PIK3CA ac-
tivating mutations and efficacy of ET in patients
with operable ILC. We hypothesized that the pres-
ence of PIK3CA activating mutations in primary
ILC is associated with longer distant metastasis-
free survival and overall survival and greater ben-
efit of Als and extended ET as compared to stand-
ard 5-year treatment with tamoxifen.

Patients and methods
Patients

After obtaining approval from the institutional
review committee and ethical approval of the
Ministry of Health of the Slovenian Republic
(#0120-323/2019), we performed a retrospective
analysis of a cohort of patients with early-stage
ILC identified from a pathology database at
the Institute of Oncology Ljubljana. Eligible pa-
tients were treated between January 1t2003 and
December 31% 2008, thereby allowing at least 10
years of follow-up at the time of data analysis.

Clinicopathological characteristics and
determination of the PIK3CA mutation

Formalin-fixed and paraffin embedded (FFPE)
and hematoxylin and eosin stained tumor slides
of all included patients were reviewed by an ex-
perienced breast pathologist (BGK) to ensure that
the diagnosis of ILC and its subtype(s) were cor-
rect. We collected the following clinicopathologi-
cal parameters from each patient’s from the exist-
ing pathology reports: age at diagnosis, subtype of
ILC, tumor size, nodal status, grade, mitotic count,
ER and PR expression, HER-2 overexpression or
amplification, lymphovascular invasion (LVI) and
perineural invasion (PNVI). Ki-67 labeling index
and tumor infiltrating lymphocytes (TILs) were
additionally determined retrospectively by a sin-
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TABLE 1. Characteristics of the included patients and their tumors

Characteristic All patients

(n =365; 100%)

PIK3CA mutated
(n = 164; 45%)

PIK3CA non-mutated
(n =201; 55%)

Median age (range) (yrs) 62.8 (33-90)
Median tumor size (mm) 21
Nodal status
209 (57)

N1 84 (23)

N2 26 (7)

N3 46 (13)
Tumor grade

Gl 52 (14)

G2 270 (74)

G3 43 (12)
IHC* subtype

ER+/PR+/HER2- 299 (82)

ER+/PR-/HER2- 39 (11)

HER2 + 20 (¢)

ER-/PR-/HER2- 7 (2)
Median Ki-67 (range) (%) 3 (1-50)
Mitotic score

284 (78)

M2 55 (15)

M3 26 (7)
Presence of LVI 24 (7)
Median TILs (range) (%) 3 (1-50)
Median follow-up time (range) (yrs) 10.8 (0.1-18.4)

63.1 62.4
19 21
100 (61) 109 (54)
37 (22) 47 (23)
1(7) 15 (8)
16 (10) 30 (15)
20 (12) 32 (16)
134 (82) 136 (68)
10 (6) 33 (16)
136 (46) 159 (54)
14 (36) 25 (64)
9 (45) 11 (55)
2 (29) 5(71)
2.5 (1-50) 3 (1-40)
138 (84) 146 (73)
19 (12) 36 (18)
7 (4) 19(9)
4(2) 20 (10)
3 3
10.8 10.7

ER = estrogen receptor; HER = 2-human epidermal growth factor receptor-2; *IHC = immunohistochemically defined subtype; PR = progesterone
receptor; LVI = lymphovascular invasion; TILs = tumor-infiltrating lymphocytes

78 patients had PIK3CA mutation on exon 9, 76 patients on exon 20; five patients had dual PIK3CA mutation on exon 9 and five patients had both,

exon 9 and exon 20 PIK3CA mutations

gle breast cancer pathologist as these biomarkers
were not assessed routinely in years of the cohort
inception. Tumor grading was classified according
to the Bloom-Richardson-Elston classification.”
ER and PR expression and HER-2 status were de-
termined using the American Society of Clinical
Oncology/College of American Pathologists guide-
lines.?2! Proliferation index Ki-67 was estimated
with DAKO, Glostrup antibody MIB1 accord-
ing to recommendations from the International

Ki-67 in Breast Cancer Working Group.? For the
evaluation of TILs the recommendations of the
2014 International TILs Working Group were fol-
lowed.” PIK3CA status (wild-type or mutated)
was determined for each patient. DNA isolation
from the FFPE tumor samples was performed by
macrodissection of tumor tissue from tumor slices
containing at least 70% tumor cells. Isolation was
performed using the MagMAX FFPE DNA/RNA
Ultra Kit (Applied Biosystems, Thermo Fisher

TABLE 2. Distribution of systemic therapy in all patients and according to PIK3CA mutation status

Systemic therapy ﬁll(;si)s PIK3CA';r1(x;§:1ed pts PIK3CA no;-(r;:;;iaied pts
None 12 (3) 5(3) 7 (3)

ET only 249 (68) 115 (70) 134 (67)

ChT only 13 (4) 5(3) 8 (4)

ET and ChT 91 (25) 39 (24) 52 (26)

None ET 25 (7) 10 (6) 15 (7)

ET with TAM 106 (29) 45 (27) 61 (30)

ET with Als 127 (35) 54 (33) 73 (37)
Sequence TAM-AI 107 (29) 55 (34) 52 (26)

Median duration (range) of ET 5(0.2-16.7) 5(0.4-16.7) 5(0.2-11.2)

Als = aromatase inhibitors; ChT = chemotherapy; ET = endocrine therapy: pts = patients, TAM = tamoxifen (TAM)
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Scientific, Austin, Tx, USA) according to the manu-
facturer’s instructions. Isolated DNA was used to
identify five common mutations in the PIK3CA
gene using the PIK3CA Mutation Analysis Kit
(EntroGen, Inc. Woodland Hills, CA, USA) ac-
cording to the manufacturer’s protocol. This is
a quantitative polymerase chain reaction (PCR)
based assay that detects five hot spot mutations
in the PIK3CA gene (NM_006218.2): ¢.1624G > A
p-(Glu542Lys), ¢.1633G > A p.(Glu545Lys), c.1633G
> C p.(Glu545Gln), c.3140A > G p.(His1047Arg) and
¢.3140A > T p.(His1047Leu). These five hot spot mu-
tations represent around 80% of all PIK3CA muta-
tions.*

Systemic treatment

We collected all data about systemic therapy
for each patient included into the study such as
whether the patient received ChT, ET and HER-
2-targeted therapy. We also collected data about
the type of ChT (cyclophosphamide — metotrex-
ate-5-fluorouracil regimen (CMF), anthracycline-
based chemotherapy, anthracyclines and taxa-
nes, taxanes without anthracyclines), type of ET
(tamoxifen monotherapy, AI monotherapy or a
switching approach [TAM-AI]) and duration of ET
(up to 5 years or more than 5 years).

Statistical analysis

The outcomes of interest were distant metastasis-
free survival (DMFS) and overall survival (OS)
defined as time from diagnosis (date of surgery)
to distant relapse or death (whichever occurred
first) and as time from diagnosis to death from any
cause, respectively. The last date of a follow-up
was October 315t2021. Data were analyzed using R
version 4.1.2 (Vienna, Austria). Descriptive statis-
tics were used to describe patient characteristics.
Age and duration of therapy were measured in
years, tumor size was measured in millimeters, Ki-
67 index was measured as a proportion of positive
tumor cells and logarithmised and for the number
of positive axillary lymph nodes the square root
was taken of in order to normalize the distribution
of the variables and improve model fit. DMFS and
OS were estimated using Kaplan-Meier analysis.
Log-rank tests were performed to compare the
survival of PIK3CA mutated and PIK3CA non-mu-
tated cohorts of patients. Four Cox proportional
hazard models were used to assess the impact of
ET on survival of ER and/or PR-positive PIK3CA
mutated patients: a simple and an advanced model

428 patients identified

365 patients eligible
for analysis

Excluded:

24 patients from other cancer centers

9 patients with de novo metastatic lobular
carcinoma

8 patients who received neoadjuvant
chemotherapy

5 patients with other histological type of
breast cancer (IDC, IDC and ILC)

5 patients with a very small tumor (less
than 5 mm)

5 biopsies from years before 2003

2 patients who moved abroad

5 tumors did not pass RT-PCR for
determination of PIK3CA mutation status

223

FIGURE 1. Consort diagram.

for each of DMFS and OS. The simple Cox model
regressed on only three variables; age at diagnosis,
prior duration of tamoxifen and prior duration of
Al therapy. The advanced model regressed on ad-
ditional variables which are considered known or
possible prognostic factors: tumor size, nodal sta-
tus, histological grade, Ki-67 index, PR expression
and location of PIK3CA mutation (exon 9 or exon
20), respectively. To avoid immortal time bias, any
prior duration of tamoxifen and any prior duration
of Al therapy were considered as time-dependent
variables, while all other variables were known at
a patients’ entry in the study (at the time of sur-
gery). Finally, adjustment for multiple significance
testing was performed using Holm’s method. An
adjusted p-value < 0.05 was considered statistically
significant.

Results
Patients and their tumors

Among an initial cohort of 428 patients, we ex-
cluded 24 patients who were treated in other can-
cer centers in Slovenia, nine patients who had de
novo metastatic lobular cancer, eight patients who
received neoadjuvant ChT, five patients with other
histological subtypes of breast cancer (IBC, NOS,
ILC and IBC, NOS), five patients with very small
tumors (less than 5 mm in size) and five patients
whose biopsies were from years before 2003. Two
patients were lost very early in the follow up as
they moved out of country, so they were excluded
from the analysis. PIK3CA mutation status could
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Overall survival

Strata — no PIK3CA mutation —— PIK3CA mutation
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o
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0.001
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Years since surgery
FIGURE 2. Kaplan-Meier graph showing association between PIK3CA mutation
and overall survival.

not be determined in five cases due to technical is-
sues with the samples. This resulted in an analytic
cohort of 365 patients (Figure 1, Consort diagram,
for patient selection schema). Characteristics of in-
cluded patients and their tumors are presented in
Table 1. Among all patients, 164 (45%) patients had
PIK3CA mutated ILC. Of these 78 (48%) patients
had PIK3CA mutations in the helical domain (exon
9) and 76 (46%) patients had the mutation present in
the kinase domain (exon 20). Five patients (1%) had
dual PIK3CA mutations on exon 9 and five patients
(1%) had PIK3CA mutations on both, exon 9 and 20.
As shown in Table 1, PIK3CA mutated and PIK3CA
non-mutated cohort of patients were well balanced
according to prognostic tumor characteristics.
Systemic therapy exposure of all included pa-
tients is shown in Table 2. As expected, the major-
ity of patients received ET with either TAM (106,
29%), Als (127, 35%) or a switch approach TAM-AI
(107, 29%). Ninety-one (25%) patients received ChT
and ET and only 13 (4%) patients received ChT
alone. Among 25 patients who did not receive any
ET, 10 patients were PIK3CA mutated. ET agents
were well balanced between PIK3CA mutated and
PIK3CA non-mutated patients as shown in Table 2.
Median duration of ET was 5 years in both groups
of patients. 191 (52%) patients had extended ET and
the longest duration of extended ET was 16.7 years.

An association between PIK3CA mutation
status and disease outcome

Median OS was 15.7 years for patients with
PIK3CA mutation and 14.6 years for patients with-
out PIK3CA mutation. Furthermore, median DMFS

Radiol Oncol 2023; 57(2): 220-228.

TABLE 3. Simple Cox proportional hazards model for DMFS in
the PIK3CA mutated patient cohort

Characteristic HR 95% CI Adjp
Age 0.99 0.96-1.02 1.0
Duration of TAM 0.92 0.75-1.14 1.0
Duration of Als 1.07 0.90-1.28 1.0

Adj p = adjusted p value; Als = aromatase inhibitors; Cl = confidence
interval, HR = hazard ratio; TAM = tamoxifen,

for PIK3CA mutated and for PIK3CA non-mutated
ILC patients was 15.6 and 13.4 years, respectively.
The presence of PIK3CA mutation in early-stage
ILC patients was not associated with differential
OS (p = 0.42, Figure 2) or DMFS (p = 0.36, Figure 3).
Overall, 81 (22%) patients developed distant me-
tastases, of these 48 (24%) were PIK3CA non-mu-
tated and 33 (16%) were PIK3CA mutated. Twenty
(26%) patients of those who developed distant me-
tastases had PIK3CA mutation on exon 20, 12 (15%)
had PIK3CA mutation on exon 9 and only one (5%)
patient had both, exon 9 and 20 PIK3CA mutation.

An association between type and
duration of ET and disease outcome in
patients with PIK3CA mutation

The effect of the type of systemic ET and its
duration on DMFS

Patients who received Als in comparison to those
who received tamoxifen were on average 10 years
older at the time of diagnosis, therefore a Cox
proportional hazards model was used for adjust-
ment. In a simple model, neither type of ET nor its
duration and patient age at the time of diagnosis
were associated with the risk of relapse (Table 3).
In advanced Cox proportional hazards model only
a higher number of positive axillary lymph nodes
increased the risk of distant relapse (HR 1.64, adj.p
<0.001; see Table 4).

The effect of the type of systemic ET and its
duration on OS

We found that each year of aging increased the
risk of death by 5%. Each year of treatment with
tamoxifen decreased the risk of death by 27% in
comparison to no ET for a patient of the same age
(Table 5). Similarly, each year of treatment with
Als decreased the risk of death by 21% compared
to no ET for a patient of the same age (Table 5).
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In the advanced Cox proportional hazards mod-
el age at the time of diagnosis, grade 3 and higher
number of positive axillary lymph nodes were all
associated with higher risk of death (HR 1.05, adj.
p = 0.014, HR 5.5, adj. p = 0.040 and HR 1.58, adj.
p < 0.001, respectively). We also found that longer
duration of ET with either tamoxifen or an Al had
a favorable impact on OS (p = 0.010 for tamoxifen
and p = 0.010 for an Al, respectively). In a time-de-
pendent Cox analysis each year of prior treatment
with tamoxifen decreased the risk of death by 32%
in comparison to no prior ET for a patient with the
same characteristics. Similarly, to tamoxifen, each
year of prior Al therapy decreased the risk of death
by 27% compared to no prior ET for a patient with
the same characteristics (Table 6).

Discussion

ILC of the breast is a distinct entity with unique
clinical, histological and molecular characteristics
that differ from more common invasive breast can-
cer subtypes. The majority of older studies demon-
strated that the outcome of ILC patients was better,
however more recent data have suggested ILC has
worse outcome compared to invasive ductal car-
cinoma, especially in the long term. It seems that
delay and difficulty in early diagnosis, acquired
resistance to conventional therapy and risk of late
relapse pose challenges in management of patients
with ILC.?

In this retrospective study our main goal was
to evaluate the association between the PIK3CA
mutational status and prognosis in patients with
operable ILC. We found that PIK3CA mutation
status has no association with either DMES or OS.
The median OS was 15.7 years for patients with
PIK3CA mutation and 14.6 years for patients with
PIK3CA wild type ILC.

PIK3CA mutations are the most frequent somat-
ic genetic alterations in ER+/HER-2- breast cancer.!®
Prior data in early-stage disease have demonstrat-
ed a favorable disease outcome in patients harbor-
ing PIK3CA mutations.® At least to some extent
this could be explained by a relative mutual exclu-
sion of other somatic genetic alterations which are
associated with higher proliferation and increased
risk of distant relapse such as TP53 mutations and
amplifications of MYC (MYC proto - oncogene )
gene.’® Furthermore, recent work has shown that
ultra-low risk breast cancers have higher expres-
sion scores for the PIK3CA-mutation-associated
genes.?

TABLE 4. Advanced Cox proportional hazards model for
DMFS in the PIK3CA mutated patient cohort

Characteristic HR 95% CI Adj p
Age 1.01 0.97-1.05 1.0
Tumor size 0.99 0.57-1.71 1.0
Grade

G1 Ref

G2 0.91 0.26-3.22 1.0

G3 1.03 0.16-6.83 1.0
Ki-67 1.35 0.93-1.95 1.0
PR 1 0.99-1.02 1.0
PIK3CA status

Other than exon 20 Ref

Only exon 20 2.19 1.01-4.80 0.582
No. of positive axillary LNs 1.64 1.30-2.06 < 0.001
Duration of TAM 1.02 0.81-1.29 1.0
Duration of Als 1.06 0.87-1.28 1.0

Adj p = adjusted p value; Als = aromatase inhibitors; Cl = confidence
interval; HR = hazard ratio; LNs = lymph nodes; No. = number; PR =
progesterone receptor; TAM = tamoxifen

Previous data exploring the prognostic effect of
specific somatic mutations in ER+/HER-2- early-
stage breast cancer have shown that PIK3CA and
MAP3K1 (mitogen-activated protein kinase 1) mu-
tations co-associate and patients with tumors har-
boring both mutations have a more favorable clini-
cal course than those with only one gene mutation
or without any of these two mutations.?” This may
suggest that PIK3CA mutation alone is not prog-
nostic in general breast cancer patient population,
nor is it in ILC specifically.

The majority of first- and second-generation
gene-expression profiles that have been used for
molecular prognostication in early-stage breast
cancer were developed initially in invasive ductal
carcinomas and therefore their use in ILC is uncer-
tain. However recent data have shown they could
also be informative for prognostication in ILC pa-
tients. ILC tumors are quite homogenous clinically

TABLE 5. Simple Cox proportional hazards model for OS in the
PIK3CA mutated patient cohort

Characteristic HR 95% ClI Adj p
Age 1.05 1.02-1.07 <0.001
Duration of TAM 0.73 0.61-0.88 0.002
Duration of Als 0.79 0.67-0.93 0.005

Adj p = adjusted p value; Als = aromatase inhibitors; Cl = confidence
interval; HR = hazard ratio; TAM = tamoxifen
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FIGURE 3. Kaplan-Meier graph showing association between PIK3CA mutation
and distant metastasis-free survival

especially relating to classical prognostic features.
The majority are grade 2, ER and PR positive, HER-
2 negative and have a relatively low proliferative
activity.? In contrast, it has been shown recently
that a 194-gene signature called LobSig may be the
best in prognosticating ILC tumors. LobSig out-
performed Nottingham Prognostic Index (NPI),
Prosigna ROR, Oncotype Dx and Genomic Grade
Index (GGI) in a multivariate Cox proportional
hazards model, especially in grade 2 ILC moder-
ate NPI cases.?” The authors reported that ILCs
that were associated with a high-risk score were
enriched for mutations in HER-2, HER-3, TP53
(TP53 tumor suppressor gene), ROSI (ROS proto-

TABLE 6. Advanced Cox proportional hazards model for OS in the PIK3CA
mutated patient cohort

Characteristic HR 95% CI Adj p
Age 1.05 1.02-1.08 0.014
Tumor size 1.38 0.90-2.10 0.84
Grade

G1 Ref

G2 1.41 0.59-3.38 1.0

G3 5.52 1.67-18.18 0.04
Ki-67 0.94 0.72-1.22 1.0
PR 1 0.99-1.01 1.0
PIK3CA status

Other than exon 20 Ref

Only exon 20 1.32 0.79-2.21 1.0
No. of positive axillary LNs 1.58 1.32-1.88 <0.001
Duration of TAM 0.68 0.55-0.86 0.01
Duration of Al 0.73 0.60-0.88 0.01

Adj p = adjusted p value; Als = aromatase inhibitors; Cl = confidence interval; HR = hazard ratio;
No. = number; PR = progesterone receptor; TAM = tamoxifen
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oncogene 1, receptor tyrosine kinase) and AKTI
(AKT serin - threonin protein kinase 1) genes. In
contrast, those ILCs that had a good outcome (a
low-risk score) had relatively few genomic altera-
tions and interestingly, PIK3CA mutations were
more common in the latter group than in the high
risk ILC group. Based on all data discussed above
it seems that PIK3CA mutation alone may not be
an optimal genetic alteration to stratify ILC pa-
tients into better and worse prognostic group but
rather an integration of several concurrent genetic
alterations might outperform PIK3CA mutation in
an individual tumor.

We also aimed to explore the predictive effect
of PIK3CA mutation on benefit from ET. Efficacy
of Als as compared to tamoxifen have previously
been explored and reported.’® In the analysis from
the randomized BIG 1-98 trial, the authors demon-
strated a greater magnitude of benefit with an Al
letrozole in comparison to tamoxifen for patients
with PIK3CA mutated early-stage breast cancer
(HR 0.18; 95% CI 0.06 — 0.50). Additionally, the
same study demonstrated that letrozole was as-
sociated with a significantly reduced risk of dis-
ease - free survival event (DFS) in patients with
luminal A and luminal B ILC concluding the mag-
nitude of benefit from Al was greater in patients
with ILC versus invasive ductal carcinomas.® In
our study we did not find any substantial differ-
ences between the effect of tamoxifen and Als in
PIK3CA mutated early-stage ILC patients when
compared to patients who did not receive any ad-
juvant therapy. We found that each year of treat-
ment with tamoxifen decreased the risk of death
by 27% in comparison to no ET for a patient of the
same age. Similarly, each year of Al therapy de-
creased the risk of death by 21% compared to no
ET for a patient of the same age. In addition, in an
advanced Cox model we found similar results. The
duration of any ET, either with tamoxifen or an Al,
was statistically significantly associated with OS.
In patients with PIK3CA mutation each year of ta-
moxifen and Als treatment decreased the risk of
death by 32% and 27% in comparison to a patient
with the same tumor characteristics who did not
receive any ET, respectively. However, we did not
find any associations between type and duration
of ET and DMFS. Only a higher number of positive
axillary lymph nodes increased the risk of distant
relapse of ILC in our cohort.

An interesting study evaluating the relation-
ship of PIK3CA mutations and response to short-
term neoadjuvant Al therapy demonstrated that
the presence of PIK3CA mutation did not pre-
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clude a response to Als. In this study suppression
of Ki-67 proliferating index, which is a validated
intermediate endpoint biomarker for endocrine
sensitivity was used as a surrogate marker of re-
sponse.’! Furthermore, another study showed that
patients with PIK3CA mutated early-stage breast
cancer either treated with tamoxifen or untreated
had improved outcome in comparison to PIK3CA
non-mutated patients.? These data were concord-
ant with previous findings from in vitro study
showing that PIK3CA mutated cell lines were more
sensitive to tamoxifen compared to PIK3CA wild
type cell lines.®

Our study has several limitations. First, due to
the retrospective nature of this study our findings
need to be interpreted with caution and possibly
validated in the prospective setting. Second, our
cohort of ILC patients is very likely molecularly
heterogeneous which limits the generalizability of
our findings. Third, longer duration of ET in this
study is associated with significantly improved
OS but not DMFS. This indicates that the impact of
immortal time bias may persist despite the use of
time-dependent Cox model in our analysis. Fourth,
we used a PCR based assay which detects five hot
spot mutations in the PIK3CA gene representing
about 80% of all PIK3CA activating mutations.
Results could be different if we used an alternative
method for determination of all PIK3CA mutations
such as next generation sequencing (NGS). Finally,
the biggest limitation of our study is that despite
the use of Cox models confounding by indication
for treatment might still have an impact on our re-
sults.

