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Background. Due to the advanced oncological freatments of cancer, an overall increase in cancer incidence, and
better diagnostic tools, the incidence of brain metastases is on the rise. This review addresses the current freatment
options for patients with multiple brain metastases, presenting electrochemotherapy (ECT) as one of the new experi-
mental freatments for this group of patients.

Conclusions. Neurosurgery, stereotactic surgery, and whole-brain radiotherapy are the evidence-based freatments
that can be applied for patients with mulfiple brain metastases. Treatment with chemotherapy and molecularly tar-
geted agents may also be warranted. Several experimental freatments are emerging, one of which is ECT, an effec-
tive cancer treatment comprising electric pulses given by electrodes in the tumor tissue, causing electroporation of
the cell membrane, and thereby augmenting uptake and the cytotoxicity of the chemotherapeutic drug bleomycin
by 300 times. Preclinical data are promising and the first patient has been freated in an ongoing clinical frial for pa-
fients with brain metastases. Perspectives for ECT in the brain include treatment of primary and secondary brain fumors
as well as soft fissue metastases elsewhere.

Key words: brain metastases; electroporation; bleomycin; electrochemotherapy; electrode device; blood-brain barrier

Introduction with the highest incidence in lung cancer patients
(19.9%) and lowest for patients with colorectal can-

An increasing number of cancer patients develop  cer (1.8%).! In Sweden, the number of admissions

brain metastases. Several factors may be respon-
sible, including advancing age of the population,
causing an overall increase in cancer incidence.
Additionally, improved treatment of systemic
cancer disease is leading to longer survival and
thereby increasing the possibility of patients living
long enough to develop brain metastases. The true
incidence of brain metastases in the cancer patient
population is difficult to estimate due to poor reg-
istration of this particular affliction in most coun-
tries. However, a rather precise number for the
incidence of brain metastases in the Metropolitan
Detroit area between 1973 and 2001 was 9.6%,

Radiol Oncol 2012; 46(4): 271-278.

due to brain metastases doubled from 1987 to 2006,
with the largest increase in patients with lung and
breast cancer.?

Brain metastases are developed through a long
line of steps: tumor cells from the primary tumor
enter the blood stream and reach the brain, attach
to the endothelial cells, and extravasate into the
brain parenchyma to proliferate and induce angio-
genesis, see Figure 1.3 Each step along this path to
the development of a brain metastasis may repre-
sent targets for treatments at hand or in the future.

With modern diagnostic tools such as mag-
netic resonance imaging (MRI), patients can be

doi:10.2478/v10019-012-0042-y
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FIGURE 1. Pathogenesis of brain metastases.

diagnosed earlier in the course of the disease.
Furthermore, using MRI as the diagnostic tool
reveals that 80% of the patients have more than
one brain metastasis and around 50% have three
or more brain metastases.* Schellinger ef al. found
that CT scan failed to demonstrate multiple brain
metastases in 31% of patients screened with both
CT and MRI scans.’

The time of occurrence of brain metastases var-
ies greatly within different cancer types, often oc-
curring late with breast cancer and colorectal can-
cer, while lung cancer patients frequently develop
brain metastases early in the disease, maybe even
at the time of diagnosis.®*” Common symptoms
of brain metastases are headache, paresis, and
psychological changes, which are seen in about
half the patients.® Many patients also suffer from
symptoms of elevated intracranial pressure such as
nausea, vomiting, and headache. Up to 20% of the
patients have trouble walking and/or suffer from
seizures.®

So far, the primary goal of most treatments of
brain metastases is palliation and focuses on im-
provement of symptoms and the patient’s quality
of life. It has been shown that a reduction of tumor
volume after whole brain radiation therapy is cor-
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related to both improvement of the neurocognitive
function and survival. Neurocognitive function is
also closely related to the patient’s ability to cope
with activities of daily living (ADL), which again is
important for the quality of life.? Therefore, reduc-
ing tumor volume is the goal of most treatments for
brain metastases.

Novel molecularly targeted agents have shown
activity against brain metastases, but so far nothing
has revolutionized the treatment of brain metastas-
es. Another upcoming treatment option could be
electrochemotherapy (ECT), a treatment compris-
ing of chemotherapy facilitated into the cancer cells
by electric pulses that causes transient permeabi-
lization of the cell membrane e.g. electroporation.
The electric pulses are delivered by electrodes pen-
etrating and covering the brain metastasis, causing
electroporation of the cancer cells, and leading to a
highly augmented uptake of the chemotherapeutic
drug. The chemotherapeutic drug mostly used is
bleomycin, which can be administered either intra-
venously or injected directly into the tumor. ECT
has been thoroughly clinically tested as treatment
for cutaneous tumors, is preclinically tested in a rat
tumor model with promising results'®, and a first-
in-man clinical trial is now open for patients with
brain metastases at our center (ClinicalTrials.gov,
number NTC 01322100).

The role of surgery

Surgery can be an excellent treatment for patients
with single or few brain metastases, but is rarely
an option for patients with multiple brain metas-
tases. The key parameters used to decide whether
surgery may be an option are size, number, and lo-
calization of the brain metastases, and is ultimately
evaluated on a case by case basis by a neurosur-
geon.!! For instance, a large, surgically accessible
metastasis greater than 3 cm and with complicat-
ing mass effect could be considered for surgical
treatment, and need for a confirmation of a diagno-
sis can be an important pro for surgery.!! Surgery
seems to be equally as effective as stereotactic ra-
diosurgery for the management of suitable solid
metastases less than 3 cm in diameter, however,
this conclusion may be subject to selection bias,
as patients selected for surgery may have a better
prognosis to begin with.!?

The role of radiotherapy

Radiotherapy can be applied locally, as Stereotactic
Radiation Surgery (SRS) to a limited number of
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TABLE 1. Re-irradiation of brain metastases
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Study Design (pts) Radiation dose 1. treatment Radiation dose 2. treatment Treatment interval MST
Shehata 1974 Retfro-spective 10 G_y/l f_rochon or 10 Gy in 2-5 daily Not reported Not reported 47 mo

(35 pts) fractions in less than a week

. . . WBRT 1 Gy/lfraction to
Kop19go  Ferospective 18 Oy/3 actions, 20 Gy/S froctions 46 Gy/a0 ractions / 57w, 1-46 Mo, Mean 63 51
at least 20 Gy in total dose

Retro-spective  30-36 Gy/1,5-4 Gy/fraction 6-36 Gy/2-4 Gy/ fraction .
Hazuka 1988 (44 pts) Median 30 Gy Median 25 Gy Median 7.8 mo 1.7 mo
Cooper 1990 Refro-spective 30 Gy/10 fractions over 2 weeks 25 Gy/10 fractions over At least 4 mo 4.9 mo

(52 pts)

Wong 1996 Retro-spective

(86 pts)
Abdel-Wahab  Prospective 30-55 Gy
1997 (15 pts) Median 30 Gy
sadikov 2007 Retro-spective  20-30 Gy/5-10 fractions

(72 pfts) Median 20 Gy

30 Gy/10 fractions (range 20-50.4 Gy)

2 weeks

WBRT 65 pft, partial brain 3 pfts.
Median 20 Gy/10 fractions
(range 7.9-30.6 Gy)

Median 7.6 mo
(range 1.5-50.6 mo)

Partial brain 8.8 cm3

Median 30 Gy (range 630 Gy) ~ ™Median 10 mo

15-25 Gy/5-12 fractions
Median NR

Median 9.6 mo
(range 2-37.3 mo)

4 mo (range
0.25-72 mo)

3.2 mo

4 mo (range
0-17 mo)

Abbreviations: pts-patients; WBRT- whole brain radiation therapy; MST-median survival ime; mo-months (weeks converted to months for the first four studies, i.e. 4.5 weeks per month).

brain metastases, or as the traditional whole brain
radiation therapy (WBRT), and is sometimes com-
bined with each other or with surgery. The com-
bined approach is mostly used for patients initially
presenting with multiple brain metastases treated
with WBRT and relapsing with a single or a few
brain metastases suitable for SRS. SRS treatment up
front can also be followed by WBRT. Prophylactic
whole brain radiation therapy is routinely applied
to patients with small-cell lung cancer and limited
disease, improving patient survival.'®

SRS may be regarded as an option for patients
with fewer than 3-4 brain metastases of less than
3-4 cm in diameter, and compared to surgery more
variable locations may be treatable.!* The median
survival after SRS is better than for WBRT, and this
is probably due to the patients being sorted using
the known prognostic factors of few metastases
and better performance status.

WBRT alone is most often the standard of care
for patients with multiple brain metastases, lead-
ing to improvement of symptoms in about half the
patients and a median survival of 4-6 months.!
Approximately 50% of patients in RTOG (Radio
Therapy Oncology Group) trials have disease con-
trol after 6 months with initial response rates of
around 60%.* Kalkanis et al. found in a review of
4 studies that if surgery is combined with WBRT,
both tumor control at the original site and distant
control in the brain is improved, but not the overall
survival.®® When avoiding treatment of the whole
brain, the lack of distant control in the brain can

be managed by frequent imaging surveillance,
enabling salvage therapy in case of recurrence or
appearance of new brain metastases.'? Chang ef al.
found most patients with distant recurrences were
clinically asymptomatic (18 of 21) and only detect-
ed on MRI, concluding that local treatments, such
as SRS should be followed by close imaging moni-
toring afterwards.! Conversely, Patchell ef al. finds
that WBRT should be given up front after localized
treatments, because of the generally low toxicity of
WBRT, and to spare the patient of neurologic de-
terioration that may be irreversible when progres-
sion occurs.”

More than half the patients who are treated for
brain metastases will in their lifetime eventually
present with progressive disease in the brain, and
more and more often as the only site of progres-
sion.!® Patients present with multiple symptoms
such as headache, motor deficit, impaired menta-
tion and seizures, where headache being the most
common presenting symptom at debut of brain
metastases, while motor deficit is the most frequent
symptom at recurrence.' At recurrence the current
strategy is combining available evidence-based
treatments, such as WBRT and SRS or even repeat-
ing WBRT. Event though the role of re-irradiation
of the whole brain for recurrent/progressive brain
metastases is controversial, mainly due to the data
on the subject being retrospective, published over
a large number of years while the oncological treat-
ments have evolved somewhat. A list of these stud-
ies is shown in Table 1.
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The studies on re-irradiation of the whole brain
may therefore have underestimated the treatment
toxicity and treated different types of patients,
with respect to disease status and performance sta-
tus, which is known to influence patient survival.

The role of chemotherapy

A major concern regarding chemotherapy as a
treatment for brain metastases is whether or not
the antineoplastic drug crosses the blood-brain bar-
rier (BBB). Another issue to consider is whether the
patients are chemotherapy-naive or have received
several lines of chemotherapy prior to the develop-
ment of brain metastases, increasing the possibility
of tumor resistance.”’ A few cancers are responsive
to treatment with chemotherapy in the brain, such
as malignant melanoma, lymphoma and small cell
lung cancer, but for most solid tumors, the role of
chemotherapy for brain metastases remains unde-
fined.

One chemotherapeutic agent known for years
and able to penetrate the BBB in therapeutic con-
centrations is the oral alkylating drug temozolo-
mide (TMZ). TMZ has demonstrated activity
against both primary and secondary brain tumors,
especially in patients with malignant melanoma
brain metastases.?'?> Agarwala et al. tested the ef-
ficacy and toxicity of temozolomide on 151 radio-
therapy-naive patients with malignant melanoma,
showing one patient with complete response (CR),
8 patients (5%) with partial response (PR), and 40
patients (26%) with stable disease in the brain.?!
Significant anti-tumor effects of TMZ have also
been shown in a group of patients with mixed
diagnoses, when treated with TMZ plus WBRT
compared to WBRT alone, although an overall sur-
vival benefit was never found.??> The lack of abil-
ity to show a survival benefit was hypothesized by
Antonadou et al. to be due to the fact that in their
phase-II trial of 45 evaluable patients, the majority
of patients in both groups progressed and died of
disease progression at the primary site or devel-
oped other systemic metastases.” In a small study
of 24 patients with breast cancer brain metastases,
an objective response rate of 18% was observed
with the treatment with TMZ and capecitabine,
which is a promising result that needs further con-
firmation in larger trials.?

Other chemotherapeutic drugs have been tested,
and one promising clinical trial is Newton et al.’s
treatment with intra-arterial carboplatin and etopo-
side in patients with brain metastases from various
primary cancer diagnoses, producing an objective
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response rate of 38% in 24 patients with tolerable
toxicity, warranting further studies.?” Kiewe ef al.’s
treatment with topotecan and ifosfamide in 12 pa-
tients with brain metastases resulted in 1 patient
with PR and 3 patients with stable disease (SD), but
at a price of considerable hematotoxicity, discour-
aging further investigations into this treatment.?

The role of molecularly targeted agents

Molecularly targeted agents are now available in
the treatment of brain metastases, such as the oral
tyrosine kinase inhibitor (TKI) lapatinib for HER-2-
expressing breast cancer patients.?? These patients
have a reported high risk of brain metastases,
which may be due to the poor penetration through
the BBB of the otherwise effective HER-2 targeting
drug trastuzumab, in addition to the possibility
that HER-2 —expressing breast cancer may be more
biologically aggressive.”

Lapatinib is acting by binding the inactive form
of the erbB2 and the epidermal growth factor re-
ceptor (EGFR), promoting cell growth inhibition
and inducing apoptosis. The small molecule does
penetrate the BBB and has shown efficacy in the
brain in clinical trials, especially when combined
with the chemotherapeutic drug capecitabine, and
is now routinely used in the clinic.3%3!

Sunitinib is another small molecule TKI, acting
on vascular endothelial growth factor receptors
(VEGEFR) and platelet-derived growth factor recep-
tors (PDGFR) among others with a direct anti-tumor
and anti-angiogenic activity. The drug is playing a
major role in the treatment of patients with renal
cell carcinoma (RCC) in general, and it is also in this
patient group the best results are found in the treat-
ment of brain metastases. A study of 321 patients
with brain metastases from RCC found an overall
response rate of 12% and a clinical benefit rate of
64%.3 Sunitinib has also been investigated in heav-
ily pretreated breast cancer patients by Burstein ef
al., resulting in 7 out of 64 patients having a partial
response (PR), demonstrating activity and warrant-
ing further investigation.®® Unfortunately, a phase I
study of 64 patients with non-small cell lung cancer
showed only marginal anti-tumor activity.3

The EGFR tyrosine kinase inhibitors, gefitinib
and erlotinib, are considered active agents in a sub-
set of patients with non small-cell lung cancer har-
boring EGFR-mutations and seems to be effective
in the treatment of brain metastases.*3°

Bevacizumab is a monoclonal antibody that
binds to and inhibits the activity of VEGF and pos-
sibly crosses the BBB, mediating a normalization
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FIGURE 2. Treatment result of electrochemotherapy in the skin. One cutaneous metastasis from malignant melanoma treated with electrochemo-
therapy in general anaesthesia and intravenous injection of bleomycin. Pictures shows (a) Before freatment the metastases was ulcerated and caused
haemorrhage, pain and discomfort, (b) 1 month after freatment the lesion is covered with a crust, needle marks in normal tissue are visible due to treat-
ment of the fumor margin as well. Note that there is no necrosis of normal skin, and (c) 6 months after freatment the freated metastases is in CR

(complete response) showing normal skin that had healed underneath the nodule. From Gehl, Ugeskrift for laeger, 2005, with permission.

of the tumor vasculature, and thereby decreasing
pressure and enhancing delivery of chemotherapy
to the tumor.¥” In a case series of 4 patients receiv-
ing bevacizumab and paclitaxel for breast cancer
brain metastases, considerable activity was dem-
onstrated with one complete response (CR) and 3
PR’s.¥” Normally, the chemotherapeutic drug pa-
clitaxel does not cross the BBB, so the addition of
bevacizumab seems to have made a difference, and
the preliminary results are encouraging.

Molecularly targeted agents may be important
in the future prevention and treatment of brain me-
tastases, and so far lapatinib for breast cancer and
sunitinib for renal cell carcinoma seem most prom-
ising. These agents should most likely be given in
combination with other treatment modalities, such
as chemotherapy to obtain the optimal effect.

Electrochemotherapy in the brain

Electrochemotherapy (ECT) is a treatment where
electroporation is used to facilitate the delivery and
thereby augmenting the cytotoxicity of chemother-
apy. Electroporation of cells is caused by applica-
tion of an electric field across the cell membrane
that exceeds the cell membranes’ resting potential,
leading to a destabilization of the membrane and
formation of pores. Obtaining electroporation of
cells requires insertion of electrodes into the tu-
mor tissue and applying electric pulses, generating
a sufficient electric field to cause pore formation.
The pores in the cell membrane will be open for
seconds to minutes before resealing, depending on
the electrical parameters used (e.g. pulse duration
and applied voltage), and in this time e.g. a chem-
otherapeutic drug can enter the cells easily and
reach their intracellular target.®

The chemotherapeutic drug mostly used for
ECT is bleomycin, which is highly cytotoxic once
inside the cell, targeting DNA by causing dou-
ble- and single strand breaks.* Bleomycin is a
large, hydrophilic molecule that under normal
circumstances rarely enters the cells, but when
combined with electroporation, the cytotoxicity is
augmented at least 300 times.*** Bleomycin can
be administered intravenously, and then the effect
can be augmented in the tumor tissue by using the
technique of electroporation, leading to a highly
specific and localized cancer treatment. Because
bleomycin is a treatment with low toxicity in sin-
gle doses, this approach is readily applicable for
most cancer patients.*® Hence, ECT as a once-only
treatment for cutaneous tumors of any histology
and a diameter of less than 3 cm has been shown to
produce complete response rates (CR) between 73-
91%.%-4% Additionally, clinical experience tells us,
that the normal tissue in the tumor margins often
is resistant to the effects of ECT, especially when
the bleomycin is administered intravenously.* In
this case only a few molecules of bleomycin enter
both normal and cancer cells, causing death of can-
cer cells, but apparently no damage to the normal
cells that are still able to repair DNA damage and
restore ion homeostasis after electroporation.® For
example, after once-only treatment of a cutaneous
metastasis from malignant melanoma with ECT
using intravenously administered bleomycin, the
needle marks from the electrodes are visible, and it
is evident that the healthy but treated tissue in the
margins is unharmed, see Figure 2.4

Furthermore, the electric pulses cause a vascular
reaction called ‘the vascular lock’, which is a local
vasoconstriction possibly mediated by the sympa-
thetic nervous system, resulting in hypoperfusion
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FIGURE 3. Electrochemotherapy in the human brain. Schematic drawing of the proposed electroporation procedure in the human brain

of the electroporated tissue immediately after the
electric pulses, diminishing wash-out of the chem-
otherapeutic drug used and bleeding from the
treated area.>"!

New electrode development has now made it
possible to treat tumors in soft tissue inside the
body, e.g. in the liver, gastrointestinal tract and
the brain.®*** We have shown that brain tumors
in a rat model can be eliminated by ECT with this
novel electrode device developed for use in the
brain. The first reported preclinical study of ECT
as a treatment modality for brain tumors in a rat
model was published in the early 90’ties, reporting
an almost double survival time in the treated rats.>
Acupuncture needles were then used as electrodes
to treat rats inoculated with tumor cells with ECT,
intravenously injected bleomycin being the chemo-
therapeutic drug. In our preclinical study, MRI ver-
ified tumors inoculated from glial derived tumors
cells was treated with ECT, resulting in elimination
of 88% of the brain tumors.>

We are currently running a phase-1 trial on ECT
as a palliative treatment for brain metastases using
bleomycin and the novel electrode device developed
especially for treatment in soft tissue (ClinicalTrials.
gov, number NTC 01322100). The expandable brain
electrode device developed for the phase 1 trial is
seen pictured schematically in Figure 3.

In the treatment procedure, the electrode device,
with the electrodes in a retracted position (Figure 3
A), will be mounted in a stereotactic frame in a spe-
cifically developed driver unit, making it possible
to slowly move it forward towards the target lesion
while penetrating the brain tissue. When the tip of
the expandable brain electrode device reaches the
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correct coordinates, estimated from the MRI scan
of the brain at baseline, the electrodes will be de-
ployed into the brain metastasis (Figure 3 B, C).
With the electrodes correctly placed and covering
the entire tumor, the electric pulses can be deliv-
ered. After delivery of the electric pulses, the elec-
trodes will be retracted back (Figure 3 A) and the
expandable brain electrode device can be removed.
Bleomycin is administered 15 minutes before de-
livery of the electric pulses, ensuring proper con-
centration of the drug in the brain tumor tissue.

ECT seems to be an attractive treatment to use
in the brain, due to the known effectiveness on one
side, and the limited toxic effects on normal tissue
on the other. A review of the literature shows that
bleomycin is quite tolerable when injected directly
into the brain, most commonly causing adverse ef-
fects such as flue-like symptoms, fever, and nausea
and vomiting.”” Common adverse effects of bleo-
mycin administered systemically are quite similar:
flu-like symptoms, fever and nausea, and mostly
with high cumulative dosages, serious adverse
events such as pulmonary fibrosis have been ob-
served.>%

As only one patient has been treated in the
phase I trial so far, treatment with ECT in the brain
remains experimental. However, perspectives for
ECT in the brain are numerous, as it may be used
as a treatment for inoperable, surgically inaccessi-
ble brain metastases, maybe in combination with
conventional neurosurgery. ECT may also be used
for treating the tumor bed after surgical removal
of primary brain tumors such as glioblastomas,
treating remaining tumor cells in the margin area
responsible for local recurrence.
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Conclusions

Multiple brain metastases are increasing in inci-
dence due to factors such as overall increasing can-
cer incidence, better diagnostic tools, and because
improved cancer treatment causes longer survival
and therefore increasing possibility of patients
living long enough to develop brain metastases.
Treatment options today offer limited effectiveness
in patients with multiple brain metastases on the
long run and neurological symptoms can be the
leading problem for many of these patients. One
of several new experimental treatments emerging
is ECT, so far showing promising preclinical data
and the first patient has been treated in an ongoing
clinical trial.
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Background. Subcutaneous panniculitis-like T-cell lymphoma (SPTCL) is a rare form of cutaneous lymphomas, ac-
counting for less than 1% of cases of non-Hodgkin's lymphoma. Fluorine-18 fluorodeoxyglucose (F-18 FDG) positron-
emission tomography/computed tomography (PET/CT) findings of SPTCL before and after freatment were rarely
reported.

Case report. We report a case of SPTCL in which F-18 FDG PET/CT showed increased FDG accumulations in numer-
ous subcutaneous nodules without extracutaneous disease. Contrast-enhanced CT during F-18 FDG PET/CT showed
multiple minimally enhancing nodules with an infilfrative pattern in the subcutaneous layer throughout the body.
Follow-up F-18 FDG PET/CT after three cycles of CHOP chemotherapy showed a complete metabolic remission of
the lesions.

Conclusions. F-18 FDG PET/CT is suggested to be useful in assessing the disease activity, extent and treatment re-
sponse in SPTCL.

Key words: subcutaneous panniculitis-like T-cell ymphoma; F-18 FDG; PET/CT

Introduction

Subcutaneous panniculitis-like T-cell lymphoma
(SPTCL) is a rare disorder that is often confused
with panniculitis. Patients usually present with
multiple subcutaneous nodules on the extremi-
ties and trunk without visceral disease. Systemic
symptoms such as fever, fatigue, and weigh loss
may be present. The disease may be complicated
by hemophagocytic syndrome, which is often as-
sociated with a rapidly progressive course.! The di-
agnosis of SPTCL is currently based on clinical and
histological findings.? CT is a noninvasive imaging

Radiol Oncol 2012; 46(4): 279-283.

modality that is widely used for staging in patients
with lymphoma?, but it does not provide much in-
formation in cutaneous lesions.*

We report herein a patient with SPTCL in whom
F-18 FDG PET/CT was valuable in assessing the ex-
tent of the disease and the treatment response.