In conclusion, the presence of PIK3CA mutation
was not associated with differential DMFS or OS
in patients with operable ILC. Adjuvant ET with
either tamoxifen or an Al significantly decreased
the risk of death in PIK3CA mutated ILC cohort.
Furthermore, there was no significant difference
in efficacy between the two classes of endocrine
agents. Longer duration of ET with either tamox-
ifen or Als decreases the risk of death in ILC pa-
tients with PIK3CA mutation. Future prospective
studies based on molecular analyses will hopeful-
ly give us more exact answer about optimal endo-
crine agent for specific subpopulations of patients
with early-stage ILC.
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Background. The relationship between interstitial lung abnormalities (ILAs) and the outcomes of lung cancer radio-
therapy is unclear. This study investigated whether specific ILA subtypes are risk factors for radiation pneumonitis (RP).
Patients and methods. This retrospective study analysed patients with non-small cell lung cancer treated with
radical-intent or salvage radiotherapy. Patients were categorised into normal (no abnormalities), ILA, and interstitial
lung disease (ILD) groups. The ILA group was further subclassified intfo non-subpleural (NS), subpleural non-fibrotic (SNF),
and subpleural fibrotic (SF) types. The Kaplan-Meier and Cox regression methods were used to determine RP and
survival rates and compare these outcomes between groups, respectively.

Results. Overall, 175 patients (normal, n = 105; ILA-NS, n = 5; ILA-SNF, n = 28; ILA-SF, n = 31; ILD, n = 6) were enrolled.
Grade 22 RP was observed in 71 (41%) patients. ILAs (hazard ratio [HR]: 2.33, p = 0.008), intensity-modulated radio-
therapy (HR: 0.38, p = 0.03), and lung volume receiving 20 Gy (HR: 54.8, p = 0.03) contributed to the cumulative inci-
dence of RP. Eight patients with grade 5 RP were in the ILA group, seven of whom had ILA-SF. Among radically treated
patients, the ILA group had worse 2-year overall survival (OS) than the normal group (35.3% vs 54.6%, p = 0.005).
Multivariate analysis revealed that the ILA-SF group contributed to poor OS (HR: 3.07, p =0.02).

Conclusions. ILAs, particularly ILA-SF, may be important risk factors for RP, which can worsen prognosis. These findings
may aid in making decisions regarding radiotherapy.

Key words: interstitial lung abnormality; subpleural fibrosis; non-smaill cell lung cancer; radiotherapy; radiation pneu-
monitis; survival analysis

Introduction curative treatment for localised NSCLC.? Recently,

the integration of immunotherapy with chemo-
Lung cancer is one of the most common and dead-  radiation has revolutionised the treatment of lo-
liest cancers worldwide, with non-small cell lung  cally advanced NSCLC. For instance, the PACIFIC
cancer (NSCLC) accounting for approximately 85%  trial reported a 5-year overall survival (OS) rate of
of all cases.!? Radiotherapy is a typical non-surgical ~ 42.9% and progression-free survival (PFS) rate of
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33.1% among individuals who received treatment
with durvalumab, an anti-programmed cell death-
ligand 1 antibody, after chemoradiotherapy for
stage III NSCLC.* However, radiation pneumonitis
(RP) is a major concern with this treatment strat-
egy. Patients with grade > 2 RP (according to the
Common Terminology Criteria for Adverse Events
[CTCAE]) from prior chemoradiotherapy cannot
use durvalumab.® Additionally, RP causes respira-
tory insufficiency that severely affects the quality
of life, leading to poor prognosis and even death.®
Risk factors should be identified before treatment
to avoid grade 2 or more severe RP.

Various risk factors for RP have been reported,
such as age, tumour size, and tumour location.”
Interstitial lung disease (ILD) is a significant pre-
disposing condition. Radiotherapy for lung cancer
complicated by ILD induces a high RP rate and
borders on being contraindicated.® In contrast, the
influence of interstitial lung abnormalities (ILAs)
on RP risk remains unclear. Studies investigating
the relationship between ILAs and RP are limited,
and their results are inconsistent; additionally, no
consensus has been reached.’’ ILAs are specific
computed tomography (CT) findings that are po-
tentially compatible with ILD in patients without
clinical indication of the disease. ILAs had been
originally described as non-dependent abnor-
malities affecting more than 5% of any lung zone;
however, they overlapped with other disease con-
cepts.! In 2020, the Fleischner Society clarified
the definition of ILAs and further classified them
into three subtypes—namely, non-subpleural (NS),
subpleural non-fibrotic (SNF), and subpleural fi-
brotic (SF).!? Nevertheless, there are no reports de-
scribing lung cancer radiotherapy’s effect on these
newly defined ILAs.

Therefore, in this study, we retrospectively re-
viewed the data of patients with NSCLC who un-
derwent radiotherapy and conducted a survival
analysis to investigate how the novel ILA subtypes
relate to RP risk.

Patients and methods
Patients

We retrospectively reviewed the medical records
of patients with NSCLC treated with radiotherapy
between January 2010 and November 2021. We
included patients treated with radical-intent ra-
diotherapy for locally advanced NSCLC or with
salvage radiotherapy for locoregional recurrence
postoperatively. Of the 188 consecutive patients

Radiol Oncol 2023; 57(2): 229-238.

who met these criteria, 9 who received stereotac-
tic body radiation therapy for salvage and 4 who
had a short follow-up duration (< 6 months) were
excluded. We collected information from the re-
maining 175 patients’” medical records, including
age, sex, Eastern Cooperative Oncology Group
performance status, smoking history, blood sam-
pling, pulmonary function tests, pathology, and
imaging data. Patients treated with radical-intent
radiotherapy were staged according to the 8t edi-
tion of the Union for International Cancer Control
tumour-node-metastasis  classification. = This
study was approved by the Ethics Committee of
Aichi Medical University (approval no. 2021-545)
with an opt-out approach regarding the analysis
before this study. All procedures involved in the
study adhered to the principles of the Declaration
of Helsinki. The requirement for the acquisition of
informed consent from patients was waived ow-
ing to the retrospective nature of this study.

Radiotherapy

Patients were immobilised in the supine position
using an external vacuum-type body mould and/
or thermoplastic body mask, and a CT scan with a
2-mm slice thickness was conducted for treatment
planning. Respiratory motion was confirmed by
obtaining CT images in both the expiratory and
inspiratory phases or during shallow breathing.
Both the target volume and normal organ struc-
tures were contoured using treatment planning
systems (CMS XiO, Elekta, St Louis, MO, USA;
Eclipse, Varian Medical Systems, Palo Alto, CA,
USA; or Maestro, MIM Software, Inc., Cleveland,
OH, USA). The clinical target volume (CTV) was
defined as a 0-5-mm expansion of the primary
tumour and metastatic lymph nodes. To account
for respiratory migration, a 5-15-mm margin was
added to the CTV to define the planning target vol-
ume (PTV). Radiotherapy was delivered by 6- or
10-MV x-rays from linear accelerators (Clinac iX or
TrueBeam STx, Varian Medical Systems, Palo Alto,
CA, USA). Overall, 60 Gy in 30 fractions was de-
livered to the PTV, and 119 (68%) patients received
prophylactic elective nodal irradiation of 40 Gy in
20 fractions to the lymph node area. In exceptional
cases, 11 (6%) patients received dose escalation up
to 64-70 Gy.

Additionally, six (3%) patients underwent hy-
pofractionated radiotherapy of up to 2.7-3 Gy per
fraction to shorten the duration of treatment. The
irradiation methods used were three-dimensional
conformal or intensity-modulated radiotherapy
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- Normal ILA ILD - Normal ILA ILD
Characteristic (n = 105) (n = 64) (n = 6) P Characteristic (n = 105) (n = 64) (n =6 P
71 72 74 36 14 0
Age (vears) (41-90)  (60-8¢)  (63-86) OV e (41%) (33%) (0%
82 52 6 9 7 1
Sex (men) (78%) (81%) (loo%) 970 e (11%) (16%) (25%)
Performance 0.42 Concurrent 65 33 2 0.20
status - B B : chemotherapy (62%) (52%) (33%) )
0 53 37 4 _ Carboplatin + 30 18 2 _
(50%) (58%) (66%) paclitaxel (46%) (55%) (100%)
1 41 19 1 _ Cisplatin + 22 8 0 B
(39%) (30%) (17%) docetaxel (34%) (24%) (0%)
7 7 1 Cisplatin + 13 7 0 _
2 (7%) (11%) (17%) - vinorelbine (20%) (21%) (0%)
4 1 0 17 9 0
3 (4%) (1%) (0%) Durvalumab (16%) (14%) (0%) 0.83
45 47 48.5 . 36 23 0
Pack year (0-171) (0-122) (20-84) 0.98 PD-L1 (positive) (34%) (36%) (0%) 0.99
Pulmonary Mutation - - - 0.99
function test 5 E ;
99.1 103.0 86.9 EGFR -
%VC (%) (41.8-144.2) (41.8-147.5) (55.7-98.8) 0-08 VZ’) (82%) “7]%)
1.9 2.2 2.0 ALK _
(=] 0, ] (=]
A= 4 (0.6-3.6) (0.9-3.5 (1.5-2.1) ©12 (‘fj) (3;) ( 7)
69.2 69.8 74.8 None/unknown =
FEV1/FVC (%) (34.1-98.1) (36.0-85.0) (62.2-86.8) 0.36 Codiofh (87%) (89%) (66%)
adiotherapy
282 370 393 - - - 0.08
- th
L UL (151-3957) (172-896) (204-859) O-¢° method 5 4 s
Pathology - - - 0.01 SDCRT (76%) (63%) (83%) -

. 59 21 2 25 24 1
Adenocarcinoma (56%) (33%) (33%) = IMRT (24%) (37%) (17%) B
Squamous cell 40 38 4 B ENI 77 38 4 0.06
carcinoma (38%) (59%) (67%) (73%) (59%) (67%) :

6 5 0 N Hypofractionated 3 3 0
CllicE (6%) (8%) (0%) radiotherapy (3%) (5%) o7 ¢
Lower-lobe . 6 5) 0
primary lesion 19 14 3 0.20 Dose escalation (6%) (8%) (0%) 0.75
(radical-intent) (22%) (33%) (75%) L d
ung dose
TNM classification 34s 003 34.6
radical-intent - - :
i i ) 053 Y5 {Z) (4.3-90.8) (5.8-95.7) (10.6-66.8) 018
classification - - - . vio (%) 271 304 278 019
1 13 3 0 B ° (2.7-67.7) (3.7-81.4) (8.8-49.9)
(15%) (7%) (0%) V20 (%) 19.8 22.0 226 59
9 23 12 2 _ N (1.1-44.8) (1.0-48.0) (7.3-33.0)
(26%) (28%) (50%) 10.8 1.8 12.3
s e o & - Mean (Gy) (17-23.5) (2.0-19.6) (3.8-18.0) O3
@ O @ Median follow-up 1.8 13 0.9
. 32 15 2 B (years) (0.1-12.1)  (0.1-9.9) (2.1-3.9) 0906
(37%) (35%) (50%) Median follow-up: 2.9 1.9 0.9 0.51
N classification _ — - 0.32 survivors (years) (0.6-12.1)  (0.6-9.9) (0.9-0.9)
0 (9;) “987) (097) - Data are presented as median (range) or number (%). The p-values
© © © represent comparisons between the normal and ILA groups.
16 8 1
! (18%) (19%) (25%) B ALK = anaplastic lymphoma kinase; EGFR = epidermal growth factor
2 16 2 receptor; ENI = elective nodal irradiation; FEV1 = forced expiratory
2 4 — volume in 1 second; FEV1/FVC = forced expiratory volume % in 1
(48%) (37%) (50%) second; ILAs = interstitial lung abnormalities; ILD = interstitial lung
22 1 ] disease; IMRT = intensity-modulated radiotherapy; KL-6 = Krebs von
3 (25%) (26%) (25%) - den Lungen-é; n = total number of patients; PD-L1 = programmed cell
= ° © death-ligand 1; TNM = tumour-node-metastasis; VC = vital capacity
t _ — _ 4 percentage; Vx = percentage of lung volume receiving > x Gy; 3DCRT
Stage 0.40
= three-dimensional conformal radiotherapy%
3 1 0
IMA -
(3%) (2%) (0%)
5 6 0
II'B -
(6%) (14%) (0%)
34 15 3
WA (39%) (35%) (75%)
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TABLE 2. Clinical details of eight patients with grade 5 radiation pneumonitis

T LD subc:iAegory Ru?:lzftl;‘ir:py cr::eonr\‘giur::g:ay A1) Lun(%,;ﬂo Asi::(lg;? Ddceyasf:\o
1 64 SF IMRT Yes No 19.2 12.8 104
2 73 SF 3DCRT Yes No 21.4 13.9 210
3 73 SF IMRT No No 30.6 15.7 123
4 76 SF IMRT Yes Yes 34.1 17.9 155
5 77 SNF 3DCRT No No 33.2 16.5 155
6 79 SF IMRT Yes No SIIES 17.3 160
7 79 SF 3DCRT No No 19.4 9.7 40
8 80 SF 3DCRT No No 27.6 15.2 99

ILAs = inferstitial lung abnormalities; IMRT = intensity-modulated radiotherapy; SF = subpleural fibrotic; SNF = subpleural non-fibrotic; V20 = percentage of lung volume
receiving > 20 Gy; 3DCRT = three-dimensional conformal radiotherapy

(IMRT). Two-step IMRT was used for the entire
period or only as boost irradiation of 20 Gy in 10
fractions.

The dose constraints were as follows: the goals
for the global and spinal maximum doses were
<107% (< 125% allowed) and < 50 Gy (< 52 Gy al-
lowed), respectively, whereas the goals for the lung
volumes were 5 Gy (V5) < 60%, V20 < 25%, and
mean lung dose <12 Gy. Vx refers to the percentage
of the lung volume receiving > x Gy. The goal for
the mean heart dose was < 20 Gy. Allowance val-
ues for lung and heart doses were not set; however,
every effort was made to reduce them as much as
possible.

Chemotherapy and immunotherapy

Patient age, general condition, and organ func-
tion determined the appropriateness of concur-
rent chemotherapy and its regimen. The most
commonly used regimen was weekly carboplatin/
paclitaxel, and cisplatin/docetaxel or cisplatin/vi-
norelbine was also administered. Durvalumab has
been available to patients at our institution since
October 2018. We performed CT after concurrent
chemoradiation therapy was completed to ensure
that there was no disease progression or grade > 2
RP before administration. Durvalumab was intra-
venously administered at a dose of 10 mg/kg every
2 weeks for 1 year. If grade 2 RP appeared, the ad-
ministration was suspended until the patient re-
covered to grade 1. We stopped administration in
cases of serious adverse events, such as grade > 3
RP or confirmed disease progression.

Radiol Oncol 2023; 57(2): 229-238.

ILA classification and treatment
outcomes

ILAs were defined according to the Fleischner
Society classification.’? The grouping was primar-
ily performed by two physicians: a chest physi-
cian engaged in ILDs and a diagnostic radiologist
engaged in chest radiology. They reviewed medi-
cal records including past history, family history,
and reasons for imaging studies before reviewing
CT images. Next, they used diagnostic chest CT
images taken before treatment for grouping. All
patients were classified into the following three
groups: normal (no abnormalities), ILA, and ILD.
The ILA group was further subdivided into NS,
SNEF, and SF groups. This process was performed
independently by a chest physician and a diagnos-
tic radiologist without discussion and was later col-
lated. Grouping of any discrepant cases was final-
ized by consultation among the two, with another
radiologist acting as an intermediary. Details of
the CT protocols used for grouping are as follows.
SOMATOM Definition AS/AS+/Flash (Siemens
Healthcare, Miinchen, Germany) and Light
Speed VCT VISION (General Electric Healthcare,
Milwaukee, Wisconsin, USA) CT scanners were
used. Slice thickness was 2-2.5-mm. Tube voltage
was 120 kVp. Tube current was auto exposure con-
trol. Scan mode was helical acquisition. Pitch factor
was 0.8-1.5. Rotation time was 0.3-0.5.

We measured the time to the event from the
date of radiotherapy commencement. Toxicity was
graded according to the CTCAE version 5.0. Grade
2 RP was considered an event with steroid ad-
ministration for chest symptoms; administration
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TABLE 3. Univariate and multivariate analyses of the cumulative incidence of grade > 2 radiation pneumonitis

Univariate analysis

Multivariate analysis

Parameter
HR (95% CI) P HR (95% CI) p
ILA 2.95 (1.81-4.82) <0.001 2.33 (1.18-4.61) 0.01
Age (years) 1.02 (0.99-1.05) 0.14 0.99 (0.95-1.03) 0.78
Sex (men) 1.02 (0.57-1.84) 0.94 - -
Performance status (0,1 vs. 2,3) 1.17 (0.56-2.44) 0.68 - -
Pack year 1.01 (0.99-1.01) 0.27 - -
ZVC (%) 0.99 (0.98-1.01) 0.96 - -
FEV1 (L) 1.01 (0.64-1.55) 0.99 - -
FEV1/FVC (%) 0.99 (0.97-1.01) 0.67 - -
KL-6 (U/mL) 1.00 (0.99-1.01) 0.09 1.00 (0.99-1.01) 0.13
Pathology (adenocarcinoma) 0.58 (0.35-0.94) 0.04 0.85 (0.42-1.72) 0.65
Lower-lobe primary lesion 1.22 (0.69-2.12) 0.49 - -
T classification (T4 vs. others) 0.81 (0.47-1.39) 0.44 - -
N classification (positive) 1.18 (0.51-2.72) 0.70 - -
Concurrent chemotherapy 1.17 (0.72-1.88) 0.53 - -
Durvalumab 1.32 (0.72-2.40) 0.37 - -
PD-11 1.11 (0.54-2.25) 0.78 = =
Mutation 1.24 (0.62-2.49) 0.54 - -
Radiotherapy method (IMRT) 0.69 (0.39-1.19) 0.18 0.38 (0.16-0.91) 0.03
ENI 1.06 (0.65-1.75) 0.81 - -
Lung dose
V5 (%) 2.14 (0.67-6.82) 0.19 * *
V10 (%) 3.93(0.85-18.2) 0.08 * *
V20 (%) 34.8 (3.05-396.4) 0.004 54.8 (1.52-1977.0) 0.03
Mean (Gy) 1.10 (1.04-1.17) <0.001 * *

Cl = confidence interval; ENI = elective nodal irradiation; FEV1 = forced expiratory volume in 1 second; FEV1/FVC = forced expiratory volume %
in 1 second; HR = hazard ratio; ILAs = interstitial lung abnormalities; IMRT = intensity-modulated radiotherapy; KL-6 = Krebs von den Lungen-6; N
= node; PD-L1 = programmed cell death-ligand 1; RP = radiation pneumonitis; T = tumour; %VC = vital capacity percentage; Vx = percentage of

lung volume receiving > x Gy; vs. = versus

* Variables with high multicollinearity were excluded.

of general cough suppressants was not included.
Survival analysis was performed for patients un-
der radical treatment.

Statistical analyses

All statistical analyses were performed using EZR
version 1.55 (Saitama Medical Center, Jichi Medical
University, Saitama, Japan) based on R and R com-
manders.”® Patient characteristics were compared
using Fisher’s exact test for categorical variables
and Student’s t-test or the Mann-Whitney U
test for continuous variables. Additionally, the
Kaplan-Meier method was employed to estimate
the cumulative incidence of RP and survival rates,

and comparisons were performed using Gray’s
or log-rank test with post-hoc Bonferroni analy-
ses for multiple comparisons. Finally, a Cox pro-
portional hazards model was used for univariate
and multivariate (stepwise elimination) analyses
to determine factors contributing to RP and sur-
vival rates. Statistical significance was set at p
< 0.05. Factors demonstrating p < 0.2 in the uni-
variate analysis were included in the multivariate
analysis. Receiver operating characteristic (ROC)
curves were used to evaluate the relationship
between RP and lung V20. The cut-off point was
determined based on the Youden index, and well-
balanced sensitivity and specificity values were
obtained.™

Radiol Oncol 2023; 57(2): 229-238.
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TABLE 4. Characteristics of patients tfreated with radical-intent radiotherapy

Normal ILA-SF

Characteristic (n = 87) (n = 24) P
Age (years) 69 (41-90) 73 (60-82) 0.09
Performance status = = 0.39
0 41 (47%) 12 (50%) -
1 36 (41%) 8 (33%) =
2 6 (7%) 4 (17%) -
3 4 (5%) 0 (0%) =
Pack year 45 (0-171) 53 (0-122) 0.38
KL-6 (U/mL) 29]46875)]‘ 399 (208-705) 091
Pathology - - 0.09
Adenocarcinoma 46 (53%) 7 (29%) =
Squamous cell carcinoma 35 (40%) 14 (58%) -
Others 6 (7%) 3 (13%) =
Lower-lobe primary lesion 19 (22%) 6 (25%) 0.79
T classification = = 0.36
1 13 (15%) 1 (4%) -
2 23 (26%) 10 (42%) -
3 19 (22%) 5 (21%) -
4 32 (37%) 8 (33%) -
Concurrent chemotherapy 58 (67%) 13 (54%) 0.33
Durvalumab 15 (17%) 1 (4%) 0.19
Mutation 8 (13%) 3 (18%) 0.70
Median follow-up: survivors 2.8 (0.6-12.1) 1.5 (0.7-6.0) 0.46

(years)

Data are presented as median (range) or number (%).

ILA-SF = subpleural fibrotic interstitial lung abnormalities; KL-6 = Krebs von den Lungen-6; n =
total number of patients

Results
Patient characteristics

The final analysis included 175 patients, with the
normal, ILA, and ILD groups comprising 105, 64,
and 6 patients, respectively. Table 1 summarises
patient characteristics.

The p-values represent comparisons between
the normal and ILA groups. The normal group
was younger and had more patients with adeno-
carcinomas than the ILA group. The median fol-
low-up period of the 70 surviving patients was 2.5
(range, 0.6-12.1) years. The 64 patients with ILA
were subcategorised into NS, SNF, and SF sub-
types comprising 5, 28, and 31 patients, respective-
ly. Examples of the ILA subcategories are shown
in Figure 1. The two specialists (a chest physician
and a diagnostic radiologist) matched on 125 of the

Radiol Oncol 2023; 57(2): 229-238.

175 patient classifications (72%), and the remain-
ing cases were grouped by discussion among the
three physicians.

Radiation pneumonitis

Grade > 2 RP was identified in 71 (41%) patients.
Of the 105 patients in the normal group, 21 (20%), 8
(8%), and 1 (1%) exhibited grades 2, 3, and 4, respec-
tively. Of the 64 patients in the ILA group, grades
2, 3, 4, and 5 were observed in 19 (30%), 8 (13%), 2
(3%), and 8 (13%) individuals, respectively. Of the
six patients in the ILD group, 2 (33%) and 3 (50%)
showed grades 2 and 3, respectively. Seven of the
eight patients with grade 5 RP were in the ILA-SF
group, and one was in the ILA-SNF group (details
shown in Table 2).

Figure 2 shows the cumulative incidence of
grade > 2 RP by group or subgroup. The incidence
of RP was significantly higher in the ILA group
than in the normal group (p < 0.001), particularly
between the SNF (p = 0.014) and SF groups (p <
0.001) and the normal group. Table 3 presents the
results of the univariate and multivariate analyses.

ILAs (hazard ratio [HR]: 2.33, p = 0.01), IMRT
(HR: 0.38, p = 0.03), and lung V20 (HR: 54.8, p =
0.03) were significantly associated with the cumu-
lative incidence of grade > 2 RP in the multivariate
analyses.

ROC analysis using V20 showed intermediate
grade > 2 RP predictive accuracy in the normal
group; the area under the curve (AUC) was 0.72
(95% confidence interval [CI]: 0.60-0.83). The sen-
sitivity and specificity for a cut-off value of 21% for
V20 were 76% and 67%, respectively. Conversely,
the predictive accuracy in the ILA group was low,
with an AUC of 0.59 (95% CI: 0.45-0.75); further-
more, the sensitivity and specificity for a cut-off
value of 19% were 76% and 56%, respectively.
During follow-up after radiotherapy, five patients
received molecular-targeted therapies, and two
had grade > 2 RP. However, it was not until 2 years
and 10 years after radiotherapy that the two pa-
tients, respectively, began receiving molecular-tar-
geted therapies, which had already cured their RP.

Survival

The 2-year OS and PFS rates for the 134 radically
treated patients were 47.8% (95% CI: 38.5-56.4%)
and 21.2% (95% CI: 14.4-289%), respectively.
Patients in the ILA group had worse 2-year OS
than those in the normal group (35.3% vs. 54.6%, p =
0.005); however, the multivariate analysis showed
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FIGURE 1. Examples of interstitial lung abnormality subcategories. (A) non-subpleural, (B) subpleural non-fibrotic, and (C) subpleural fibrotic. White
arrows point to lesions.
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normal groups (17.3% vs 24.1%, p = 0.26). e | 06 ] .

The characteristics of the patients treated with
radical-intent radiotherapy are summarised in
Table 4. The parameters to be entered into the mul-
tivariate analysis are listed separately for the nor-
mal and ILA-SF groups.

No significant bias was found between the two
groups; however, only one patient in the ILA-SF
group received durvalumab. Patients in the ILA-
SF group had significantly worse 2-year OS (29.2%
vs 54.6%, p < 0.001) and PFS (9.7% vs 24.1%, p =
0.009) rates than those in the normal group. Table 5
shows the results of the univariate and multivari-
ate analyses for the OS and PFS rates.

The multivariate analysis revealed that ILA-SF
was the only independent adverse factor for OS
(HR: 3.07, 95% CI: 1.17-8.10, p = 0.02) and that it also
tended to influence PFS (HR: 1.95, 95% CIL: 0.91-
4.14, p = 0.08). In contrast, younger age, adenocarci-
noma, concurrent chemotherapy, and durvalumab
treatment contributed to the prolongation of OS
and/or PFS.

Discussion

To the best of our knowledge, this is the first study
to classify patients with NSCLC according to the
Fleischner Society ILA subtypes and to demon-
strate subtype-associated risk with respect to ra-
diotherapy outcomes. In our analysis, ILAs were
considered risk factors for grade > 2 RP. Among
radically treated patients, the ILA group showed
significantly worse 2-year OS than the normal
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LD 6 1 0 0 ILA-SF 31 "

FIGURE 2. Cumulative incidence of grade > 2 radiation pneumonitis by group (A)

and subgroup (B).

ILAs = interstitial lung abnormalities; ILD = interstitial lung disease; NS = non-subpleural;

SF = subpleural fibrotic; SNF = subpleural non-fibrotic

group. This was particularly true for the ILA-SF
group, which also independently contributed to
OS in the multivariate analysis.

To date, only a few studies have examined the
relationship between ILAs and RP. A previous
study retrospectively analysed the association be-
tween RP and original ILA scores in 145 patients
with NSCLC? The ILA scores were rated as fol-
lows: 0, no interstitial lung change; 1, ILAs with-
out honeycombing (ground-glass attenuation, fine
reticular opacity, and microcysts); and 2, honey-
combing. They concluded that abnormalities, with
or without honeycombing, were predictors of RP.
Several reports indicate that ILA is a risk factor
for RP in patients with small -cell lung cancer.!>1
Conversely, another study concluded that ILAs did
not independently contribute to RP.° This discrep-
ancy may be due to the ambiguous previous defi-
nition of ILAs. Moreover, previous studies have

a
~on g
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TABLE 5. Univariate and multivariate analyses for overall and progression-free survival rates
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Overall survival

Progression-free survival

Parameter Univariate Multivariate Univariate Multivariate

HR (95% CI) P HR (95% CI) p HR (95% CI) p HR (95% CI) p
ILA-SF 2.59 (1.51-4.43)  <0.001  3.07 (1.17-8.10)  0.02  1.88 (1.16-3.05) 0.01 1.95(0.91-4.14)  0.08
Age (years) 1.02 (0.99-1.04) 0.09 0.95(0.91-0.99)  0.04  1.01 (0.98-1.03) 0.59 = =
Sex (men) 1.21 (0.70-2.10) 0.49 - - 0.91 (0.58-1.45) 0.71 - -
pergroncestalus 01 190(107-339) 003 082(019-338) 078 281(166-478)  <0.001  1.35(0.46-393) 0.59
Pack year 1.01 (1.00-1.01) 0.04 1.01 (0.99-1.02) 014  1.00 (0.99-1.01) 0.67 - -
%VC (%) 0.99 (0.98-1.01) 0.56 = = 0.99 (0.98-1.01) 0.51 = =
FEV1 (L) 0.84 (0.55-1.29) 0.43 - - 0.92 (0.62-1.36) 0.68 - -
FEV1/FVC (%) 0.99 (0.97-1.02) 0.92 = = 1.01 (0.98-1.02) 0.75 = =
KL-6 (U/mL) 1.00 (0.99-1.01) 0.1 1.00 (0.99-1.01)  0.34  1.01 (1.00-1.02) 0.03 1.00 (0.99-1.01)  0.40
Fgé"e‘::gg;’rcinomo) 0.46 (0.31-0.69)  <0.001  0.18 (0.08-0.44) <0.001  0.54 (0.36-0.79) 0.002  0.34(0.18-0.65) 0.001
Lower-lobe primary lesion  1.60 (1.02-2.53) 0.04 1.03 (0.39-2.68) 0.95 1.09 (0.72-1.65) 0.69 - -
{Tj'sfsg;ﬁg'r':)’“ 115 (0.74-1.79)  0.53 - - 1.47 (0.99-2.17) 005  1.53(0.78-2.99) 0.21
N classification (positive)  1.02 (0.49-2.12) 0.95 - - 0.88 (0.48-1.60) 0.67 - -
sﬁ:;‘g,’::r’qpy 0.51 (0.33-0.80)  0.004  0.19 (0.07-0.56) 0.002  0.60 (0.41-0.89) 0.01 0.65 (0.31-1.30)  0.22
Durvalumab 0.22 (0.08-0.60)  0.003  0.43 (0.11-1.69)  0.22  0.34 (0.18-0.65) 0.001  0.40 (0.17-0.93)  0.03
PD-L1 (positive) 0.77 (0.39-1.50) 0.44 = = 1.03 (0.59-1.79) 0.92 = =
Mutation 0.76 (0.47-1.22) 0.26 - - 0.96 (0.64-1.42) 0.83 - -
z‘:Adg%'he"’py Gl 0.75 (0.43-1.30)  0.31 - - 0.86 (0.55-1.34) 0.50 - -
ENI 0.83 (0.49-1.38) 0.47 - - 0.99 (0.64-1.56) 0.99 - -
Lung dose
V5 (%) 0.45 (0.12-1.72) 0.24 - - 0.56 (0.19-1.66) 0.30 - -
V10 (%) 0.37 (0.06-2.27) 0.29 = = 0.44 (0.10-1.92) 0.28 = =
V20 (%) 0.36 (0.02-5.27) 0.46 - - 0.23 (0.02-2.27) 0.21 - -
Mean (Gy) 0.98 (0.93-1.04) 0.48 = = 0.97 (0.93-1.02) 0.29 = =

Cl = confidence interval; ENI = elective nodal irradiation; FEV1 = forced expiratory volume in 1 second; FEV1/FVC = forced expiratory volume % in 1 second; HR = hazard
ratio; ILA-SF = subpleural fibrotic interstitial lung abnormalities; IMRT = intensity-modulated radiotherapy; KL-6 = Krebs von den Lungen-6; PD-L1 = programmed cell death-
ligand 1; %VC = vital capacity percentage; Vx = percentage of lung volume receiving > x Gy.

tended to confuse smoking-related centrilobular
nodularity and pleuroparenchymal fibroelastosis
with ILAs.!? These disease concepts are explic-
itly excluded from the novel definition of ILAs.
Awareness of the improved definition of ILAs is
essential for correct diagnosis, which should be
made before radiotherapy to guide treatment strat-
egy. Grade > 2 RP occurred at a rate as high as 71
(41%) patients in this study. We believe that one of
the important factors was the large number of pa-
tients with ILA included, 64 (37%), as a character-
istic of the institution. If the presence of ILA had
been accurately recognised in advance, counter-
measures could have been taken.

Radiol Oncol 2023; 57(2): 229-238.

The leading treatment-related factor that pre-
dicts RP is lung V20.°% V20 should be further
reduced when radiotherapy is administered to
patients with ILAs. Moreover, the use of IMRT
should be considered along with techniques such
as virtual lung block and end-inspiration irra-
diation.?"?2 However, the ROC analysis in the ILA
group showed low predictive accuracy for grade >
2 RP using V20 (AUC = 0.59). This finding implies
that reducing the lung dose in patients with ILAs
may not necessarily preclude severe RP.

ILA subtype divisions demonstrated notable
differences. The ILA-SF group had the highest
cumulative incidence of grade > 2 RP, corroborat-
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ing previous studies that have shown ILA-SF to be
6.6 times more likely to progress than other sub-
types.? Contrarily, no difference was observed in
the cumulative incidence of grade > 2 RP between
the ILA-NS and normal groups. The course of
ILA-NS is usually non-progressive, suggesting a
favourable prognosis.* ILA-NS may not be a risk
factor for RP; nonetheless, we emphasise that there
were few patients with ILA-NS in this study; there-
fore, we cannot mention its clinical significance.
Therefore, this subtype should be investigated in
more eligible patients in the future.

No consensus exists that patients with ILAs
have a poor prognosis after radiotherapy. However,
studies have reported that the outcomes of surgery
and chemotherapy for patients with lung can-
cer and ILAs are poor.?% In this study, all eight
patients with grade 5 RP were in the ILA group,
and seven of these patients were in the ILA-SF cat-
egory. We believe that the severity of RP worsened
the prognosis of the ILA group, particularly that
of patients with the ILA-SF subtype. The advent of
durvalumab has greatly improved the prognosis
of NSCLC; however, it is difficult to administer in
the long term, particularly in patients with ILA-
SE. Death sometimes results from severe RP rather
than cancer; therefore, the indication for radiother-
apy should be carefully considered.

Our study had some limitations, particularly
its retrospective and single-institution design.
Additionally, other factors, such as emphysema,
chronic obstructive pulmonary disease, and bio-
markers (e.g., transforming growth factor-beta),
may contribute to RP” These factors, which we
did not consider in this study, may be confound-
ers. Furthermore, many of our patients were el-
derly and frail and were treated with radiother-
apy alone. We also included several cases from
the period before the emergence of durvalumab.
These differ from modern standard treatments
and may have implications for survival analysis.
Retrospective studies on cases with durvalumab
have been reported recently?, and high-quality fu-
ture prospective trials are warranted

Conclusions

The novel definition of ILAs and ILA subtypes
may be important in determining risk for RP fol-
lowing radiotherapy in patients with NSCLC. RP
symptoms can be severe, especially in patients
with ILA-SF, and may worsen prognosis. This
study suggests that recognising the presence of

and categorising ILAs before treatment is vital and
useful in clinical decision-making.
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Background. Deregulation of the apoptotic process underlies the pathogenesis of many cancers, including leu-
kemia, but is also very important for the success of chemotherapy treatment. Therefore, the gene expression profile
of main apoptotic factors, such as anti-apoptotic BCL2 (B-cell ymphoma protein 2) and pro-apoptotic BAX (BCL2-
associated X), as well as genes involved in the multi-drug resistance (ABCBT), could have significant impact on the
prognosis and could be used as targets for specific therapy.

Patients and methods. We analyzed the expression of BCL2, BAX, and ABCBI in bone-marrow samples collected
at diagnosis from 51 adult patients with acute myeloid leukemia with normal karyotype (AML-NK) using real-time poly-
merase chain reaction method, and examined their prognostic potential.

Results. Increased expression of BCL2 (BCL2*) was associated with the presence of chemoresistance (p = 0.024),
while patients with low BAX expression were more prone to relapse (p = 0.047). Analysis of the combined effect of BCL2
and BAX expression showed that 87% of patients with BAX/BCL2'v status were resistant to therapy (p = 0.044). High
expression of ABCBI1 was associated with BCL2* status (p < 0.001), and with absence FLT3-ITD mutations (p = 0.019).
Conclusions. The present analysis of BCL2, BAX, and ABCBI gene expression profiles is the first study focusing solely on
AML-NK patients. Preliminary results showed that patients with high BCL2 expression are likely to experience resistance
to chemotherapy, and may benefit from specific anti-BCL2 treatment. Further investigations conducted on a larger
number of patients could elucidate actual prognostic significance of these genes in AML-NK patients.

Key words: acute myeloid leukemia with normal karyotype; BCL2; BAX; BCL2/BAX ratio; ABCBI; prognosis

Introduction

markable progress in uncovering the molecular-
genetic changes underlying the pathogenesis of

Acute myeloid leukemia (AML) is a malignant he-
matological disease that occurs as a result of dif-
ferentiation arrest, uncontrolled proliferation and
diminished apoptosis of myeloid progenitor cells.
It is the most common acute leukemia in adults,
accounting for about 80% of all cases.! Despite re-
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AML, a little has changed in the initial treatment
of patients which is still based on the classification
of patients into risk groups according to pretreat-
ment karyotype analysis.?2 The largest karyotype
based risk group is AML with normal karyotype
(AML-NK), representing almost 50% of de novo
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adult AML cases. AML-NK is a highly heteroge-
neous group with respect to genetic abnormali-
ties and clinical outcome of the patients, but the
whole group is still stratified into intermediate
risk group. Some of molecular markers such as
mutations in fms-related tyrosine kinase-3 (FLT3),
nucleophosmin (NPM1), CCAAT/enhancer bind-
ing protein alpha (CEBPA) and runt-related tran-
scription factor 1 (RUNX1) gene have made an
impact on prognosis of AML-NK patients, and
have already been included into the revised World
Health Organization (WHO) classification of mye-
loid neoplasms and acute leukemia, and European
LeukemiaNet (ELN).>® However, there is a con-
stant need for the introduction of new molecular
markers that have significant impact on the prog-
nosis of patients.

Since diminished apoptosis is one of the hall-
mark traits of leukemic cells, research focused on
the analysis of the expression profile of the main
participants in the apoptotic process can be of
great importance in the detection of new prognos-
tic-relevant molecular markers of AML. Also, since
the mechanism of action of cytotoxic drugs used in
the treatment of AML involves activation of apop-
totic process, the expression pattern of apoptotic
factors could have an impact on the occurrence of
resistance. Namely, multi drug resistance (MDR) is
a main clinical obstacle to successful cancer treat-
ment. Resistance to chemotherapy treatment in
AML is still a major cause for initial treatment fail-
ure and relapse of the disease, and it is caused by
multifactorial mechanisms involving genetic fac-
tors.*> Two main mechanisms of MDR are: pump
(transport) resistance, associated with increased
expression of proteins involved in drug efflux, and
non-pump (apoptotic) resistance, associated with
increased activity of anti-apoptotic system.® Gene
expression of the ATP-binding cassette (ABC) su-
perfamily of membrane transporters (ABCBI for-
merly known as MDR1 gene) is a marker of pump-
resistance, while markers of non-pump resistance
are levels of expression of BCL2 and BAX genes.™
These markers could be considered as pharma-
cotranscriptomics markers and their analysis in
AML patients could be a basis for the assessment
of their role in tumor resistance to several groups
of drugs. The inhibitors of these markers might ef-
fectively reverse MDR in AML patients.!®

The process of apoptosis is under the control of
two distinct but interconnected pathways, intrin-
sic and extrinsic. Activation of intrinsic pathway
is under the control of the BCL family of proteins.
B-cell lymphoma 2 (BCL2) family of proteins in-
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clude both pro-apoptotic (BAX, BAK) and anti-
apoptotic members (BCL2, BCL-XL, MCL1).* BCL2
is the best-known member of BCL2-familly, with
an anti-apoptotic function. Its high expression has
been reported throughout the evolution of AML,
at presentation, relapse and also during treatment
resistance. Moreover, increased BCL2 correlated
with failure to achieve complete remission (CR)
and with shorter overall survival (OS) of AML
patients, making it an important therapeutic tar-
get1213 Indeed, these findings led to the design of
potent and selective BCL2-inhibitor, venetoclax.
This modern BCL2-inhibitor is used in combina-
tion with classical therapy improving outcome in
patients that are ineligible for intensive chemo-
therapy."

BCL2-associated X (BAX) is a pro-apoptotic pro-
tein, transcriptionally activated by the tumor sup-
pressor p53. BAX is essential in the final stages of
apoptotic process and its activation leads to release
of cytochrome c¢ from mitochondria and direct
cell death.’> Some studies found that high expres-
sion of BAX is good prognostic marker in AML,
while others failed to prove its prognostic signifi-
cance. !¢

Because of the existing inconsistencies in as-
sessment of the individual impact of BCL2 and
BAX expression level on AML prognosis, research-
ers have resorted to BAX/BCL2 ratio analysis.’
Namely, BAX and BCL2 regulate apoptotic process
by binding to each other and thus forming heter-
odimers. The BAX/BCL2 ratio determines the cell
fate after apoptotic stimuli has been received.

The overexpression of ABCBI gene is consid-
ered to be independent factor for the occurrence
of multi-drug resistance in AML. ABCBI1 gene is
located at chromosome 7q21.31, and it encodes 120
kb permeability glycoprotein (P-gp), a member of
ATP-binding cassette (ABC) superfamily of trans-
porter proteins, also called adenosine triphosphate
binding cassette transporter B1 (ABCB1). P-gp is an
efflux pump, transporting toxic substances out of
the cell.??2 By decreasing intracellular concentra-
tions of drugs P-gp confers resistance to a large
number of therapeutics used in clinical oncology.
Also, P-gp has a drug-independent role in AML
causing the inhibition of apoptosis in AML blast
cells via modulation of a sphingomyelin-ceramide
pathway.?

In order to show how the expression level of
main apoptotic factors, such as BCL2 and BAX, can
influence the occurrence of resistance, and wheth-
er their influence is independent from the impact
of multi drug resistance (ABCBI) gene expression
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level, in this study we investigated the expression
pattern of these genes, and examined the possi-
bility of their mutual influence on the prognosis
in AML-NK patients. In doing so, the expression
level of these genes was analyzed in the context
of other already established prognostic molecular
markers. In this way, we aimed to determine how
the expression pattern of these genes can be used
for a more precise stratification of AML-NK pa-
tients into risk groups.

Patients and methods
Patients and therapy protocol

Bone marrow (BM) samples from the 51 newly di-
agnosed AML-NK patients (25 females, 26 males;
median age 51 years, range 23-62 years) were col-
lected at Clinic of Hematology, Clinical Center
of Serbia. Research was conducted in accordance
with the ethical standards of the World Medical
Association’s Declaration of Helsinki. The study
was approved by the Ethics Commit-tee of the
Clinical Center of Serbia (No. 110/11), and written
informed consent was obtained for all patients.

Diagnostic procedures comprised cytomorphol-
ogy, cytogenetics, and immunophenotyping of
BM. Morphologic diagnosis was made according to
the French-American-British (FAB) classification.?
Conventional G-band karyotyping was employed
for cytogenetic analysis.”> Immunophenotyping
by flow cytometry (FACS Calibur, BD Biosciences,
USA) was carried out systematically in the whole
group of patients according to standard protocols
based on European LeukemiaNet (ELN), Work
Package 10 (WP10) criteria.?

All patients received induction and consolida-
tion chemotherapy with daunorubicin and cyta-
rabine according to the protocol 3 + 7, followed by
three consolidation cycles of high/intermediate
doses of cytarabine.? Patients aged < 55 years un-
derwent allogeneic stem cell transplantation (SCT),
in total 15 (25.42%) patients. Definitions of CR, over-
all survival (OS), disease free survival (DFS) and
resistance were established by proposed criteria.?”