Case report

A 30-year-old man presented with a 10-year his-
tory of multiple subcutaneous nodules on the ab-
dominal wall which were rubbery on palpation.

doi:10.2478/v10019-012-0017-z
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FIGURE 1. On gray-scale US examination of the lesion in the left abdomen shows
il-defined hyperechoic infiltfration (A). Contrast enhanced CT shows multiple mild
enhancing nodular and diffuse infiltrative lesions (arrows) in the subcutaneous layer
of the anterior abdomen (B).

The nodules were slowly enlarging in size. He was
otherwise healthy without weight loss, fever, or
chill. On admission, his laboratory tests showed el-
evated levels of serum lactate dehydrogenase and
[32 —microglobulin.

Ultrasonography was performed on the abdo-
men. The lesions revealed an ill-defined hyper-
echoic infiltration (Figure 1A). On abdominal and
pelvic CT scanning with contrast enhancement,
there were multiple slightly enhancing infiltrative
nodular or non-nodular lesions in the subcutane-
ous layer of the abdominal wall (Figure 1B). One of
subcutaneous nodules of the abdominal wall was
surgically excised. On histopathologic examina-
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tion of the excised tissue revealed lymphoid cells
diffusely infiltrating through the subcutaneous
tissue on hematoxylin & eosin staining. On im-
munohistochemical staining, the tumor cells were
positive for CD3, CD4 and CD8, but negative for
CD56. These histologic findings were consistent
with SPTCL.

For systemic surveillance, F-18 FDG PET/CT
was performed. Images were obtained 1 hour af-
ter an intravenous injection of F-18 FDG (440 MBq)
using a PET/CT scanner (Biograph 16 LSO Hi-Res,
Siemens, Germany). The patient fasted for 6 hours:
the serum glucose level measured before exami-
nation was 92 mg/dl. F-18 FDG PET/CT images
revealed multiple increased F-18 FDG uptakes
corresponding to the infiltrative lesions in the sub-
cutaneous adipose tissue of the chest, back, abdo-
men and both extremities (Figure 2A-D). However,
there was no evidence of lymph node involvement.

The patient received three cycles of CHOP
(Cyclophosphamide, Adriamycin, Vincristine and
Prednisolone) chemotherapy. After the chemother-
apy, a follow-up F-18 FDG PET/CT scan showed
a complete metabolic remission of the previous
lesions (Figure 3). The patient then received ad-
ditional three cycles of CHOP (total 6 cycles), and
maintained the complete remission with the reso-
lution of all skin lesions. Currently, the patient has
been well without recurrence for three years after
the last dose of CHOP chemotherapy.

Discussion

According to the World Health Organization
(WHO) classification, lymphoid malignancies are
divided largely into T- and B-cell lymphomas,
and Hodgkin’s disease. T-cell lymphomas are di-
vided into precursor T-cell lymphomas and pe-
ripheral T-cell lymphomas. In the category of pe-
ripheral T-cell lymphomas, SPTCL has a very low
incidence, accounting for less than 1% of cases of
non-Hodgkin’s lymphoma.® It was classified as a
subtype of cutaneous T-cell ymphoma that prefer-
entially infiltrates the subcutaneous tissue without
overt lymph node involvement.?

SPTCL occurs in adults as well as in young
children, and both sexes are equally affected.
Patients present with multiple subcutaneous nod-
ules and plaques, which progress and may ulcer-
ate.®” Systemic symptoms of this disease are vari-
able, and fever, fatigue, and weight loss may be
present. Dissemination to extracutaneous sites is
rare. SPTCL may be preceded for years or decades
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FIGURE 2. Axial contrast-enhanced CT (A), PET (B), and fusion PET/CT (C) images performed for initial staging demonstrated areas of abnormal increased
F-18 FDG uptake corresponding to infiltrative changes in the subcutaneous adipose tissue of the anterior abdominal wall. Extensive disease involvement
throughout the body with numerous subcutaneous nodules is best visualized on the maximum intensity projection (MIP) image (D).

by a seemingly benign panniculitis.®>'° Two clinical
courses are reported: Some patients have a pro-
tracted course of recurrent spontaneously healing
subcutaneous nodules without systemic signs or
symptoms; other patients have a rapidly progres-
sive disease and very poor outcome!!, which is
usually due to the development of hemophago-
cytic syndrome or hepatic dysfunction.

Histologically, SPTCL is characterized by lym-
phocytic infiltrates confined primarily to the fat
lobules in the subcutaneous tissue.>*!? Rimming
of individual fat cells by neoplastic T-cells is a
helpful, though not completely specific, diagnos-
tic feature.’® In early stage disease, the neoplastic
infiltrates may lack significant atypia and a heavy
inflammatory infiltrate may predominate.51°

Radiol Oncol 2012; 46(4): 279-283.
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FIGURE 3. After three cycles of chemotherapy, the MIP image of follow-up F-18 FDG
PET/CT showed complete metabolic remission of the involved lesions.

On CT examination, multiple enhancing nod-
ules are well recognized in the subcutaneous layer
of the involved body site.'* However, these find-
ings are also noted in inflammatory panniculitis
associated with systemic lupus erythematosus or
rheumatoid arthritis, subcutaneous metastases
from malignant melanoma or breast cancer, and
nodules originating from bacterial and fungal in-
fections or from parasitic infestations.!®

The F-18 FDG PET/CT has emerged as the
standard of care for staging, monitoring of the re-
sponse to therapy, and the detection of disease re-

Radiol Oncol 2012; 46(4): 279-283.

currence in the majority of oncological patients as
well as in patients with Hodgkin’s and aggressive
non-Hodgkin’s lymphomas.!*'® However, limited
studies have been published in the literature on the
value of F-18 FDG PET or PET/CT for the evalua-
tion of cutaneous lymphoma. Moreover, only a few
cases of SPTCL have been reported describing the
findings of F-18 FDG PET or PET/CT. Most stud-
ies demonstrated that the subcutaneous lesions of
SPTCL showed an FDG-avidity and indicated the
superiority of PET/CT over CT alone in detecting
nodal involvement.’®? In our case of SPTCL, F-18
FDG PET/CT detected many lesions with greater
sensitivity than did physical examination or CT.
These studies reported that F-18 FDG PET was
valuable in monitoring the treatment response and
detecting the extracutaneous lesion in SPTLC.*2
Although further evaluations are needed, the
findings in our case suggest that F-18 FDG-PET/CT
is a valuable tool for diagnostic work-up, staging
and response monitoring in patients with SPTCL
as well as those with other FDG-avid lymphoma.

References

1. Willemze R, Jaffe ES, Burg G, Cerroni L, Berti E, Swerdlow SH, et al. WHO-
EORTC classification for cutaneous lymphomas. Blood 2005; 105: 3768-85.

2. Gonzalez CL, Medeiros LI, Braziel RM, Jaffe ES. T-cell lymphoma involving
subcutaneous tissue: a clinicopathologic entity commonly associated with
hemophagocytic syndrome. Am J Surg Pathol 1991; 15: 17-27.

3. Horvat M, Jezersek Novakovic B. Effect of response quality and line of treat-
ment with rituximab on overall and disease-free survival of patients with
B-cell lymphoma. Radiol Oncol 2010; 44: 232-8.

4. Salhany KE, Macon WR, Choi JK, Elenitsas R, Lessin SR, Felgar RE, et al.
Subcutaneous panniculitis-like T-cell lymphoma: clinicopathologic, im-
munophenotypic, and genotypic analysis of alpha/beta and gamma/delta
subtypes. Am J Surg Pathol 1998; 22: 881-93.

5. Paulli M, Berti E. Cutaneous T-cell lymphomas (including rare subtypes):
current concepts Il. Haematologica 2004; 89:1371-2.

6. Willemze R, Jansen PM, Cerroni L, Berti E, Santucci M, Assaf C, et al.
Subcutaneous panniculitis-like T-cell lymphoma: definition, classification,
and prognostic factors: an EORTC Cutaneous Lymphoma Group Study of 83
cases. Blood 2008; 111: 838-45.

7. Kasper DL, Braunwald E, Fauci AS, Hauser SL, Longo DL, Jameson JL:
Harrison’s principles of internal medicine. New York: McGraw-Hill; 2005.
p. 654.

8. Weenig RH, Ng CS, Perniciaro C. Subcutaneous panniculitis-like T-cell lym-
phoma. Am J Dermatopathol 2001; 23: 206-15.

9. Hoque SR, Child FJ, Whittaker SJ, Ferreira S, Orchard G, Jenner K, et al.
Subcutaneous panniculitis-like T-cell lymphoma: a clinicopathological, im-
munophenotypic and molecular analysis of six patients. BrJ Dermatol 2003;
148: 516-25.

10. Marzano AV, Berti E, Paulli M, Caputo R. Cytophagocytic histiocytic pan-
niculitis and subcutaneous panniculitis-like T-cell ymphoma. Arch Dermatol
2000; 136: 889-96.

11. Perniciaro C, Zalla MJ, White JW Jr, Menke DM. Subcutaneous T-cell lym-
phoma. Report of two additional cases and further observations. Arch
Dermatol. 1993, 129: 1171-6.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Kim JS et al. / F-18 FDG PET/CT in subcutaneous panniculitis-like T-cell lymphoma

Takeshita M, Imayama S, Oshiro Y, Kurihara K, Okamoto S, Matsuki Y, et
al. Clinicopathologic analysis of 22 cases of subcutaneous panniculitis-like
CD56- or CD56+ lymphoma and review of 44 other reported cases. Am J
Clin Pathol 2004; 121: 408-16.

Massone C, Chott A, Metze D, Kerl K, Citarella L, Vale E, et al. Subcutaneous,
blastic natural killer (NK), NK/T-cell and other cytotoxic lymphomas of the
skin: a morphologic, immunophenotypic and molecular study of 50 pa-
tients. Am J Surg Pathol 2004; 28: 719-35.

Lee HJ, Im JG, Goo JM, Kim KW, Choi BIl, Chang KH, et al. Peripheral T-Cell
lymphoma: spectrum of imaging findings with clinical and pathologic fea-
tures. RadioGraphics 2003; 23: 7-26.

Kang BS, Choi SH, Cha HJ, Jung YK, Lee JH, Jeong AK, et al. Subcutaneous
panniculitis-like T-cell lymphoma: US and CT findings in three patients.
Skeletal Radiol 2007; 36: S67-71.

Hodolic M. Role of 18F-choline PET/CT in evaluation of patients with pros-
tate carcinoma. Radiol Oncol 2011; 45: 17-21.

Hui¢ D, Mutvar A, Kinda-Basi¢ S, Aurer T, CiglarlM, Grosev D, et al. Negative
predictive value of F-18-FDG coincidence PET in patients with Hodgkin’s
disease and a residual mass after therapy: a retrospective diagnostic test
study. Radiol Oncol 2009; 43: 258-63.

Jerusalem G, Hustinx R, Beguin Y, Fillet G. Evaluation of therapy for lym-
phoma. Semin Nucl Med 2005; 35: 186-96.

Ravizzini G, Meirelles GS, Horwitz SM, Grewal RK. F-18 FDG uptake in sub-
cutaneous panniculitis-like T-cell ymphoma. Clin Nucl Med 2008; 33: 903-5.

Kong EJ, Cho IH, Chun KA, Bae YK, Chol JH, Hyun MS. F-18 FDG PET/CT find-
ings of subcutaneous panniculitis-like T-cell lymphoma: a case report. Nucl
Med Mol Imaging 2009; 43: 240-4.

Tsai EY, Taur A, Espinosa L, Quon A, Johnson D, Dick S, et al. Staging ac-
curacy in mycosis fungoides and sezary syndrome using integrated positron
emission tomography and computed tomography. Arch Dermatol 2006;
142: 577-84.

Kuo PH, McClennan BL, Carlson K, Wilson LD, Edelson RL, Heald PW, et al.
FDG-PET/CT in the evaluation of cutaneous T-cell lymphoma. Mol Imaging
Biol 2008; 10: 74-81.

Rodriguez VR, Joshi A, Peng F, Rabah RM, Stockmann PT, Savasan S. Positron
emission tomography in subcutaneous panniculitis-like T-cell lymphoma.
Pediatr Blood Cancer 2009; 52: 406-8.

Radiol Oncol 2012; 46(4): 279-283.

283



284

research article

Ultrasound elastography as an objective
diagnostic measurement tool for lymphoedema
of the treated breast in breast cancer patients
following breast conserving surgery and
radiotherapy

Nele Adriaenssens'-3, Dries Belsack?, Ronald Buyl*, Leonardo Ruggiero®, Catherine Breucg?,
Johan De Mey?, Pierre Lievens?, Jan Lamote®

" Physical Therapy Department, Universitair Ziekenhuis Brussel, Belgium

2Department of Radiology, Universitair Ziekenhuis Brussel, Belgium

3Physical Therapy Department, Vrije Universiteit Brussel, Belgium

“Department of Biostatistics and Medical Informatics, Vrije Universiteit Brussel, Belgium
> Department of Engineering, Vrije Universiteit Brussel, Belgium

¢ Department of Oncological Surgery, Universitair Ziekenhuis Brussel, Belgium

Radiol Oncol 2012; 46(4): 284-295.
Received 1 January 2012

Accepted 14 April 2012

Correspondence to: Nele Adriaenssens, UZ Brussel - Breast Clinic, Laarbeeklaan 101, 1090 Jette, Brussels, Belgium. Phone: +32 2 477 60 15;
E-mail: nmadriae@vub.ac.be

Disclosure: No potential conflicts of interest were disclosed.

Background. Lymphoedema of the operated and iradiated breast is a common complication following early
breast cancer treatment. There is no consensus on objective diagnostic criteria and standard measurement tools. This
study investigates the use of ultrasound elastography as an objective quantitative measurement tool for the diagnosis
of parenchymal breast oedema.

Patients and methods. The elasticity ratio of the subcutis, measured with ultrasound elastography, was compared
with high-frequency ulfrasound parameters and subjective symptoms in twenty patients, bilaterally, prior to and fol-
lowing breast conserving surgery and breast irradiation.

Results. Elasticity ratio of the subcutis of the operated breast following radiation therapy increased in 88.9% of pa-
tients, was significantly higher than prior to surgery, unlike the non operated breast and significantly higher than the
non operated breast, unlike preoperative results. These results were significantly correlated with visibility of the echo-
genic line, measured with high-frequency ultrasound. Big preoperative bra cup size was a significant risk factor for the
development of breast oedema.

Conclusions. Ultrasound elastography is an objective quantitative measurement tool for the diagnosis of parenchy-
mal breast oedema, in combination with other objective diagnostic criteria. Further research with longer follow-up
and more patients is necessary o confirm our findings.

Key words: early breast cancer; breast conserving surgery; breast irradiation; lymphoedema of the breast; breast
oedema; ulfrasound elastography

Introduction breast conserving surgery (BCS) with radiation ther-

apy (RT) is the primary treatment for the majority of
The National Institutes of Health Consensus women with early stage breast cancer.! Nowadays,
Development Conference on Treatment of Early  BCS is, after the diagnostic procedures, the most
Stage Breast Cancer indicated, 22 years ago, that  widely used surgical procedure for early breast can-

Radiol Oncol 2012; 46(4): 284-295. doi:10.2478/v10019-012-0033-z



Adriaenssens N et al. / US elastography for the diagnosis of breast oedema

cer and in most cases it is followed by whole-breast
irradiation of 55-60 Gy administered in a fraction-
ated dose over the course of five to six weeks.>®

An adverse side effect of this treatment is breast
cancer related lymphoedema of the operated and
irradiated breast (breast oedema).® Breast oedema
is largely underdiagnosed in clinical practice be-
cause of lack of consensus on objective diagnos-
tic criteria and on standard measurement tools.”®
Therefore, incidence intervals are wide and inci-
dence is strongly influenced by follow-up time and
the presence of patient and therapy related risk
factors.? 67914 Incidences vary between 5% and
80%_3/6,7,9-12

The onset of breast oedema can occur postopera-
tively by disturbance of the lymphatic circulation,
but it is most commonly reported following breast
RT, which has been blamed for increasing the inci-
dence following BCS.16791112 RT of > 40Gy may lead
to a significant increase in breast volume due to
tissue reactions with an oedema, but breast irradia-
tion itself does not initiate cutaneous oedema un-
less other predisposing or aggravating factors are
present.!314 Breast irradiation does cause sclerosis of
the skin, late post RT. Tissue fibrosis may obstruct
lymph flow and slow down regeneration and for-
mation of new lymph vessels.’> The time course of
cutaneous breast oedema during and following RT
was previously described by Wratten et al. in 2007.14
Lymph node irradiation in the breast area may de-
crease filter function and inhibit normal lymphatic
proliferative response to inflammatory stimuli.”

Although pathophysiology of breast oedema
is well known, problems with differential diag-
nosis occur frequently in clinical practice, because
diagnosis and severity are quantified using sub-
jective grading assessments by care takers and
patients.*>1® The clinical presentation of breast
oedema becomes present in the second phase only,
when the breast volume difference is obvious with
symptoms of peau d’orange, redness, pain and posi-
tive pitting 3912

Objectivities of clinical symptoms with medical
imaging has shown that magnetic resonance imag-
ing (MRI) and high-frequency ultrasound (HFUS)
are feasible for some criteria of breast oedema.!'!”
There is a close correspondence between breast
oedema demonstrated on MRI and the severity of
clinical induration (palpable hardness).”” Breast
oedema on HFUS is presented by thickening of the
skin over 2 mm with increased echogenicity, dis-
turbance or poor visibility of the deeper echogenic
line and interstitial fluid accumulation. However,
HFUS is not useful in quantifying parenchymal

breast oedema and acute inflammatory changes in-
duced by breast irradiation.** Absolute HFUS echo-
genicity measures and visibility of the boundary of
the dermis are strongly dependent on HFUS unit’s
gain settings and therefore unusable as a quantita-
tive measure.® Since quantification at the onset of
complications is necessary to evaluate the further
evolution and treatment, a quantitative diagnostic
measurement tool is necessary for breast oedema.

US elastography is a clinical application, non
invasive, cost effective, safe and widely-accessible,
that could give more information than HFUS on op-
eration and radiation induced changes to the skin
and subcutaneous tissue.’® US elastography is a
technique used for assessment of tissue elasticity,
a soft tissue characterization based on the elastic
properties. The principle of sono-elastography is
that tissue compression results in a displacement
or strain of the tissue. This strain is lower in hard
tissue compared to soft tissue. By comparing the tis-
sue during compression and decompression, infor-
mation about the hardness of tissue can be assessed
using a cross-correlation technique to determine the
amount of displacement of each B-mode image pix-
el. There are several elastography techniques, the
most studied in the literature being static elastogra-
phy. Static elastography technique involves obtain-
ing US signals from an axial imaging plane prior
to and following a slight compression of the tissue.
Typically, the pre and post compression frames are
processed to generate images of local strain, com-
monly known as elastograms, displayed as an elas-
ticity colour map image. On the elastogram, strain
values of the different tissues viewed on the colour
map image can be compared for quantification of
a strain or elasticity ratio between tissues with dif-
ferent elasticity.!®?! The breast is an application of
choice for this technique, since it is readily acces-
sible to compression with an US transducer.

Numerous groups have studied the elasticity of
focal lesions in comparison with normal surround-
ing tissue within the breast, thyroid tissue, prostate
and liver.1%2224 Also elasticity of lymph nodes has
been studied and there have been studies about the
applications of elastography within musculoskel-
etal disciplines.?*?! Likewise, we assume that inter-
stitial fluid accumulation in the breast following
BCS with RT will affect the elasticity of subcutane-
ous breast tissue and therefore increase the tissues
strain values.

Prior to embarking on a prospective study in-
volving sequential observations in a large number
of patients, we conducted a pilot study to assess
the usefulness of US elastography to quantify pa-

Radiol Oncol 2012; 46(4): 284-295.
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FIGURE 1. An example of a breast gauge.

renchymal breast oedema post irradiation. The aim
was to determine the correlation between qualita-
tive changes and quantitative data in the treated
breast. Main research questions are: ‘Is this quan-
titative technique able to measure early breast
oedema in the operated and irradiated breast, as
compared to the untreated contralateral breast and
as compared to the preoperative breast?” and ‘Does
this quantitative technique correlate with subjec-
tive breast oedema and HFUS?

Patients and methods
Patients

The study population was composed of women
who were diagnosed with a primary breast cancer
and scheduled for breast surgery at the University
Hospital of Brussels. The trial, which was ap-
proved by the institutional ethics board, recruited
women aged 18 years or older, with pathological
nodal status assessed by axillary lymph node dis-
section (ALND) or sentinel lymph node dissection
(SLND). The breast tumours have been complete-
ly resected by BCS. Enrolment into the trial took
place between January 10 2011 and July 10 2011; for
this report we included all evaluable patients who
were measured at least twice between the trial start
date and November 10 2011. The observation times
were grouped to the closest planned follow-up in-
terval. Women provided written informed consent
prior to surgery. The trial was in accordance with
the Helsinki Declaration of 1975, as revised in 2000.

Radiol Oncol 2012; 46(4): 284-295.

RT was delivered as a dose of 50 Gy in 25 frac-
tions over 5 weeks to the chest wall using tan-
gential photon fields and to the supraclavicular,
infraclavicular and axillary nodes in the case of
PN1 status using an anterior field matched to the
tangential fields. The majority of patients (75%) re-
ceived an additional sequential boost of 16 Gy in 8
fractions over 2 weeks to the initial tumour bed us-
ing a direct electron field.?® One patient participat-
ed in an experimental RT design and was delivered
a dose of 42 Gy in 15 fractions over 3 weeks to the
whole breast and to the supraclavicular, infracla-
vicular and axillary nodes because of pN1 status,
using the Image Guided Radiation Therapy system
Tomotherapy®. She received a simultaneous inte-
grated boost of 9 Gy with the 15 fractions.?

Anthropomorphometric assessment

Assessments were made by a single physical thera-
pist (NA) prior to BCS (baseline evaluation) and
following completion of RT (follow-up). In this
way, subjects acted as their own controls, where
baseline measurements could be compared with
results following RT. An assessment was also con-
ducted prior to starting RT and is planned at six
months, one year and two years post operatively,
but this is not included in this report.

Baseline patient characteristics and clinical data
recorded during baseline assessment were the pa-
tient’s age, weight and height, the breast that is go-
ing to be operated, localization of the tumours in
the breast and the dominant side. Adjuvant treat-
ment and type of surgery were collected from the
medical file.

Breast volume was calculated from anthropo-
morphometric measurements on both breasts, with
the formula of Qiao ef al. described in 1997.%” This
method was proved to be adequate, most conven-
ient and the best method for breast volume calcu-
lation by patients and doctors. The measurements
have an acceptable degree of accuracy and repro-
ducibility, but the composition of the mathematical
formula is discussable.?5-%

For the physical assessment of breast can-
cer related lymphoedema of the arm (BCRL), we
measured the volume of both arms of each pa-
tient with a mobile infrared optoelectronic vol-
umeter (Perometer® 1000M, Pero-System GmbH,
Wuppertal, Germany; Peroplus Software TM). The
presence of BCRL was defined as 210% inter-limb
discrepancies in volume from baseline, respective-
ly, where inter-limb discrepancy was computed
as per cent volume difference (percentage volume
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difference = 100 * [volume of affected arm - volume
of unaffected arm] / [volume of unaffected arm]).