Gene expression and mutational
analyses

Bone marrow mononuclear cells (BMMCs) from
AML-NK patients and from 14 healthy controls
(BM donors, 8 males and 6 females, median age
31 years), were purified on Ficoll-Paque™ Plus
(GE Healthcare, Buckinghamshire, UK) density

gradient, suspended in TRI Reagent (Ambion,
Thermo Fisher Scientificc Waltham, MA, USA)
and total RNA was extracted according to man-
ufacturer’s instructions. In brief, mononuclear
cells where first homogenized in TRI Reagent,
and then separation phase was initiated by add-
ing chloroform and subsequent certification. Total
RNA was precipitated from the aqueous phase
using isopropyl alcohol, pelleted and washed in
70%-75% ethanol. One microgram of total RNA
was used for the cDNA synthesis using RevertAid
Reverse Transcriptase (Invitrogen, Thermo Fisher
Scientific, Waltham, MA, USA). Real time-PCR
was performed on 7900HT Fast Real-Time PCR
System (Applied Biosystems). For expression anal-
ysis of ABCB1 SYBR®Green chemistry was used
and PCR reaction (10 pl) consisted of 1ul of cDNA
(50 ng RNA equivalent) SYBR™ Green PCR Master
Mix (Applied Biosystems, Foster City, CA, USA),
primers in final concentration 400 nM (ABCBI for-
ward 5-GTC TAC AGT TCG TAA TGC TGA CGT
and ABCBI reverse 5-TGT GAT CCA CGG ACA
CTC CTA C). In the case of BCL2 and BAX, expres-
sion analysis was done as previously described.?®
For all target genes GAPDH gene was used as
endogenous control, and all reactions were run
in duplicate. Relative quantification analysis was
performed using comparative ddCt method, using
healthy controls as calibrator.?*%

Detection of FLT3-ITD and NPMI1 mutations
were analyzed as previously described.3!%

Statistical analysis

Data are presented as medians with range, means
+ SD, or as absolute numbers with percentages.
Differences in continuous variables were ana-
lyzed using Mann-Whitney U test for distribu-
tion between 2 groups. Analyses of frequencies
were performed using Fisher exact test. Survival
probabilities were estimated by the Kaplan-Meier
method, and differences in survival distributions
were evaluated using the LogRank test.

The statistical analyses were performed using
the SPSS computer software 21.0 (IBM). For all
analyses, the P values were 2-tailed, and P < 0.05
was considered statistically significant.

Results

In the study, we analyzed the expression of BCL2,
BAX and ABCBI gene, in a cohort of 51 newly di-
agnosed patients with AML-NK. Clinical and bio-
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TABLE 1. Clinical characteristics for de novo acute myeloid leukemia with normal karyotype (AML-NK) patients stratified by the level of BCL2, BAX
gene expression and BAX/BCL2 ratio

BCL2 BAX BAX/BCL2
Parameter Total BCL2+ BCL2- - BAX+ BAX- P BAX/BCL2high  BAX/BCL2'°% -
n=51 n=25 n=24 n=25 n=24 n=25 n=24
Sex
Male (%) 26 (51) 10 (38) 16(62) 0165 16 (62) 10(38)  0.095 16 (62) 10 (38) 0.095
Female (%) 25 (49) 15 (60) 10 (40) 9 (36) 16 (64) 9 (36) 16 (64)
Age*® (years) (235—]62) (2;-?52) (234-962) 0.137 (2;-962) (2532-'52) 0.597 (2;-?52) (275-‘352) o.m
(fo g/f)o vt (1-23%19) (1-17 84) (22-?3?459) 52 (1-2%4) (0.22-549) 0.808 (1-23219) (l—?84) 0.041
HE* (o)1) 99 103 98 97 105 98 103
(66-131) (82-131) (66-128) (66-131)  (78-128) (66-128) (82-131)
> 80 (g/L) 45 (88) 25 (56) 20 (44)  0.023 22 (49) 23(51)  1.000 19 (53) 26 (47)
<80 (g/L) 6(12) 0 6 (100) 3 (50) 3 (50) 0 6 (100) 0.010
Al oL (8-54522) (83922) (85-:1”859) 0L (17§15 69) (8511'252) By (8—51269) (8-61022) 0.685
LDH *(U/L) (13%104) (15?1715592) (1538654) 0.010 (1533%92) (1?23&)54) 0.816 (12%%4) (153?15992) 0.002
PB blast* (%) (01;‘8) (0128) (01;7) 0.737 (01;2) (0138) 0.623 (01;7) (01-38) 0.865
BM blasts* (%) (306-%7) (3(%0) (362%50) 0.531 (35)397) (316-]90) 0.756 (307»%0) (315-;7) 0.341
CD34 (%) 0.095 0.404 0.050
present 24 (47) 15 (63) 9 (38) 10 (42) 14 (58) 8 (33) 16 (67)
absent 27 (53) 10 (37) 17 (363) 15 (56) 12 (44) 17 (63) 10 (37)
FAB (%) 0.006 0.239 0.002
MO 4(8) 4(100) 0 1 (25) 3(75) 0 4(100)
M1 5(10) 4(80) 1 (20) 3 (60) 2 (40) 1 (20) 4(80)
M2 18 (35) 10 (56) 8 (44) 7 (39) 11 (62) 6(33) 12 (67)
M4 17 (33) 3(18) 14 (82) 8 (47) 9 (53) 14 (82) 3(18)
M5 7 (14) 4(57) 3 (43) 6 (86) 1(14) 4(57) 3 (43)
CR (%) 0.404 0.264 0.577
success 28(55) 12 (43) 16 (57) 16 (57) 12 (43) 15 (54) 13 (46)
failure 23(45) 13 (57) 10 (43) 9 (39) 14 (61) 10 (43) 13 (57)
Resistance (%) 0.024 0.703 0.044
yes 8 (16) 7 (88) 1(12) 3(38) 5 (62) 1(13) 7 (87)
no 43 (84) 18 (42) 25 ( 58) 22 (51) 21 (49) 24 (56) 19 (44)
Relapse (%) 1.000 0.047 0.137
yes 17 (61) 7 (41) 10 (59) 7 (41) 10 (59) 7 (41) 10 (59)
no 1 (39) 5 (45) 6 (55) 9 (82) 2 (18) 8 (73) 3(27)
DS ations - 0.324 1.000 0.199
present 12 (24) 4(33) 8 (67) 6 (50) 6(50) 8 (67) 4(33)
absent 39 (76) 21 (54) 18 (46) 19 (49) 20 (51) 17 (44) 22 (56)
N ions - 0.237 0.144 0.144
present 17 (33) 6 (35) 11 (65) 11 (65) 6 (35) 11 (65) 6 (35)
absent 34 (67) 19 (56) 15 (44) 14 (41) 20 (59) 14 (41) 20 (59)

BM = bone marrow; CR = complete remission; HB = hemoglobin; FAB = French-American-British classification; PB = peripheral blood; Plts = platelets; WBC = white blood
cell count

*median (range)
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logical characteristics of the patients are shown in
Table 1.

BCL2 expression

Median expression level of BCL2 in cohort of 51
AML-NK patients at diagnosis was 1.22 (range
0.13-8.97), which was not significantly different
compared to healthy controls (median 1.00, range
0.21-1.59) (P = 0.148). When BCL2 median expres-
sion level detected among AML-NK patients (1.22)
was applied as a cut-off value, 49% of patients ex-
hibited high BCL2 expression, and were marked as
BCL2* (Table 1).

Examining the association of BCL2 expression
level with clinical characteristics of the patients,
we have found that BCL2* patients had lower LDH
levels (P = 0.010) and higher hemoglobin level (P
= 0.023) (Table 1.). Also, BCL2* patients primarily
belonged to the MO/M1 FAB group of patients (P
= 0.006). The presence of BCL2* status was not as-
sociated with mutations in FLT3-ITD and NPM1
gene (P =0.324 and P = 0.237, respectively).

When we analyzed the prognostic impact of
high BCL2 expression in our cohort of AML-NK
patients we have found that BCL2* status was asso-
ciated with the presence of resistant disease, since
88% of resistant patient had elevated BCL2 expres-
sion (P = 0.024). The CR rate among our group of
patients was 55%. Among BCL2*-positive patients
CR rate was lower (48%), but this was not signifi-
cantly different compared to BCL2- group (62%)
(P = 0.404). Survival analysis indicated that BCL2*
patients had longer duration of CR compared to
BCL2- patients (11 months vs. 9.3 months), but this
difference showed no statistical significance after
survival analysis was performed (LogRank = 0.46,
P =0.831). A similar result was obtained when ana-
lyzing the impact of BLC2 status on OS (BCL2*, 6
months vs.-BCL2-, 8 months; LogRank = 2.030, P =
0.154).

BAX expression

Median expression level of pro-apoptotic BAX
gene in our cohort of AML-NK patients was 0.92
(range 0.27-2.64), which was not significantly dif-
ferent compared to healthy controls (median 1.09,
range 0.41-1.55) (P = 0.704). Based on the BAX me-
dian expression level the patients were divided
into BAX* and BAX group. There were no signifi-
cant associations between BAX expression level
and clinical and molecular characteristics of the
patients.

Analysis of the potential prognostic impact of
BAX status showed that BAX patients had lower
CR rate compared to BAX* group, but without sta-
tistical significance (P = 0.264) (Table 1). The nega-
tive impact of low BAX expression was also reflect-
ed in the fact that BAX" patients were more prone
to relapse (P =0.047). Also, BAX" patients had lower
DFS (BAX, 8months vs.- BAX", 11 months; LogRank
=0.020, P =0.889), and lower OS (BAX", 5months vs.
BAX*, 7months; LogRank = 0.020, P = 0.888) but it
was not statistically significant.

Combined BCL2 and BAX expression
(BAX/BCL2 ratio)

The possible cumulative effect of both BCL2 and
BAX gene expression level was also analyzed us-
ing BAX/BCL2 ratio. In AML-NK group median
BAX/BCL2 ratio was 0.62 (range 0.11-7.77), while in
healthy samples it was 0.91 (range 0.59-3.69). We
haven't found significant difference between BAX/
BCL2 values among patient and healthy control
group (P = 0.185). When median BAX/BCL2 value
detected in AML-NK patients (0.62) was applied as
a cut-off value for discriminating BAX/BCL2 hish
and BAX/BCL2 *¥ group, 49% of patients had BAX/
BCL2hieh status.

Regarding the clinical characteristics of the pa-
tients, BAX/BCL2 high status was associated with
higher number of WBC (P = 0.041), hemoglobin
levels lower than 80 g/L (P = 0.010), higher LDH
level (P = 0.002), with M4 FAB group (P = 0.002),
and with absence of CD34 (P = 0.050). BAX/BCL2
high status was not significantly associated with
mutations in FLT3-ITD and NPM1 gene (P = 0.199
and P = 0.144) (Table 1).

The prognostic significance of BAX/BCL2 ra-
tio was evident only in terms of the presence of
primary resistance, where BAX/BCL2“ status
patients were in 87% resistant to therapy (P =
0.044). Survival analysis didn’t show any signifi-
cant difference in DFS and OS duration between
BAX/BCL2bsh and BAX/BCL2"" groups of patients
(LogRank = 0.139, P = 0.710 and LogRank = -0.004,
P =0.951, respectively).

ABCB1 expression

In our cohort of AML-NK patients median ex-
pression level of ABCBI gene was significantly
lower compared to healthy controls (0.16, range
0.00-13.74 vs. 1.02, range 0.29-5.27, respectively) (P
= 0.025). According to median ABCBI expression
level, we have divided patients into ABCBI* (25
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TABLE 2. Clinical characteristics for de novo acute myeloid leukemia with normal

karyotype (AML-NK) patients stratified by the level of MDRI gene expression

Total

MDR1*

MDR1-

Parameter n=51 n=26 n=25 P
Sex 0.051
Male (%) 26 (51) 17 (65) 9 (35)
Female (%) 25 (49) 9 (36) 16 (64)
51 58 49
e el (23-62) (23-62) (23-62) Cree
22 7 26
WBC count* (x107/L) (1-349) (1-184) (0-349) 0.071
. 99 106 96
At Tl el (66-131) (78-124) (66-131) Cel
>80 (g/L) 45 (88) 24 (53) 21 (47)
<80 (g/L) 6(12) 1(17) 5(83)
55 42 69.5
Platelets* (x107/L) (8-422) (8-422) (16-169) 0.129
o 321 175 553.5
et (1-2904) (1-2904) (175-1992) ~ 0-028
14 14 13.5
PB blast* (%) (0-98) (0-98) (0-87) 0.900
62 57 65
BM blasts* (%) (30-97) (30-90) (33-97) 0.565
CD34 (%) 0.025
present 24 (47) 16 (67) 8 (33)
absent 27 (53) 9 (33) 18 (67)
FAB (%) <0.001
MO 4(8) 4 (100) 0
M1 5(10) 5(100) 0
M2 18 (35) 11 (61) 7 (39)
M4 17 (33) 3(18) 14 (82)
M5 7 (14) 2 (29) 5(71)
Complete
remission (%) 0.781
success 28(55) 13 (46) 15 (54)
failure 23(45) 12 (52) 11 (48)
Resistance (%) 1.000
yes 8 (16) 4 (50) 4 (50)
no 43 (84) 21 (49) 22 (51)
Relapse (%) 0.460
yes 17 (61) 9 (53) 8 (47)
no 11 (39) 4 (36) 7 (64)
FLT3-ITD
mutations (%) 0.019
present 12 (24) 2 (17) 10 (83)
absent 39 (76) 23 (59) 16 (41)
NPM1 mutations (%) 0.075
present 17 (33) 5(29) 12 (71)
absent 34 (67) 20 (59) 14 (41)
BCL2* 25 (49) 20 (80) 5 (20) <0.001
BCL2- 26 (51) 5 (24) 21 (76)
BAX/BCL2hish 25(49) 5 (20) 20 (80)
BAX/BCL2v 26 (51) 20 (77) 6 (23) <0.001

BM = bone marrow; FAB = French-American-British classification; PB = peripheral blood; WBC

= white blood cell count

*median (range)
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patients) and ABCBI- group (26 patients). We have
found that ABCBI* patients had lower LDH levels
(P =0.028), and were predominantly found in M0/
M1 FAB group (P<0.001). Furthermore, ABCBI* sta-
tus was associated with the absence of FLT3-ITD
(P = 0.019), as well as, with the presence of CD34
antigen (P = 0.050) (Table 2).

Interestingly, ABCBI status was not associated
with the occurrence of resistance (P = 1.000), nor
did it affect the CR rate (P = 0.781). Also, expression
level of ABCB1 did not affect DFS and OS duration
(LogRank = 0.037, P = 0.848 and LogRank = 0.951, P
= 0.329, respectively).

In addition, patients with high expression of
ABCB1 predominantly had high expression of
BCL2, and therefore were frequently found in
BAX/BCL2 ' group (P < 0.001).

When we performed substratification of AML-
NK patients based on the presence of FLT3-ITD
and NPM1 mutations into 3 risk groups (favorable
NPM1*-11 patients, poor FLT3-ITD*-12 patients,
and intermediate FLT3-ITD-/NPMI1--28 patients),
we have found that ABCBI* status was predomi-
nant in the FLT3-ITD-/NPM1- group, because 71%
of FLT3-ITD/NPMIpatients had high ABCBI
expression (P = 0.001). Analyzing the potential
prognostic significance of ABCBI1 expression in
this group of 28 patients, prominent impact was
observed only in survival analysis for OS where
ABCBI* patients had shorter survival of 5 months,
compared to ABCBI patients with 10 months
(LogRank = 3.447, P = 0.063).

Discussion

Loss of control in the process of programmed cell
death is one of the basic events in the malignant
transformation and the development of various
types of tumors, including AML. For this reason,
many of the participants in apoptosis are recog-
nized as targets for the design and application of
therapeutics. Aberrant expression of genes that
control apoptosis, like BCL2-familly members,
represent a recurrent feature of leukemic cells that
can lead to increased cell survival and chemother-
apy resistance.!»®34 In this study we analyzed the
expression pattern of two BCL2-family member
genes, BCL2 and BAX, as well as BAX/BCL2 ratio
in order to elucidate their influence on prognosis
of AML-NK patients.

We have found that the expression level of
BCL2 among de novo AML patients was not dif-
ferent compared to healthy controls, and showed
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extremely heterogeneous pattern, with wide range
of detected values. Similar finding was reported by
others.!»® Also, consistent with some other previ-
ously published findings, in our study BCL2*status
was not a predictor for reduced CR rate, and did not
influence DFS and OS.%3-3 However, in our cohort
of patients a statistically significant association be-
tween BCL2*status and the existence of resistance
was shown. We believe that this finding might be
important because BCL2* patients may benefit from
specific anti-BCL2 therapy. Bilbao-Sieyro et al.%
came to the same conclusion after they reported
that increased BCL2 expression found in CR and
relapsed samples (but not in diagnosis samples)
was associated with poor DFS and OS.

Furthermore, we have found that high expres-
sion of BCL2 was detected among patients with
FAB M0/M1 subtypes. This is not surprising, given
the fact that the expression of BCL2 is differentia-
tion stage specific, being at its highest in immature
myeloid progenitors, and decreasing at the final
stages of differentiation.®® This finding is very
important when anti-BCL2 therapy (venetoclax)
is used in the treatment of AML. Namely, it was
shown that AML patients belonging to FAB M4/
MS5 subtype can exhibit resistance to this specific
therapy. It is assumed that the cause of this resist-
ance lies in the lack of therapeutic target i.e. BCL2,
since leukemic cells belonging to these AML sub-
types originate from more differentiated hemat-
opoietic cells, having lower, or non-existent BCL2
expression.¥4°

Our study showed significant association be-
tween decreased BAX expression level and higher
relapse rate. This finding is similar with already
published data, but it has to be said that the influ-
ence of BAX expression level on prognosis in AML
was predominantly studied through its associa-
tion with other apoptotic genes, like BCL2 (BAX/
BCL2 ratio)>1719204142 In our study, BAX/BCL2"w
ratio was significantly associated with the pres-
ence of the resistance. Other studies showed that
increased BAX/BCL2 ratio was associated with in-
creased CR rate, ! while patients with low BAX/
BCL2 had shorter OS.*® Following the example of
Del Poeta et al.! we also tried to prove the associa-
tion of BAX/BCL2"eh ratio with NPM1-/FLT3-ITD*
mutational status, but without any success since
the presence of these mutations were not associ-
ated with BCL2 and BAX expression level when
analyzed individually.

Of note is that the methodology used in the ref-
erenced studies was different ranging from flow-
cytometry, western-blot, to RT-PCR and RNA-seq,

therefore their results cannot be entirely compara-
ble. Also, the analysis focusing on only two apop-
totic factors, BCL2 and BAX, represents only a sim-
plification of the real situation, where other pro-
and anti-apoptotic members of the BCL2-familly
interact with each other and determine the final
fate of the leukemic cell.

When we analyzed expression pattern of
ABCBI gene known to be involved in the chemore-
sistance, we observed some similarity with the re-
sults obtained through BCL2 and BAX expression
analysis. Thus, similar to BCL2 expression, ABCB1
expression analysis showed that ABCBI* status
was preferably found in M0/M1 FAB subgroup of
patients. This was not surprising considering the
fact that ABCB1 expression is dependent on the
differentiation stage, i.e. that the highest ABCB
expression was observed among cells with im-
mature immunophenotype.® In line with this was
the finding that ABCB1*status was associated with
CD34" status. This is also due to the fact that CD34
expression is present in pluripotent hematopoietic
cells, and it’s down-regulated during differentia-
tion process, as it is the case with ABCBI1 expres-
sion.#4-46

In our study, we observed mutual exclusion be-
tween FLT3-ITD* and NPM1* status, and high ex-
pression of ABCBI. Similar finding was reported
by others, and in the case of FLT3-ITD* patients it
is assumed to be a consequence of a loss of ABCB1
expression under increased proliferative activity
caused by the presence of a FLT3-ITD mutation.#->°

In our study overexpression of ABCB1 was not
associated with occurrence of chemoresistance,
CR rate, and the duration of DFS and OS. This can
be explained by the presence of age-dependent as-
sociation between high expression of ABCB1 and
adverse prognosis. Namely, the clinical relevance
of ABCBI expression is diminished or completely
lost among young adult AML patients, and par-
ticularly in pediatric AML patients.*>*'-* In our
study median age of AM-NK patients was 51
years, and 61% of older patients (> 51 years) were
ABCB1"s&h, Based on this, we can say that our co-
hort of patients is represented by younger adults,
in whom the association between ABCBI expres-
sion and chemoresistance/adverse outcome, is not
so evident. However, it may be that the analysis of
a larger number of patients could provide a more
accurate statistical power for significance.

Also, in addition to the expression of ABCBI,
the resistance in AML can be influenced by other
members of the ABC-transporter family, or even by
the expression pattern of some other prognostically
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significant genes.”>% Some studies have shown that
contribution to the resistance, and to the overall
prognosis is defined by co-expression patterns of
many different ABC-transporters, and not by their
individual influence.>#5% It is assumed that some
of the ABC transporters have overlapping speci-
ficity to a range of substrates, and that their co-
expression is responsible for chemoresistance. This
is particularly evident in the study by Marzac C et
al.>* where resistant disease among AML patients
increased from 21% to a 100% depending of number
of overexpressed ABC transporter genes (0 to 3).

In conclusion, our study showed that occur-
rence of resistance was associated with increased
expression of BCL2, while patients with low BAX
expression were more prone to relapse. Combined
impact of these two genes analyzed through BAX/
BCL2 ratio showed that AML-NK patients with
BAX/BCL2'¥ status were resistant to chemothera-
py- Also, in our cohort of patients ABCBI expres-
sion level was not a predictor of resistant disease,
but we have found association between ABCBI*
status and the absence of NPM1 and FLT3-ITD
mutations, molecular markers with an already
established prognostic significance in AML-NK.
However, we were unable to demonstrate that
ABCBI expression could contribute to a more ac-
curate risk stratification in these patients.

This is the first study in which the expression
of BCL2, BAX, BAX/BCL2 ratio and ABCB1 was
examined solely in AML-NK group of patients in
which the prognostic influence of cytogenetic ab-
erration, either unfavorable or favorable, could be
excluded. This cytogenetically homogenous group
of patients are extremely heterogeneous regarding
their outcome, and that is why it would be of great
importance if expression pattern of some of these
genes should prove to be significant for progno-
sis and response to therapy. Since the research on
pharmacotranscriptomics markers in AML is de-
ficient, this study which includes the gene expres-
sion analysis involved in both mechanisms of mul-
tidrug resistance (apoptotic-dependent and efflux
pump-dependent) has provided new data on these
potential components of algorithm for individual-
ized, personalized treatment of AML patients.
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Background. Diffuse large B-cell ymphoma (DLBCL) is the most common non-Hodgkin lymphoma. The expression of
CD56 in DLBCL is highly unusuall. Little is known about its incidence and clinical importance. So far, no genetic profiling
was performed in CD56 positive DLBCL.

Patients and methods. Tissue microarrays have been constructed, sectioned, and stained by H&E and immuno-
histochemistry for 229 patients with DLBCL diagnosed 2008-2017. For CD56 positive cases, clinical data was collected
including age at diagnosis, stage of the disease, International Prognostic Index (IPl) score, tfreatment scheme and
number of chemotherapy cycles, radiation therapy, tfreatment outcome, and possible relapse of the disease. Overall
survival (OS) and progression-free survival (PFS) were calculated. For four patients, RNA was extracted and targeted
RNA (cDNA) sequencing of 125 genes was performed with the Archer FusionPlex Lymphoma kit.

Results. CD56 expression was found in 7 cases (3%). The intensity of expression varied from weak to moderate focal,
to very intensive and diffuse. All patients had de novo DLBCL. The median age at the time of diagnosis was 54.5 years.
Five of them were women and 2 males. According to the Hans algorithm, 6 patients had the germinal centre B cells
(GBC) type and one non-GBC (activated B-cell [ABC]) type, double expressor. Genetic profiling of four patients ac-
cording to Schmitz's classification showed that 1 case was of the BN2 subtype, 1 of EZB subtype, 2 were unclassified.
The six treated patients reached a complete response and did not experience progression of the disease during the
median follow-up period of 80.5 months.

Conclusions. We report on one of the largest series of CD56+DLBCL with detailed clinicopathological data and for
the first time described genetical findings in a limited number of patients. Our results show that CD56 expression is
rare, but seems to be present in prognostic favourable subtypes of DLBCL not otherwise specified (NOS) as tested by
immunohistochemical or genetic profiling.

Key words: diffuse large B-cell ymphoma not otherwise specified; CD56; immunohistochemistry; genetic profiling;
prognosis

Introduction lin superfamily that plays important functional

roles during nervous system development, differ-
CD56, also known as the neural cell adhesion mol-  entiation, and immune surveillance. In addition
ecule (NCAM), is a member of the immunoglobu-  to neurons and glial cells, CD56 is normally also
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expressed in neuroendocrine tissues and some
cells of the hematopoietic system like NK cells and
activated T lymphocytes.! In the hematopathology
service, it is mainly used as a marker of NK cells
and their neoplastic counterparts. Its aberrant ex-
pression is useful as a proof of clonal plasma cell
proliferation, while it can also be used as prognos-
tic marker in plasmacytoma, as well as in acute
myeloid leukemia (AML) and acute lymphoblastic
leukaemia (ALL).>5

Diffuse large B-cell lymphoma (DLBCL) is the
most common lymphoma, representing approxi-
mately one third of all non-Hodgkin lymphomas.2
Cases of DLBCL that do not fit the distinctive
clinical presentation, tissue morphology, neoplas-
tic cell phenotype, and/or pathogen-associated
criteria of other subtypes of DLBCL are termed
“DLBCL not otherwise specified (DLBCL NOS)
and represent 80-85% of all DLBCL cases.? The
WHO 2016 classification of hematopoietic neo-
plasms? requires that the neoplastic cells in DLBCL
NOS be further defined based on whether they
are derived from germinal centre B cells or acti-
vated B-cells as identified by gene expression pro-
filing (GEP) or are germinal centre B cells (GBC)
or non-GBC as identified by immunohistochemi-
cal (IHC) analyses. In general, DLBCL NOS is an
aggressive disease with an overall long-term sur-
vival rate in patients treated with standard chem-
otherapy regimens of ~60%.”® Patients with acti-
vated B-cell (ABC) DLBCL and non-GBC variants
have significantly worse prognoses than patients
with the GBC variant.® Expression of markers in
DLBCL NOS neoplastic cells that have clinical
significance as prognostic or predictive factors in-
clude CD5, MYC, BCL2, BCL6, CD20, CD19, CD22,
CD30, PD-L1, and PD-L2.2¢ For example, 5-10% of
DLBCL NOS cases express CD5 and have a very
poor prognosis that is not improved by even ag-
gressive treatment regimens, while the expression
of CD30 represents a favourable prognostic indi-
cator.?

Very little is known about the incidence and
clinical importance of CD56 expression in DLBCL.
In the last 30 years, the literature has only a few
case reports or small series of CD56+ DLBCL with
conflicting results on its importance.l*!® It could
have a prognostic value; however, since new tar-
get drugs are becoming available and among them
is also anti-CD56 antibody, CD56 could serve as a
potential target for the treatment of patients who
do not respond to standard therapeutic schemes.

The purpose of this study was to evaluate CD56
expression in DLBCL in our series, to estimate its
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relationship to epidemiological factors, to roughly
estimate its value as a prognostic marker, and to
describe, for the first time the molecular findings
in a subset of cases.

Patients and methods
Specimens

Data bases of the Department of Pathology
Institute of Oncology Ljubljana (IOL) have been
searched for all cases of DLBCL diagnosed be-
tween 2008 and 2017. Only the cases in which
appropriate amount of material was present that
could allow the construction of tissue microar-
rays (229) have been chosen for the study. Tissue
microarrays have been constructed, sectioned,
and stained by H&E and immunohistochemistry
for the Hans algorithm as previously described.”
Also, for the cases that were CD56 positive, flow
cytometric and/or immunocytochemical stain-
ing results and data were retrieved and re-an-
alysed from the database of the Department of
Cytopathology.

Patients

For selected patients, clinical data was collected
including age at diagnosis, stage of the disease,
IPI score, treatment scheme and number of cycles,
potential radiation therapy, outcome and possible
relapse of the disease were also noted. Overall sur-
vival (OS) and progression-free survival (PFS) were
calculated. Subjects were censored at their last visit
to the IOL and for those who finished follow-up at
IOL, a vital status from the Cancer Registry of the
Republic of Slovenia. All procedures followed in
this evaluation were in accordance with the ethical
standards of the responsible committee on human
experimentation (Ethical Committee of Institute
of Oncology Ljubljana, approval number: ERID-
KESOPKR-23 and the Ethical Committee of the
Republic of Slovenia, approval number: 58/02/15)
and the Helsinki Declaration of 1975, as revised in
2000.

Immunohistochemistry

3—4 um thick, formalin-fixed paraffin-embedded
sections of constructed TMAs were used for im-
munohistochemical staining with the monoclonal
antibody CD56. Staining was performed on the
Ventana Benchmark platform using the MRQ 42
clone (Cell Marque) in dilution 1:200.
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Flow cytometric analysis and
immunocytochemistry

The preparation of FNAB (fine needle aspiration
biopsy) lymph node sample, cell counting, sample
preparations for flow cytometric immunopheno-
typing, acquisition of cells with flow cytometer
and measurement result analysis were performed
as previously described.?? Monoclonal antibodies
against CD45, CD19, CD20, CD3, CD10, CD5, CD23,
FMC7, k and A LCs (BD Biosciences, New Jersey,
U.S.) were used. The samples were acquired us-
ing a four-colour flow cytometer FACSCalibur (BD
Biosciences, New Jersey, U.S.), a six-colour flow cy-
tometer FACSCanto II (BD Biosciences, New Jersey,
U.S.) or a ten-colour FACSCanto X (BD Biosciences,
New Jersey, U.S). The measurement results
were analysed using CellQuest (BD Biosciences,
New Jersey, U.S.)) or BD FACSDiva software (BD
Biosciences, New Jersey, U.S.). For immunocyto-
chemical staining, methanol and Delaunay-fixed
cytospines were prepared. Stainings were carried
out on the Ventana Benchmark Ultra platform us-
ing antibodies against CD56, CK AE1/AE3, CK18
(DAKO), CD20 (Cell Marque, Rocklin, California,
U.S.), synaptophysin (Termo Scientific, Waltham,
Massachusetts, U.S), CD3 and TTF-1 (Leica
Biosystems, Nussloch, Germany).

Molecular analysis - NGS sequencing

RNA was extracted from 4 paraffin-embedded tis-
sue samples was extracted using the MagMAX™
FFPEDNA/RNA UltraKit (ThermoFisher, Waltham,
MA, USA). Samples were treated with DNase, dur-
ing the extraction process. Targeted RNA (cDNA)
sequencing of 125 genes was performed with
the Archer FusionPlex Lymphoma kit (Invitae-
ArcherDX, San Francisco, CA, USA). The final NGS
library was quantified using the KAPA Library
Quantification Kit (KAPA Biosystems, Merck,
Ljubljana, Slovenia) and pair-end sequenced on a
MiSegDx system (Illumina, San Diego, CA, USA).
The trimmed FASTQ file was uploaded to Archer
Analysis software Version 6.0.3.2, which performed
variant and fusion calls along with the determina-
tion of cell of origin (ABC or GCB). Variants were
considered true positive if the frequency of the var-
iant allele was above 10%, with minimum coverage
of 100x.2° All variants reported in GnomAD were
excluded. Fusions were considered true positive if
the fusion event was covered with a minimum of 5
unique reads and the percentage of reads support-
ing the event was above 10%.22

FIGURE 1. (A) Morphology of diffuse large B-cell ymphoma (DLBCL), CD56+; H&E,
20x; (B) Strong expression of CD56 in DLBCL not otherwise specified (NOS) (tissue
microarray), 4x; (C) weak to moderate CD56 expression in DLBCL NOS (tissue
microarray), 4x.

Statistical analysis

For numeric and demographic variables descrip-
tive statistics were used (median, range, standard
deviation, percentage). Overall survival and pro-
gression-free survival were calculated using the
Kaplan-Meier method. Statistical analyses were
performed using IBM SPSS Statistics, version 26.

Results

Among 229 DLBCL, NOS cases included in the
study, CD56 expression was found in 7 cases (3%).
The intensity of CD56 expression varied from
moderate focal to very intensive and diffuse posi-
tive reaction (Figure 1). Reanalysis of the five cases
in which fine needle aspiration biopsy (FNAB) of
the lymph node was performed prior to surgical
biopsy and histological examination showed that
CD56 was not included in routine flow-cytometry
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TABLE 1. Clinicopathological characteristics of patients with CD56 positive diffuse large B-cell ymphoma (DLBCL), review of the literature with our

series
Publication ~ Coun ~ Noof Case  Sex GC  Non-GC IN Extranodal disease Clinical IPI LDH Surg CTand No. of RT Response FU
pat No  Age type** type and site stage cycles
Kern 19932 USA 1 1 NA NA NA NA NA NA NA NA NA NA NA NA NA
Muroi 19987 Jap 2 1 M.49 Yes Yes Liver, Spleen, NA NA NA No CHOP, NAX No PR? NA
2 F.62 Yes Yes Pericard. Ef. Liver NA NA NA No CHOP, NAX No PR2 NA
Sekita 1999¢  Jap 1 1 M16 Yes Yes I NA NA No CHOP, éx No CR 10m
Hommer USA 4 1 M.l NA NA Yes Stomach NA NA NA NA NA NA NA
19985 2 M.69 NA NA No NA NA NA NA NA NA NA
3 M76 NA NA Yes NA NA NA NA NA NA NA
4 M54 NA NA Yes NA NA NA NA NA NA NA
Ofsuka Jap 2 | NA Yes NA NA NA NA NA NA NA NA NA NA
2004* 2 NA Yes NA NA NA NA NA NA NA NA NA NA
Weisberger | M4l Yes Yes No leocecal valve NA NA NA NA NA NA NA NA
*2006" USA 10 2 M52 Yes Yes SpineAbdomen Brain NA NA NA NA NA NA NA NA
3 M54 Yes Yes NA NA NA NA NA NA NA NA
4 M.83 Yes No NA NA NA NA NA NA NA NA
5 M.49 Yes Yes NA NA NA NA NA NA NA NA
6 FS7 Yes No NA NA NA NA NA NA NA NA
7 F.69 Yes Yes NA NA NA NA NA NA NA NA
8 M.77 Yes Yes NA NA NA NA NA NA NA NA
9 M.84 Yes Yes NA NA NA NA NA NA NA NA
0 M7 No NA NA NA NA NA NA NA NA
Isobe 2007 Jap 3 | M.80 Yes Yes Ascites NA NA NA No THP-COP, 3x No NR DOD
2 F87 Yes No lleum NA NA NA Yes No No CR 22m
3 M.73 Yes Yes leum NA NA NA Yes R-CHOP, 6x No CR 2m
Chen 2010 Ch 1 1 NA NA NA NA NA NA NA NA NA NA NA NA
Gomyo Jap 7 1 M.29 Yes Yes Spleen I} il 1 No  R-CHOP, aPBSCT No CR A 24m
20107 2 F.60 Yes Yes WR 1A L N No R-CHOP 3x Yes CR A S0m
3 £22 Yes No WR 1A L N No CHOP 3x Yes CR A STm
4 M.84 Yes Yes Pl Ef, Adr. gl, Submand. gl A H 1 No CHOP 5x No CR D.4m
5 M.83 Yes No Nasal cavity 1A L N No RCHOP 3x Yes CR (pneumonia)
6 M50 Yes No Intra-extradural mass IA L N No RestCHOP 4x Ye RCR A 43m
7 F45 Yes No Subcutis IVA l 1 No R-CHOP 8x sNo A, 70mA,5m
Stacchini It 5 | M.72 Yes Yes Spleen, Stomach,Pancr. NA NA NA NA NA NA NA NA
20122 2 M1S Yes Yes Stomach, Liver NA NA NA NA NA NA NA NA
3 M71 Yes No Nasopharynx NA NA NA NA NA NA NA NA
4 M.60 NA NA NA NA NA NA NA NA
5 M21 Yes Yes No NA NA NA NA NA NA NA AWD 12m
Gu 2013° K 1 | FS Yes WR | N Yes COPAD, 6x No CR NA
Liu 20208 Ch 1 | M4 Yes,DH Yes Nasopharynx v NA 1 No CTX+CP No CR NA
R-Hyper-CVAD AB
R-DA-EPOCH, 6x
T DM+CTB 4x
Gaslievic Slo 7 | F.56 Yes Yes Skeletal muscle 1A 0 N Yes R-CHOP, 3x No CR A.63m
2022 2 Fal Yes Yes Small bowel 1A 0 N No R-CHOP, 3 No CR A 73m
3 M.57 Yes 1A 0 1 No R-CHOP, 6x No CR A%5m
4 M.56 Yes, DE Spleen, Liver, Adrenal VB 0 1 No  REPOCH6x+T2x  No CR A 40m
5 F.53 Yes Yes gland 1A 3 N Yes CHOP, 3x Yes CR A 62m
6 £.30 Yes Yes VB 3 1 No R-CHOP,8x Yes CR A 182m
7 F79 NA NA Yes VB 5 1 No No No NA DOD

A = alive; aPBSCT = autologous peripheral blood stem cell fransplantation; AWD = alive with disease; Ch = China; CHOP = cyclophosphamide, doxorubicin hydrocloride,
vincristine sulfat, prednisone; Coun = country; CP = prednisone; CR = complete response; CT = chemotherapy; CTX = cyclophosphamide; D = dead; DA-EPOCH =
efoposide, doxorubicin, vindesine, dexamethasone, cyclophosphamide; DE = double expressor; DOD = dead of disease; F = female; FU = follow-up; Gl = gland; Hyper-
CVAD AB = A: cyclophosphamide, vindesine, liposomal doxorubicin, dexamethason, B: methotrexate, cytarabine; IPI = International Prognostic Index; It = Italy; IT =
infratechal; Jap = Japan; LN = lymph nodes; M = male; m = months; N = normal; NA = not available; NR = no response; Pancr = pancreas; Pl. E = pleural effusion; PR =
partial response; R = rituximab; res = resection; RT = radiotherapy; SK = South Korea; Slo = Slovenia; Submand = submandibular; THP-COP = pirarubicin, cyclophosphamide,
vincristine sulfat, prednisone; WR = Waldeyers ring

* only histologically proven cases are considered

** on the basis of the CD10 positivity

work-out. There was only one case? (case 1 in
Table 1) in which immunocytochemistry for CD56
was stained since tumour cells showed co-expres-
sion of cytokeratin and the diagnosis of metastatic
neuroendocrine carcinoma has been made.
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All patients had de novo DLBCL. The median
age at the time of diagnosis was 54.5 years (range
30-57). Five of them were women and 2 males. Five
patients were diagnosed with DLBCL, GC type, 2
with DLBCL non-GC (ABC) type, one being a dou-
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TABLE 2. Genetic profile of CD56 positive diffuse large B-cell

lymphoma (DLBCL) samples

253

C?:eT:;?l;er COO IHC COO AFPL fusion variants VAF (%) variant classiification saih T(I)'lzss:
classification
gene nucleofide change amino acid change
1 GCB GCB ND RANBPI NM_002882.3:c.23A>G NP_002873.1:p.(His8Arg) 137 Uncertain significance unclassified
2 GCB GCB ND ND ND ND ND ND unclassified
CD798 NM_000626.2:.587A>T NP_000617.1:p.(Tyr196Phe] 490 Pathogenic
CD798 NM_000626.2:.568A>G NP_000617.1:p.(Mef190Val) 501 Uncertain significance
3 GCB GCB ND EIH2 NM_001203247.1:c.1922A>G NP_001190176.1:p.(Tyr641Cys) 537 Pathogenic B
MYD88 NM_001172567.1:.656C>G NP_001166038.1:p.(Ser219Cys) 37 Uncertain significance
SH3BPS NM_004844.4:c. 460G>A NP_004835.2:p.(Ala154Thr) 193 Uncertain significance
CD798 NM_000626.2:c.587A>C NP_000617.1:p.(Tyr196Ser) 29 Pathogenic
4 ABC ABC IGH-BCL6 BN2
SH3BPS NM_004844.4:c.460G>A NP_004835.2:p.(Ala154Thr) 126 Uncertain significance

AFPL = Archer SusionPlex lymphoma; COO= cell of origin; IHC =immunohistochemical analyses; ND = not detected; VAF = variant allele fregency;

ble expressor (DE). One patient refused staging
and treatment and died shortly after being diag-
nosed and was therefore excluded from survival
analysis.

Among the six patients who received treatment,
three patients were in clinical stage 1, one in stage
2 while two were in clinical stage 4. Only patients
in clinical stage 4 had constitutional symptoms.
Four patients had disease localised in the lymph
nodes while two of them also had extranodal infil-
trates — one in the pectoral muscles and the other
in the renal fascia and small bowel. Three patients
had elevated LDH levels, in fact, both patients in
clinical stage 4B and one in stage 2A. Those pa-
tients in stage 4 had the IPI score 3 and others had
the IPI score 0.

Three patients underwent surgical procedure
and were later treated with adjuvant 3 cycles of
CHOP (cyclophosphamide, doxorubicin, vincris-
tine, prednisone) and R-CHOP (rituximab, cy-
clophosphamide, doxorubicin, vincristine, pred-
nisone). Other 3 patients were treated with 6 or 8
cycles of R-CHOP. Two patients were also treated
with adjuvant radiotherapy after completion of sys-
temic treatment. The patient with non-GC type DE
of DLBCL was treated with 6 cycles of R-EPOCH
(rituximab, etoposide, cyclophosphamide, doxo-
rubicin, vincristine, prednisone) together with 2
doses of intrathecally administered methotrexate
and cytosine arabinoside for central nervous sys-
tem prophylaxis.

The 6 treated patients reached a complete re-
sponse and did not experience progression of the
disease during the follow-up period, meaning that

5-year PFS and OS are 100%. Median follow-up
was 80.5 months (range 42-197).

The clinicopathological characteristics of our
cohort together with all cases reported in the lit-
erature are shown in Table 1. Genetic profiling of 4
patients was performed as described in Patients and
methods, and the results are presented in Table 2.

Discussion

CD56 expression in DLBCL NOS is very rare. Its
incidence is reported to be 0.5 to 7% of DLBCLs,
but is actually unknown since CD56 is generally
not included in the immunohistochemical or flow
cytometric panel for the diagnosis of DLBCL.1-8 In
our series of patients with DLBCL NOS expression
of CD56 was present in 3% of patients and varied
in intensity from weak to very strong and diffuse.
In one of those cases, that phenomenon resulted
in an incorrect diagnosis of lymph node metasta-
sis of the neuroendocrine tumour. In fact, in the
general pathology service the main use of CD56 is
to prove neuroblastoma and neuroendocrine dif-
ferentiation in tumours of different origin while in
hematopathology service it is used as a marker of
NK cells, as a proof of clonal plasma cell prolifera-
tion, and as a prognostic marker in plasmacytoma,
acute myeloid leukemia (AML), and acute lympho-
blastic leukemia (ALL).>> Since neuroendocrine
carcinomas could be unevenly and weakly posi-
tive or even negative for cytokeratins?, it is of the
greatest importance for the pathologist to be aware
that strong expression of CD56 could be present al-
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so in some entities that are by definition not CD56
positive.

Throughout the papers published so far, there
has been much speculation about this phenom-
enon with regard to its expression in special clin-
icopathological settings and its possible prognos-
tic value. From an epidemiological point of view,
some authors’ suggested that it could be related
to racial and/or geographical factors since, at the
time of the publication of the paper, almost 50%
of all reported cases were reported from Japan.
Thorough analysis of all the cases with available
information shows that 18 out of 45 cases (40%)
have arisen in the population of far east (Japan,
Korea, China; Table 1), while 27 (60%) were report-
ed in the western population, Caucasians mainly
(USA, Italy, Slovenia; Table 1). These results sug-
gest that CD56+DLBCL is not related to racial /
ethnic factors opposite to some other CD56 posi-
tive lymphoproliferative diseases such as NK/T
cell lymphoma, nasal type.? The age distribution
is very wide with cases described in paediatric/
adolescent population as well as in the older pa-
tient most of the patients being in 67t decade of
life. In our series, the vast majority of patients were
middle aged, in the beginning of the sixth decade.
The distribution of gender showed that among
the far east patients, somewhat higher number of
men are reported (6 female vs. 9 males; for 3 cases
there is no information about gender) while in the
western world there is a predominance of males (7
females vs. 19 males; 26% vs. 74%). However, our
series shows contradictory results in which most
patients (70%) are women, so it can be assumed
that the higher incidence reported in males so far
could be only a mere coincidence.

There are two main biologically distinct mo-
lecular subtypes of DLBCL: GCB and ABC. ABC
DLBCL is associated with substantially worse
outcomes when treated with standard chemoim-
munotherapy. Based on gene expression studies,
Hans et al.?® developed an algorithm to discrimi-
nate GBC from non-GBC types in regard to im-
munohistochemical expression of CD10, bcl6 and
MUMI1 with cutoff of 30%. In addition to GCB and
ABC subtypes, double-hit lymphomas and dou-
ble-expressor lymphomas, which overexpress myc
and bcl2 protein, are aggressive DLBCLs and are
also associated with a poor prognosis. On the basis
of immunohistochemical results, a few authors®!%-13
found a relation of CD56 expression to DLBCL of
GBC origin. Of the 45 summarized cases, for 8
cases there was no information about immunophe-
notype. Twenty-eight out of 36 (76%) were of GBC
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type and the remaining 24% were of non-GBC
(ABC) type. One reported case® was double hit
lymphoma with translocations of MYC and bcl-6,
while in our series one DLBCL of non-GC (ABC)
type DLBCL showed so-called double expressor
profile with expression of bcl2 and myc protein
expression being > 30%. Somewhat lower percent-
age of GBC types are reported in Eastern patients
compared to the Western (10/15 and 17/21 or 75%
vs. 81%). This finding could be related to the previ-
ously recognized and reported lower frequency of
the DLBCL GBC subtype in Asian countries.?