Obesity was expressed as a body mass index
(BMI) of > 30 kg/m?2.7“!! Preoperative bra cup size
was calculated as the difference between the over-
bust circumference and the underband circumfer-
ence. If the difference was <6.5 cm; 6.5-13 cm; 13-
19.5 or >19.5, the patient had, respectively an A, B,
Cor 2D cup®

Subjective symptoms assessment

Subjective breast oedema was registered by the pa-
tient at follow-up, as an answer to a question ("Was
the area of your operated breast swollen during the past
week?’) of the EORTC QLQ BR23 questionnaire. This
questionnaire uses the 4-point categorical scale ac-
cording to the modified system of Johansen et al.3 If
the patient answered 1 (“absolutely not’) to this ques-
tion, she had no subjective breast oedema. If she an-
swered 2, 3 or 4, she had subjective breast oedema.
Toxicity of the breast skin was scored by an expe-
rienced breast radiotherapist following the last RT
session, using Radiation Therapy Oncology Group
(RTOG) acute morbidity scoring schemas.!¢32

High-frequency ultrasound assessments

HFUS evaluation of the breasts was performed us-
ing a clinical ultrasound scanner (Toshiba Aplio
XG) with a High-Resolution 12-MHz linear probe
(PLT 1204 BT, Toshiba) for data acquisition. The
examinations were performed with patients in su-
pine position. B-mode images were obtained focus-
ing on the areas of interest, being the four quad-
rants of both breasts (SIQ, upper inner quadrant;
IIQ, lower inner quadrant; IEQ, lower outer quad-
rant and SEQ, upper outer quadrant). To obtain the
images at the same location during follow-up, plas-
tic breast gauges of variable sizes were created and
used on every patient, depending on the size of the
patient’s preoperative breast cup size (Figure 1).
To ensure good coupling of the probe-skin in-
terface, a layer of ultrasound transmission gel was
used in addition to a gel pad, SonarAid (Geistlich
Pharma AG) size 130 x 120 x 10 mm. The gel pad
was used as a reference tissue for elasticity meas-
urements. The probe was held perpendicular to the
breast surface, parallel with the concentric circles
contouring the areola at the level indicated by the
breast gauge (Figure 2). No additional compression
was performed for the B-mode images. The viewing
field depth was standardized at 4 cm, and the gain
was not adjusted (fabric default setting, 2DG: 81).
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FIGURE 2. Position of the ultrasound probe in the four quadrants and the inframam-

mary fold of the breast, perpendicular to the nipple.

Scans were performed at the same days as the clini-
cal assessments. HFUS examination of the breasts
was performed by an experienced breast radiolo-
gist (DB). On the B-mode HFUS images, the radi-
ologist evaluated the visibility of the deeper echo-
genic line and the presence of interstitial fluid accu-
mulation between the lobules of subcutaneous fat
tissue. In addition, skin thickness was calculated at
every measure location of both breasts. All images
were stored for later analysis. Measurements taken
from the four quadrants of the operated breast were
averaged for each parameter and compared with
the average value of the non operated breast of the
same patient and the baseline measurements of the
same breast. Although radiation dose was not uni-
form across the entire breast, average values were
analysed to validate the viability of our technique.!

Skin thickness

Skin thickening is a well-known post irradiation ef-
fect, which has been researched by several groups
using HFUS. Skin thickness was measured as the
distance between two thin echogenic lines with
the hypoechoic dermis within, as described exten-
sively in previous studies.®!!141633 Skin thickness of
the four quadrants of the breast was recorded for
the operated and non operated breast. Thickness of
normal breast skin varies between 1 and 2 mm with
amean thickness of 1.7mm.!! The underlying phys-
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FIGURE 3. Elastogram with a region of interest (ROI) in two tissues with different
elasticity.

ics concept behind skin thickness measurements
has been described in previous reports.'®

Echogenicity of the subcutis

1Q-VIEW/IQ-LITE, IMAGE Information Systems
Ltd. 2008 v.2.5.0. R1 was used to measure the den-
sity of the subcutis in a selected region of interest
(ROI). A rectangle is drawn over the specified area,
with the tools application ‘measure ROI density’,
and the mean, minimum, maximum and standard
deviation density is given on a scale between 0
(black) and 230 (white) INT.1433

Visibility of the deeper echogenic line

Evaluation of the deeper echogenic line as a marker
for subcutaneous oedema, previously described by
the Ronka group, was performed by scoring the
visibility of the subcutaneous fat interface between
0 (not visible) and 4 (clearly visible).!!

Interstitial fluid accumulation

Presence of interstitial fluid accumulation was as-
sessed on the B-mode US images as hypoechoic flu-
id infiltration (dark bands) between the fat lobules
and scored as absent (score 0) or present (score 1).!!

Ultrasound elastography

US elastography measurements were performed
following the HFUS B-mode scans at the same
measurement locations in the four quadrants of
both breasts as previously described, using the
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same conventional linear 12-MHz transducer. In
our study protocol, the static US elastography tech-
nique was applied using Toshiba ElastoQ software.
Given the diffuse distribution of parenchymal
breast oedema, affecting large regions or even the
whole breast, comparison with normal, non affect-
ed breast tissue at the same US elastography image
is impossible. Therefore a gel pad was placed on
the breast skin in each patient as a reference tissue
for the underlying breast tissue. The elasticity of
the gel pad did not change during the term of the
study, making it an excellent reference tissue. The
same image settings as in the HFUS B-mode imag-
es were used. For obtaining the real-time freehand
US elastography images, the transducer was com-
pressed and released perpendicular to the skin for
approximately five times along the radiation axis,
in the US elastography mode.

US Elastography software measured the strain
image or elastogram on which quantitative strain
values were assessed. On the elastogram a strain
colour scale image and strain graph are displayed.
ROIs were placed on the colour scale image for
comparison of strain values of tissues with differ-
ent elasticity (Figure 3). In our protocol, a standard-
ized ROI box was placed in the reference gel pad
(ROI length 10£1 mm, depth 41 mm) and in the
subcutaneous breast tissue (ROI length 20+1 mm,
depth 5+1 mm). From these ROIs the average strain
values were displayed as curves in a strain graph
for each amount of compression force during the
compression/decompression cycle. The range of
strain value derived from the gel pad curve during
compression/decompression varied between 0 and
0.7 on average during preliminary test exams, de-
pending on the amount of compression given. For
standardization, all measurements were obtained
at 0.4+0.1 strain value of the reference gel pad. The
strain value of the gel pad (0.4+0.1) was divided by
the strain value of the subcutaneous breast tissue
at the same amount of compression, extrapolated
from the gel pad value on the strain graph, giving
a calculated strain ratio. These ratios were calcu-
lated in the different quadrants of each breast prior
to surgery and following RT, except for the oper-
ated quadrant, because compression in this region
could be painful following surgery (Figure 4).

Statistical analysis

Data were verified on a case-by-case basis to identi-
fy inconsistencies. Descriptive statistics as frequen-
cies, means, standard deviations and percentages
were used to describe patients’ characteristics. We
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FIGURE 4. The elastogram with 3 ROI's (yellow, gel pad; blue, skin; pink, subcutis) and the strain graph with three matching curves.
The strain values are displayed underneath, respectively 0.416, 0.037, 0.404. Images were taken in the IIQ of an operated breast.

have used dichotomous breast oedema criteria as
well as mean continuous absolute values of the
four breast quadrants and single continuous ab-
solute values of the different breast quadrants. For
univariate comparisons of baseline and follow-up
measurements the matched paired t-test was used.
An independent t-test was performed to examine
the difference between operated and non operated
breast measurements.

Correlations between the breast oedema criteria
were assessed using Pearson’s and Spearman Rank
correlation coefficients. Pearson-Chi Square tests
were used to examine the significance of the corre-
lation between the different diagnostic criteria for
breast oedema and elasticity ratio of the subcutis of
the operated and non operated breast at baseline
and of the operated breast following RT.

Influence of risk factors on absolute elasticity ra-
tio of the subcutis in the operated breast following
RT was assessed using a general linear model.

For all analyses, superiority was based on two-
sided p values <0.05. All statistical computations
used SPSS v. 20.0. (IBM Corporation, Somers, NY
10589, USA).

Results

Of the twenty nine patients who were recruited in
the trial between January 10, 2011 and September
10, 2011, twenty five received baseline evaluation
and first follow-up, prior to RT (data not shown).
One patient was excluded at first follow-up, be-
cause she did not have to receive RT. Four patients
did not finish RT and thus second follow-up (fol-
lowing RT), leaving twenty patients available for
analyses at November 10, 2011.

Table 1 summarizes the baseline characteristics
and clinical data of the evaluable patients. The in-
ter-limb PVD at baseline was close to zero in all pa-
tients, indicating that there were no patients with
BCRL prior to and following BCS and RT (data not
shown).

Subjective swelling of the operated and
irradiated breast

Subjective swelling of the operated and irradiated
breast was present in 43.8% of the patients.

Radiol Oncol 2012; 46(4): 284-295.
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TABLE 1. Patient’'s characteristics

mean SD*
Age (years) 58.9 12.1
Body mass index (kg/m?)
Preoperative 26.4 4.6
Postirradiation 26.1 4.7
Time interval (weeks)
Preoperative — postirradiation 12.7 2.8
Time interval (weeks)
Operation - start radiation therapy
Volume of the operated breast (cc)
Preoperative 961.8 695.8
Postoperative 830.6 558.3
Postirradiation 842.4 599.3
*standard deviation
n Valid %
Tumours localization in the SEQ** 12 60
Operated side equals dominant side 10 50
Axillary lymph node dissection 5 25
Neoadjuvant chemotherapy 1 5
Anti-hormone therapy 13 65
Chemotherapy 6 30
Iradiation dose
< 66 Gy 5 25
66 Gy 15 75
Skin toxicity
Grade 1 15 83.3
Grade 2 2 1.1
Grade 3 1 5,6
Subjective swelling 7 43,8
Preoperative breast cup size
A 3 15
B 9 45
C 7 35
2D 1 5
Preoperative obesity (BMI*** > 30 kg/m?) 5 25

**superior external quadrant; **pody mass index

Radiol Oncol 2012; 46(4): 284-295.
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Skin thickness

Mean skin thickness of the four quadrants follow-
ing RT was over 2 mm in every patient. In the dif-
ferent quadrants, skin thickness over 2 mm was
present in 90%, 90%, 80% and 75% of the patients
in the SIQ, IIQ, IEQ and SEQ, respectively.

Absolute skin thickness significantly increased
(p=0.000) in all quadrants of the operated breast fol-
lowing RT, compared with baseline measurements.
In the non operated breast, absolute skin thickness
did not change significantly in the quadrants.

Absolute skin thickness was significantly higher
(p=0.000) in all quadrants of the operated breast
following RT, compared with all quadrants of the
non operated breast following RT. Baseline meas-
urements of absolute skin thickness did not differ
significantly between the operated and the non
operated breast in all quadrants prior to surgery
(Table 2).

Echogenicity of the subcutis

Mean echogenicity of the subcutis in the four
quadrants following RT increased in 89.5% of the
patients. In the different quadrants, echogenicity
of the subcutis increased in 78.9%, 70%, 80% and
61.5% of the patients in the SIQ, IIQ, IEQ and SEQ,
respectively.

Absolute echogenicity of the subcutis signifi-
cantly increased (p<0.05) in all quadrants, except
for the SEQ, of the operated breast following RT,
compared with baseline measurements. In the non
operated breast, absolute echogenicity of the sub-
cutis did not change significantly in the quadrants.

Absolute echogenicity of the subcutis was sig-
nificantly higher (p=0.000) in all quadrants of the
operated breast following RT, compared with all
quadrants of the non operated breast following RT.
Baseline measurements of absolute echogenicity
of the subcutis did not differ significantly between
the operated and the non operated breast in all
quadrants prior to surgery (Table 3).

Visibility of the echogenic line

Mean visibility of the echogenic line in the four
quadrants following RT decreased in every pa-
tient. In the different quadrants, visibility of the
echogenic line was present in 95%, 100%, 100% and
100% of the patients in the SIQ, IIQ, IEQ and SEQ,
respectively.

Mean visibility of the echogenic line significant-
ly decreased (p=0.000) in all quadrants of the oper-
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TABLE 2. Skin thickness (mm) in the different quadrants of both breasts (operated and non operated) at baseline (pre) and follow-up (post)

Operated - pre

Non operated - pre

Operated - post

Non operated - post

Mean 1.66 (.28) 1.65 (.26) 3.03 (1.28) 1.62 (.22)
SIQ 1.73 (:32) 1.72 (.28) 2.87 (1.05) 1.68 (.27)
IQ 1.7 (.28) 1.69 (.29) 3.43(1.9) 1.75 (.32)
IEQ 1.65 (.33) 1.64 (.29) 3.12 (1.34) 1.54 (.27)
SEQ 1.56 (.30) 1.55 (.26) 2.7 (1.10) 1.52 (.25)

SIQ, upper inner quadrant; 11Q, lower inner quadrant; [EQ, lower outer quadrant and SEQ, upper outer quadrant

TABLE 3. Echogenicity of the subcutis in the different quadrants of both breasts (operated and non operated) at baseline (pre) and follow-up (post)

Operated - pre

Non operated - pre

Operated - post

Non operated - post

Mean 110.3 (18.1) 113.9 (13.5) 1242 (19.9)
e 110.3 (20.1) 116.9 (20.6) 127.9 (19.1)
IQ 105.6 (18.4) 108.8 (21.2) 121.1 (19.9)
IEQ 111.3 (22.5) 114.1 (32.3) 129 (21.9)
SEQ 114 (21) 111.3 (21.5) 122.7 (28.6)

106.7 (16.6)
110.1 (21.3)
99.4 (17.1)
110 (17.7)
107.4 (19.3)

SIQ, upper inner quadrant; 11Q, lower inner quadrant; [EQ, lower outer quadrant and SEQ, upper outer quadrant

TABLE 4. US Elasticity ratio of the subcutis in the different quadrants of both breasts (operated and non operated) at baseline (pre) and follow-up (post)

Operated - pre

Non operated - pre

Operated - post

Non operated - post

Mean 2.78 (1.66) 2.85 (1.47) 406 (1.31)
sIQ 2.77 (1.65) 3.38 (2.63) 408 (2.22)
IQ 2.68 (1.65) 2.77 (1.76) 3.63 (1.77)
EQ 3.09 (3.14) 2.44 (1.3) 3.92 (2.60)
SEQ 2.57 (1.18) 2.82 (2.14) 3.34 (2.46)

3.05 (1.25)
3.35 (2.08)
3.06 (1.87)
2,92 (1.4)
2.9 (1.48)

SIQ, upper inner quadrant; 11Q, lower inner quadrant; [EQ, lower outer quadrant and SEQ, upper outer quadrant

ated breast following RT, compared with baseline
measurements. In the non operated breast, visibili-
ty of the echogenic line did not change significantly
in the quadrants.

Mean visibility of the echogenic line was sig-
nificantly lower (p=0.000) in all quadrants of the
operated breast following RT, compared with all
quadrants of the non operated breast following RT.
Baseline measurements of visibility of the echogen-
ic line did not differ significantly between the oper-
ated and the non operated breast in all quadrants
prior to surgery.

Interstitial fluid accumulation

Mean interstitial fluid accumulation in the four
quadrants following RT increased in 72.2% of the

patients. In the different quadrants, interstitial
fluid accumulation was present in 83.3%, 77.8%,
77.8% and 88.9% of the patients in the SIQ, IIQ, IEQ
and SEQ, respectively.

Mean interstitial fluid accumulation in the sub-
cutis of the operated breast significantly increased
(p<0.05) following RT, compared with the mean
baseline measurement. Although interstitial fluid
accumulation of the subcutis increased in the dif-
ferent quadrants, they did not increase significant-
ly for SIQ and SEQ, only for IIQ (p=0.042) and IEQ
(p=0.042). In the non operated breast, interstitial
fluid accumulation of the subcutis did not change
significantly in the quadrants or as a mean intersti-
tial fluid accumulation of the subcutis in the four
quadrants. Mean interstitial fluid accumulation
was significantly higher (p<0.05) in all quadrants of
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the operated breast following RT, compared with
all quadrants of the non operated breast follow-
ing RT, except for SIQ and SEQ. Baseline measure-
ments of interstitial fluid accumulation did not dif-
fer significantly between the operated and the non
operated breast in all quadrants prior to surgery.

Elasticity ratio of the subcutis

Mean elasticity ratio of the subcutis in the four
quadrants following RT increased in 88.9% of the
patients. In the different quadrants, elasticity ratio
of the subcutis increased in 63.2%, 65%, 60% and
78.6% of the patients in the SIQ, IIQ, IEQ and SEQ,
respectively.

Mean absolute elasticity ratio of the subcutis sig-
nificantly increased (p<0.05) in the operated breast
following RT, compared with the mean baseline
measurement. Although absolute elasticity ratio of
the subcutis increased in the different quadrants,
they did not increase significantly. In the non oper-
ated breast, absolute elasticity ratio of the subcutis
did not change significantly in the quadrants or as
a mean absolute elasticity ratio of the subcutis of
the four quadrants.

Mean absolute elasticity ratio of the subcutis
was significantly higher (p=0.000) in the operated
breast following RT, compared with the non op-
erated breast following RT. This difference was
not significantly higher for all quadrants, only for
IEQ (p=0.032). Baseline measurements of absolute
elasticity ratio of the subcutis did not differ signifi-
cantly between the operated and the non operated
breast in all quadrants prior to surgery (Table 4).

Correlation between elasticity ratio
of the subcutis and the other breast
oedema criteria

A bivariate correlation between the elasticity ratio
of the subcutis and the different diagnostic criteria
for breast oedema, prior to surgery, in the operated
and non operated breast neither showed any cor-
relation between the variables, nor for the operated
breast following RT, except for the mean visibility
of the echogenic line.

Risk factors

ALND, tumours located in the SEQ, preoperative
obesity, chemotherapy (except for IEQ; more in-
crease in the patients with chemotherapy), RT dose
of 66 Gy, operated at the dominant side, age, BMI
and time between surgery and start of RT, were not
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significant risk factors, neither for increase of abso-
lute elasticity ratio of the subcutis, nor for increase
of the elasticity ratio of the subcutis in the operated
breast following RT. Bigger preoperative bra cup
size was a significant risk factor for the increase of
US elasticity ratio of the subcutis (p=0.01).

Discussion

In this study, we have measured different cur-
rently used breast oedema criteria and evaluated
a new objective diagnostic measurement tool for
parenchymal breast oedema, prior to BCS and fol-
lowing RT. HFUS images and US elastography im-
ages were obtained in four quadrants of both the
operated and non operated breast of 20 patients.
We have compared baseline results with follow-up
measurements and the operated with the non op-
erated breast. Possible risk factors and correlations
between breast oedema criteria have been investi-
gated.

Subjective swelling of the operated breast, rated
by the patient, was present in almost half of the
patients following RT. Subjective breast oedema
following RT, rated by an experienced breast ra-
diotherapist and physical therapist (NA), result-
ed in respectively at least grade one skin toxic-
ity and clinical breast oedema in all patients.>%1232
Subjective symptom rating by patients and clini-
cians are not satisfying for the diagnosis and de-
gree of parenchymal breast oedema.

Skin thickness of the operated breast following
RT was over 2 mm in all patients and significantly
thicker than prior to surgery, unlike the non op-
erated breast skin. Skin thickness of the operated
breast following RT was significantly thicker than
the non operated breast, unlike preoperative re-
sults. Skin thickness increase is caused by an in-
creased extravascular-extracellular leakage space
in the (hypo)dermis and extensive cellular fibrosis,
characterized by the loss of consistent pattern in
extracellular structures.’®!” Mean total cutaneous
thickness was 2.71 mm in an operated and irradi-
ated breast and 1.35 mm in a non operated/irradi-
ated breast. This difference was significant.® Mean
skin thickness of the operated breast following RT
in our study was 3.03 mm and 1.64 mm in the non
operated/irradiated breast, which is similar to the
results of Wratten et al. (1.36 mm increase versus
1.39 mm increase following BCS and RT).® These
results show that skin thickness increase over 2
mm following BCS and RT is a reliable diagnostic
criterion for cutaneous breast oedema.
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Echogenicity of the subcutis in the operated breast
following RT increased in 89.5% of the patients and
was significantly higher than prior to surgery, un-
like the non operated breast subcutis. Echogenicity
of the subcutis of the operated breast following
RT was significantly higher than the non operat-
ed breast, unlike preoperative results. Increase in
echogenicity of the subcutis reflects a hypoechoic
area.

Increased echogenicity of the subcutis in the
operated breast following RT can be caused by an
increased subcutaneous extravascular-extracellu-
lar leakage space.'®!” Parenchymal breast oedema
might also be the result of a manifestation of an
increased number of perfused microvessels, per-
sistent microvascular leakage, impaired drainage,
and loss of architectural integrity of tissue micro-
structures related to radiation-induced vascular
injury.'61”

Our study results could not be compared with
other literature results, because echogenicity de-
pends on the gain used on the HFUS exams, fre-
quency of the probe, tissue characteristics, location
on the breast and follow-up time. However, 85%
of the patients with BCS and RT had an increase
in breast tissue density in the study of Delay et al.;
and Ronka et al. also observed an increased echo-
genicity.!12 Wratten et al. described a decrease in
echogenicity of the subcutis following BCS and RT.

In our study HFUS settings were standardized,
so we can conclude that there was a significant
increase of the echogenicity of the subcutis, most
likely due to the presence of oedema in the sub-
cutis. Like skin thickness, echogenicity of the sub-
cutis can be a valuable diagnostic criterion, when
taking into account standardization of methodol-
ogy as previously described.

Visibility of the echogenic line in the subcutis of
the operated breast following RT decreased in all
patients and was significantly lower than prior to
surgery, unlike the non operated breast. Visibility
of the echogenic line in the subcutis of the oper-
ated breast following RT was significantly lower
than the non operated breast, unlike preoperative
results.

These results are similar to the results of Ronka
et al.!! This criterion is subjectively scored, by on-
ly one experienced breast radiologist (DB) for all
measurements in all patients. Visibility of the echo-
genic line in the subcutis of an operated breast fol-
lowing RT decreases, because of disturbance of the
skin/subcutaneous fat interface due to presence of
cutaneous and subcutaneous oedema. Therefore
visibility of the deeper echogenic line can also be

a useful diagnostic criterion for assessing breast
oedema.

Mean interstitial fluid accumulation of the oper-
ated breast following RT increased in 72.2% of
the patients and was significantly higher than
prior to surgery, unlike in the non operated breast.
Interstitial fluid accumulation of the operated
breast following RT was significantly higher than
the non operated breast, unlike preoperative re-
sults. These results were not significantly higher in
the upper quadrants of the operated and irradiated
breast. This could be explained by the influence of
gravity on the fluid in the breast. Presence of in-
terstitial fluid accumulation in the operated and ir-
radiated breast is an objective HFUS visible entity.
It is a valuable diagnostic criterion for presence of
interstitial oedema due to fluid leakage in the ex-
tracellular interstitial space. Our study results are
similar to the results of Ronka ef al. and Wratten
et al. who also observed an increased interstitial
fluid accumulation in the operated and irradiated
breast.!t14

Mean elasticity ratio of the subcutis of the oper-
ated breast following RT increased in 88.9% of the
patients and was significantly higher than prior to
surgery, unlike the non operated breast. Mean elas-
ticity ratio of the subcutis in the operated breast
following RT was significantly higher than the
non operated breast, unlike preoperative results.
These results were not significantly higher for all
quadrants of the operated and irradiated breast.
Our group compared the strain of the subcutane-
ous fat tissue with the strain of an elastic gel pad
giving an elasticity ratio. Increase in elasticity ratio
in the operated and irradiated breast corresponds
to more elastic breast tissue in comparison with the
preoperative results. An increase in elasticity of the
underlying breast tissue could be explained by the
increase of fluid in the breast. Our study results
could not be compared with other literature re-
sults, because to our knowledge, no other research
group has used the same methodology.

Elasticity ratio can be a valuable diagnostic cri-
terion, when taking into account standardization
of methodology. Although elasticity ratio in the
different quadrants of the operated and irradiated
breast was higher than baseline measurements and
the non operated breast, the difference was not
significant. Further research with more patients is
necessary to confirm these results.