In addition, it has been suggested that CD56
expression in DLBCL could be related to a more
frequent extranodal presentation associated to the
adhesive properties of CD56.°!! In neural cells, it
mediates cell-to-cell adhesion by CD56 molecules
of adjacent cells binding together.?” It may be in-
volved in homophilic adhesion for NK and T cells
due to the C2-set Ig regions and fibronectin re-
gions within its extracellular domain.?® However,
its function with respect to B-cell ontogeny is un-
clear. The expression of CD56 has been detected
in a human pluripotent stem cell.?® A subset of
very early precursor B cells has the innate capac-
ity for CD56 expression that is down-regulated
and extinguished later in differentiation. It has
been shown that lymphomagenesis is a stepwise
process progression of which is enabled by accu-
mulation of genetic events.® In follicular or mantle
cell lymphoma, for example®, first events such as
t(14,18) and t(11,14) namely, do occur in progenitor
B cells. Drawing parallels to this, we could assume
that CD56+ DLBCL could arise from the precursor
B-cell that, for whatever reason, did not down-
regulate CD56 expression and then collected addi-
tional mutations that resulted in lymphoma devel-
opment. Some authors®!'® underlined frequent ex-
tranodal infiltrates in CD56+DLBCL with spleen,
stomach, ileum, and nasal cavity being most fre-
quently involved. Of 40 cases with available infor-
mation, 16 (40%) presented with isolated lymphad-
enopathy while 24 (60%) had extranodal infiltrates
with or without lymphadenopathy (14 vs. 10). Four
of our patients presented with isolated lymphad-
enopathy while two had extranodal disease, which
is concordant with majority of our patients having
limited stage disease and were therefore treated
adjuvantly after surgery.

The expression of CD 56 can be used as a prog-
nostic marker in certain hematopathological enti-
ties; it can predict the occurrence of brain infiltra-
tion in ALLS, the aggressiveness of multiple my-
eloma?®, and relapsed AML.# So far, its prognostic
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importance in DLBCL has not been confirmed. All
of our patients achieved complete remission, and
remained in remission which can be at least par-
tially attributed to low IPI scores and low clinical
stages; however, two patients with clinical stage 4
also achieved and maintained complete remission.
None of our patients had a high IPI score of 4 or 5
which are known to have the lowest survival.®! In
most of them, DLBCL was of GCB subtype, which
also carry a better prognosis.*

Schmitz et al.? classified DLBCL cases accord-
ing to genetic findings into 4 categories, namely
MCD (based on the cooccurrence of MYD88265?
and CD79B mutations), BN2 (based on bcl6 fusions
and NOTCH?2 mutations), N1 (based on NOTCH1
mutations) and the EZB group (based on EZH2
mutations and bcl2 translocations). These subtypes
differed phenotypically and in response to immu-
nochemotherapy, with favourable survival in the
BN2 and EZB groups. Genetic profiling of four pa-
tients from our series according to Schmitz classi-
fication®, showed that 1 case was of BN2 subtype,
one belongs to the EZB group, while two were un-
classified. Although data are limited and demand
testing in larger cohorts of patients, so far it can be
concluded that CD56 expression is more often pre-
sent in cases of DLBCL NOS with prognostically
favourable genetical findings.

CD56 is expressed in some aggressive tumour
types such as small lung cell carcinoma and neu-
roblastoma. To date, it has been used as a target
molecule for antibody-based immunotherapy in
phase I and II clinical trials for small cell lung car-
cinoma®; a favourable safety profile has been dem-
onstrated. That led to the development of CAR-T
therapy directed against CD56 in neuroblastoma.
In the xenograft neuroblastoma model, anti-CD56
therapy led to the tumour burden control but had
only modest effect on survival.®* More studies are
needed in regard to neuroblastoma therapy and
other CD56 positive tumours but CD56 could even-
tually serve as a potential target for the treatment
of CD56+ DLBCL patients who do not respond to
the standard therapeutic schemes.

In conclusion, here we report one of the larg-
est series of CD56+DLBCL with detailed clinico-
pathological data and for the first time described
genetic findings in a limited number of patients.
Our results show that CD56 expression is rare but
seems to be present in prognostic favourable sub-
types of DLBCL NOS as tested by immunohisto-
chemical or genetic profiling.
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Background. The aim of the study was to investigate the value of dynamic contrast-enhanced magnetic resonance
imaging (DCE-MRI) and infravoxel incoherent motion (IVIM) in differentiating TP53-mutant from wild type, low-risk from
non-low-risk early-stage endometrial carcinoma (EC).

Patients and methods. A total of 74 EC patients underwent pelvic MRI. Parameters volume transfer constant (Kfrans),
rate transfer constant (K,). the volume of extravascular extracellular space per unit volume of fissue (V). true diffusion
coefficient (D), pseudo-diffusion coefficient (D*), and microvascular volume fraction (f) were compared. The com-
bination of parameters was investigated by logistic regression and evaluated by bootstrap (1000 samples), receiver
operating characteristic (ROC) curves, calibration curves, and decision curve analysis (DCA).

Results. In the TP53-mutant group, Ko and Kep Were higher and D was lower than in the TP53-wild group; K", V, f,
and D were lower in the non-low-risk group than in the low-risk group (all P < 0.05). In the identification of TP53-mutant
and TP53-wild early-stage EC, Ko and D were independent predictors, and the combination of them had an optimal
diagnostic efficacy (AUC, 0.867; sensitivity, 92.00%; specificity, 80.95%), which was significantly better than D (Z = 2.169,
P =0.030) and Kfens (7 = 2.572, P = 0.010). In the identification of low-risk and non-low-risk early-stage EC, Ko, V, and f
were independent predictors, and the combination of them had an optimal diagnostic efficacy (AUC, 0.947; sensitiv-
ity, 83.33%; specificity, 93.18%), which was significantly better than D (Z = 3.113, P = 0.002), f (Z = 4.317, P <0.001), Krars
(Z=2.713,P=0.007), and V_ (Z = 3.175, P = 0.002). The calibration curves showed that the above two combinations
of independent predictors, both have good consistency, and DCA showed that these combinations were reliable
clinical prediction tools.

Conclusions. Both DCE-MRI and IVIM facilitate the prediction of TP53 status and risk stratification in early-stage EC.
Compare with each single parameter, the combination of independent predictors provided better predictive power
and may serve as a superior imaging marker.

Key words: early-stage endometrial carcinoma; dynamic contrast-enhanced MRI; infravoxel incoherent motion; p53
status; risk stratification
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TABLE 1. Imaging protocol parameters

Parameters TIWI T2WI DWI IVIM DCE-MRI
Sequence 2D-FSE 2D-FSE 2D-SS-EPI 2D-SS-EPI 3D-LAVA
Orientation Oblique Axial Oblique Axial Oblique Axial Oblique Axial Oblique Axial
TR/TE (ms) 659/12.3 6000/95 3708/74.3 2000/80.7 3.5/1.7
FOV (cm?) 40 x 40 40 x 40 40 x 40 40 x 40 36 x 36
Matrix 288 x 192 320 x 320 96 x 128 128 x 192 288 x 192
Flip angle (°) 160 160 90 90 15
Slice thickness (mm) 6 6 6 6 6
No. of sections 20 20 20 Based on lesion’s size 26
NEX 1 1 1,4 L,1L,1,1,1,1,2,4,4,6 0.73
Fat suppression / STIR STIR STIR FLEX

0, 20, 40, 80,
b-values (s/mm?) / / 0, 800 160, 200, 400, 600, /

800, 1000

Respiratory compensation Free Free Free Free Free
Scan time 1 min 56s 48's 1 min04s 3~6min (fon;igoclgess)

DCE-MRI = dynamic contrast-enhanced magnetic resonance imaging; DWI = diffusion-weighted imaging; FOV = field of view; FLEX = FLEXible; FSE = fast spin echo; IVIM =
infravoxel incoherent motion; LAVA = liver acquistion with volume assessmeNT; NEX = number of excitations; SS-EPI = single shot echo planarimaging; STIR = short-inversion
time(Tl) recovery; TR/TE = repetition time/echo time; TIWI = T1-weighted imaging; T2WI = T2-weighted imaging

Introduction

Endometrial carcinoma (EC) is a common ma-
lignant tumor of the female reproductive sys-
tem worldwide, and approximately 80% of new-
ly diagnosed EC patients are in the early stage
(International Federation of Gynecology and
Obstetrics (FIGO) stage IA, IB).! The TP53 is an
important suppressor gene that is deeply involved
in tumorigenesis and can control cell growth, ap-
optosis and regulate angiogenesis. Several studies
have shown that high expression of TP53 is closely
associated with poor prognosis in EC patients.??
Risk stratification based on the histologic subtype,
grade, FIGO stage, and lymphovascular space in-
vasion (LVSI) is the primary basis for determining
treatment strategies for early-stage EC.* For non-
low-risk (intermediate-, high-intermediate-, and
high-risk) patients, lymphadenectomy (LND) is
required in addition to the standard treatment of
total hysterectomy with bilateral salpingo-oopho-
rectomy, since it can significantly improve patient
benefit. But for low-risk patients, LND is not rec-
ommended as it is likely to lead to complications
and increased care costs.> Currently, preoperative
biopsy and routine magnetic resonance imaging
(MRI) are the primary means of obtaining the
TP53 status and risk stratification information of
EC, respectively.® However, biopsy may not be suf-
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ficient for a reliable diagnosis due to shortcomings
such as unstable sampling depending on operator
experience, inadequate sampling, and invasive-
ness.”® At the same time, conventional T1-weighted
imaging (TIWI) and T2-weighted imaging (T2WI)
not only fail to reflect the TP53 status, histologi-
cal subtype, and grade information of the lesion
but also likely to have a poor to moderate pooled
sensitivity in detecting high-risk factors, including
deep myometrial invasion and cervical stromal in-
filtration, due to the presence of adenomyosis and
leiomyomas and the loss of the junctional zone.>!
Therefore, finding a noninvasive and effective
means to assess the TP53 status and risk stratifica-
tion in early-stage EC is of great benefit to patients.

Dynamic contrast-enhanced MRI (DCE-MRI) is
a promising quantitative MRI sequence that can
detect blood supply in biological tissues by ana-
lyzing the dynamic distribution of contrast agents
through pharmacokinetic models.!"!? Intravoxel
incoherent motion (IVIM) can also be used to re-
flect blood perfusion, and compared to DCE-MR],
it not only eliminates the need for contrast agents
but also provides additional information on the
diffusion of water molecules within the lesion.!3¢
Recently, some authors have used IVIM and DCE-
MRI for EC-related studies. For example, Satta et al.
and Fu et al. applied IVIM and DCE-MRI to assess
the grade, stage, and other histopathological fea-



259

Wang H et al. / DCE-MRI in risk stratification of endometrial carcinoma

parameters helped to identify the histopathologi-

cal features of EC."”8 Zhang et al. and Meng et al.

tures of EC and showed that some of the derived
ultrasound, or CT underwent pelvic 1.5T MRI (n = 114)

Patients who suspected EC on clinical examination, J

used IVIM®2 while Ye et al.'2used DCE-MRI for
the preoperative risk assessment of EC, and their
results showed that some parameters of DCE-MRI
or IVIM could play a positive role in the risk strati-
fication prediction of EC. However, not only did
none of these studies address TP53 status but also
risk stratification was assessed either by applying
only one of the IVIM or DCE-MRI techniques or
the subjects were not early-stage EC.

The purpose of this study was to investigate the
contributory value of quantitative parameters de-
rived from DCE-MRI and IVIM in differentiating
TP53-mutant from TP53-wild, low-risk from non-
low-risk early-stage EC, offering a potential refer-
ence for the clinical management of early-stage EC.

Patients and methods
Study patients

This prospective study was complied with ethi-
cal committee standards and approved by the
ethics committee of the First Affiliated Hospital
of Xinxiang Medical University (NO. EC-022-002)
and informed consent was taken from all individ-
ual participants. From January 2021 to April 2022,
114 female patients underwent pelvic MRI due to
suspected EC by clinical examination, ultrasound
(US), or computed tomography (CT). Forty par-
ticipants were excluded during this study: 1) 7 pa-
tients were diagnosed with an endometrial polyp,
atypical hyperplasia, or other non-EC diseases; 2)
16 patients had FIGO stage > II; 3) 4 patients re-
ceived radiotherapy or neoadjuvant chemothera-
py; 4) 3 patients had claustrophobia or other dis-
eases that prevented them from completing all the
sequences; 5) 6 patients had inadequate DCE-MRI
or IVIM imaging quality for analysis due to severe
artifacts, and 6) 4 patients decided to perform his-
tological analysis and treatment in other institutes.
Ultimately, 74 patients were enrolled in the study
(Figure 1).

MRI protocols

A 1.5 T MR system (Optima MR360, Waukesha,
WI, USA) with a 12-channel phased-array body
coil was used in this study. The imaging protocol
included oblique axial (perpendicular to the long
axis of the uterus) TIWI, T2WI, DWI, IVIM, and
DCE-MRI. For DWI and DCE-MRI sequences, the

4

[ Exclusion criteria
* Non-endometrial carcinoma (n = 7)
* FIGO stage > 1II (n=16)
* Receiving therapy before scaning (n = 4)
* Uncomplete all sequence scans (n = 3)

artifacts (n = 6)
Unclear histological results (n = 4)

\

* Inadequate imaging quality due to severe

/

4

Final patients
(n=74)

)

Non-low-risk
(n=130)

FIGURE 1. Flowchart of the present study.

EC = endometrial carcinoma

scans covered the anterior superior iliac spine to
the symphysis pubis. For IVIM (b =0, 20, 40, 80, 160,
200, 400, 600, 800, and 1000 s/mm?), to minimize
scan time, the scan was limited to the lesion area
(determined by an experienced radiologist from
the DWI images), and its location, layer thickness,
and layer spacing were consistent with the corre-
sponding layer of DW1.1® DCE-MRI was performed
by a three-dimensional liver acquisition with vol-
ume acceleration (3D-LAVA) sequence with 40
phases (time resolution, 9s), and gadopentetate
dimeglumine (Gd-DTPA, Bayer Pharmaceutical,
Berlin, Germany) was injected intravenously with
an automatic injector (0.2 mL/kg, 3.0 mL/s). The
protocol details are provided in Table 1.

Image postprocessing

All images were transferred to the Advantage
Workstation (version 4.7), and the IVIM and DCE-
MRI images were analyzed within the workstation

Radiol Oncol 2023; 57(2): 257-269.

pS3-positive 1
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Histopathological
p53-negative and
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mical results
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>{ Contrast analysis }:
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TABLE 2. Clinicopathologic features of the patients

Variable Data
Age (mean £ SD) (years) 54.00 £ 7.91
Maximum diameter (mean + SD) (mm) (13.7265,.12.58)
FIGO stage n (%)
IA 44 (59.46)
1B 30 (40.54)
Histologic subtype n (%)
Adenocarcinoma 67 (90.54)
Non-adenocarcinoma 7 (9.46)
Clear-cell 3 (4.0¢)
Undifferentiated carcinoma 2 (2.70)
Carcinosarcoma 2 (2.70)
Lymphovascular space invasion n (%)
Positive 10 (6.76)
Negative 64 (93.24)
Histologic grade n (%)
Grade 1 54 (72.98)
Grade 2 10 (13.51)
Grade 3 10 (13.51)
Risk stratification n (%)
Low 44 (59.4¢)
Intermediate 20 (27.03)
High-infermediate 0 (0.00)
High 10 (13.51)
TP53 expression
Mutant 21 (28.38)
Wild 25 (33.78)
No result 28 (37.84)

FIGO = International Federation of Gynecology and Obstetrics; SD =
standard deviation

using vendor-provided software named MADC
and GenlQ, respectively. The IVIM parameters
were calculated by the following formula:

S,/Sy = (1 - f) x exp(-bxD) + f x exp (-bxD*) [1]
where S; was the signal intensity at the b value
of 0; S, was the signal intensity at the b value de-

noted by the subscript; D was the true diffusion
coefficient of a water molecule; D* was the pseudo-
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diffusion coefficient due to microcirculation; and f
was the microvascular volume fraction, indicating
the fraction of diffusion related to microcircula-
tion.! The DCE-MRI perfusion parameters were
quantitatively calculated based on the Tofts mod-
el. The arterial input function (AIF) was obtained
from the internal iliac artery. The imaging param-
eter Ktns, known as the volume transfer constant,
represents the diffusion of contrast medium from
the vessel to the extravascular extracellular space
(EES); K,,, known as the rate transfer constant, rep-
resents the diffusion of contrast medium from the
EES to the vessel; and V, represents the volume of
EES per unit volume of tissue **; thus, K, =K"s/V..
For regions of interest (ROI), first, images of
DCE-MRI and IVIM were co-registered, and then
on the DCE-MRI images of the phase with the
clearest lesion display?, ROIs were delineated
layer by layer for all slices containing the tumor,
and these ROIs were manually drawn along the
inside margin of the primary tumor, avoiding ar-
eas with cystic degeneration, necrosis, apparent
signs and hemorrhage artifacts, and blood vessels.
Subsequently, all completed ROIs were automati-
cally copied to the pseudo-color maps of the DCE-
MRI and IVIM-derived parameters to calculate the
mean values based on the volume of interest (VOI).
All of these procedures were completed indepen-
dently by two radiologists with 7 and 15 years of
experience who were blinded to each other’s re-
sults and the patient’s clinicopathological data.

Histopathologic analysis

All lesion specimens were obtained surgically, and
the median interval from pelvic MRI examination
to surgery was 12 days (1-25 days). The specimens
were processed by an experienced pathologist.
The histological subtype, grade, and LVSI were
confirmed by hematoxylin/eosin (HE) staining.
The stage was estimated with the FIGO staging
system.?? According to the European Society for
Medical Oncology (ESMO) clinical practice guide-
lines, low-risk patients were classified into the low-
risk group, while intermediate-risk, high-interme-
diate-risk, and high-risk patients were classified
into the non-low-risk group.* The TP53 status was
evaluated by immunohistochemical (IHC) stain-
ing, where non-staining was viewed as the wild
group, and faint, moderate, and strong staining
was viewed as the mutant group. Ultimately, risk
stratification was evaluated in all 74 patients, and
TP53 status was evaluated in 46 patients (28 pa-
tients declined IHC for financial or other reasons).
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=70.000 @ -

FIGURE 2. (A-l) A 53-year-old woman with low-risk endometrial carcinoma (EC) (arrowheads, endometrioid type, grade 2, stage IA, lymphovascular
space invasion (LVSI) negative, and TP53-wild). (J-R) A 56-year-old woman with non-low-risk (intermediate) EC (arrowheads, endometrioid type,
grade 1, stage IB, LVSI negative, and TP53-mutant). (A, J) Sagittal T2-weighted imaging maps; (B, K) Oblique axial pseudo colored maps of volume
transfer constant (K'er); (C, L) Oblique axial pseudo colored maps of rate fransfer constant (K, ): (D, M) Oblique axial pseudo colored maps of the
volume of extravascular extracellular space per unit volume of tissue (V,): (E, N) Oblique axial colored maps of true diffusion coefficient (D); (F, O)
Oblique axial colored maps of pseudo-diffusion coefficient (D*); (G, P) Oblique axial colored maps of microvascular volume fraction (f), and (H,

Q) Histopathological images (magnification = 100), and (I, R) Immunohistochemical image (magnification = 200).

Statistical analysis

All data were analyzed with Stata version 16.0
(Stata Corp) and MedCalc version 15.0 (MedCalc
Software). P < 0.05 was considered statistically
significant. The interobserver consistency of two
radiologists was classified using the intraclass
correlation coefficient (ICC) as poor (ICC < 0.40),
fair (0.40 < ICC < 0.60), good (0.60 < r < 0.75), or ex-
cellent (ICC 2 0.75).2 The Shapiro-Wilk test was
employed to check the normality of the data. The
Mann-Whitney U test and the independent sam-
ples t-test were used for nonnormally distributed

data (median and interquartile range) and normal-
ly distributed data (mean * standard deviation),
respectively. The area under the receiver operating
characteristic (ROC) curve (AUC) was employed
to quantify the diagnostic efficacy of different pa-
rameters, and the differences were assessed using
DeLong analysis. The combination of parameters
was investigated by logistic regression, evaluated
by bootstrap (random number set 123, repeated
sampling 1000 times, backward strategy, bounded
by a value of 0.1), calibration curves, and decision
curve analysis (DCA).

Radiol Oncol 2023; 57(2): 257-269.



TABLE 3. Comparison of different parameters
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D

D*

Parameters (x10-mm?/s) (x10-Smm2/s) f (%) Krans (min-') vV, K., (min-)
Risk stratification
High-risk (n = 10) 0"’3_%')40' 58'23(743%"0' 1.64£0.60  0.35(0.150.43)  0.30£0.07 ]'2]3_%48'
High-intermediate-risk (n = 0) / / / / / /
Intermediate-risk (n = 20) 0'58.2‘3%40' 52")73.2)233'88' 1.74£096  0.37 (0.29, 0.47) 0.33£0.14 1.24 (0.82, 1.98)
Low-risk (n = 44) 0.86 (0.64, 1.16) 44'32‘(32;)'93' 243+1.08 0.6 (0.43, 1.14) 0.58+0.25 1.53 (0.79, 2.21)
P-value 0.033° 0.464 0.012¢ <0.001 <0.001 ° 0.191 @
P-value (High vs Intermediate) 0.880° 0.248© 0.735¢ 0.397 % 0.532 ¢ 0.307 ©
P-value (High vs Low) 0.009 ® 0.238° 0.004 < <0.001° 0.001 ¢ 0.099
P-value (Intermediate vs Low) 0.001°® 0.937° 0.014 ¢ <0.001° <0.001 ¢ 0.582
Low-risk (n = 44) 0.86 (0.64, 1.16) 44'32.(323])'93' 2434108 0.1 (0.43,1.14) 0.58+0.25 1.53 (0.79, 2.21)
o OB SBOLO  ioe OB ogon  memw)
2/t value -3.793 -0.523 3.234 -5.109 5.304 -1.233
P-value <0.001° 0.601 0.002 ¢ <0.001° <0.001 0.218°
TP53 expression

Mutant (n = 21) 0.72+0.31 43';%.(7]56)'30' 230+1.09 0.7 (0.41,1.14) 0.32(0.25091) 1.67 (117, 2.09)

Wild (n = 25) 091 +0.29 50'%%(7256)'90' 220+1.02  0.43(0.37,0.49) 0.49 (0.36, 0.76) 0'9?'5(%)58'
2/t value 2155 -0.518 0.321 2073 -0.783 3.165
P-value 0.037°¢ 0.604° 0.750 < 0.038° 0.434° 0.002°

The bold typeface in the table indicates the comparison with statistical significance.

@ Comparisons were performed by Analysis of variance (ANOVA) test; ® comparisons were performed by Mann-Whitney U test; < comparisons were performed by
independent t test.

Results
Basic information

group (P =0.038, 0.002, and 0.037, respectively), f, D,
and V, were not significantly different between the
two groups (P =0.750, 0.604, and 0.434, respectively).

The clinicopathological and imaging characteris-
tics are shown in Table 2 and Figure 2, respectively.

Interobserver consistency

The D, D f, Kfrars, V. and KBp measured by 2 radiol-
ogists had excellent consistency, and the ICCs were
0.864 (95% CI: 0.788 - 0.913), 0.799 (95% CI: 0.696 -
0.867), 0.855 (95% CI: 0.729 - 0.918), 0.868 (95% CI:
0.799 - 0.915), 0.834 (95% CI: 0.748 - 0.892), and 0.828
(95% CI: 0.739 - 0.888), respectively. The average re-
sults were used for the ultimate analysis.

Differences in parameters

The K™ and K, were higher and D was lower
in the TP53-mutant group than in the TP53-wild

Radiol Oncol 2023; 57(2): 257-269.

The Ktans, V, f, and D values were lower in the non-
low-risk group than in the low-risk group (P <0.001,
<0.001, 0.002, and < 0.001, respectively), Kep and D*
were not significantly different between the two
groups (P = 0.218 and 0.601) (Table 3, Figure 3).

Regression analyses

In the identification of TP53-mutant and TP53-wild
early-stage EC, the potential related factors such as
age, tumor size, risk stratification, FIGO stage, sub-
type, grade, LVSI, D, D% f, K2ns, V, and KClo were all
enrolled in regression analysis. Univariate analy-
sis demonstrated that grade, D, K%, and Kep were
all risk predictors (P all < 0.1), while multivariate
analysis showed that only D and K¢ were inde-
pendent predictors (P = 0.003, 0.016).
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FIGURE 3. Plots show individual data points, averages, and standard deviations of frue diffusion coefficient (D) (A, G), pseudo-diffusion coefficient
(D*) (B, H), microvascular volume fraction (f) (C, 1), volume transfer constant (K'ens) (D, J), the volume of extravascular extracellular space per unit
volume of tissue (V) (E, K), and rate transfer constant (K.,) (F, L) in low-risk and non-low-risk groups (A-F), TP53-mutant and TP53-wild groups (G-L).
Individual points are averages of values calculated by 2 readers. *P < 0.05, **P < 0.01, ***P < 0.001, and * P > 0.005.

In the identification of non-low-risk and low-
risk early-stage EC, potential risk-related factors
such as age, tumor size, TP53 status, D, D* £, Ktrans,
V, and K were all enrolled in regression analysis.
Univariate analysis demonstrated that tumor size,
D, f, Kns, and V, were all risk predictors (P all <
0.1), while multivariate analysis showed that only
f, Ktans and V, were independent predictors (P =
0.036, 0.003, and 0.024, respectively) (Table 4).

Diagnostic performance of different
parameters

In the differentiation of TP53-mutant and TP53-
wild early-stage EC, the combination of inde-
pendent predictors (K¢ and D) showed the op-
timal diagnostic efficacy (AUC = 0.867; sensitivity,
92.00%; specificity, 80.95%; P < 0.001), which was
significantly better than D (AUC = 0.694, Z = 2.169,

Radiol Oncol 2023; 57(2): 257-269.
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P = 0.030), and Kt (AUC = 0.679, Z = 2.572, P =
0.010). However, the difference between the com-
bination of independent predictors and K, (AUC =
0.773) was not significant (AUC=0.773, Z=1.272, P
= 0.203) (Figure 4A, Table 5).

In the differentiation of low-risk and non-low-
risk early-stage EC, the combination of independ-
ent predictors (f, K, and V) showed the opti-
mal diagnostic efficacy (AUC = 0.947; sensitivity,
83.33%; specificity, 93.18%; P < 0.001), which was
significantly better than D (AUC = 0.761, Z = 3.113,
P =0.002), f (AUC = 0.688, Z = 4.317, P < 0.001), Ktrans
(AUC = 0.852, Z = 2.713, P = 0.007), and V, (AUC =
0.808, Z = 3.175, P = 0.002) (Figure 4B, Table 5).

Validation

Bootstrapped samples were used to validate the
combination of independent predictors. The ROC
and the calibration curve indicated that the valida-
tion models not only had high accuracy in iden-
tifying TP53-mutant and TP53-wild early-stage
EC (AUC, 0.815; 95% CI, 0.782 - 0.846, Figure 5A),
and low-risk and risk early-stage EC (AUC, 0.922;
95% CI, 0.895 - 0.940, Figure 6A), but also highly
had good consistency (Figure 5B, 6B). Also, DCA
showed that the above combinations of independ-
ent predictors were both reliable clinical decision
tools (Figure 5C, Figure 6C).

Discussion

Prediction of TP53 status and risk
stratification of early-stage EC by IVIM

The parameter D of IVIM can reflect the diffusion
movement of water molecules in the tissue, and
usually, the more obvious the restriction of water
molecule diffusion, the smaller the D value.® In
this study, the D value of the TP53-mutant group
was significantly lower than that of the TP53-wild
group, which was similar to the results of Wang et
al. in the field of epithelial ovarian cancer?, sug-
gesting that D values can be used to predict TP53
status of early-stage EC. Presumably, the reason
was that TP53-mutant has a faster rate of cell pro-
liferation than TP53-wild, which easily impedes
the diffusion of water molecules, resulting in a
lower D value.?¢ In addition, D could also be used
to assess the risk stratification of early-stage EC
in the present study, which was consistent with
previous studies.”” The reason may be that there
were differences in histological grade, FIGO stage,
and lymph node metastasis between the low-risk



Wang H et al. / DCE-MRI in risk stratification of endometrial carcinoma

and non-low-risk early-stage EC, resulting in dif-
ferent degrees of influence on the diffusion of
water molecules and ultimately leading to sig-
nificant differences in D values between the two
groups.!820

D* was a perfusion parameter of IVIM that is
mainly correlated with the velocity of blood flow
within the microcirculation.”® Previous publica-
tions have demonstrated that D* values with poor
stability and repeatability could not effectively
evaluate histopathological information of early-
stage EC due to the influence of the scanning
parameters, the ROI determination method, the
signal-to-noise ratio (SNR), and other factors.!”2’ In
this study, there was no statistically significant dif-
ference in D* between the TP53-mutant and TP53-
wild groups, and the low-risk and the non-low-risk
groups, which was consistent with the above re-
search, further proving that the D* value was un-
able to play a role in the assessment of TP53 status
and risk stratification in early-stage EC.

As another perfusion parameter derived from
IVIM, f was mainly related to the microvascular
density of the tissue.’®?” A study by Zhang et al.
involving 53 participants showed that although
high-risk early-stage EC is metabolically active
and rich in neovascularization, due to the dense
tissue structure and more necrotic tissue, its over-
all internal microvascular density is instead re-
duced compared to that of low-risk early-stage EC,
so the f value decreases.?’ This trial was conduct-
ed on a larger sample size of patients (n = 74) and
obtained results consistent with those of Zhang et
al.¥ Further analysis also identified the f value as
an independent predictor for discriminating be-
tween low-risk and non-low-risk early-stage EC.
However, there were also studies that have shown
conflicting results of f values in the assessment
of lesions. For example, the study by Meng et al.
showed that high-risk early-stage EC had higher
f values than low-risk early-stage EC.%° Similarly,
in the assessment of gliomas, the study of Bai et
al. showed that low-grade gliomas had higher f
values than high-grade gliomas', while Shen et al.
concluded that high-grade gliomas have greater
f values.’®* We speculate that the above phenom-
enon may be caused by the variations in scanning
equipment and b-value settings®, as well as the
shortcoming that the f value itself is susceptible
to T2 contribution and relaxation effects.”” In ad-
dition, the results of this study also showed that
the f was similar to D* and could not differenti-
ate TP53-mutant from TP53-wild early-stage EC,
which to some extent suggests that the use of IVIM
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model.

perfusion parameters to assess the TP53 status of
early-stage EC may still need further exploration.

Prediction of TP53 status and risk
stratification of early-stage EC by DCE-
MRI

Ktrans is the most significant perfusion-related pa-
rameter in DCE-MRI, mainly reflecting the trans-
fer rate of the contrast agent from the vessel to the
EES.* Previous studies have shown that the more
neovascularization in the tissue and the greater
the permeability, the greater the K¢ value.®
In terms of TP53 status assessment, the present
study found a significantly higher Kt value in
the TP53-mutant group compared with the TP53-
wild group, which we suggest may be related to
the ability of TP53 gene overexpression to pro-
mote angiogenesis.?® In terms of risk stratification
assessment, several studies have shown that EC
with aggressive characteristics, such as grade 3,

Radiol Oncol 2023; 57(2): 257-269.
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TABLE 4. Logistic regression analyses

Univariate Analyses

Multivariate Analyses

Parameters OR for 1 5D (95% Cl) Prvalve OR for 1 SD (95% Cl) P-valve
Low vs non-low risk

Age (year) 1.462 (0.894-2.388) 0.130 / /
Tumor size (mm) 1.055 (1.003-1.110) 0.038 1.083 (0.979-1.197) 0.123
TP53 mutant 1.506 (0.407-5.578) 0.540 / /

D (x107*mm?/s) 0.08¢9 (0.021-0.373) 0.001 0.144 (0.015-1.334) 0.088
D* (x10-mm?/s) 0.867 (0.533-1.412) 0.567 / /

f (%) 0.419 (0.226-0.776) 0.006 0.292 (0.093-0.921) 0.036
Krrans (min-1) 0.009 (0.001-0.153) 0.001 0.001 (0.000-0.089) 0.003
Ve 0.173 (0.069-0.432) <0.001 0.130 (0.022-0.766) 0.024
K., (min-) 0.642 (0.367-1.126) 0.122 / /
TP53 mutant vs wild

Age (year) 0.855 (0.465-1.548) 0.605 / /
Tumor size (mm) 1.175 (0.649-2.127) 0.594 / /
Subtype 77.708 (0.001-100.5) 0.999 / /
Grade 2.099 (0.957-4.602) 0.064 1.961 (0.816-4.717) 0.132
Risk stratification 1.506 (0.407-5.578) 0.540 / /
FIGO stage 1.360 (0.739-2.505) 0.323 / /
LVSI 802.578 (0.001-1150.5) 0.999 / /

D (x10*mm?/s) 2.063 (1.016-4.191) 0.045 8.274 (2.066-33.136) 0.003
D* (x10*mm?/s) 1.020 (0.567-1.835) 0.948 / /

f (%) 0.906 (0.504-1.629) 0.742 / /
Kiremns (min-1) 0.487 (0.236-1.003) 0.051 0.155 (0.034-0.710) 0.016
vV, 1.008 (0.560-1.812) 0.979 / /
K., (min-) 0.501 (0.244-1.032) 0.061 1172 (0.425-3.234) 0.759

D = true diffusion coefficient; D* = pseudo-diffusion coefficient; f = microvascular volume fraction; FIGO = international federation of gynecology
and obstetrics; Cl = confidence interval; K, = rate fransfer constant; Kens = volume transfer constant; LVSI = lymphovascular space invasion; OR =
odds ratio;. SD = standard deviation; V, = volume of exitravascular extracellular space per unit volume of tissue

The bold typeface in the table indicates the logistic regression analyses with statistical significance.

In the analysis of the high- and low-risk group, the TP53 mutant data were analysed only for these patients who had the p53 gene test. The

remaining parameters, such as diameter, were analysed for all 74 patients.

advanced FIGO stage, and non-endometrioid sub-
type, grows quickly without sufficient neoangio-
genesis (i.e., blood support), resulting in tissue hy-
poxia. Hypoxia will lead to tissue necrosis and the
formation of hypoperfused areas, thus eventually
causing a decrease in overall tumor perfusion and
a decrease in Ktmns yvalues.'217323 In this work, the
Ktrans yalue was significantly lower in the non-low-
risk group than in the low-risk group, which was
consistent with the above findings and further
demonstrates that the K'"s value can play a role in
the risk stratification of early-stage EC.

K., was designed to reflect the transfer rate of the
contrast agent from the EES into vessels, so similar

Radiol Oncol 2023; 57(2): 257-269.

to K&ns, its size was closely related to the number
of new vessels and vascular permeability.” In this
study, since TP53 overexpression can promote angi-
ogenesis*’, the K value of the TP53-mutant group
was significantly higher than those of the TP53-
wild group, and the diagnostic efficacy was 0.773.
However, the K value did not show significant
value in the identification of different risk stratifi-
cations, which was not consistent with the study of
Ye et al.’2 We speculated that this may be because
the study by Ye et al. included both early-stage
(stage I) and advanced-stage (stage II, III, and IV)
EC, whereas the present study population included
only early-stage EC, which reduced the differences



TABLE 5. Predictive performance of different parameters
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Parameters

AUC (95% CI)

Comparison with

Low vs non-low risk
D (x10-3mm?2/s)

D* (x10-3mm?/s)

f (%)

Ktrans (min-)

Ve

Kep (MiN)

Combined diagnosis 1

TP53 mutant vs wild

D (x107*mm?/s)
D* (x1073mm?/s)
f (%)

Ktrans (min-')

Ve

Kep (MiN)

0.761 (0.648-0.853)
0.536 (0.416-0.653)
0.688 (0.569-0.790)
0.852 (0.750-0.924)
0.808 (0.700-0.890)
0.585 (0.652-0.849)
0.947 (0.869-0.986)

0.694 (0.541-0.821)
0.545 (0.391-0.692)
0.535 (0.382-0.648)
0.679 (0.525-0.809)
0.568 (0.413-0.713)
0.773 (0.626-0.884)

Combined diagnosis 2 0.867 (0.734-0.949)

P-value Cutoff Sensitivity Specificity combined diagnosis
<0.001 0.691 73.33% 72.73% Z7=23.113, P=0.002

0.598 / / / /

0.003 1.240 36.67% 93.18% 7=4.317, P<0.001
<0.001 0.487 90.00% 68.18% 1=2.713, P=0.007
<0.001 0.401 83.33% 70.45% 71=3.175, P=0.002

0.204 / / / /
<0.001 / 83.33% 93.18% /

0.019 0.605 92.00% 47.62% 71=2.169, P=0.030

0.498 / / / /

0.388 / / / /

0.036 0.499 80.00% 61.90% 71=2.572, P=0.010

0.675 / / / /
<0.001 1.557 80.00% 66.67% 7=1.272, P=0.203
<0.001 / 92.00% 80.95% /

267

AUC = area under the receiver operating characteristic (ROC) curve; D = frue diffusion coefficient; D* = pseudo-diffusion coefficient; f = microvascular volume fraction;
KEp = rate transfer constant; Kiens = volume transfer constant; V, = volume of extravascular extracellular space per unit volume of tissue

The combined diagnosis 1 represents f + Kions + V_; the combined diagnosis 2 represents D + V,

in patients between the different groups and ulti-
mately resulted in nonfunctional K values.

V. is a parameter in DCE-MRI that can reflect
the volume of EES. In the present study, there was
no significant difference in V, between the TP53-
mutant and TP53-wild groups, which may be relat-
ed to the fact that TP53 overexpression promotes
both cell proliferation and angiogenesis, resulting
in difficulty in significant changes in EES.2® In
terms of risk stratification assessment, V, values in
the non-low-risk group were significantly smaller
than those in the low-risk group, which was simi-
lar to the results of previous studies”*, and we
speculated that the reason for this result may lie in
the fact that the non-low-risk group had greater in-
vasiveness and therefore greater cell density, tight-
er tissue structure, and smaller EEC compared
with the low-risk group. However, some studies
have also concluded that V, was difficult to use in
the evaluation of diseases such as EC and breast
cancer.”>® This may be related to the fact that V, is
less stable and susceptible to factors such as lesion
edema and microcystic changes.*® In a follow-up
study, we will expand the sample size and further
explore the role of V_in EC assessment to obtain
more convincing results.

Diagnostic performance comparison

The diagnostic efficacy of the combination of in-
dependent predictors and each individual param-
eter was compared in this study, and the results
showed that the diagnostic efficacy of the former
was significantly higher than that of the latter,
which may be because the combination of inde-
pendent predictors concentrates the advantages of
different parameters and therefore can reflect the
lesion characteristics more comprehensively and
accurately. Therefore, we suggest that the com-
bined application of IVIM and DCE-MRI in clini-
cal routine may provide a more reliable basis for
the TP53 status and risk stratification prediction of
early-stage EC when conditions permit.

Correlation of risk stratification with
TP53 mutation

In this study, TP53 mutation and risk stratification
in early-stage EC were included in each other’s
regression analysis, and the results showed that
neither was a predictor of the other. Although the
small sample size may have affected the reliability
of the above results to a certain extent, it indicates

Radiol Oncol 2023; 57(2): 257-269.
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to some extent that the TP53 status in early-stage
EC is not significantly correlated with risk stratifi-
cation. In the future, as the sample size increases,
we will conduct more in-depth studies on the rela-
tionship between the two, with a view to obtain-
ing more accurate results.

This study has several limitations. First, our
study was designed at a single institution with
a relatively small number of patients, especially
since some patients forgo immunohistochemical
testing for financial reasons, which may have led
to selection bias. Second, due to the small sample
size, this study did not set up a separate validation
set but used the bootstrap (1000 samples) method
to validate the combination of independent predic-
tors, which may have reduced the reliability of the
experimental results. Third, areas of cystic degen-
eration, necrosis, apparent signs and hemorrhage
artifacts, or vessels were avoided in the delineation
of the ROI, which may influence the determination
of some parameters. Finally, the machine used in
this study was a 1.5 T MRI, and its imaging quality
and parameter reliability may be inferior to those
of a3.0 T MRL

Conclusions

Both DCE-MRI and IVIM facilitate the prediction
of TP53 status and risk stratification in early-stage
EC. Comparison with each single parameter, the
combination of independent predictors provided
better predictive power and may serve as a supe-
rior imaging marker.
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Background. Two-stage hepatectomy (TSH) has been proposed for patients with bilateral liver fumours who have
a high risk of posthepatectomy liver failure after one-stage hepatectomy (OSH). This study aimed to determine the
outcomes of TSH for extensive bilateral colorectal liver metastases.

Patients and methods. A retrospective review of a prospectively maintained database of liver resections for
colorectal liver metastases was conducted. The TSH group was compared fo the OSH group in terms of perioperative
outcomes and survival. Case-control matching was performed.

Results. A total of 632 consecutive liver resections for colorectal liver metastases were performed between 2000
and 2020. The study group (TSH group) consisted of 15 patients who completed TSH. The control group included 151
patients who underwent OSH. The case-control matching-OSH group consisted of 14 patients. The major morbidity
and 90-day mortality rates were 40% and 13.3% in the TSH group, 20.5% and 4.6% in the OSH group and 28.6% and
7.1% in the case-control matching-OSH group, respectively. The recurrence-free survival, median overall survival, and
3- and 5-year survival rates were 5 months, 21 months, 33% and 13% in the TSH group; 11 months, 35 months, 49% and
27% in the OSH group; and 8 months, 23 months, 36% and 21%, respectively, in the case-control matching-OSH group,
respectively.

Conclusions. TSH used to be a favourable therapeutic choice in a select population of patients. Now, OSH should
be preferred whenever feasible because it has lower morbidity and equivalent oncological outcomes to those of
completed TSH.

Key words: colorectal cancer; liver metastases; hepatectomy; future liver remnant; posthepatectomy liver failure;
survival analysis

Introduction

Colorectal cancer is the third most diagnosed
cancer worldwide.! At diagnosis, the disease has
spread to the liver in 15% to 25% of patients, and

Radiol Oncol 2023; 57(2): 270-278.

another 25% develop colorectal liver metastases
metachronously.? Liver resection remains the on-
ly potentially curative treatment option for these
patients.? Despite the ability of the liver to regen-
erate after significant tissue loss, a future liver

doi: 10.2478/raon-2023-0026
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remnant, which contributes 25-30% of the total
liver volume, has been the minimal requirement
in patients with a noncirrhotic liver.? Therefore,
major hepatectomies are associated with a high
risk of posthepatectomy liver failure.® Innovative
approaches have been developed to improve colo-
rectal liver metastases resectability, i.e., two-stage
hepatectomy (TSH).2* Their initial phase can be
portal vein embolization or intraoperative selec-
tive portal vein ligation. The novelist approach is
the associating liver partition and portal vein liga-
tion for staged hepatectomy (ALPPS) procedure.?
This study aimed to determine the feasibility
and safety of TSH for patients with extensive bi-
lateral colorectal liver metastases by comparing
perioperative and long-term outcomes between
TSH and one-stage hepatectomy (OSH) groups.

Patients and methods
Study population

A retrospective review of a prospectively ob-
tained database of 632 consecutive liver proce-
dures for colorectal liver metastases at the Clinical
Department of Abdominal and General Surgery of
the University Medical Centre Maribor in Slovenia
was performed. This department is a specialised
referral centre for hepato-pancreato-biliary sur-
gery. The study period was from 1 January 2000
until 31 December 2020.

Before the surgery, patients consented to
their anonymous data being used for research.
Therefore, their records were anonymised and dei-
dentified before analysis. Ethical approval for this
study was obtained from the National Medical
Ethics Committee of the Republic of Slovenia
(0120-455/2020/3). All methods were performed
following the relevant guidelines and regulations.

Inclusion and exclusion criteria

The inclusion criteria were patients with bilateral
colorectal liver metastases who:

e completed TSH or

* underwent their first OSH for colorectal
liver metastases,

e the TSH group was formed from patients
who underwent portal vein embolization
or portal vein ligation, as proposed by
Regimbeau.®

The exclusion criteria were as follows:
e explorative laparotomies without liver re-
sections,

* repeated liver resections,

e patients with unilateral colorectal liver me-
tastases,

e radiofrequency ablation (RFA) or its combi-
nations with liver resections.

Definitions

Routinely available clinical characteristics were
analysed, including patient demographics, perfor-
mance status defined according to the American
Society of Anaesthesiologists Classification (ASA
classification)®, application of neoadjuvant chemo-
therapy, preoperative carcinoembryonic antigen
(CEA) level, and presence of extrahepatic disease.
Primary colorectal tumour variables included the
tumour location and nodal invasion. Liver metasta-
sis variables included synchronous/metachronous
metastases and the number and size of metastases.