Correlations between different breast oedema
criteria were present between mean elasticity ra-
tio and mean visibility of the echogenic line in the
operated and irradiated breast only. Wratten ef al.
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found a correlation between subjective parenchy-
mal breast oedema and skin thickness and between
skin thickness and cutaneous echogenicity.°®

The absence of other correlations with our new
technique could suggest elasticity ratio to be a sup-
plementary criterion for the diagnosis and degree
of breast oedema, giving extra information on hy-
drated breast tissue elasticity. Additionally, mak-
ing a combination of the four breast oedema crite-
ria, measured with HFUS the incidence of breast
oedema was 90.4% following RT, compared to
88.9% with increased elasticity ratio.!! The breast
oedema definition and our new technique result in
equal incidences.

Unlike similar research, we did not found risk fac-
tors for the increase of parenchymal breast oedema,
expressed by increased elasticity ratio in this study,
except for bigger preoperative bra cup size.>6101213
All patients had an increased mean elasticity ratio
in the operated and irradiated breast, except for pa-
tients with preoperative A cup.

Echogenicity and elasticity ratio were obtained
from the subcutis and not cutaneous, because
breast skin behaves different than the underlying
breast tissue and literature showed disagreement
on cutaneous measurements.®!! Measurements in
the inframammary fold of the operated and irradi-
ated breast were not discussed in this manuscript,
as well as measurements of the first follow-up
(postoperative but prior to RT) for the same rea-
sons.

Our study presents several limitations. Our pilot
study counts only 20 patients and a short follow-up.
As part of the institution’s surgical management,
operated breast cancer patients receive a prescrip-
tion for ambulatory physical therapy at the time of
discharge. However, we did not record the compli-
ance of patients or their receipt of manual lymphat-
ic drainage of the breast during the study, although
their beneficial effects on breast oedema could be
expected.?*¥ Another limitation of our study is the
known lack of reliability of breast oedema criteria
measurements. Our study results should be inter-
preted with these restrictions in mind.

One strength of the study is standardization of
HFUS settings, US elastography methodology and
measurement protocol, like gain, gauges, etc. by a
specialized breast radiologist (DB). Gain was often
adjusted to become better clinical results in other
studies, but this was not the case in our study.®!
Wratten et al. concluded that HFUS was not use-
ful in quantifying acute inflammatory changes in-
duced by breast irradiation, but with our standard-
ized approach this was possible.!* A second strength
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of the study is the preoperative measurements to
compare with immediate post irradiation measure-
ment. To our knowledge, no other research groups
have used preoperative bilateral measurements
as baseline results. Another strength of our study
is that the trial was conducted in a single institu-
tion. All patients were followed by the same team,
which ensures that assessments were consistently
performed throughout the trial. We believe that the
strengths of the study outweigh its limitations and
that the results are robust, at least within the cur-
rent short follow-up time frame.

Because this is a pilot study, the long-term us-
ability of this technique cannot yet be demon-
strated; however, this technique seems to be an
interesting quantitative objective complement to
current breast oedema diagnostic criteria. A fol-
low-up of six months and one year following sur-
gery is scheduled as part of the study, like the time
course of parenchymal breast oedema during and
following RT was previously described by Wratten
et al.* Breast oedema incidence peaks at four to six
months following treatment and returns to base-
line after one year. It will be interesting to see if
changes, observed in this analysis are confirmed at
later follow-up. Our findings suggest further inves-
tigation with more patients and longer follow-up.

We can conclude from our study results that
ultrasound elastography is an objective quantita-
tive measurement tool for the diagnosis of paren-
chymal breast oedema, in combination with other
objective diagnostic criteria.
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Background. An objective method for determining the location of the cancer with respect to peritoneal reflection
would be helpful to decide the treatment modality for rectal cancer. This study was designed to evaluate the accu-
racy and usefulness of rectal MRI to determine spatial relations between the peritoneal reflection and rectal cancer
and fo compare these with operative findings.

Patients and methods. Patients that underwent a rectal cancer operation after a rectal MRI check between
November 2008 and June 2010 were considered for the study. The patients that received preoperative concurrent
chemoradiation or trans-anal local excision were excluded.

Results. Fifty-four patients constituted the study cohort. By comparing surgical and radiologic findings, the accuracy
for predicting tumour location in relation fo the peritoneal reflection by rectal MRIin all patients was 90.7%. In terms of
fumour location in relation to peritoneal reflection, the accuracy of rectal MRI was 93.5% in patients with a tumour lo-
cated above the peritoneal reflection, 90.0% in patients with a tumour located on the peritoneal reflection, and 84.6% in
patients with a tumour located below the peritoneal reflection (p=0.061). When the cohort was subdivided by gender,
body mass index (BMI), operative findings, or tumour size, no significant difference was observed among subgroups.
Conclusions. Rectal MRI could be a useful tool for evaluating the relation between rectal cancer and peritoneal
reflection especially when fumour size is less than 8cm. Rectal MRI can provide information regarding the location of
rectal cancer in relatfion to the peritoneal reflection for freatment planning purposes.

Key words: rectal cancer; peritoneal reflection; magnetic resonance imaging (MRI)

Introduction

as staging system. Some authors have suggested
that considerations of height from the anal verge

Preoperative evaluations are of considerable im-
portance for rectal cancer management, because
treatment decision making is dependent on radio-
logic findings. Thus, neoadjuvant therapy could
be determined based on preoperative clinical stag-
ing status, but it has not been determined which
parts of rectal tumours should be included in such
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might have beneficial on the radiotherapy of rec-
tal tumors.! However, measurements of distances
from the anal verge are unclear because the meth-
ods devised to date, e.g., digital rectal examination
or even rigid sigmoidoscopy, are rather subjective.

The peritoneal reflection is a landmark used for
evaluating the rectum anteriorly, and divides the

doi:10.2478/v10019-012-0038-7
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rectum into two parts, that is, the intraperitoneal
and extraperitoneal regions, which are referred to
considerations of the venous and lymphatic drain-
age systems of the rectum.? In particular, extraperi-
toneal rectal tumours disseminate mainly through
the systemic pelvic venous and lateral lymphatic
drainage systems, whereas intraperitoneal rectal
tumours disseminate mainly through the superior
haemorrhoidal and inferior mesenteric venous
and lymphatic drainage systems.? Furthermore,
Benzoni ef al. concluded that tumour location in
relation to the peritoneal reflection is a prognostic
factor in rectal cancer.? In this study, it was found
that extraperitoneal rectal tumours are more ag-
gressive than intraperitoneal tumours, even when
treated by neoadjuvant chemoradiotherapy before
surgery, which is common approach in the treat-
ment of rectal cancer.>* Thus, it appears that the
peritoneal reflection might be useful for the adap-
tation of different treatment strategies in rectal can-
cer. Even though the definitions of intraperitoneal
and extraperitoneal locations are ambiguous in re-
lation to the mesorectum, it may be that the use of
the peritoneal reflection as a discriminating struc-
ture in the pelvic cavity enables the differentiation
of the locations of rectal tumours to the intraperito-
neal and extraperitoneal regions.

Reported distances from the anal verge to
the peritoneal reflection are highly variable.!®
Accordingly, measurements based on this land-
mark cannot be used to precisely determine the
location of the peritoneal reflection. We considered
that if the peritoneal reflection could be clearly
visualized and localized radiologically, that a more
objective localization method could be devised
than those based on distances from the anal verge.

Many reports have been issued on the role of
magnetic resonance imaging (MRI) in rectal cancer
in terms of determining circumferential margins or
perirectal nodal statuses.®® However, few reports
are available on the spatial relation between rectal
cancer and the peritoneal reflection as determined
by rectal MRI. Therefore, the aim of this study was
to evaluate the accuracy and usefulness of rectal
MRI for determining the relation between rectal
cancer and the peritoneal reflection with respect to
operative findings.

Materials and methods

Of the patients that underwent surgery for rectal
cancer after a preoperative work-up (including rec-
tal MRI) at the Colorectal Cancer Center, Konkuk

FIGURE 1. Sagittal view of the peritoneal reflection (red line) by rectal MRI.

University Medical Center between November
2008 and June 2010, 54 patients that did not receive
preoperative concurrent chemoradiation or trans-
anal local excision were included in the present
study.

Rectal MRI images were reviewed by radiolo-
gists (H.S.P., and Y.J.K), on axial, sagittal, and coro-
nal scans of T2-weighted images without clinical
information. The peritoneal reflection appears
as a low-signal-intensity linear structure that ex-
tends over the surface of the bladder and can be
traced posteriorly to its point of attachment onto
the rectum?® (Figure 1). Under the consensus deci-
sion, these two radiologists determined spatial
relationships between rectal cancer and the perito-
neal reflection, and allocated tumour locations to
the following categories; a) a location completely
proximal to the peritoneal reflection, b) a location
mainly at the level of the peritoneal reflection, c) a
location completely distal to the peritoneal reflec-
tion (Figure 2). In addition, tumour locations were
categorized as; anterior, lateral, posterior, circum-
ferential, anterolateral, or postero lateral.

Operative findings were recorded by a colorec-
tal surgeon (DYH), who performed all surgeries.
Intraoperative tumour levels were described by
the surgeon as above, on, or below the peritoneal

Radiol Oncol 2012; 46(4): 296-301.
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FIGURE 2. Tumour location with respect to the peritoneal reflection (PR). a. Tumour above the PR; b. tumour at the PR; c. fumour below the PR.

reflection, and as anterior, posterior, lateral, or cir-
cumferential. Tumour sizes were determined path-
ologically and tumours were staged according to
the TNM staging system. Distances from the anal
verge to lower tumour borders were determined
by digital rectal examination and by sigmoidos-
copy.

Body mass index (BMI) was calculated using
weight (kg) divided by height (m) squared, and
was divided into three groups; the low BMI group
(<20 kg/m?), the normal BMI group (=20 and <25
kg/m?), and the high BMI group (=25 kg/m?).

Data analysis was performed using the
‘Statistical Package for the Social Sciences (SPSS)’
version 14.0 for Windows (SPSS, Inc. Chicago, IL).
Pearson’s chi-square test was used to compare loca-
tional accuracies between subgroups, and p-values
of <0.05 were considered statistically significant.

Results

The 54 study subjects (32 males and 22 females)
had a mean age of 62.2 years. All were diagnosed
with adenocarcinoma and low anterior resection
was performed in 49 (90.7%) and abdominoperi-
neal resection in 5 (9.3%). TNM tumour stage was 0
in 2 patients (3.7%), I in 11 patients (20.4%), Il in 17
patients (31.5%), III in 22 patients (40.7%), and IV
in 2 patients (3.7%). Mean tumour size was 4.8 cm.
Patients’ characteristics are summarized in Table 1.

The accuracy of predicting tumour location rela-
tive to the peritoneal reflection by rectal MRI using
surgical findings as the standard in all 54 patients
was 90.7% (Table 2). No significant differences

Radiol Oncol 2012; 46(4): 296-301.

were found between gender, BMI, operative find-
ings, and tumour size subgroups. The accuracy of
predicting tumour location relative to the perito-
neal reflection was 90.9% for males and 87.5% for
females (p=0.092); for BMI, accuracies were 88.0%,
91.6 %, and 86.3% in the low, normal, and high BMI
subgroups, respectively (p=0.528).

The accuracy of rectal MRI was 93.5% in pa-
tients with a tumour located above the peritoneal
reflection, 90.0% in patients with a tumour located
on the peritoneal reflection, and 84.6% in patients
with tumour located below the peritoneal reflec-
tion (p=0.061). When tumours were classified by 2
cm increments in size, accuracies were 88.9% for a
tumour size of 0-1.9 cm, 91.7% for 2.0-3.9cm, 93.3%
for 4.0-5.9 cm, 100% for 6.0-7.9 cm, and 57.1% for
8.0-10.0 cm (p=0.394), indicating that accuracy in-
creased with tumour size until tumours exceeded
8 cm.

In terms of predicting tumour direction (ante-
rior, lateral, and posterior), the overall accuracy of
rectal MRI was 44.4%. No significant difference was
observed between gender, BMI, operative findings,
and tumour size subgroups. Overall, tumour direc-
tions were predicted less accurately than tumour
locations (Table 3).

Discussions

When considering treatment options for rectal
cancer, preoperative evaluations are important, be-
cause decisions regarding surgery and preopera-
tive concurrent chemoradiotherapy are dependent
on tumour location, mesorectal fascia involvement,
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TABLE 1. Demographics and clinical status of patients

N=54 % (range)
Gender M:F 32:22 59.3:40.7
Age(year) 62.2 £10.8 (41-84)
Height (cm) 161.0£9.6 (137 -175)
Weight (kg) 63.4+12.3 (41 -107)
BMI (kg/m?) 23.1+3.1 (17.4 - 42.3)
Proportion of high preop. CEA 18 33.3
Proportion of high preop. CA19-9 5 9.2
OP Name LAR 49 90.7
APR 5 9.3
Cell type (differentiation) Well 2 3.7
Moderately 48 88.9
Poorly 2 3.7
Mucinous 2 3.7
TNM stage 0 2 3.7
| 11 20.4
Il 17 31.5
Il 22 40.7
[\ 2 3.7
Tumour size (cm) 48+ 2.5 (0.9-10)
No. of retrieved LNs 243 £15.9 (3-87)
Distance from anal verge (cm) 8.8+ 3.5 (1-12)

Mean * standard deviation, BMI=body mass index, preop. = preoperative, OP=operation, LN=lymph node, LAR= low anterior resection,

APR= abdomino-perineal resection.

and nodal status.®”*13 Rectal MRI is commonly
performed preoperatively for evaluating the me-
sorectal fascia or adjacent organ involvement,
and nodal staging.®® However, few reports have
described the clinical usefulness of rectal MRI in
terms of evaluating spatial relations between rectal
tumours and the peritoneal reflection.

For descriptive purposes, the rectum is divided
into three parts, that is, the upper, mid, and lower
thirds. The upper third is covered by peritoneum
anteriorly and laterally, whereas the middle third
is covered only anteriorly, and the lower third is
devoid of peritoneum?!° In Japanese classification,
the rectum is also divided into three parts, des-
ignated Rs, Ra, and Rb." The border between Ra
and Rb is defined to be at the level of the perito-
neal reflection, which approximately corresponds
to the level of the middle Houston valve."* Thus,
these classifications are based on the relation with
respect to peritoneal reflection. However, it is not
easy to determine the precise location of the perito-
neal reflection preoperatively.

For this reason, most articles on rectal cancer de-
fine the upper rectum as 10 to 15cm from the anal
verge, the mid third as 5 to 10 cm, and the lower
third as < 5cm, although one author defined the
upper third as 12 to 16cm from the anal verge.!
However, this classification is vague and subjec-
tive, and reported distances from the anal verge
based on these arbitrary divisions are not compa-
rable.

Accordingly, we considered that the peritoneal
reflection might be of use as a landmark to deter-
mine the location of the rectal subdivision for rec-
tal cancer management. Some authors have evalu-
ated the use of the peritoneal reflection as an ana-
tomic landmark in rectal cancer patients. Gerdes
et al. used trans-endorectal ultrasound (TRUS)
to evaluate tumour locations with respect to the
peritoneal reflection.!® In this study, the indica-
tors of an intraperitoneal location were peristalsis
beyond the rectal wall or intraperitoneal fluid col-
lection.!* However, the study had two limitations,
namely, that the peritoneal reflection could not be

Radiol Oncol 2012; 46(4): 296-301.
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TABLE 2. Location of rectal cancer with respect to peritoneal reflection by radiologic and operative findings

No. of case By surgeon
Above PR On PR Below PR Total
Above PR 29 1 0 30
By radiologists On PR 2 9 2 13
Below PR 0 0 11 11
Total 31 10 13 54
PR = peritoneal reflection
TABLE 3. Accuracies of predicting fumour directions and locations with respect to the peritoneal reflection
Prediction of Prediction of
peritoneal reflection tumour direction
Accuracy (%) P Accuracy (%) P
Gender 0.092 0.561
Male (n=32) 90.9 43.8
Female (n=22) 87.5 45.5
BMI 0.528 0.197
Low (<20 kg/m?) (n=7) 88.0 48.3
Normal (20-25 kg/m?) (n=36) 91.6 45.1
High (> 25 kg/m?) (n=11) 86.3 43.0
Relationship with PR 0.061 0.076
Above PR (n=31) 93.5 38.7
On PR (n=10) 90.0 66.7
Below PR (n=13) 84.6 462
Tumour size (cm) 0.394 0.462
0~1.9 (n=9) 88.9 66.7
2.0~3.9 (n=12) 91.7 58.3
4.0~5.9 (n=15) 93.3 46.7
6.0~7.9 (n=11) 100.0 36.4
8.0~10.0 (n=7) 57.1 28.6

BMI = body mass index, PR = peritoneal reflection

found in the absence of bowel peristalsis or fluid
collection, and that trans-endorectal ultrasound
is a practitioner-dependent subjective procedure.
Others have also evaluated the usefulness of the
peritoneal reflection as a landmark in rectal can-
cer by comparing intraoperative rigid proctoscopy
and intraoperative findings.>” However, in these
studies, data just suggested the location of perito-
neal reflection or distance between the peritoneal
reflection and anal verge, and in clinical practice,
this data is not applicable for determining treat-
ment plans in rectal cancer.

Radiol Oncol 2012; 46(4): 296-301.

On rectal MR images, the peritoneal reflection
appears as low-signal intensity linear structure at
the junction between the rectum and the posterior
aspect of the bladder in males or the vagina in fe-
males (Figure 1). In the present study, the accuracy
of predicting the location of a rectal tumour with
respect to the peritoneal reflection exceeded 88%.
Furthermore, clinical variables examined, such as
gender or BMIL, had no effect on this accuracy, but
when the tumour size exceeded 8 cm, accuracy fell
to 57%, presumably because large tumours disrupt
the normal anatomy.



Jung EJ et al. / Peritoneal reflection in rectal cancer by MRI

In the present study, the accuracy of determin-
ing tumour direction was not high as 44.4%, prob-
ably because natural rectal folds make the inter-
pretation of direction difficult, although near the
peritoneal reflection, the accuracy of tumour di-
rection determination was rather high. However,
as tumour size increased, it became more difficult
to determine tumour direction. Nevertheless, the
peritoneal reflection could be used to determine
directions accurately for small size tumours less
than 4 cm.

In a Dutch study, it was suggested that upper
third rectal cancer be treated like colon cancer?®,
and in a Dutch trial, no significant difference was
found between a radiotherapy plus surgery group
and a surgery only group in terms of local recur-
rence rates in upper rectal cancer.”” Lopez-Kostner
et al. suggested that treatment outcomes for rectal
cancer located 10 to 15cm above the anal verge are
similar to those of sigmoid colon cancer.’ At this
time, no complete answer can be reached regarding
whether upper third rectal cancer should be treat-
ed like colon cancer or rectal cancer.'> Nevertheless,
recently, preoperative concurrent chemoradiother-
apy has gained acceptance for the treatment of mid
and lower rectal cancer.’

Conclusions

In conclusions, we believe that subdivision of the
rectum by rectal MRI based on the location of the
peritoneal reflection is more objective and anatom-
ical than previously described methods, and that
the more accurate information obtained regarding
anatomic relations between rectal tumours and the
peritoneal reflection aids treatment planning.
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Background. Electrochemotherapy provides good local tumor control but requires adjuvant treatment for increased
local response and action on distant metastasis. In relation to this, inframuscular interleukin-12 (IL-12) gene electro-
transfer, which provides systemic shedding of IL-12, was combined with local electrochemotherapy with cisplatin.
Furthermore, the dependence on tumor immunogenicity and immunocompetence of the host on combined treat-
ment response was evaluated.

Materials and methods. Sensitivity of SA-1 sarcoma and TS/A carcinoma cells to electrochemotherapy with cispl-
atin was tested in vitro. In vivo, intratumoral electrochemotherapy with cisplatin (day 1) was combined with a single
(day 0) or multiple (days 0, 2, 4) intramuscular murine IL-12 (mIL-12) gene electrotransfer. The antitumor effectiveness
of combined treatment was evaluated on immunogenic murine SA-1 sarcoma in A/J mice and moderately immuno-
genic murine TS/A carcinoma, in immunocompetent BALB/c and immunodeficient SCID mice.

Results. Electrochemotherapy in vitro resulted in a similar IC,, values for both sarcoma and carcinoma cell lines.
However, in vivo electrochemotherapy was more effective in the treatment of sarcoma, the more immunogenic of
the tumors, resulting in a higher log cell kill, longer specific tumor growth delay, and also 17% tumor cures compared
to carcinoma where no tumor cures were observed. Adjuvant inframuscular miL-12 gene electrotransfer increased
the log cell kill in both tumor models, potentiating the specific fumor growth delay by a factor of 1.8-2 and increasing
tumor cure rate by approximately 20%. In sarcoma tumors, the potentiation of the response by intframuscular miL-
12 gene electrotransfer was dose-dependent and also resulted in a faster onset of tumor cures. Comparison of the
carcinoma response to the combined treatment modality in immunocompetent and immunodeficient mice demon-
strated that the immune system is needed both for increased cell kill and for attaining fumor cures.

Conclusions. Based on the comparison of the antitumor effectiveness of electrochemotherapy to intratumoral
cisplatin administration, we can conclude that the fraction of cells killed and the fumor cure rate are higher in immu-
nogenic sarcoma tumor compared to moderately immunogenic carcinoma tumor. The tumor cell kill and cure rate
depend on the immune response elicited by the destroyed tumor cells, which might depend on the tumor immuno-
genicity. The effect of adjuvant inframuscular miIL-12 gene electrotransfer is dependent on the amount of IL-12 in the
system and the immune competence of the host, as demonstrated by the dose-dependent increase in the cure rate
of SA-1 tumors after mulfiple inframuscular mlIL-12 gene electrotransfer and in the differential cure rate of TS/A tfumors
growing in immunocompetent and immunodeficient mice.

Key words: IL-12; gene electrotransfer; cisplatin; electrochemotherapy; sarcoma; carcinoma; mice
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Introduction

Electrochemotherapy is an established local tumor
treatment modality relying on electrically mediat-
ed transfer of drugs, such as cisplatin and bleomy-
cin, into tumors.!? In the clinical setting, it proved
to be efficient on cutaneous and subcutaneous tu-
mor nodules as well as on deep-seated tumors.>*
However, a major drawback of electrochemother-
apy is the lack of systemic effect. With the intent of
adding an efficient systemic antitumor treatment
modality, adjuvant immunotherapy with differ-
ent cytokines (IL-2, TNF-a, GM-CSF and IL-12)
has already been explored.”!” Among the tested
cytokines, interleukin-12 (IL-12) seems a promis-
ing one, thus it deserves further investigations on
its combined use with electrochemotherapy, pre-
dominantly on its proven good local and systemic
antitumor effects.%?

Immunotherapy with IL-12 was initially investi-
gated using recombinant proteins. However, repet-
itive intravenous administration resulted in toxic
systemic peak concentrations.? This challenge was
successfully overcome by the advent of gene thera-
py, enabling sustained IL-12 levels in the non-toxic
range.?0?>? A safe and efficient gene transfection
method is gene electrotransfer, utilizing the electric
pulse application that can be performed locally on
tumors, skin or in the muscle.2026-30

IL-12 gene electrotransfer has already proved
efficient in combination with electrochemothera-
py.7101413 The majority of studies were performed
using bleomycin that was applied intratumorally
together with plasmid DNA coding for IL-12, fol-
lowed by electric pulse application. Synergistic an-
titumor effect with high tumor cure rates as well as
systemic effect on metastasis were observed in mu-
rine carcinoma and melanoma, as well as in spon-
taneous canine tumors.”!%1%13 In the clinical setting,
both bleomycin and cisplatin proved to be equally
efficient for use in electrochemotherapy.>*3 In ad-
dition, cisplatin also proved very effective in veter-
inary medicine, namely in the treatment of equine
and canine tumors.?*3¢ Therefore, intramuscular
IL-12 gene electrotransfer was used in combina-
tion with electrochemotherapy with cisplatin and
surgery for the treatment of spontaneous canine
tumors, resulting in excellent tumor response.”

Based on these studies it is evident that adjuvant
immunotherapy increases the antitumor response
of electrochemotherapy. So far no study has indi-
cated how the immunogenic status of the tumors
affects the response rate of the tumors to electro-
chemotherapy with cisplatin, and our presumption

is that different immunogenicity of tumors signifi-
cantly affects the cure rate of tumors.