Patients were presented at the multidisciplinary
team meeting.? Bilateral colorectal liver metastases
were resected in a single procedure when both the
volume and function of the future liver remnant
were considered sufficient. The parenchyma-spar-
ing principle of liver surgery for colorectal liver me-
tastases was applied.” The types of liver resections
were classified according to the Brisbane terminol-
ogy.® Major liver resections involved three or more
adjacent liver segments, including conventional
major resections (left/extended left hepatectomies,
right/extended right hepatectomies, central hepa-
tectomies).’ The analysis of future liver remnant
consisted of computed tomography (CT) volume-
try, laboratory liver tests (prothrombin time and al-
bumins), and the indocyanine green clearance test.?

Specimens were analysed by a gastrointestinal
histopathologist who assessed the resection mar-
gin. The histological surgical margins for malig-
nant lesions were defined as microscopically nega-
tive (RO) or positive (<1 mm, R1)” In addition, the
Clinical Risk Score devised by Fong ef al. was ap-
plied”?

Two-stage hepatectomy

Portal vein embolization, intraoperative selective
portal vein ligation, or the ALPPS procedure were
performed when the analysis suggested an insuf-
ficient future liver remnant.? Portal vein emboli-
zation was followed by atrophy of the embolized
hemiliver and hypertrophy of the other hemiliver.?
TSH with portal vein ligation was performed when
the intraoperative findings were unfavourable.* In
the first stage, the metastasectomy of one hemiliver

Radiol Oncol 2023; 57(2): 270-278.
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Unilateral CLMs
or repeated liver resection

Liver procedures for CLMs
n=632
First stage y
One-stage procedures n=23 Two-stage
n=592 Right PVE: n=6 hepatectomy
Right PVL: n=13
ALPPS: n=4
K Excluded:
Exploration only Unilateral CLMs
n=30
y n=2
Liver resection Only the first stage
and RFA performed due fo
n=29 disease progression
n=6 TSH group
Open RFA n=15
=42 Both stages
completed
Percutaneous RFA
n=22
- - OSH group
L] Liver resection »| Bilateral liver metastases
n=469 n=151
[
P Case—control matching
Excluded: ¥

CCM-OSH group
n=14

n=318

FIGURE 1. The study flowchart. The study period covers 1 January 2000 to

31 December 2020.

ALPPS = associating liver partition and portal vein ligation for staged hepatectomy; CCM-OSH
= case-control matching one-stage hepatectomy; CLMs = colorectal liver metastases; OSH
= one-stage hepatectomy; PVE = portal vein embolization; PVL = portal vein ligation; RFA =
radiofrequency ablation; TSH = two-stage hepatectomy

was performed along with portal vein ligation for
the other hemiliver.* The effect was similar to that of
preoperative portal vein embolization.!’ The second
stage followed a few weeks later and consisted of a
major hepatectomy.2* ALPPS was performed with
the same rationale; the difference was the addition
of liver parenchyma transection in the first stage.!!

RFA has been applied where radical liver re-
section has been infeasible due to the proximity
of large vessels.? Therefore, RFA has been applied
intraoperatively as an independent procedure or
adjunct to liver resection.? RFA has also been used
as a percutaneous procedure. However, these pa-
tients were excluded from the analyses.

Follow-up

Patients were followed-up at the outpatient clinic
at periodic intervals. The follow-up protocol con-
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sisted of a CEA level, a chest radiograph or CT, an
abdominal ultrasound, CT, or magnetic resonance
imaging every three months for the first two years
and every six months afterwards.?

Study endpoints
Primary outcomes — overall survival and
recurrence-free survival

The primary outcome was overall survival (OS).
It was defined as the interval between the date of
liver resection (the second stage in the TSH group)
of colorectal liver metastases and the date of death
or the last follow-up in surviving patients.

The second primary outcome was recurrence-
free survival (RFS). It was calculated from the
date of liver resection (the second stage in the TSH
group) to the date of any detected recurrence or
the last follow-up in patients without recurrence.

Secondary outcomes — morbidity and mortality

Morbidity was reported according to the Clavien-
Dindo (CD) classification.’? Major morbidity was
defined as CD 2 3a. Mortality rates were reported
as the number of patients who died within 90 post-
operative days.

Posthepatectomy haemorrhage, bile leak-
age, and liver failure were graded according to
the International Study Group of Liver Surgery
(ISGLS).1315

Statistical analysis

IBM SPSS for Windows Version 28.0 (IBM Corp.,
Armonk, NY, USA) was used for the statistical
analysis. Percentages are reported to one decimal
place. A P value < 0.05 was considered statistically
significant.

Categorical variables are displayed as numbers
with percentages. The differences between cat-
egorical variables were tested using the chi-square
or Fisher-Freeman Halton test when more than
two categories were present. Continuous vari-
ables were expressed as medians (minimum-max-
imum, interquartile range) and analysed with the
Mann-Whitney test since the distribution analysis
showed the non-normal distribution of data.

Survival data for median OS and RFS are pre-
sented as Kaplan-Meier curves, and groups were
compared by a log-rank test. The results are ex-
pressed in months as the median (95% confidence
interval (95% CI)). Survival tables were used for 3-
and 5-year OS and RFS, given in percentages.



Turk S et al. / Two-stage hepatectomy in resection of colorectal liver metastases

TABLE 1. Clinical characteristics and perioperative outcomes of the 166 patients

Clinical characteristics OSH (n=151) TSH (n=15) P value
Male sex @ 109 (72.2%) 13 (86.7%) 0.365
Age (years) ® 62 (34-84; 14) 64 (45-75; 12) 0.819
ASA score 23 ¢ 32 (21.2%) 2 (13.3%) 0.701
Primary tumour location ¢
Right colon 27 (17.9%) 1(6.7%)
Left colon 61 (40.4%) 6 (40.0%)
0.166
Rectum 61 (40.4%) 7 (46.7%)
> 1 primary tumour 2 (1.3%) 1(6.7%)
Primary tumour nodal invasion @ 99 (66.0%) 10 (66.7%) 1.000
Synchronous liver metastases @ 81 (53.6%) 11 (73.3%) 0.179
Number of liver metastases © 3(1-19; 3) 5(2-12; 6) 0.001
Size of liver metastases (cm) ® 4 (0.6-20; 3) 5(1.5-11; 5.5) 0.183
Neoadjuvant chemotherapy © 79 (52.3%) 13 (86.7%) 0.013
Preoperative CEA level (ng/mL) ® 14 (1-1359; 47.5) 12 (2-1312; 60) 0.464
Extrahepatic disease °© 27 (17.9%) 3 (20.0%) 1.000
Clinical risk score 3-5 ¢ 92 (60.9%) 10 (66.7%) 0.875
Major liver resection °© 58 (38.4%) 15 (100%) <0.001
Atypical resection 29 (19.2%) 0 (0.0%) /
Z?Sg‘f(;ffe‘?eoc’“%ﬁegmemedomy & 3 (2.0%)/14 (9.3%) 0 (0.0%) /
(B]'ffgg“j?;fgfc?rgr{/ SlkegmeizEieliy & 10 (6.6%)/37 (24.5%) 0 (0.0%) /
Right/extended right hepatectomy 28 (18.5%)/6 (4.0%) 13 (86.7%)/2 (13.3%) /
Left/extended left hepatectomy 6 (4.0%)/3 (2.0%) 0 (0.0%) /
Trisegmentectomy 6 (4.0%) 0 (0.0%) /
Trisegmentectomy & atypical resection 5 (3.3%) 0 (0.0%) /
Central resection 4 (2.6%) 0 (0.0%) /
RO resection @ 118 (78.1%) 10 (66.7%) 0.492
CD23ac 31 (20.5%) 6 (40.0%) 0.161
90-day mortality © 7 (4.6%) 2 (13.3%) 0.189
ISGLS haemorrhage grade C© 2 (1.3%) 0 (0.0%) 1.000
ISGLS bile leakage grade C @ 5 (3.3%) 1(6.7%) 1.000
ISGLS liver failure - any grade ¢ 40 (26.5%) 12 (80.0%) <0.001
Crade A @ 16 (10.6%) 5 (33.3%) 0.034
Grade B @ 19 (12.6%) 6 (40.0%) 0.014
CGrade C @ 5 (3.3%) 1(6.7%) 1.000
Hospital stay (days)® 10 (5-63; 7) 14 (8-158; 11) 0.028

@ Categorical variable reported as n (%), chi-square fest; ® continuous variable, non-normal distribution, reported as median (minimum-maximum,
interquartile range), Mann-Whitney fest; < categorical variable with more than two groups, reported as n (%), Fisher-Freeman-Halton test;

ASA = American Society of Anaesthesiologists; CEA = carcinoembryonic antigen; CD = Clavien-Dindo classification; ISGLS = International Study
Group of Liver Surgery; OSH = one-stage hepatectomy; TSH = two-stage hepatectomy

Case-control matching was performed for 15 variables that were statistically significant in a
patients from the TSH group.’® Patients from the bivariate analysis. The sampling was performed
OSH group (controls) were selected based on the  without replacement and with maximising execu-

Radiol Oncol 2023; 57(2): 270-278.
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TABLE 2. Clinical characteristics of the matched groups

Clinical characteristics CCM-OSH (n = 14) TSH (n = 15) P value
Male sex @ 11(78.6%) 13(86.7%) 1.000
Age (years) P 60 (53-78; 13) 64 (45-75; 12) 0.463
ASA score 23 ¢ 2 (14.3%) 2 (13.3%) 1.000
Primary tumour in right colon @ 2 (14.3%) 1(6.7%) 1.000
Primary tumour in left colon ¢ 10 (71.4%) 6 (40%) 0.125
Primary tumour in rectum ¢ 2 (14.3%) 7 (46.7%) 0.063
> 1 primary tumour @ 0 (0.0%) 1(6.7%) 1.000
Primary tumour nodal invasion ° 10 (71.4%) 10 (66.7%) 1.000
Synchronous liver metastases @ 11(78.6%) 11(73.3%) 1.000
Number of liver metastases © 5(2-12; 6) 5 (2-12; 6) 0.317
Size of liver metastases (cm) ® 4.6 (1-20; 7) 5(1.5-11; 5.5) 0.463
Neoadjuvant chemotherapy © 13 (92.9%) 13 (86.7%) 1.000
Preoperative CEA level (ng/mlL)® 9 (1-261; 76) 12 (2-1312; 60) 0.975
Extrahepatic disease ° 1(7.1%) 3 (20.0%) 1.000
Clinical risk score 3-5 ¢ 13 (92.9%) 10 (66.7%) 0.250
Major hepatectomy ¢ 14(100%) 15 (100%) 1.000
Right/extended right hepatectomy 8 (57.1%)/2 (14.3%) 13 (86.7%)/2 (13%) /
Left hemihepatectomy 1(7.1%) 0 (0.0%) /
Trisegmentectomy & atypical resection 3 (21.4%) 0 (0.0%) /
RO resection @ 8 (57.1%) 10 (66.7%) 1.000
CD23ac“ 4 (28.6%) 6 (40.0%) 0.688
90-day mortality @ 1(7.1%) 2 (13.3%) 1.000
ISGLS haemorrhage grade C° 0 (0.0%) 0 (0.0%) 1.000
ISGLS bile leakage grade C @ 1(7.1%) 1(6.7%) 1.000
ISGLS liver failure - any grade ¢ 10 (71.4%) 12 (80%) 1.000
Crade A @ 4 (28.6%) 5 (33.3%) 1.000
Grade B @ 5(35.7%) 6 (40.0%) 1.000
Grade C @ 1 (71%) 1(6.7%) 1.000
Hospital stay (days)® 16 (6-63; 13) 14 (8-158; 11) 0.406

o Categorical variable reported as n (%), McNemar test; © continuous variable, nonnormal distribution, reported as the median (minimum-
maximum, interquartile range), Wilcoxon signed ranks test

ASA = American Society of Anaesthesiologists; CCM-OSH = case-control matching one-stage hepatectomy; CEA = carcinoembryonic antigen;
CD = Clavien-Dindo classification; ISGLS = International Study Group of Liver Surgery; TSH = two-stage hepatectomy

tion performance modality. Matched patients were Results

assigned to the case-control matching-OSH group.

The statistical analysis of continuous variables The study population was stratified into two
was performed with the Wilcoxon signed ranks  groups. The study group TSH consisted of 15 pa-
test. The analysis of categorical variables was per-  tients who completed TSH. The control group
formed with the McNemar test.! Survival was es- OSH included 151 patients. The study flowchart is
timated as described previously. shown in Figure 1.

Radiol Oncol 2023; 57(2): 270-278.
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TABLE 3. Survival analysis

Overall OSH (n = 151) TSH (n = 15) P value
Median OS (months) [95% Cl] 35 [30-40] 35 [31-39] 21 [17-25] 0.063
3-year OS 48% 49% 33% 0.107
5-year OS 26% 27% 13% 0.107
RFS (months) [95% Cl] 11 [8-14] 11 [9-13] 5 [2-8] 0.138
3-year RFS 14% 15% 13% 0.070
5-year RFS 10% 10% 7% 0.070

After case-control matching

Overall CCM-OSH (N=14) TSH (N=15) P value
I(\?nec?rz(?hns)o[;s% cl 23 [19-27] 23 [5-41] 21 [17.0-25.0] 0.575
3-year OS 34% 36% 33% 0.743
5-year OS 17% 21% 13% 0.743
RFS (months) [95% Cl] 7 [4-10] 8 [1-15] 5 [2-8] 0.888
3-year RFS 14% 14% 13% 0.498
5-year RFS 3% 0% 7% 0.498

Cl = confidence interval; CCM = case-control matching; OS = overall survival; OSH = one-stage hepatectomy; RFS = recurrence-free survival; TSH

= two-stage hepatectomy

Clinical characteristics of patients

This study included 166 patients: 151 in the OSH
group and 15 in the TSH group. Their clinical char-
acteristics and perioperative outcomes are sum-
marised in Table 1.

Case-control matching

To reduce the bias and equilibrate the number
of group members, case-control matching was
conducted. Patients from the OSH group (con-
trols) were selected based on the predictors that
were statistically significant in bivariate analysis
(Table 1): number of liver metastases, neoadjuvant
chemotherapy, and extent of liver resection.

Case-control matching returned 14 controls
among the OSH group, annotated as case-control
matching-OSH. All three variables were statisti-
cally significant in the case-control matching mod-
el (P < 0.001). The Wilcoxon signed ranks test for
the median of differences between before and after
matching was insignificant (P = 0.317).

Analyses after case-control matching

After case-control matching, the TSH and OSH
groups were compared (Table 2).

Morbidity and mortality

Perioperative morbidity and 90-day mortality rates
are provided in Table 1 and Table 2.

In the OSH group, seven (4.6%) patients died
postoperatively. The causes of death were sepsis

—IITSH
—1CCM-OSH

Survival

Time [months]

FIGURE 2. Overall survival after case-control matching (TSH
vs. case-control matching-OSH groups), P = 0.575.

CCM-0OSH = case-control matching one-stage hepatectomy; TSH =
two-stage hepatectomy

Radiol Oncol 2023; 57(2): 270-278.
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TABLE 4. Literature review of surgical outcomes and survival after two-stage hepatectomy for colorectal liver metastases

Major liver RO - . Median  Median Median

Authors Year I Niof; resection resection MOridity  Mortality follow-up  RFS Syl LD Sy ik

e e (%) (%) (%) (%) (months)  (months) (%) (%) (months) (%) (%)
Adam et al.,
——— 2000 1992-1999 13 62 NR 45 15 22 NR 31 31 44 35 NR
]O”Ok?,ef a. 2007 19922004 22 67 87 23 0 NR NR 6 NR NR 33 NR

apan
picherlsetal. a0 19922007 4 76 NR 59 7 2% NR 2 13 3 0 &2
rance
Narita et al.,
France” 2011 1996-2009 61 95 NR 54 0 30 NR 15 8 40 59 32
Turrini et al.,
France 2012 2000-2010 34 91 100 20 6 4] NR 24 14 44 59 35
Omichiet al.,
Japan? 2022 2013-2019 32 NR 78 22 0 17 6 NR NR 4] 61 NR
The present
study, Slovenia 2023 2000-2020 15 100 67 40 13 174 7 13 7 21 33 13
Multicentre studies
Tsai et al., USA
and Portugal® 2010 1994-2008 35 80 NR 26 5 NR NR NR NR 16 58 NR
Regimbeau
etal o .
LiverMetSurvey 2017 2000-2014 625 NR 58 25 9 84 4] 43 23 40a 45 23
registry®
Petrowsky
et al. ALPPS 2020 2009-2019 510 100 73 21 5 38 1 19 12 37 52 27
registry?
Chavez et al.
Five centresin 2021 2000-2016 196 76 92 23 5 28 NR 19 18 50 64 44
the USA%
9=mean

ALPPS = associating liver partition and portal vein ligation for staged hepatectomy; N = number; NR = not reported; OS = overall survival; RFS = recurrence-free survival;
USA = United States of America

(n = 1), cardiorespiratory failure (n = 1), multiorgan
failure (n = 3), and posthepatectomy liver failure (n
= 2). In the TSH group, two (13.3%) patients died
postoperatively. One patient suffered from colonic
perforation, was reoperated on several times, and
died of multiorgan failure. The second patient died
of cardiorespiratory failure after acute myocardi-
al infarction. In the case-control matching-OSH
group, the patient (7.1%) died of posthepatectomy
liver failure.

Survival analysis

Patients were followed until their death or until
31 December 2022. The median follow-up was 174
(95% CI 113-235) months. A summary of the sur-
vival analysis is provided in Table 3 and Figure 2.

The RFS, median OS, and 3- and 5-year survival
rates were 5 months, 21 months, 33% and 13% in
the TSH group; 11 months, 35 months, 49% and
27% in the OSH group; and 8 months, 23 months,
36% and 21% in the case-control matching-OSH
group, respectively.
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Discussion

The main finding of our research is that the TSH
group had a similar survival to that of the case-
control matching-OSH group (median OS: 21 vs. 23
months), while the major morbidity rate was lower
in the case-control matching-OSH group (40% vs.
28.6%).

The first TSH was performed on the proposition
that a liver resection where some tumour tissue
remains in place could be justified if it could be
removed by second liver resection.* The time dur-
ing surgeries was intended for liver hypertrophy,
which was enhanced by portal vein embolization
or portal vein ligation.*”

Our first TSH was performed in 2005, and 23 pa-
tients with the most difficult patterns of colorectal
liver metastases were allocated for this demand-
ing treatment (Figure 1).%%% Only 15 patients who
finished both stages were eligible for this study.
This figure is among the lowest, especially com-
pared to the most recent multicentre studies, but
close to those in earlier studies.? Regimbeau et al.
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and Chavez ef al. published large multicentre stud-
ies.>?2 Their study periods overlap with previous
analyses from included centres, as shown in some
reviews (Table 4).212

The diversity of first-step procedures challeng-
es further analysis.*® Nevertheless, this research
adheres to the criteria by Regimbeau et al.> except
for one case of completed ALPPS.

The clinical characteristics of patients in the
OSH and TSH groups differed only in the medi-
an number of colorectal liver metastases (3 vs. 5)
and the rate of chemotherapy treatment (52.3% vs.
86.7%). Both characteristics denote an extensive tu-
mour burden in the TSH group.?

The concept of parenchyma-sparing liver sur-
gery for colorectal liver metastases was estab-
lished approximately 30 years ago.” This explains
the large group of one-stage hepatectomies (n =
151), even in the case of bilateral colorectal liver
metastases, and the lower rate of major hepatecto-
mies in this group (38.4%) (Tables 1 and 2). In the
TSH group, the rate of major hepatectomies was
100%, and the difference from the OSH group was
statistically significant. The reported rates of major
liver resections are given in Table 4.

There was a significant difference in posth-
epatectomy liver failure when comparing the TSH
(80%) and OSH groups (26.5%) (P < 0.001) (Table 1).
However, this difference disappeared after case-
control matching because the matched group was
selected based on neoadjuvant chemotherapy, the
extent of liver resection and the number of liver
metastases. In the case-control matching-OSH
group, 71% of patients had any grade of posthepa-
tectomy liver failure (Table 2), and one patient died
of it. However, the reported rates of posthepatec-
tomy liver failure are from 2.6 to 16%.>%>?”2 This
wide range may also be due to several definitions
of it.*® The most commonly used definitions were
the following: peak bilirubin > 7 mg/dL?, the “50-
50” criteria (50% of normal for the prothrombin in-
dex and 50 pmol/L for bilirubin on postoperative
day 5)®, and the definition by the ISGLS used in
this study.

The high rate of major morbidity (40% in the
TSH group) reflects the burden of demanding two-
stage procedures. On the other hand, 4 (28.6%) pa-
tients suffered from major morbidity in the case-
control matching-OSH group, and the difference
between these two groups was statistically insig-
nificant (P = 0.688). The 90-day mortality in our
TSH group (13%) did not exceed the reported 15%
(Table 4).

TSH aims to improve the survival of patients by
resecting all tumoral tissue and enabling sufficient
future liver remnant. Our last TSH was performed
in 2016, a year before Torzilli ef al. published re-
sults of enhanced OSH as a safe alternative to TSH
for multiple bilateral deep-located colorectal liver
metastases.?*

The prognosis was thought to depend on the
size and number of colorectal liver metastases.?
Whether the resection of colorectal liver metasta-
ses could achieve R0, survival was the same re-
gardless of the number of lesions.? However, Fong
et al. showed that the prognosis depends on the
combination of survival factors, i.e., Clinical Risk
Score.?

There was no significant difference (P = 0.063)
in the median OS between the OSH (35 months)
and TSH groups (21 months). The rate of RO re-
sections and the high Clinical Risk Score did not
differ. After case-control matching, the OS in the
case-control matching-OSH group was 23 months.
However, the median OS in recent reports is long-
er (37-50 months) (Table 4).

Our study showed an insignificant difference
in the 3-year RFS between the TSH group (13%)
and the case-control matching-OSH group (14%).
The 3-year RFS in our study was similar to that re-
ported by Narita et al. and Chavez et al., but much
shorter than the 43% reported by Regimbeau ef al.
(Table 4).5222

Limitations of our study could explain these dif-
ferences in survival. First, this was a single-institu-
tion, retrospective study covering a wide period.
We had a small group of patients who underwent
TSH. Furthermore, the operative technique and
use of portal vein embolization have changed over
time; thus, it is difficult to apply this study to other
modern scenarios. In addition, the interpretation
of data and their comparison to other reports