Therefore, the aim of our study was to evaluate
the antitumor effect of intratumoral electrochemo-
therapy with cisplatin and the potentiating effect of
additional single or multiple intramuscular murine
IL-12 (mIL-12) gene electrotransfer. The antitumor
effectiveness was compared between immuno-
genic sarcoma and moderately immunogenic car-
cinoma tumor models, as well as the effectiveness
between immunocompetent and immunodeficient
mice on a carcinoma model.

Materials and methods
Cells, animals and tumors

Murine fibrosarcoma SA-1 (Jackson Laboratory,
Bar Harbor, ME, USA) and murine mammary ade-
nocarcinoma TS/A3 cells were used for the experi-
ments. For the in vitro studies, cells were grown in
Advanced MEM (Gibco, Grand Island, NY, USA)
supplemented with 5% fetal bovine serum (Sigma-
Aldrich, St. Louis, MO, USA) in a humidified at-
mosphere at 37°C containing 5% CO,. The cells
were routinely subcultured twice a week.

A/] and BALB/c mice were purchased from
the Medical Experimental Centre, Institute of
Pathology, Faculty of Medicine, University of
Ljubljana (Slovenia), and SCID mice (C.B-17/
IcrHanHsd-Prkdesid)  were  purchased from
Harlan, Italy. Mice were held in a specific patho-
gen-free animal colony at controlled temperature
and humidity with a 12-h light/dark cycle. Food
and water were provided ad libitum. Experiments
were performed on mice of both sexes, 12-14 weeks
old and weighing 20-25 g. A SA-1 fibrosarcoma tu-
mor model (Jackson Laboratory), described in the
literature as immunogenic®*, was used in synge-
neic A/] mice. TS/A mammary adenocarcinoma®,
described in the literature as poorly, relatively or
moderately immunogenic***, was used in synge-
neic BALB/c and SCID mice. SA-1 and TS/A cell
suspensions were prepared in a 0.9% NaCl solu-
tion at the final concentration of 5 x 10° cells/ml
and 20 x 10° cells/ml, respectively. Solid subcutane-
ous tumors were induced in the flank of mice by
subcutaneous injection of a 100 pl suspension of
tumor cells. SA-1 tumor cells were obtained from
the ascitic form of the tumors in mice. When the tu-
mors reached approximately 40-50 mm? in volume,
the mice were marked and divided randomly into
different experimental groups and subjected to a
specific protocol. The protocols were approved by
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the Ministry of Agriculture and the Environment
of the Republic of Slovenia (Permission No. 34401-
10/2009/6).

Drugs

Cis-Diamminedichloroplatinum (II) (CDDP) was
obtained from Pharmacia & Upjohn S.p.A. (Milan,
Italy) as a crystalline powder. It was dissolved in
sterile H,O at a concentration of 2 mg/ml for in vivo
use. Further dilutions for in vitro experiments were
performed with Advanced MEM medium.

Plasmid DNA

Therapeutic plasmid encoding mlIL-12 (pORF-
mlL-12, InvivoGen, Toulouse, France) and control
plasmid with the same plasmid backbone, but en-
coding red fluorescent protein (pORF-dsRed, con-
structed in our laboratory) instead of mIL-12, were
prepared using the Qiagen Maxi Endo-Free Kit
(Qiagen, Hilden, Germany) in accordance with the
manufacturer’s instructions and diluted to a con-
centration of 1 mg/ml.

In vitro electrochemotherapy

90 pl of cell suspension (22x10° cells/ml) was pre-
pared in electroporation buffer (125 mmol/L sac-
charose, 10 mmol/L K,HPO,, 2.5 mmol/L. KH,PO,,
2 mmol/L MgCl,6H,0) at 4°C. Final cell suspension
was mixed with 10 pl of different stock concentra-
tions of cisplatin as previously described.* While
50 ul of the mixture served only as a control for
cisplatin treatment the other 50 ul was pipetted be-
tween two stainless-steel parallel-plate electrodes
(2 mm apart) and 8 square-wave electric pulses
(amplitude over distance ratio of 1300 V/cm, du-
ration of 100 ps and frequency of 1 Hz) were ap-
plied. These parameters were chosen because of
their use in electrochemotherapy in the clinical
setting.*® In the present study, the same param-
eters were used in both in vitro and in vivo experi-
ments, so the sensitivity of cells to cisplatin in vitro
could be better related to the response of tumors to
electrochemotherapy in vivo. Electric pulses were
generated with the electric pulse generator GT-01
(Faculty of Electrical Engineering, University of
Ljubljana, Ljubljana, Slovenia). The final cisplatin
concentrations ranged from 2 to 400 ug/ml. The
cells were incubated 5 min after electroporation at
room temperature, and then Advanced MEM me-
dium was added. Subsequently, clonogenic assay
was performed. The survival of cells treated with

Radiol Oncol 2012; 46(4): 302-311.

electrochemotherapy was normalized to the sur-
vival of cells treated with electric pulses only. The
experiment was performed 3-4 times for each cell
line, and, in each repetition, 3 parallels were used
per experimental group. From the survival curves,
the IC,; values were determined (cisplatin concen-
tration required to reduce cell survival by 50%).
The difference in sensitivity to cisplatin of both cell
lines was calculated at the IC, level.

In vivo electrochemotherapy

Mice were anesthetized with inhalation anes-
thesia (Isofluran, Torrex Chiesi Pharma GmbH,
Viena, Austria) using an anesthesia apparatus
Narkosespiromat 656 (Dragerwerk AG, Liibeck,
Germany). Electrochemotherapy was performed
by intratumoral injection of cisplatin (2 mg/kg),
and 1 minute later 8 square-wave electric pulses
(two sets of four pulses in perpendicular direc-
tions at an amplitude over distance ratio of 1300
V/cm, duration of 100 ps and frequency of 1 Hz)
were applied to the tumor.* Cisplatin dose used
in the in vivo experiments was suboptimal to en-
able us an evaluation of the combined treatment
effect. Pulses were delivered by Cliniporator™
(IGEA S.r.l., Carpi, Italy) using stainless-steel par-
allel-plate electrodes (6 mm apart). Conductive gel
(Kameleon, d.o.0., Maribor, Slovenia) was used to
ensure a better contact between the electrodes and
the tumor.

Gene electrotransfer

Gene electrotransfer was performed by injecting
20 pl of plasmid DNA (20 pg) into the muscle tibi-
alis cranialis of anesthetized mice, followed imme-
diately by an application of electric pulses to the
muscle (1 pulse at an amplitude over distance ratio
of 600 V/cm and duration of 100 ps, followed by a
1-s pause and subsequent 4 pulses at an amplitude
over distance ratio of 80 V/cm, duration of 100 ms
and frequency of 1 Hz) using the same electrodes
and conducting gel as for electrochemotherapy.*

Treatment protocol and treatment
evaluation

Based on our previous studies, intramuscular mIL-
12 gene electrotransfer was performed on day 0
(right leg) for single treatment or for multiple treat-
ments on days 0, 2 and 4 (alternating between the
right and left leg).®8 Intratumoral electrochemo-
therapy with cisplatin was performed on day 1.
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TABLE 1. IC,, values for cisplatin and electrochemotherapy

with cisplatin of SA-1 and TS/A cells. 11
0.6
GROUP IC,, (Mg/ml) 0.4
0.2
SA-1 TS/A =
. ) L 0.1 -
Cisplatin 74.5% +12.1 11.8+4.1 o 0.06
Electrochemotherapy 7.1 £0.4 7.5+03 E 0:']4
o
* - Statistically significant difference (p < 0.001) compared to all other values. E 0.02
g 001+
oy 0.006 —f— Cisplatin SA-1
The tumor growth delay and complete response 0.004 —@- Electrochematherapy SA-1
rates were used as a measure of antitumor effec- 0.002 —h— Cisplatin TS/A
tiveness of the therapies. Tumors were measured —&— Electrochemotherapy TS/A
in three perpendicular directions (a, b, c) every 0.0 1
2-4 days with a digital .Verruer caliper. Tumor vol- 0.5 2 4 8 20 40 80 200
ume was calculated using the formula: V=a x b x
¢ x 1/6. Tumor growth delay for each experimental Cisplatin concentration (ug/ml)

group was determined as the difference in tripling  FIGURE 1. Cell survival of SA-1 and TS/A tumor cells after freatment with cisplatin
time between the experimental group and the con-  ©r electrochemotherapy with cisplatin. Error bars represent standard error. Survival

trol eroup. Specific tumor erowth delay was cal- of cells freated with electrochemotherapy was normalized to the survival of cells
& p- °p & y treated with electric pulses alone. Survival of SA-1 and TS/A cells freated with electric

culated by diViding the tumor grOWth delay with pulses alone was 0.93 £ 0.07 and 0.82 + 0.10 respectively.
the tripling time of the control group. Log cell kill

was calculated using the formula: log,, cell kill =

GD /(2.096 x TT), where GD is the growth delay of

the experimental group, 2.096 is the number of cell

triplings per log of growth and TT is the tripling

time of the control group.* Response to the thera-

py was evaluated using the percentage of tumors

that completely regressed (complete response). 100 S5-1 fumor

Mice that remained tumor-free for 100 days were

termed as cured. The possible systemic side effects 30 1
of single or combined therapies were determined

by weighing the animals. 3x GET miL-12 i.m. + ECT CDDP i.t.

Statistical analysis 1x GET miL-12 i.m. + ECT CDDP i.t.

SigmaPlot 12 software (Systat Software GmbH.,
Erkrath, Germany) was used for statistical analysis.
All data were tested with the Shapiro-Wilk test for
normality of distribution. The differences between
mean values of experimental groups were tested 0| ® Control, 1x GET IL-12
using the t-test or by one-way ANOVA, followed
by the Holm-Sidak test for multiple comparisons.
Values of p < 0.05 were considered significant.

20 ECT CDDP i.t.
3x GET miL-12 i.m.

B

Complete response [%]
a
O

T T T T T T

0 20 40 60 80 100
Days

FIGURE 2. Completfe responses of the SA-1 tumor-bearing mice after infratumoral
electrochemotherapy combined with a single or multiple inframuscular miL-12 gene
electrotransfer. Gene electrofransfer was performed on day 0 for single freatment or

Sensitivity of SA-1 sarcoma and TS/A carcinoma  ©ndays0, 2, 4for multiple freatments. Electrochemotherapy was performed on day 1.

C?Hs t(.) Clsplatln anf:l ele‘ctro4chemotherapy. with Abbreviations: GET miL-12 i.m. = inframuscular miL-12 gene electrotransfer; ECT CDDP
ClSplatln was determined in vitro. TS/A carcinoma i.t. = infratumoral electrochemotherapy with cisplatin; 1x = single therapy; 3x = multiple
cells had statistically significantly lower IC,, dose therapies.

Results
In vitro sensitivity to cisplatin

Radiol Oncol 2012; 46(4): 302-311.
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TABLE 2. Antitumor effectiveness of electrochemotherapy combined with a single or multiple intramuscular miL-12 gene electrotransfer in murine SA-1
sarcoma.

Single gene electrofransfer Multiple gene electrotransfer
Log Log
GROUP TT* * SE SGD** cell CRt (n; %) GROUP TT* * SE SGD** cell CRt (n; %)
kill* kill#
Control 3.7 £ 03 0
EP 6.6 £ 0.7 0.80 0.38 0
CDDP 102 + 12 175 0.84 0
ECT CDDP 355 = 9.1 8.4 4.12 2/12 (17%)
1x GET dsRed 4.6+0.4 0.26 0.12 0 3x GET dsRed 4.7+0.3 0.28 0.13 0
1x GET dsRed + ECTCDDP 380+ 16.0  9.30 4.44 1/5 (20%) 3x GET dsRed + ECTCDDP 437+ 11.0 10.85 5.18 2/9 (22%)
1xIL-12 48+0.6 0.29 0.14 0 3xIL-12 42+0.5 0.15 0.07 0
1x IL-12 + ECT CDDP 39.5+14.1 9.70 4.63 1/6 (17%) 3x IL-12 + ECT CDDP 35.5%£9.5 8.63 4.12 1/8 (13%)
Ix GET IL-12 68+23 0.83 0.40 0 3x GET IL-12 16.7 £8.7 3.52 1.68 1/11 (9%)
Ix GET IL-12 + EP 80+1.2 1.16 0.55 0 3x GETIL-12 + EP 31.1+£13.5  7.43 3.55 2/12 (17%)
1x GET IL-12 + CDDP 26.7+18.4  6.25 2.98 1/5 (20%) 3x GET IL-12 + CDDP 38.9+135  9.56 4.56 3/10 (30%)
1x GET IL-12 + ECT CDDP 60.0+17.3 1528 7.29 2/5 (40%) 3x GET IL-12 + ECT CDDP 76.0+8.8 19.63  9.36 6/10 (60%)

Abbreviations: Application of electric pulses to tumors (EP), intratumoral cisplatin injection (CDDP), intfratumoral electrochemotherapy with cisplatin (ECT CDDP), intramuscular
injection of plasmid DNA coding for mIL-12 (IL-12), intramuscular gene electrotransfer of plasmid DNA coding for mIL-12 (GET IL-12) or dsRed (GET dsRed). The combination of
freatments is indicated with the “+" symbol. 1x denotes single and 3x denotes multiple therapies.

Mice per group for single therapy = 4-6; mice per group for multiple therapies = 5-11.

The first four groups were pooled from both experiments (n= 10-13).

* Tumor tripling time - cured mice were included in the calculation with the tripling time of 100 days.
** Specific tumor growth delay was calculated from tumor tripling time.

# Log cell kill was calculated from specific tumor growth delay.

t Cures were determined 100 days after freatment.

TABLE 3. Anfitumor effectiveness of electrochemotherapy combined with inframuscular miL-12 gene electrotransfer in murine TS/A carcinoma in
immunocompetent (BALB/c) and immunodeficient (SCID) mice.

Immunocompetent BALB/c mice Immunodeficient SCID mice

Log Log
GROUP TT* * SE SGD** cell CRt (n; %) GROUP TT* * SE SGD** cell CRt (n; %)

kill# kill*
Control 6.1+£0.8 0 Confrol 5.3+0.6 0
EP 7.1£0.6 0.17 0.07 0 EP 4.7 £0.4 -0.12 006 O
CDDP 10.7 1.5 0.74 0.20 0 CDDP 7.3+£00 0.37 0.18 0
ECT CDDP 252+2.6 3.12 1.49 0 ECT CDDP 269 +1.2 4.07 1.94 0
1x GET dsRed 6.3+0.6 0.03 0.01 0 3x GET dsRed 5.1+0.5 -0.04 -002 O
1x GET dsRed + ECT CDDP 24.1£3.6 2.94 0.36 0 3x GET dsRed + ECT CDDP 31.6+3.2 4.95 2.36 0
1xIL-12 7.7 £0.4 0.25 0.10 0 3x IL-12 54+0.2 0.01 0.00 0
1x IL-12 + ECT CDDP 37.9+8.5 5.19 2.48 1/9 (11%) 3x IL-12 + ECT CDDP 32.4+52 5.09 2.43 0
1x GET IL-12 7.3x0.6 0.20 0.08 0 3x GET IL-12 7912 0.49 0.24 0
1x GET IL-12 + EP 8.5%+1.0 0.40 0.14 0 3x GET IL-12 + EP 6514 0.22 0.10 0
1x GET IL-12 + CDDP 10.4+1.2 0.70 0.20 0 3x GET IL-12 + CDDP 11.5+2.5 1.16 0.55 0
1x GET IL-12 + ECT CDDP 451105 6.37 3.04 2/9 (22%) 3x GET IL-12 + ECT CDDP 255+23 3.82 1.82 0

Abbreviations: Application of electric pulses to tumors (EP), intratumoral cisplatin injection (CDDP), intfratumoral electrochemotherapy with cisplatin (ECT CDDP), intramuscular
injection of plasmid DNA coding for miL-12 (IL-12), inframuscular gene electrotransfer of plasmid DNA coding for miL-12 (GET IL-12) or dsRed (GET dsRed).

The combination of treatments is indicated with the “+" symbol. 1x denotes single and 3x denotes multiple therapies.
BALB/c mice per group; n = 6-9

SCID mice per group; n = 2-5

* Tumor tripling fime - cured mice were included in the calculation with the tfripling time of 100 days.

** Specific tumor growth delay was calculated from tumor tripling time.

*# Log cell kill was calculated from specific tumor growth delay.

t Cures were determined 100 days after treatment.

Radiol Oncol 2012; 46(4): 302-311.
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and were more sensitive to treatment with cisplatin
alone compared to SA-1 sarcoma cells (p < 0.001).
Electrochemotherapy with cisplatin resulted in
similar IC,, doses for both cell lines, but the sur-
vival of TS/A cells was more reduced at concentra-
tions higher than 20 ug/ml, indicating an effective
permeabilization of a larger number of TS/A carci-
noma cells (Figure 1, Table 1).

Response to the combined treatment
(electrochemotherapy and intramuscular
miL-12 gene electrotransfer) of sarcoma
tumors in vivo

The antitumor effect of intratumoral electrochemo-
therapy combined with a single or multiple in-
tramuscular mIL-12 gene electrotransfer was de-
termined in immunogenic murine SA-1 sarcoma
tumors. Single intramuscular mIL-12 gene electro-
transfer potentiated the cell kill by electrochemo-
therapy by 3.2 log, resulting in a 23% increase in
tumor cures as well as prolonged specific tumor
growth delay of the remaining tumors (Figures
2,3). The potentiation of cell kill by electrochemo-
therapy was even more pronounced with multiple
intramuscular mIL-12 gene electrotransfer, by 5.3
log, resulting in a 43% increase in tumor cures as
well as statistically significant prolongation of spe-
cific tumor growth delay (Figures 2,3). Moreover,
the combined treatment resulted in an earlier on-
set of complete responses of sarcoma tumors com-
pared to either of the single treatments (Figure 2).
Multiple intramuscular mIL-12 gene electrotrans-
fer resulted in an earlier onset of complete re-
sponses (9.0 £ 0.7 days) than a single intramuscular
mlL-12 gene electrotransfer (12.0 = 0.0 days). The
tumor response results of pertinent control groups
are listed in Table 2.

Response to the combined treatment
(electrochemotherapy and intramuscular
miL-12 gene electrotransfer) of
carcinoma tumors in vivo

The combined treatment effect was determined
also for moderately immunogenic murine
TS/A carcinoma tumors in immunocompetent
BALB/c mice and immunodeficient SCID mice.
Electrochemotherapy resulted in a cell kill of 1.5
and 1.9 log in immunocompetent and immunode-
ficient SCID mice, respectively (Figure 3, Table 3).
Tumor cures were observed in neither immuno-
competent nor immunodeficient mice and there
was also no difference in the specific tumor growth
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FIGURE 3. Tumor cures (A), specific tumor growth delay (B) and log cell kill (C) affer
electrochemotherapy alone or combined with a single or multiple intramuscular
mIL-12 gene electrotransfer.

Abbreviations: ECT = infratumoral electrochemotherapy with cisplatin; GET =
intframuscular miL-12 gene electrotransfer; 1x = single therapy; 3x = multiple therapy;
SA-1 = murine sarcoma; TS/A (BALB/c) = murine carcinoma transplanted on BALB/c
mice; TS/A (SCID) = murine carcinoma transplanted in SCID mice; n/a = not tested;
* = statistically significant difference (p<0.05).
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delay. Inimmunocompetent mice, single intramus-
cular mIL-12 gene electrotransfer increased the cell
kill by 1.5 log, resulting in 22% of tumor cures and
a prolongation of a specific tumor growth delay. In
SCID mice, the log cell kill by electrochemotherapy
was not increased even after multiple intramuscu-
lar mIL-12 gene electrotransfer, resulting also in
zero cure rate and having no effect on the specific
tumor growth delay. The tumor response results of
pertinent control groups are listed in Table 3.

Discussion

Electrochemotherapy in vitro resulted in similar IC,,
values for both sarcoma and carcinoma cell lines.
However, in vivo electrochemotherapy was more
effective in the treatment of sarcoma, the more im-
munogenic of the tumors, resulting in a higher log
cell kill, specific tumor growth delay, and also 17%
tumor cures compared to carcinoma where no tu-
mor cures were observed. Adjuvant intramuscular
mlL-12 gene electrotransfer increased the tumor
response of both tumor models growing in im-
munocompetent mice to approximately the same
degree: the log cell kill by 3.2 and 1.5, the specific
tumor growth delay by a factor of 1.8-2, and the
tumor cure rate by approximately 20% in SA-1 and
TS/A, respectively. In sarcoma tumors, the poten-
tiation of response by intramuscular mIL-12 gene
electrotransfer was dose-dependent. Comparison
of the carcinoma response to the combined treat-
ment modality in immunocompetent and immu-
nodeficient mice demonstrates that the adaptive
immune system is needed both for increased cell
kill and for attaining tumor cures.
Electrochemotherapy is becoming a standard
treatment in human and veterinary oncology for
local tumor treatment. In human oncology, the
success rate of electrochemotherapy is approxi-
mately 70% complete responses and 80% objective
responses, and it is used predominantly in pallia-
tive intent for treatment of cutaneous metastasis of
melanoma. Moreover, it is effective also on cuta-
neous metastasis of other tumor types and deep-
seated tumors.'*>® The response rate is the same
in veterinary oncology, but most of the tumors are
primary and of different histology.3** Until recent-
ly, there has been no evidence-based analysis of the
variability of the tumor response to electrochemo-
therapy, depending on the histological proper-
ties of the tumor. The study of Marty and Sersa et
al % has already indicated a differential response
between the melanoma tumors and other tumor
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types that could be more responsive. There are also
some preclinical data indicating that there must be
a differential response between the tumor types,
but so far the underlying mechanism has not yet
been determined.>* However, a recent systematic
analysis of the clinical data has indicated that the
non-melanoma tumors respond better to electro-
chemotherapy with either bleomycin or cisplatin
than melanoma tumors.® The differential response
was not analyzed, but for electrochemotherapy it is
presumed that the variable response could be due
to different immunogenicity of the tumors, which
contributes to the cure rate of the tumors.>* So far,
no study has indicated how the immunogenic sta-
tus of tumors affects their response rate to electro-
chemotherapy with cisplatin. Our study, however,
implies that the cure rate depends on the immuno-
genicity of the tumors; highly immunogenic sarco-
mas® had a 17% complete response rate, whereas
the moderately immunogenic carcinoma mode]*-4
had none. To continue, the specific tumor growth
delay was longer in the sarcoma tumor model, re-
sulting in 4.12 log cell kill, which was by 2.5 log
higher compared to the carcinoma tumor with 1.5
log cell kill. The tumors received the same treat-
ment and had the same tumor volume at the treat-
ment time. Since there is no significant difference
in the IC,, doses after electrochemotherapy with
cisplatin between the SA-1 sarcoma and TS/A car-
cinoma cell lines in vitro, the cure rate and log cell
kill should depend on the immunogenicity of the
tumors. Besides tumor immunogenicity, the suc-
cess of electrochemotherapy depends also on the
immunocompetence of the host. A previous pre-
clinical study has compared the effectiveness of
electrochemotherapy in immunocompetent and
immunodeficient mice, clearly demonstrating that,
considering the complete response of the tumors,
the immune response contributes to the overall re-
sponse of the tumors to electrochemotherapy.>®
However, besides the immune status of the or-
ganisms and tumor immunogenicity, other factors
may also contribute to antitumor effectiveness. As
indicated by the in vitro results, it is evident that
the in vitro chemosensitivity of cells to cisplatin
does not predict the tumor response to electro-
chemotherapy in wvivo. Furthermore, electroper-
meabilization of cells increases the cytotoxicity of
the drug, in our case cisplatin, and may result in
a similar cell kill in vitro of two differently chemo-
sensitive cell lines, indicating that the SA-1 cells are
resistant to cisplatin mainly due to the membrane-
related mechanism.” Furthermore, cells have dif-
ferent “electrosensitivity”, i.e., the degree of cell



permeabilization. From cell survival curves, it can
be observed that less SA-1 cells were electroper-
meabilized, as demonstrated by the flattening of
the curve®, compared to TS/A cells, which get elec-
tropermeabilized in a much greater fraction. The in
vitro data on tumor cells do not predict the result
of in vivo electrochemotherapy because of its de-
pendence on other factors; first being the degree of
tumor perfusion, which may influence drug deliv-
ery to the tumors, and electrochemotherapy might
also result in a vascular-disrupting effect,” and the
second being controlled by physical factors, e.g.,
electric field distribution and electrical properties
of the tissue for electropermeabilization of cells
in the tumors, namely tumor and stromal cells.>
Some reports have indicated that the disruption
of tumor cells by electrochemotherapy can induce
the immune response of the organism, which was
demonstrated after electrochemotherapy with ble-
omycin on the SA-1 tumor model, the same model
as used in the present study.* The importance of
the immune system was demonstrated in a clinical
study, where the high number of infiltrating CD8*
lymphocytes assessed in the cutaneous melanoma
metastasis before treatment was associated with a
higher probability of a response to electrochemo-
therapy with bleomycin.®!

Some studies have indicated that boosting the
immune response of the organism with cytokines
(GM-CSF, IL-2, IL-12, TNF-a) can increase the
response rate of the tumors to electrochemother-
apy. 5161862 In our study, we have observed that
the intramuscular mIL-12 gene electrotransfer suc-
cessfully increases the response rate of the tumors
by approximately 20% tumor cures, both in the im-
munogenic sarcoma and moderately immunogenic
carcinoma models. The specific tumor growth de-
lay increased by a factor of 1.8-2, indicating that
the adjuvant intramuscular mIL-12 gene electro-
transfer increases direct tumor cell kill achieved
by electrochemotherapy, in addition to increasing
the tumor cure rate. After electrochemotherapy,
the effect must be exerted on the remaining tumor
cells that need to be eradicated by immune surveil-
lance. As evident in sarcoma tumors, the effect was
dose-dependent; multiple intramuscular mlIL-12
gene electrotransfer was more effective than a sin-
gle one. This notion is supported by the results in
immunodeficient mice, where the specific tumor
growth delay was the same in spite of adjuvant
intramuscular mIL-12 gene electrotransfer immu-
notherapy. In addition, the cure rate also did not
increase.

Based on the comparison of the antitumor effec-
tiveness of electrochemotherapy with intratumoral
cisplatin administration, we can conclude that the
fraction of killed cells and the cure rate are higher
in the immunogenic sarcoma tumor, compared to
the moderately immunogenic carcinoma tumor.
The tumor cell kill and cure rate depend on the im-
mune response elicited by destroyed tumor cells
which, as indicated in the present study, might
depend on tumor immunogenicity. The effect of
the adjuvant intramuscular mIL-12 gene electro-
transfer is dependent on the amount of IL-12 in the
system and the immune competence of the host, as
demonstrated by the dose-dependent increase in
the cure rate of SA-1 tumors after multiple intra-
muscular mIL-12 gene electrotransfer and the dif-
ferential cure rate of TS/A tumors growing in im-
munocompetent and immunodeficient mice.
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Background. Astroglial cells are frequently involved in malignant tfransformation. Besides apoptosis, necroptosis, a
different form of regulated cell death, seems to be related with glioblastoma genesis, proliferation, angiogenesis and
invasion. In the present work we elucidated mechanisms of necroptosis in cultured astrocytes, and compared them
with apoptosis, caused by staurosporine.

Materials and methods. Cultured rat cortical astrocytes were used for a cell death studies. Cell death was induced
by different concentrations of staurosporine, and modified by inhibitors of apoptosis (z-vad-fmk) and necroptosis (nec-
1). Different forms of a cell death were detected using flow cytfometry.

Results. We showed that staurosporine, depending on concentration, induces both, apoptosis as well as necrop-
tosis. Treatment with 107 M staurosporine increased apoptosis of astrocytes after the regeneration in a staurosporine
free medium. When caspases were inhibited, apoptosis was attenuated, while necroptosis was slightly increased.
Treatment with 10¢ M staurosporine induced necroptosis that occurred after the regenerafion of astrocytes in a
staurosporine free medium, as well as without regeneration period. Necroptosis was significantly attenuated by nec-1
which inhibifs RIP1 kinase. On the other hand, the inhibition of caspases had no effect on necroptosis. Furthermore,
staurosporine activated RIP1 kinase increased the production of reactive oxygen species, while an antioxidant BHA
significantly attenuated necropftosis.

Conclusion. Staurosporine can induce apoptosis and/or necroptosis in cultured astrocytes via different signalling
pathways. Distinction between different forms of cell death is crucial in the studies of therapy-induced necroptosis.

Key words: astrocytes; staurosporine; necroptosis; apoptosis; reactive oxygen species; flow cytometry

Introduction

In the central nerve system (CNS), astroglial cells
are frequently involved in malignant transforma-
tion. It is believed that dysfunction of apoptosis
underlies glioblastoma genesis, proliferation and
resistance to chemotherapy and radiotherapy.
Besides, necrosis seems to be related with gliob-
lastoma proliferation, angiogenesis and invasion.
Induction of apoptosis has not made sufficient
achievements in the treatment of glioblastoma,
mainly because the tumour cells are often resist-
ant to apoptosis. Better result in this case may be

Radiol Oncol 2012; 46(4): 312-320.

achieved by modulating the necroptosis, thus cir-
cumvent the apoptosis resistance.! The knowledge
of molecular pathways, involved in different forms
of cell death is therefore crucial.

Apoptosis is a well-studied form of pro-
grammed cell death, with morphological charac-
teristics such as cell shrinkage, fragmentation of
cellular organelles and nucleus. In early apoptosis
plasma membrane remains largely intact how-
ever it redistributes phosphatydilserine from the
cytoplasmatic to the outer surface prior to any
morphological changes. In late apoptosis, plasma
membrane often becomes permeable, causing sec-

doi:10.2478/v10019-012-0036-9
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ondary necrosis.?® Described changes are mostly
due to the activated intracellular cysteine-pro-
teases caspases.* In contrast, primary necrosis is
morphologically characterized by swelling of the
cytoplasm and cell organelles, followed by early
plasma membrane ruptures. The release of intra-
cellular content outside of the cell may induce an
inflammatory response and additional cell loss.
Contrary to apoptosis, primary necrosis does not
involve caspases.® For long time, primary necrosis
has only been considered as an unregulated, pas-
sive cell death caused by the devastating stress.
However, at least a part of necrotic cells may die
by necroptosis, a highly regulated form of prima-
ry necrosis.’

Apoptosis and necroptosis are rather intercon-
nected and not entirely separated events. In differ-
ent susceptible cell lines, Fas ligand or TNF-alpha,
which normally activates apoptosis through the
death receptors, can induce necroptosis when cas-
pases are inhibited or deficient.® While the mecha-
nisms of apoptosis are well known, necroptosis
is not fully understood. One critical molecular
regulator, mediating different cellular responses
upon activation through the death receptors, is a
multifunctional receptor interacting protein (RIP)
which is essential for the activation of necropto-
sis, when caspases are inhibited.® Recent reports
revealed several details of necroptotic death sig-
nalling pathway and have confirmed a critical role
of RIP1 kinase in necroptosis.”®

In the central nerve system, astroglial cells in
the brain may die by apoptosis or necroptosis in
different pathologies.*!! Distinction of the mecha-
nisms of astrocytes apoptosis and necroptosis is
necessary to improve our understanding of patho-
physiology of neurological disorders, cancer or
trauma and provide new therapy opportunities.
Astroglial cell cultures have proven an appropri-
ate in vitro model for studying cellular and molec-
ular functions of astrocytes, including cell death.!?
Recently we have reported, that staurosporine is
able to induce necroptosis in cultured astrocytes.!®
So far, the signalling pathways of staurosporine
induced necroptosis have not been elucidated.
Therefore in the present study we clarified the
molecular mechanisms of necroptosis, induced
by staurosporine, and compared them with ap-
optosis. We showed that necroptosis is caspases
independent and occurs through the activation of
RIP1 kinase. Furthermore, we demonstrated that
the reactive oxygen species (ROS) production is
increased through RIP1 kinase activity, while in-
creased ROS is associated with necroptosis.

Materials and methods
Materials

L-15 Leibowitz medium, foetal bovine serum (FBS),
Dulbecco’s modified Eagle medium and Ham’s
nutrient mixture F-12 (DMEM/F12), Penicillin
(10,000 IU/ml), Streptomycin (10,000 mg/ml; P/S),
Dulbecco’s phosphate buffered saline (PBS) were
purchased from Gibco BRL, Life Technologies,
Scotland. Staurosporine, 2-7-dichlorodihydrofluo-
rescin diacetate (DCFH-DA) probe, Necrostatin-
1(nec-1), and Butylated hydroxyanisole (BHA)
were obtained from Sigma Chemicals, USA. The
pan-caspase inhibitor (z-vad-fmk) was purchased
from R&D systems, USA. Petri plates were pur-
chased from Nunc, Germany, and tissue culture
flasks were obtained from TPP, Switzerland.
Annexin V-fluorescin isothiocyanate (Annexin
V-FITC) and 7-Aminoactinomycin D (7-AAD)
staining kit for a flow cytometry was obtained
from Beckman-Coulter, USA. All flow cytometry
experiments were carried out on the Quanta SC
MPL flow cytometer (Beckman Coulter, USA).

Animals

New-born Wistar rats (1-2 days old) were obtained
from our own breeding colony. All animal stud-
ies were approved by the Veterinary Authority of
the Republic of Slovenia (License number: 34401-
80/2008/4), and performed in accordance with
the EU Directive 2010/63/EU and the European
Convention for the protection of vertebrate ani-
mals used for experimental and other scientific
purposes (ETS 123).

Cell cultures

Cultures of rat cortical astrocytes were prepared
from the brain of new-born rats in DMEM/F12
(1:1), 10% FBS, 1% Penicillin-Streptomycin cul-
ture medium as described previously.'* Cells were
grown at 37°C in a humidified environment con-
taining 10% CO2 until they became confluent.
When they reached confluence, the cells were used
for the treatment.

Induction of cell death and production
of ROS by staurosporine

The astrocytes were treated with 107 M stau-
rosporine for 6 hours to induce apoptosis. After
the treatment, the cells were allowed to regener-
ate for 22 hours in a staurosporine free medium, or
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were analysed without regeneration. Similarly, the
astrocytes were treated with 10 M staurosporine
for 3 hours to induce the production of ROS and/or
necroptosis. After the treatment, the cells were al-
lowed to regenerate for 22 hours in a staurosporine
free medium, or were analysed without regenera-
tion. The cells were trypsinized and stained for an
analysis with a flow cytometer. The control cells
were not exposed to staurosporine.

Attenuation of apoptosis

The astrocytes were pre-treated with z-vad-fmk, an
irreversible pan-caspase inhibitor, at 4 x 10° M con-
centration, for one hour. Then 107 M staurosporine
was added into the culture medium, and the cells
were incubated for an additional 6 hours. During
22 hours regeneration, the cells were incubated
in z-vad-fmk containing medium without stau-
rosporine. The cells were also exposed only to 4 x
10° M z-vad-fmk for 24 hours.

Attenuation of necroptosis and ROS
production

The astrocytes were pre-treated with 10 M nec-1,
a specific RIP1 kinase inhibitor, or with 4 x 10° M
z-vad-fmk, one hour before 10° M staurosporine
was added. Then the cells were incubated for an
additional 3 hours. For the regeneration, the cells
were incubated in the presence of nec-1 or z-vad-
fmk for 22 hours. The cells were exposed only to 10-
* M nec-1 for 24 hours as well. For the attenuation
of ROS production, the cells were pre-treated with
10* M nec-1, one hour before 10 M staurosporine
was added. Then the cells were incubated for ad-
ditional 3 hours. For the regeneration, the cells
were incubated in the presence of nec-1 for 22
hours. Additionally, to attenuate the ROS associ-
ated necroptosis, the cells were treated one hour
with 104 M BHA, a ROS scavenger, before 10° M
staurosporine was added. Then the cells were in-
cubated for an additional 3 hours. For the regen-
eration, the cells were incubated in the presence of
BHA for 22 hours. The cells were exposed only to
10+ M BHA for 24 hours as well.

Flow cytometric analysis of a cell death
and ROS production

The cells were stained simultaneously with
Annexin V-FITC and 7-AAD dye according to the
modified manufacturer’s instructions (for details
see Simenc&Lipnik-Stangelj’®). Data acquisition
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was carried out using a flow cytometer. The dif-
ferentiation of early apoptotic, secondary necrotic,
necroptotic and viable cells was made according to
their phenotype: Annexin V*/7-AAD- were consid-
ered early apoptotic, Annexin V/7-AAD", necrop-
totic, Annexin V*/7-AAD* secondary necrotic, and
Annexin V/7-AAD- viable cells. In each sample,
10.000 cells were analysed.

For the detection of ROS production, the cells
were prepared according to the modified protocol.™

Statistical analyses

Statistical analyses were made with SPSS 19 soft-
ware (SPSS, Inc, USA). For each treatment and con-
trols, ten samples from two independent groups
of animals were analysed. For inhibitors toxicity
(z-vad-fmk or nec-1), five samples were analysed.
In the cell death experiments, data (means + SEM)
were expressed as the percentage of cell death. For
statistical comparisons, only the proportions of ear-
ly apoptotic and necroptotic cells were considered.
For the ROS production, data (means + SEM) were
expressed as the percentage of DCF fluorescence.
The differences between various groups were ex-
amined for a significance using the non-parametric
Mann-Whitney U test. In all cases a p value of <
0.01 was considered statistically significant.

Results

Determination of apoptosis and
necroptosis

Apoptosis and necroptosis were detected by the
flow cytometry dot plots (Figures 1, 2). The propor-
tions of apoptotic and necroptotic cells were simul-
taneously detected with the binding of Annexin
V-FITC and uptake of 7-AAD dye. The binding
of Annexin V is considered independent of a cell
death stimulus and specific marker of apoptosis.
It precedes the loss of ability to exclude viability
dyes, membrane ruptures, or occurrence of any
morphological changes associated with apopto-
sis.!>1¢ On the other hand, the uptake of 7-AAD dye
is a specific marker of necroptosis.'” However, it
has been reported for the Jurkat cells with necrotic
morphology, that the binding of Annexin V* pre-
cedes the formation of membrane ruptures and
necrosis.® This observation suggests that secondary
necrotic cells (Annexin V*/7-AAD*) may not nec-
essarily die by apoptosis. Therefore, to avoid po-
tential bias, secondary necrotic cells were omitted
from the analyses, and only early apoptotic cells
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and analysed without regeneration.

(Annexin-V*/ 7-aad’) were considered apoptotic.
Accordingly, only the cells with Annexin V/7-
AAD" phenotype were considered as necroptotic
cells, while secondary necrotic cells were omitted
from the analyses.

Induction and attenuation of apoptosis
and necroptosis

For the induction of apoptosis, the cells were ex-
posed to 107 M of staurosporine for 6 hours, and
regenerated for 22 hours in a staurosporine free
medium. As shown in Figure 3, staurosporine in-
creased early apoptosis approximately 5-fold in
comparison to control cells, while necroptosis was
not influenced. In order to confirm the induction

of apoptosis, inhibition experiments with z-vad-
fmk were carried out. The results showed that in-
hibition of caspases by z-vad-fmk strongly reduced
early apoptosis, induced by staurosporine. On
the contrary, the number of necroptotic cells was
slightly increased, suggesting that the cells were
switched from one form of a cell death (apoptosis)
to another (necroptosis) (Figure 3).
Toinducenecroptosis, cell cultures were exposed
to 10° M staurosporine for 3 hours, and regenerated
as described previously. The results showed that
a higher concentration of staurosporine increased
the extent of necroptosis (staurosporine 29.01 *
1.03% wvs control cells 5.76 + 0.54%), whereas early
apoptosis was not affected. To confirm the RIP1 ki-
nase involvement in the transduction of the signal,
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FIGURE 3. Percentages of a cell death in cultured rat astrocytes
after the exposure to 107 M staurosporine. Early apoptosis
and necroptosis were determined by the binding of Annexin
V-FITC and 7-AAD uptake, using a flow cytometry. Data are
the means + SEM of ten samples from two independent groups
of animals. For the z-vad-fmk treatment, only five samples
were analysed. (Control) Control cells were not exposed to
staurosporine or z-vad-fmk. (STS) Cells were exposed to 107
M staurosporine for 6 hours, and regenerated for 22 hours in
a staurosporine free medium. (STS+z-vad-fmk) Cells were ex-
posed to staurosporine and 4 x 10-° M z-vad-fmk for 6 hours, and
regenerated for 22 hours in a staurosporine free medium with
z-vad-fmk. (z-vad-fmk) Cells were exposed to 4 x 10°M z-vad-
fmk for 24 hours. Data were analysed using the non-parametric
Mann-Whitney U test; * p < 0.00 vs Control-early apoptosis, ** p
< 0.00 vs STS-early apoptosis and *** p = 0.002 vs STS-necroptosis
indicate significance.

we inhibited necroptosis with nec-1. The results
showed that nec-1 reduced staurosporine induced
necroptosis to half, while early apoptosis remained
unaffected. Furthermore, z-vad-fmk did not influ-
ence necroptosis which indicating that necroptosis,
induced by staurosporine, was caspases independ-
ent (Figure 4).

Induction and attenuation of ROS
production and ROS associated
necroptosis

In the cultures, exposed to 10 M staurosporine,
the ROS accumulation was detected by DCF fluo-
rescence. Linear amplification of the signal was ob-
served in the staurosporine treated cells. Analyses
were made by the logarithmically versus linear
amplified DCF fluorescence cytometry dot plots
(Figure 5). As shown in Figure 6, staurosporine
increased the ROS production approx. 3-fold in
comparison to control cells. Nec-1 reduced the ROS
production, induced by staurosporine, to half.

Radiol Oncol 2012; 46(4): 312-320.
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FIGURE 4. Percentages of a cell death in cultured rat astrocytes
after the exposure to 104 M staurosporine and the regeneration
period. Early apoptosis and necroptosis were determined by
the binding of Annexin V-FITC and 7-AAD uptake, using a flow
cytometry. Data are the means + SEM of ten samples from two
independent groups of animals. For the nec-1 treatment, only
five saples were analysed. (Control) Confrol cells were not ex-
posed to staurosporine or inhibitors. (STS) Cells were exposed to
10¢ M staurosporine for 3 hours, and regenerated for 22 hours
in a staurosporine free medium. (STS+z-vad-fmk) Cells were ex-
posed to staurosporine and 4 x 10°M z-vad-fmk for 3 hours, and
regenerated for 22 hours in a staurosporine free medium with
the z-vad-fmk. (STS+nec-1) Cells were exposed fo staurosporine
and 104 M nec-1 for 3 hours, and regenerated for 22 hours in
a staurosporine free medium with nec-1. (nec-1) Cells were
exposed to 10¢M nec-1 for 24 hours. Data were analysed using
the non-parametric Mann-Whitney U test; * p < 0.00 vs Control-
necroptosis, ** p < 0.00 vs Control-necroptosis and *** p < 0.00
vs STS-necroptosis indicate significance.

In order to show that increased ROS is associat-
ed with necroptosis, the cells were treated with 10
M staurosporine in the presence of 10+ M BHA. As
shown in Figure 7, BHA strongly reduced necrop-
tosis, while early apoptosis was not influenced.

Induction of a cell death without
regeneration

To assess the impact of regeneration period on a
cell death, the experiments without regeneration
were carried out. As shown in Figure 8, in the cul-
tures treated with 107 M staurosporine for 6 hours,
early apoptosis was significantly decreased, while
necroptosis was increased. Similarly, in the cul-
tures, treated with 10 M staurosporine for 3 hours,
early apoptosis was significantly decreased, while
necroptosis was increased (Figure 8). These results
indicated that regeneration of the cells is crucial for
apoptosis, while it is not necessary for necroptosis.
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Discussion

Death is an important issue in cell biology. Cells
may die as a part of normal development or tis-
sue homeostasis. On the other hand, they may die
when they are damaged or infected. Cell death fail-
ure may underlay tumour genesis and resistance to
chemotherapy or radiotherapy.

There are various cell death forms, which are
differentiated by several morphological and func-
tional criteria.*> The knowledge of the cell death
mechanisms and tumorigenic properties of the
cells, and development of advanced therapies is
therefore a key to successful treatment.!$%

In our study we showed that staurosporine,
depending on concentration, induces at least two
different forms of a regulated cell death. When
cultured astrocytes were exposed to 107 M stauro-
sporine, a significant proportion of early apoptotic
cells was observed in comparison to the control cells,
while necroptosis was not influenced (Figure 1A,B).
To confirm the induction of apoptosis, inhibition
experiments with z-vad-fmk, an irreversible pan-
caspase inhibitor, were carried out. In the cul-
tures, co-treated with z-vad-fmk, apoptosis was
significantly attenuated. Importantly, as shown in
Figure 3, necroptosis was slightly, yet significantly
increased as compared to necroptosis in the stauro-
sporine treated or control cultures. This observation
suggests that staurosporine induced apoptosis and
necroptosis are rather interconnected events in cul-
tured rat astrocytes. Our results are in agreement
with previously described induction of necroptosis
instead of apoptosis, through the death receptors
signalling, if caspases were inhibited.®

Staurosporine is widely used as a potent in-
ducer of apoptosis. The mechanisms of apopto-
sis induction are diverse and may depend on the
cell type.® In mouse acute lymphoid leukaemia
cells L1210, various human melanoma cell types,
and human breast carcinoma cells MCF-7 have
been shown that staurosporine induces apoptosis
through both, rapid caspases dependent, and slow,
caspase independent pathway.? In cultured rat
astrocytes, the exposure to 107 M staurosporine for
3 hours has induced delayed, caspase-3 dependent
apoptosis.? Our study expands these observations,
as in addition to apoptosis, we induced necroptosis
as well (Figure 2B). As shown in Figure 4, in the
cultures exposed to a higher concentration of stau-
rosporine, necroptosis was increased, while apop-
tosis was not.

Necroptosis is induced through RIP1 kinase ac-
tivity.®® In order to confirm this hypothesis, RIP1
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FIGURE 5. Detection of ROS production in cultured rat astrocytes by a flow cy-
tometry. Examples of the forward scatter dot plots of the logarithmic versus linear
amplified DCF fluorescence. Percentages of the cells from lower right quadrants
were compared for the ROS production. For each treatment, ten samples from
two independent groups of animals were analysed. (A) Cells were not exposed
to staurosporine. (B) Cells were exposed to 10¢ M staurosporine for 3 hours, and
regenerated for 22 hours in a staurosporine free medium. (C) Cells were exposed to
10 M staurosporine and 104 M nec-1 for 3 hours, and regenerated for 22 hours in a
staurosporine free medium with nec-1.
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FIGURE 6. Production of ROS, detected as the percentage of DCF fluorescent cells.
Data are the means + SEM of ten samples from two independent groups of animails.
(Control) Cells were not exposed to staurosporine. (STS) Cells were exposed fo 10¢ M
staurosporine for 3 hours, and regenerated for 22 hours in a staurosporine free me-
dium. (STS+nec-1) Cells were exposed to 10¢ M staurosporine and 104 M nec-1, for 3
hours, and regenerated for 22 hours in a staurosporine free medium with nec-1. Data
were analysed using the non-parametric Mann-Whitney U test; * p < 0.00 vs Confrol,
**p =0.001 vs STS indicate significance.
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FIGURE 7. Percentages of a cell death in cultured rat astrocytes
after the exposure to 10¢ M staurosporine and the regeneration
period. Early apoptosis and necroptosis were determined by
the binding of Annexin V-FITC and 7-AAD uptake, using a flow
cytometry. Data are the means + SEM of ten samples from two
independent groups of animals. For the BHA treatment, only
five samples were analysed. (Control) Control cells were not
exposed fo staurosporine or inhibitor. (STS) Cells were exposed
to 10¢ M staurosporine for 3 hours, and regenerated for 22
hours in a staurosporine free medium. (STS+BHA) Cells were
exposed to staurosporine and 104 M BHA for 3 hours, and re-
generated for 22 hours in a staurosporine free medium with the
BHA. (BHA) Cells were exposed to 104 M BHA for 24 hours. Data
were analysed using the non-parametric Mann-Whitney U test;
*p < 0.00 vs CON-necroptosis, ** p < 0.00 vs STS-necroptosis
indicate significance.

kinase was inhibited by its specific inhibitor, nec-
1. Indeed, in the samples, co-treated with nec-1,
necroptosis was significantly attenuated, as depict-
ed in Figure 4. Necroptosis has also been shown
as caspases-independent cell death® which is in
accordance with our results, where z-vad-fmk had
no attenuating effect on necroptosis (Figure 4). We
clearly show that the mechanism of necroptosis in
cultured rat astrocytes, induced by staurosporine,
is RIP1 kinase dependent and caspases independ-
ent. Apparently, at a higher concentration of stau-
rosporine caspases play no role and astrocytes dye
by necroptosis. Similar results were obtained in
mouse astrocytes, where necroptosis, induced by
hemin, was shown RIP1 kinase dependent and cas-
pases independent.! Taken together; necroptosis is
an important form of astrocyte death, regardless of
an initial stimulus.

In several cell types the reactive oxygen spe-
cies (ROS) production has shown to be RIP1 ki-
nase dependent.?#?> Similarly, we found that ROS
were increased in the staurosporine treated astro-
cytes through the RIP1 kinase activity (Figure 5),
while the production of ROS was attenuated, when
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FIGURE 8. Percentages of a cell death in cultured rat astro-
cytes, induced by staurosporine, without the regeneration
period. Cells were exposed either to 107 M staurosporine for 6
hours, or 10¢ M staurosporine for 3 hours, and analysed imme-
diately. Early apoptosis and necroptosis were determined by
the binding of Annexin V-FITC and 7-AAD uptake, using a flow
cytometry. Data are the means + SEM of ten samples from two
independent groups of animals. (Control) Control cells were
not exposed to staurosporine. (107 M STS) Cells were exposed
to 107 M staurosporine. (10¢ M STS) Cells were exposed to 10¢
M staurosporine. Data were analysed using the non-parametric
Mann-Whitney U test; * p < 0.00 vs Control-necroptosis, ** p <
0.00 vs Control-necroptosis indicate significance.

the cells were co-treated with nec-1 (Figure 6).
Furthermore, as shown in Figure 7, necroptosis
was significantly reduced, when cells were co-
treated with staurosporine and an antioxidant
BHA. These observations clearly indicate that in-
creased ROS contributes to necroptosis in a stau-
rosporine treated rat astrocytes. Similarly, necrop-
tosis, associated with ROS, was observed in hemin
treated mouse astrocytes.!! It is conceivable that
increased ROS production play an important role
in astrocyte necroptosis.

Notably, apoptosis and necroptosis were sig-
nificantly increased after a regeneration period in
a staurosporine free medium. We elucidated there-
fore, whether regeneration is absolutely necessary.
The astrocytes were exposed to different concen-
trations of staurosporine, and analysed without re-
generation (Figures 1C, 2C). On the contrary to the
experiments with regeneration, almost no apop-
tosis was detected, regardless of treatment, while
necroptosis was already increased at 10 M as well
as at 107 M staurosporine exposure (Figure 8).
Whereas the regeneration seems not to be neces-
sary for necroptosis, it is crucial for apoptosis.
This observation indicates that the occurrence of
necroptosis is much faster than of apoptosis. The
later observation is in agreement with the reports
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of delayed apoptosis induced by staurosporine
in various cell types including astrocytes.??* The
delay in apoptosis may reflect a high resistance of
astrocytes to apoptosis, which is in line with previ-
ously reported resistance of human fetal astrocytes
to apoptosis, induced via cell death receptors.?

Reduced expression of different death receptors
is also one of the crucial mechanisms of the resist-
ance of glioblastoma to apoptosis.?® It can occur
via mutated p53 pathway, which is the most com-
monly mutated pathway in tumorigenesis, and is
strongly connected to apoptosis and necroptosis
as well.?? Furthermore, mutation of human rat
sarcoma (RAS) genes is also frequently associated
with glioblastoma tumorigenesis. RAS regulates
downstream mitogen-activated protein kinase
(MAPK) signalling pathway and aberrant expres-
sion or defects in the RAS/MAPK pathway causes
abnormal cellular activities such as invasion and
cell death. Both, p53 and MAPK signalling path-
ways are associated with RIP1 kinase activity and
necroptosis, and could be therefore important tar-
gets for glioma therapy.

In conclusion, staurosporine is able to induce
two different forms of a cell death, apoptosis and
necroptosis, in cultured astrocytes. Necroptosis is
RIP1 kinase dependent and involves ROS produc-
tion. Both cell death forms were significantly in-
creased after the regeneration period; however in-
creased necroptosis was already detected without
regeneration. It seems that cultured astrocytes are
more prone to necroptosis than apoptosis. Whether
this is a general property of cultured astrocytes or
it is confined to staurosporine only, requires fur-
ther studies. As the demise of astrocytes is still ill
understood, revealing the forms of their death may
improve our understanding of the pathophysiol-
ogy of various neurological disorders, malignant
transformation, brain infections or traumatic brain
injury. Moreover, our results may be useful in the
studies of therapy-induced necroptosis in malig-
nant transform cells. In this respect, the study pro-
vides a simple in vitro approach for the induction
and detection of apoptosis and necroptosis in as-
troglial cells.
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Background. Difficulties in coping with cancer, and the accompanying anxious and depressive symptoms, have
been shown to affect the mood and the quality of life in breast cancer patients. 5-Hydroxytryptamine Transporter
Gene-linked Polymorphic Region (5-HTTLPR) functional polymorphism of serotonin transporter has been shown to influ-
ence the adaptation to stressful life events. The aim of this prospective study was therefore to examine the association
of 5-HTTLPR with the mental adaptation to cancer diagnosis and freatment.

Patients and methods. Forty eight consecutive patients with early mammary carcinoma were evaluated at en-
rolment and aft follow up affer one and three months. The patients were characterized psychometrically using the
Hospital Anxiety and Depression Scale (HADS) and the Mini-Mental Adjustment to Cancer Scale (Mini-MAC); 5-HTTLPR
allelic variants were determined using PCR-based techniques.

Results. In women with early breast cancer, the mental adaptation to the disease was associated with high scores of
avoidance and anxious preoccupation of Mini-MAC, which decreased with time at follow up. Anxious preoccupation
decreased with time less in patients with the S/S and S/L genetic variant of 5-HTTLPR as compared with the L/L carriers
(p=0.023), indicating gene - environment interactions.

Conclusions. These results indicate that the characterization of 5-HTTLPR allows the identification of breast cancer
patients in greater risk of mental suffering, for which specific intervention may be focused; in case of drug therapy,
they provide indications for the choice of most appropriate agent in a pharmacogenetic perspective.

Key words: breast cancer; mental adjustment to cancer; depression; anxiety; 5-HTTLPR polymorphism.

Introduction

have been shown by Greer et al. and Watson ef al.
to characterize the individual modalities of coping

A large literature indicates that facing a neoplastic
disease is a challenging experience which deeply
involves cognitive and emotional aspects of the in-
dividual.'"'? Coping with cancer requires a mental
adaptation to the communication of diagnosis, to
the choice between the alternatives for the subse-
quent adjuvant treatment, and to the follow-up.
Specific modalities of mental adaptation to cancer,
namely hopelessness-helplessness, fighting spirit,
fatalism, avoidance and anxious preoccupation,

Radiol Oncol 2012; 46(4): 321-327.

with the disease.!** While these modalities have
evident implications for the quality of life of the
patients, these investigators also reported an in-
creased risk of death in women with high scores
on the hopelessness-helplessness category of the
Mental Adjustment to Cancer (MAC) Scale, and
also on the Hospital Anxiety and Depression Scale
(HADS) category of depression.!>!

The role of the genetic polymorphism in the re-
sponse to treatment and survival for oncological

doi:10.2478/v10019-012-0024-0
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patients is well known.’>'® However, the genetic
polymorphism of serotonin transporter (SERT) in
causing an increased risk of depression in subjects
who experienced stressful life events is also known
and it has been initially reported by Caspi ef al..!” In
the prospective-longitudinal study of a representa-
tive birth cohort, the authors tested why stressful
experiences lead to depression only in some sub-
jects. A functional polymorphism, consisting in one
or two copies of the short (S) allele of the 5-HTTLPR
(5-Hydroxytryptamine Transporter Gene-linked
Polymorphic Region) in the promoter region of the
SERT gene, was found to increase the influence of
stresstul life events on the development of depres-
sion, representing gene - environment interactions.!”
A large number of investigations have subsequent-
ly examined the associations of the development of
mental disorders in a variety of psychological and
psychiatric conditions with SERT polymorphism,
evaluating the role played by the allelic variants of
5-HTTLPR, which are endowed with high (L/L) or
low (S/S, S/L) functional activity and have a high
penetrance in the populations examined.!®

The most frequent oncological disease in women
is breast cancer!®? and the communication of breast
cancer diagnosis, as well as the treatments subse-
quently performed, has been shown to be a con-
stellation of significant stressful events, requiring
adequate psychological adaptation by patients.!®
Different modalities of mental adaptation to cancer
have been identified®, and may affect the quality of
life”!? and even the prognosis of the disease.?! The
mental adjustment to cancer has been extensively in-
vestigated by Greer et al. in terms of the coping strat-
egies adopted by patients.!®> An initial prospective
study of subjects with early breast cancer showed
that the disease free survival at five years was sig-
nificantly more frequent among those women who
initially reacted by denial or fighting spirit, rather
than by stoic acceptance or feelings of helplessness
and hopelessness.’® In a larger cohort subsequently
examined, helplessness-hopelessness identified us-
ing the MAC scale, and depression measured by the
HADS scale, were shown to be significant prognos-
tic factors for the decreased survival.!

The aim of the present prospective study has
been therefore to examine in women with early
breast cancer the role of 5-HTTLPR polymorphism
in relation to mental adaptation to cancer, and to
depression and anxiety. A group of women who
had received the diagnosis of mammary carcino-
ma, and had been treated with surgery and adju-
vant therapy, has been genotypically characterized
for 5-HTTLPR. The presence of the functional A>G
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variation within the L allele of SERT polymor-
phism, which has been reported to modulate the
role of 5-HTTLPR for depression??, has been also
examined. At the time of recruitment and at follow-
up one and three months later, these patients were
psychometrically characterized using Mini-MAC
for evaluating their mental adaptation to cancer,
and HADS for assessing depression and anxiety.
The data obtained have been analyzed in order to
identify the occurrence of associations between the
psychometric variables obtained and the patients’
5-HTTLPR genotypic characteristics of the pa-
tients; the results obtained are hereafter reported.

Patients and methods

The study population consisted of women who
received a diagnosis of mammary carcinoma,
and who were referred to the Centro Sociale
Oncologico, Azienda Servizi Sanitari 1, Trieste,
Italy, between February 2008 and August 2009.
The patients were recruited after the communica-
tion of the cancer diagnosis and surgery and before
the beginning of adjuvant treatment (average time
135+9.7 days), and were evaluated at enrolment
into the study (T0), and at follow up one (T1) and
three (T2) months later.

The study was carried out in accordance with the
Declaration of Helsinki and Good Clinical Practice
Guidelines, after having been approved by the rel-
evant institutional Ethical Committee, and having
received the informed consent by each participant.
Conflicts of interest do not appear to exist accord-
ing to the statements of the authors.

The subjects were characterized psychometri-
cally by a trained psychologist using the Hospital
Anxiety and Depression Scale (HADS)*, and the
Mini Mental Adjustment to Cancer Scale (Mini-
MAC)!? to examine the mechanisms of psychologi-
cal adaptation to the disease. HADS is a 14-item
questionnaire measuring anxiety (7 items) and
depression (7 items), and is designed for the use
in medical outpatients. HADS has been used in
general psychiatry?® and in cancer settings indi-
cating its usefulness, reliability and validity. The
Mini-MAC is a 29-item questionnaire measuring
patients’coping with cancer (fighting spirit, avoid-
ance, hopelessness, anxious preoccupation and fa-
talism) The Mini-MAC was chosen as the primary
outcome measure and the validated Italian version
of mini-MAC was employed in this study.!%!!

The patients were also characterized for the
5-HTTLPR polymorphism as described below.
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Subjects older than 75 years and those with a pre- TABLE 1. Socio-demographic and clinical characteristics of the patients
7

vious history of psychopathology such as psychotic

or endogenous major depressive disorder, were not Pr? tl:ezttzs
included in the study For each patient, the demo- SOCIO-DEMOGRAPHIC CHARACTERISTICS

graphlc, as well as the previous and current medl- Age (Meanss.E) 6024133
cal history, were recorded for the later analysis. '

Genomic DNA was obtained from whole blood or Min-mox 773
buccal cells, using standard procedures (MasterAmp™ 3037 1(2.1%)
buccal swab brushes, Epicentre Technologies; 40-49 8 (16.7%)
GenElute™ blood Genomic DNA Kit, Sigma). 40-59 7 (14.6%)

Polymerase chain reaction (PCR) amplifica- 60-69 27 (56.3%)
tion of the DNA region of 5-HTTLPR was per- 1079 5(10.4%)
formed using the primers described by Gelernter
et al.?, and with the GC-Rich PCR System (Roche ~_EmPployment stafus
Molecular Biomedicals) in a 50-uL reaction con-  Employed 16 (33.3%)
taining 20-100 ng of DNA; 100 pm deoxyribonu- Unemployed 9 (18.8%)
cleoside triphosphate (ANTPs), 20 pmol for each Refired 23 (47.9%)
primer, and 1.5 mM MgCl,. DNA was denatured R
at 95°C for 10 min and subjected to 40 cycles of 40s :
denaturation at 94°C, 45s annealing at 56°C, 40s ex- Married 34 (7087%)
tension at 72°C, and 10 min final extension at 72°C. Single 2 (4.2%)
The products of PCR amplification were separated Divorced/Separated 3(15.8%)
on a 2% agarose gel, and were visualised in ultra- Widowed 8(16.7%)
violet light after ethidium bromide staining. Al e e

The presence of the functional A>G variation in Primary school 7 (14.6%)
the long (L) allele identified by Hu et al.® as the La
and Lg alleles, was also evaluated by digestion of ~ >¢condary school 12 (25.07)
the PCR products with the Hpa Il enzyme. The di-  Professional school 7 (18.8%)
gested mixture was size-fractioned on agarose gel High school 20 (41.7%)
and visualised in ultraviolet light after ethidium
bromide staining. CLINICAL CHARACTERISTICS

A statistical analysis was carried out using de- -
scriptive statistic, Pearson correlation and Analysis Sl
of Variance (ANOVA) to characterize the sample ! 7 (14.6%)
and to evaluate the relationships of the psychomet- 2 31 (64.6%)
ric scales scores as a function of follow-up time and 3 10 (20.8%)
of 5-HTTLPR genotypic variants, using the SPSS e e
13.0 package (SPSS Inc. Chicago, IL, USA), as indi- - 1 21%)
cated in the Tables. Statistical significance was set
at the p<0.05 level. l 23 (47.9%)

I 20 (41.7%)

Il 4(8.3%)
Results surgery

No surgery 2 (4.2%)
The patients’ socio-demographic data and clinical Tomorectomy L)
characteristics are illustrated in Table 1. The pa- '
tients considered were initially subjected at recruit- ~ Quadrantectomy 34 (70.8%)
ment to psychometrical evaluation (T0: N=48), and Mastectomy 11(22.9)
were re-tested psychometrically at follow up one Treatment
month after recruitment (T1: N=48); a third evalua- Chemotherapy 16 (33.3%)
tion (T2: N=35) three months after TO could be per- -
formed on 35 (72.9%) of the initial 48 patients. Radiation therapy 36 757

The allelic variants of 5-HTTLPR polymorphism Hormonal therapy 34 (70.8%)
of the subjects considered are shown in Table 2. _Biological therapy 0

Radiol Oncol 2012; 46(4): 321-327.
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TABLE 2. 5-HTTLPR allelic variants of the patients

Allelic variant Functionality* N o

“short” (S) Low 3 6.3

5-HTTLPR “short-long” (S/L) Low 26 54.2
“long"” (L/L) High 19 39.6

*The functional activity is classified as indicated by Lesch (Lesch et al., 1996)

None of the patients had an Lg allele; the genotyp-
ic distribution for 5-HTTLPR did not significantly
differ from the Hardy-Weinberg equilibrium
(x?=2.30; p=0.13).

The psychometric measures performed were
initially analyzed to determine the possible exist-
ence of difference attributable to the socio-demo-
graphic and clinical characteristics of the patients.
When the scores of subscale employed were strati-
fied for age, employment and marital status, edu-
cation, disease stage and treatment, no significant
differences were observed at recruitment (T0). Six
out of 48 patients were receiving at recruitment
an antidepressant treatment which had been pre-
scribed before recruitment into this study, and 12
patients were treated with benzodiazepines. These
groups displayed at TO and T1 scores for depres-
sion (HADS) higher than the untreated ones; in
both cases, the difference was not significant also
when examined at follow up. Any reduction with
time of anxiety and depression observed during
the present study cannot consequently be ascribed
to differences existing at recruitment, and to the
drug treatments performed.

The data obtained using Mini-MAC are report-
ed in Table 3. The scores of Mini-MAC sub-scale for
anxious preoccupation displayed a decrease with
time of follow up, and the analysis with ANOVA
showed a significant effect of time (F=5.646,
df=2.128, p=0.004) and genotype (F=5.296, df=2.128,
p=0.023). For Mini-MAC avoidance scores, ANOVA
showed a significant effect of time only (F=3.107,
4f=2.128, p=0.048).

The psychometric scores obtained using HADS
at TO, T1 and T2 are illustrated in Table 4. For both
HADS subscales, no statistically significant effects
of time and genotype were observed.

Discussion

The initial findings of Caspi et al. on the role
played by the 5-HTTLPR genetic polymorphism
of serotonin transporter in modulating the appear-

Radiol Oncol 2012; 46(4): 321-327.

ance of depression after stressful life-events was
initially not supported by the results of the meta-
analysis performed in 2009 by Riesch et al.?, and
by Munafo et al.. Moreover, Middeldorp et al., in
a study conducted on series of twins, were unable
to demonstrate any significant interaction between
5-HTTLPR polymorphism and the number of life
events experienced across the life span or the year
preceding the depressive episode.”” A subsequent
meta-analysis, where the small number of stud-
ies previously considered was increased has been
recently published, provided support, in contrast
to the results of the these earlier studies, for the
hypothesis that 5-HTTLPR influences the relation-
ship between stress and depression.*

The aim of the present study was that to examine
in cancer patients the role of 5-HTTLPR in the men-
tal adaptation to the disease, where diagnosis and
treatment were considered to be the stressful life
events requiring adequate coping by the patients.
When the role of 5-HTTLPR in relation to mental
adaptation to cancer has been examined by us in
a recent previous occasion previously, the baseline
HADS and mini-MAC scores measured at recruit-
ment in a different sample of women with early
breast cancer were found not to depend on the ge-
netic polymorphism of serotonin transporter.?!

The evaluation of the patients” conditions at first
assessment (T0) indicates no significant difference
in the score of any of the psychometric scales em-
ployed when the patients are grouped according
to their SERT genotypic variant. An improvement
with time, not dependent on 5-HTTLPR, appeared
for the avoidance scores of Mini-Mac. The results
presented here also indicate that the scores of anx-
ious preoccupation, as identified using Mini-MAC,
significantly depended on the genotype of SERT.
Moreover, a gene - environment interaction ap-
pears for the anxious preoccupation scores, which
significantly decreased with the time of follow up,
in a way more pronounced in the group of patients
carriers of the L/L genetic variant as compared
with the carriers of at least one S allele (r>=0.17 v.s.
r?=0.04, p=0.002). The enrolled women were further
characterized for the L and S variants of 5-HTTLPR
genetic polymorphism, also considering the trial-
lelic 5-HTTLPR classification; none of the patients
presently investigated had an Lg allele, which is
not further considered.

These results support the view that anxious pre-
occupation plays a significant role in patients with
non advanced breast cancer during the early phase
of the treatment of the disease. In this connection,
several studies showed that an increased anxious
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TABLE 3. Subscale scores of MINI-MAC in relation to time and 5-HTTLPR genotype

325

GlAe e el meaIlotSEM meaIlliSEM meaLZtSEM Effecf‘;f fime of gEefE;;pe
S/S-S/L-L/L 11.94+0.58 (N=48) 11.670.53 (N=48) 11.0620.64 (N=35) 581
:‘;ﬁé‘:ﬁi’;‘ii‘ S/S-S/L 11.86+0.71 (N=29) 11.62+0.72 (N=29) 11.63+1.06 (N=19) 969 o
L/L 12.0541.01 (N=19) 11.7440.78 (N=19) 10.3840.61 (N=16) 353
S/S-S/LL/L 14.1740.37 (N=48) 14.2540.28 (N=48) 14.20+0.47 (N=35) 986
Fighting spirit S/S-S/L 14.1740.40 (N=29) 14.28+0.32 (N=29) 14.68+0.57 (N=19) 698
L/L 14164071 (N=19) 14.2140.52 (N=19) 13.63+0.78 (N=16) 803 495
S/S-S/L-L/L 9.35+0.35 (N=48) 9.04+0.32 (N=48) 8.94+0.31 (N=35) 663
Fatalism S/S-S/L 9.14+0.43 (N=29) 8.97+0.43 (N=29) 8.95+0.44 (N=19) 942
L 9.68+0.61 (N=19) 9.16+0.49 (N=19) 8.94+0.44 (N=16) 595 520
S/S-S/L-L/L 15.71+0.70 (N=48) 13.50+0.65 (N=48) 12.51+0.67 (N=35) 004
ﬁ:;m’:np'e“' S/S-S/L 16.3140.96 (N=29) 13.72+0.86 (N=29) 14.2120.96 (N=19) 102 o003
LL 14.79+0.99 (N=19) 13.16+1.00 (N=19) 10.50+0.66 (N=16) 008
S/S-S/L-L/L 10.79+0.47 (N=48) 9.50+0.41 (N=48) 9.43+0.44 (N=35) 048
Avoidance S/S-S/L 11.00+0.65 (N=29) 9.3120.53 (N=29) 9.68+0.65 (N=19) 105
L/L 10.47+0.65 (N=19) 9.79+0.66 (N=19) 9.13+0.60 (N=16) 352 %8

The data reported are the mean+SEM of the psychometric scores at recruitment (T0), after one month (T1) and three months (T2)

The data were analyzed with the analysis of variance (ANOVA), testing the effect of time® and of genetic polymorphism® as independent variables; statistical significance was

set at p<0.05 level

preoccupation, as determined with the Mini-MAC
scale, was significantly associated with evidence of
psychological stress symptoms, and appeared to be
the most significant indicator of patients’” difficul-
ties in mental adjustment to cancer.%3*% These find-
ings are also in agreement with a feasibility study
of psychosocial intervention in women with early
breast cancer, which indicated high baseline val-
ues of anxious preoccupation HADS scores, which
could be reduced by a psycho-educational inter-
vention® based on the approach originally devised
by Fawzy and Fawzy for melanoma patients.

The data reported so far indicate that the scores
of anxious preoccupation decrease spontaneously
with time at follow up, indicating that coping and
mental adaptation to the initial diagnosis and to
the adjuvant therapy were occurring. The signifi-
cance of the reduction of avoidance scores appears
less clear, since this style of coping has been iden-
tified as a risk factor for the poor general mental
adjustment and disease progression®”®, and has
been suggested to be adaptive in the short run, but
maladaptive for the long-term adjustment.®

The decrease with time of anxious preoccupation
significantly depended on SERT polymorphism,
and was less pronounced in women carrying one
or two S alleles; these patients appeared to be those

in greater need of intervention. The available lit-
erature indicates that psycho-social or psycho-ed-
ucational interventions®##, or drug treatment*+
might be indicated. The data presently reported
suggest that the individual molecular-genetic in-
formation concerning 5-HTTLPR polymorphism
can be usefully considered for identifying the pa-
tients at greater risk of anxious preoccupation, and
may be considered for the choice of the agent in
case of drug treatment on the basis of the pharma-
cogenetic evidence available. The implications for
the choice of the possible treatment of the patients
with anxiolytic or antidepressant drugs, which are
indicated also for conditions involving an anxious
component® as an alternative to psycho-education-
al intervention, are interesting. The review of the
pharmacogenetic of selective serotonin reuptake
inhibitor (SSRI) antidepressants indicates that a
greater incidence of adverse effects, and presum-
ably a lesser therapeutic response, is likely to oc-
cur in carriers of S alleles of 5-HTTLPR variants of
serotonin transporter.®*® When the drug treatment
is the choice of intervention for treating difficulties
of mental adaptation to cancer, benzodiazepines
or antidepressant agents with a mechanism of
action different from that of SSRIs #** should be
considered in the perspective of a personalized

Radiol Oncol 2012; 46(4): 321-327.
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Allelic vaxiants mea.:\(')'_'SEM meaI\liSEM mea.:\ziSEM Eﬁecf’;f fime of gEeﬁ'p‘e;t;pe
S/S-S/L-L/L 4.15+0.46 (N=48) 3.10+0.38 (N=48) 2.97+0.50 (N=35) 124
Depression S/S-S/L 4.31£0.60 (N=29) 3.140.51 (N=29) 3.32+0.77 (N=19) .318
L/L 3.89+0.75 (N=19) 3.05£0.59 (N=19) 2.56+0.62 (N=16) .365 42
S/S-S/L-L/L 4.560.59 (N=48) 3.600.49 (N=48) 3.37+0.62 (N=35) .288
Anxiety S/8-S/L 5.41+0.83 (N=29) 3.900.60 (N=29) 4.2120.97 (N=19) 325
L/L 3.26+0.69 (N=19) 3.16+0.85 (N=19) 2.38+0.69 (N=16) .681 170

The data reported are the meanSEM of the psychometric scores at recruitment (T0), after one month (T1) and three months (T2)

The data were analyzed with the analysis of variance (ANOVA), testing the effect of time® and of genetic polymorphism® as independent variables; statistical significance was

set at p<0.05 level

and more effective treatment. A focussed attention
thus might be given to pharmacogenetics, together
with consideration to possible pharmacokinetic or
pharmacodynamic interactions between the drugs
received by the patients®!, such as those already re-
ported for SSRIs and tamoxifen.>2

The further research extended to include a larger
cohort of patients, appears to be encouraged by the
results reported and is currently being performed
by the authors in the perspective of a further in-
vestigation of mental adaptation to cancer in rela-
tion to the genetic and cultural ethnic milieu of the
patients, including the goal of a personalized and
more effective intervention.
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Background. Treatment planning for head and neck (H&N) cancer is complex due fo the number of organs at
risk (OAR) located near the planning treatment volume (PTV). Distant OAR must also be faken info consideration.
Intensity-modulated radiotherapy (IMRT) and three-dimensional conformal radiotherapy (3D-CRT) are both common
H&N treatment techniques with very different planning approaches. Although IMRT allows a better dose conformity in
PTV, there is much less evidence as to which technique less dose to OAR is delivered. Therefore, the aim of the study
was fo compare IMRT fo 3D-CRT freatment in terms of dose distribution to OAR in H&N cancer.

Patients and methods. This was a prospective study of a series of 25 patients diagnosed with stage cT, N, laryn-
geal cancer. All patients underwent total laryngectomy and bilateral selective neck dissections. In all cases, patients
were freated with IMRT, although a 3D-CRT freatment plan was also developed for the comparative analysis. To
compare doses o specific OAR, we developed a new comparative index based on sub-volumes.

Results. In general, IMRT appears to deliver comparable or greater doses to OAR, although the only significant dif-
ferences were found in the cerebellum, in which 3D-CRT was found to better spare the organ.

Conclusions. Organs located outside of the IMRT beam (i.e., distant organs) are generally thought to be well-spared.
However, the results of this study show that, in the case of the cerebellum, this was noft true. This finding suggests that
larger studies should be performed to understand the effects of IMRT on distant tissues. Anthropomorphic phantom
studies could also confirm these results.

Key words: radiotherapy; IMRT; 3D-CRT; head and neck cancer

Introduction

The global incidence of head and neck cancer is
about 650000 cases per year, which represents
about 6% cancer incidence (skin cancer excluded).
Radiotherapy plays an important role in the treat-
ment of head & neck (H&N) cancers.? However,
patients, who undergo irradiation, require a com-
prehensive pre-treatment evaluation.? In recent dec-
ades, the treatment for H&N cancer has moved from
two-dimensional radiotherapy to three-dimensional

Radiol Oncol 2012; 46(4): 328-336.

conformal radiotherapy (3D-CRT) and recently also
to intensity-modulated radiotherapy (IMRT). Both
3D-CRT and IMRT represent a significant advance
over the conventional radiotherapy because they
increase dose delivery accuracy while sparing sur-
rounding normal tissues and organs at risk (OAR).
The dose-modulating ability of IMRT gives a theo-
retical advantage over 3D-CRT, which recently has
been also supported in the clinical trial 4

IMRT is still a relatively new technique and al-
though its superiority over 3D-CRT in term of tu-

doi:10.2478/v10019-012-0050-y



mor dose coverage is clear, there is still some con-
cerns about doses in OAR.5% Nevertheless, IMRT
has become the primary treatment technique in
H&N cancers due to its better dose conformity,
demonstrated very well in the treatment of le-
sions with complex anatomy which are adjacent
to vital structures such as the spinal cord or brain
stem.””!! However, this improved the conform-
ity to the target which may have an undesirable
drawback as the large number of fields used in
IMRT can potentially lead to higher doses outside
the planning treatment volume (PTV).%1213 IMRT
also requires more complex quality assurance
procedures.>!+17

Few studies have compared IMRT to 3D-CRT in
H&N radiotherapy to evaluate doses to OARs lo-
cated outside of the PTV.131° The present study was
aimed to compare differences in calculated dose
distributions to OAR for IMRT vs. 3D-CRT in a se-
ries of 25 patients with H&N cancer. In the article
we focused on organs that had not been previously
analyzed i.e.: thyroid gland, mandible, brain stem,
brain and the cerebellum.

Patients and methods

This was a prospective study of a series of 25 pa-
tients diagnosed with stage cT, N, laryngeal can-
cer. All patients underwent total laryngectomy and
bilateral selective neck dissections. In all cases, pa-
tients were treated with IMRT, although a 3D-CRT
treatment plan was also developed for the compara-
tive analysis.

The IMRT treatment plan had prescription of 54
Gy delivered in fractions of 1.8 Gy (30 fractions)
for the PTV1 with a simultaneous integrated boost
(SIB) of 60 Gy at 2 Gy/fraction to the PTV2. A set
of 6 non-coplanar 6 MV photon beams was used
for 15 patients that entered the study first and a
set of 7 non-coplanar 6 MV photon beams for 10
patients who followed the first group. Originally,
o6-field IMRT plan was considered as a standard
setup. Afterwards, as a result of a thorough com-
parison of the 7-field and the 6-field technique,
the latter one was used. The gantry angles used
for the 6-field technique were as follows: 35° (col-
limator 0°, table 0°), 110° (collimator 10°, table 15°),
180° (collimator 0°, 0°), 250° (collimator 350°, ta-
ble 345°), 325° (collimator 0°, table 0°), 340° (col-
limator 0°, table 0°). Respectively, for the 7-field
technique gantry angles were: 0° (collimator 0°, ta-
ble 0°), 40° (collimator 0°, table 0°), 110° (collimator
108.9°, table 10°), 150° (collimator 5°, table 0°), 210°

(collimator 352.7°, table 0°), 250° (collimator 265°,
table 350°), 320° (collimator 90°, table 0°).

The 3D-CRT treatment plans included two sepa-
rate phases, one for the primary treatment and the
second plan for the boost. Fifty Gy (2 Gy/fraction)
were prescribed to the PTV1. The second phase
was a boost of 10 Gy at 2 Gy/fraction to the PTV2,
for a total of 30 fractions (the same as for IMRT).
Both plans were mainly based on 6 MV photons,
except for fields with small weights (only in phase
1), in which case 15 MV photons were used. The
first phase called for 10 to 12 fields with extra 2-3
fields was used for the boost phase. All fields were
coplanar, in some cases opposed: (90° and 270°, 0°
and 180° but also 60°, 300°, 100°, 260°). In 2—4 fields
the collimator angle was + 18° (first phase) and *
5° (second phase). Many field wedges (mostly 45°)
had to be used due to contouring irregularity in-
herent in H&N treatments. In some cases, the ir-
radiated regions could not be completely covered
by a homogenous dose and wedged fields, so half-
beams were also used.

Treatment plans for both techniques were calcu-
lated and optimized using the Eclipse Treatment
Planning System (Varian, Medical System, Palo
Alto, CA, USA) with AAA algorithm. The IMRT
used a dynamic sliding window technique. The CT
images acquired included the whole head and the
neck to the level of T,-T, (thoracic vertebra). The
clinical target volume (CTV), PTV1, PTV2/boost
and OAR volumes were delineated by the same ra-
diation oncologist for all patients and techniques.
The following OARs were chosen for the dose com-
parison: thyroid gland, mandible, brain stem, cer-
ebellum, brain. For 3D-CRT doses in all structures
were optimized manually while for IMRT the auto-
mated optimization was performed for the follow-
ing structures: PTVs, CTVs, salivary glands, spinal
cord and the area above the PTV, which often over-
lapped with the mandible and the back side of the
head/occipital bone and the neck at shallow depth
under the skin, to spare the hair.

Treatment planning was performed in ac-
cordance with the International Commission on
Radjiation Units and Measurements (ICRU) reports
on H&N cancer and IMRT (#50, #62 and #83)!01420-
2, which recommend a homogenous dose distri-
bution (range, 95% - 107% of the prescribed dose)
to the PTV. Values for the constraints used in the
process of dose optimization have been as follows:
dose fractionation 1.8-2.0 Gy. Following: Brain,
D(33%) <60 Gy, D(66%)<50 Gy, D(100%)<45 Gy
with priority from 40 to 80; Brain stem, Dmax=54
Gy with priority circa 80, Spinal cord, Dmax=48 Gy

Radiol Oncol 2012; 46(4): 328-336.
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FIGURE 1. Dose volume histogram for the IMRT (A) and 3D-CRT (B) plans. The organs at
risk are: cerebellum (c), brain stem (b), mandible (d), thyroid gland (e) and brain (a).

with priority circa 110, Salivary gland, Dmean<30
Gy, Mandible which is a part of area above the
PTV, Dmax<70 Gy with priority circa 90.4%

For particular patients, additional constraints
have been used, i.e. for salivary glands D(70%)<5
Gy, D(50%)<18 Gy, D(30%)<25 Gy, D(15%)< 35Gy
with priority from 50 to 90. Function “normal tissue
objective” with priority 100 was used to the further
lower dose in all OARs. The modification of con-
straints and priorities is a part of treatment planning.
It makes the optimization process slightly subjective
which, however, is inevitable as a patient anatomy
differs from one to another, and parameters have to
be modified in order to obtain the uniform dose in
PTV and the low dose in the optimized OARs

Standard parameters produced by the treat-
ment planning software (TPS) were not sufficient
to an effectively and quantitatively assess the dif-
ferences between IMRT and 3D-CRT plans. Doses
were very inhomogeneous and often low in OARs,
making it difficult to identify small deviations. To
more precisely evaluate a dose distribution to the
OARs, we realized that we needed more detailed
information aside from the standard maximum,
minimum, and mean values. Doses at 0% volume,
30% volume, 60% volume, 90% volume (notation

Radiol Oncol 2012; 46(4): 328-336.

D(0%), D(30%), D(60%), D(90%)) are considered
to be representative in normal tissue complication
probability (NTCP) models.??¢ For this reason, we
evaluated doses for each OAR in 4 sub-volumes
(0%, 30%, 60%, 90% of the relative volume) and
wherever more complex information was desired
we evaluated doses in 10 sub-volumes (with each
sub-volume representing from 0% to 90% of the
volume, with a step of 10% of a relative volume).
For each of the sub-volumes, maximal doses were
read from the cumulative histogram for both IMRT
and 3D-CRT, and then the differences and mean
values for all sub-volumes were calculated.

In this paper, we present all 10 sub-volume
doses in the cerebellum and brain. For other or-
gans evaluated, we present doses only for 4 sub-
volumes (90%, 60%, 30%, 0%).

Statistical analysis and ethical
consideration

After calculating the dose received by the various
sub-volumes according to the treatment technique
(IMRT or 3D-CRT), we used the Shapiro-Wilk test to
assess the distribution of the data, which was found
to be non-Gaussian. Therefore, the nonparametric
U Mann-Whitney rank sum test was applied, with
a significance level of 0.05. We used the software
programs Statistica 8.0 and Origin 8.0 (OriginLab,
Northampton) to perform the statistical analysis.

The prospective study was carried out accord-
ing to the Declaration of Helsinki.

Results

As discussed above, the primary analysis for this
study was based on an index of sub-volumes for
the OARs. However, prior to evaluating these
sub-volumes, we calculated the dose-volume his-
togram (DVH) for all 25 patients and OARs evalu-
ated in this study. The histograms for both IMRT
and 3D-CRT presented similar trends for the dose-
volume dependence of the OAR, although it was
not possible to detect significant differences. As a
result, we concluded that conventional histograms
were not sufficient to perform a dose distribution
comparison. The histogram of a patient in Figure
1 was taken to demonstrate the similarity between
the two techniques.

Table 1 shows the doses received by the OARs for
all patients. The only positive values are found for
the cerebellum while the other OAR’ show a range
of positive and negative values (-10 Gy to +14.5 Gy),
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TABLE 1. The authors’ index of the mean dose difference (D

three-dimensional conformal radiotherapy (3D-CRT) dose.

IMRT —

331

Dypegr) for the organs at risk and sub-volumes evaluated for this series of 25 patients.
The index value was the mean dose difference (D, — Dynoeq) fOr the doses in 10 sub-volumes for cerebellum and brain and of 4 sub-volumes for thyroid
gland, brain stem, and mandible. A positive value indicated that the mean dose for intensity-modulated radiotherapy (IMRT) was greater than the mean

Patient Cerebellum Thyroid gland Brain stem Mandible Brain

Number Dose [Gy] Dose [Gy] Dose [Gy] Dose [Gy] Dose [Gy]
1 5.75 3.09 -2.82 1.92 -0.66
2 9.82 11.83 1.15 -9.68 0.70
3 13.13 0.01 2.43 -2.06 1.16
4 12.08 8.28 6.69 1.04 2.45
5 12.81 -1.70 2.28 0.32 1.80
6 8.58 3.53 0.67 5.03 6.59
7 6.43 1.51 2.30 -10.11 1.92
8 9.06 1.88 1.49 4.09 1.59
9 8.58 3.53 0.67 5.53 2.08
10 6.74 0.48 3.49 5.59 0.74
1 7.25 2.49 -3.83 1.52 1.03
12 5.54 -0.93 0.27 5.65 0.71
13 10.05 -1.55 2.22 7.13 0.39
14 5.02 2.98 1.03 -4.18 0.86
15 8.89 -1.26 -3.64 1.22 0.73
16 8.85 0.75 0.59 0.93 2.05
17 10.72 1.83 -1.83 11.97 1.57
18 8.53 -0.57 -1.20 7.09 1.57
19 5.43 -1.34 -1.22 7.74 0.20
20 14.50 -0.25 2.59 3.26 1.70
21 1.60 0.98 -0.97 3.28 -0.65
22 8.84 -1.98 1.66 8.66 1.74
23 11.61 1.79 -0.39 -1.71 2.20
24 6.91 -2.17 2.57 6.17 0.88
25 8.33 2.16 -1.07 6.54 0.54

with less dispersion for the brain stem. The brain
shows a consistent trend with minimal deviation
between techniques, with many values near 0.

Dose differences between the two treatment tech-
niques can be more clearly seen in the sub-volumes.
In Figure 2, dose plots for chosen OARs are shown
for all 25 patients. Dose differences (IMRT, . -
3D-CRT,__) for cerebellum (a), mandible (b), thyroid
gland (c), brain stem (d) and brain (e) are shown.

Figures 3 to 7 show the mean dose, maximal and
minimal doses, and standard deviation in sub-vol-
umes for the study group, for each OAR at IMRT
and 3D-CRT.

Table 2 shows the mean radiation doses to the
cerebellum for the group (25 patients) by the treat-
ment technique (IMRT, 3D-CRT). The differential
dose is also shown.

IMRT = intensity-modulated radiotherapy;
3D-CRT = three-dimensional conformal radiother-
apy

The statistical analysis for the mandible showed
significant differences in doses for 3 sub-volumes
(90%, 60% and 0%; P= 0.04, 0.00 and 0.001, re-
spectively). The upper-tailed Mann Whitney test
showed that doses in sub-volume of 90% (p=0.02)
and sub-volume of 60% (p=0.0006) were greater
for IMRT than for 3D-CRT. The lower-tailed Mann
Whitney test showed that maximal doses (which
correspond to the dose at 0% of the volume) were
lower for IMRT (p=0.00003) than for 3D-CRT. The
only sub-volume for which no significant differ-
ence was detected was for 30% (p=0.91) (Figure 3).

In the thyroid gland, we found significant differ-
ences for 90% of volume (p=0.01) and 0% (p=0.01),

Radiol Oncol 2012; 46(4): 328-336.
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but no significant differences in sub-volume of 60%
(p=0.09) or 30% (p=0.66). At the p-level of 0.005 for
the upper-tailed test, the IMRT doses in sub-vol-
ume of 90% were significantly higher than those
of 3D-CRT while the lower-tailed test revealed
that maximum doses were lower with IMRT than
3D-CRT (Figure 4).

The dose differences in the brain stem were not
statistically significant (90% of volume, p=0.06;
30%, p=0.07; 0%, p=0.55) except for 60% of volume
(p=0.034) (Figure 5).
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FIGURE 2. Dose differences (IMRT dose - 3D-CRT dose) for the
organs at risk: cerebellum (A), mandible (B), thyroid gland (C),
brain stem (D) and brain (E).

For low dose areas of the brain (i.e., sub-volumes
ranging from 40% to 90%), no significant differ-
ences were found (40%, p=0.11; 50%, p=0.40; 60%,
p=0.85; 70%, p=0.60; 80%, p=0.35; 90%, p=0.94).
The only significant differences found were in the
smaller volumes (0% to 30%) that received higher
doses overall. For these sub-volumes, IMRT deliv-
ered higher doses than 3D-CTR, with a mean differ-
ence of 5-8 Gy. For 0% of volume (IMRT- 48.76 Gy;
3D-CRT- 41.20 Gy), p=0.0001; for 10% (IMRT- 6.18
Gy; 3D-CRT- 2.99 Gy), p=0.00; for 20% (IMRT- 2.96
Gy; 3D-CRT-1.82 Gy), p=0.0005; for 30% (IMRT-
2.09 Gy; 3D-CRT- 1.38 Gy), p=0.01. The IMRT tech-
niques delivered higher doses to these volumes,
with a higher maximum dose (30%, p=0.003; 20%,
p=0.0003; 10%, p=0.0005; 0%, p=0.0001).

Discussion

Of all the organs at risk evaluated, the cerebellum
was the only OAR in our study with a positive
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TABLE 2. Mean radiation doses (Gy) to the cerebellum for the group (25 patients) by the freatment technique (IMRT, 3D-CRT). The differential dose for

all sub-volumes (from 0% to 90%, step of 10%) is also shown.

Sub-volume Mean dose (IMRT) Mean dose (3D-CRT) Dose differential (IMRT — 3D-CRT)

90% of V 410 2.13 1.98
80% of V 5.49 2.50 2.99
70% of V 7.1 2.87 4.24
60% of V 9.18 3.33 5.85
50% of V 11.86 3.98 7.88
40% of V 15.35 4.87 10.48
30% of V 19.57 6.37 13.21
20% of V 24.77 9.23 15.50
10% of v 31.49 15.10 16.39
0% of V 47.50 34.91 12.59

mean dose differential (Dyz; — Dyp cxp), Meaning MANDIBLE

that 3D-CRT delivered lower doses to the cerebel- o

lum than IMRT. Moreover, we found that the big- * B T :f

ger the volume measured the smaller and more :

constant the differential dose was. 5

0; 40

Brain g

Dose distributions in the whole brain, including the 2 Sve il

cerebellum, were dependent on the volume evalu- 2 Sreow

ated. For volumes ranging from 40% to 90%, IMRT :Z £

doses were lower than 3D-CRT while volumes B

from 0% to 30% the 3D-CRT doses were lower.

Mandible and thyroid

No consistent trends were observed for the man-
dible and thyroid gland. For some patients, IMRT
doses were higher than 3D-CRT while for others it
was exactly the reverse. However, it is interesting
to note that the maximum dose for the mandible
was, in most cases, lower for IMRT. Much bigger
deviations in doses were observed in the volume of
60% and 90%, because the differences in low dose
regions were larger. IMRT was superior to 3D-CRT
in sparing the mandible in 6 patients while the
reverse was true in 3 patients. Similarly, doses to
the thyroid gland were lower (better sparing) with
IMRT for 5 patients and by 3D-CRT for 8 patients.

Brain stem

No significant differences were observed in the
brain stem as the dose distributions in this organ
were similar for both techniques. The detected dif-
ferences were very small and could have been due
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FIGURE 3. A box plot of the mandible for 4 volumes: V90%, V60%, V30% and V0%.
Middle point is the mean value; the box, standard deviation; and whisker, Min — Max

value.
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to chance. The maximum dose varied in a few pa-
tients, but this could be caused by the small vol-
ume of this organ leading to a point dose, pixel or
voxel, in which the maximum dose was found.

Cerebellum

Relative to the PTV, the cerebellum was considered
a distant organ and unlike the other organs, IMRT
resulted in significantly higher doses to the cere-
bellum in all sub-volumes. The reason for this dif-
ference is evident: not all of the 3D-CRT treatment
fields covered the cerebellum whereas in IMRT, a
greater number of fields passed through the cer-
ebellum. So, even though the IMRT doses were
lower, the overall accumulated dose was greater
with IMRT. These differences were especially nota-
ble in small sub-volumes. In general, we found that
3D-CRT produced more homogenous doses to the
brain (Figures 2A, 6) than IMRT, even though the
mean dose of 3D-CRT was higher.

Our results are interesting in that they show
that both techniques are largely similar in terms of
OAR irradiation, with the only notable exception
being the cerebellum, which receives more radia-
tion with IMRT than 3D-CRT. These results do not
contradict advantages of IMRT-that because dose
distribution is more conformal than 3D-CRT, it is
also less toxic to adjacent healthy tissues. However,
we should keep in mind that data and follow up
for IMRT are still relatively limited.”1%?

A review of the literature shows varying data,
with in principle IMRT superior for some OARs,
however the concern of potentially higher doses
in distant organs is noted.*>”141828 In this work, we
confirmed that IMRT allowed on better reduction of
doses in OARs however in particular situation the
3D-CRT may allow on better spearing the cerebel-
lum, thus the attention is required in such situation.

A recent study by Chen et al. compared dose-
volume characteristics of the brachial plexus for
IMRT and CRT and found out that a dose to the
brachial plexus was significantly increased among
patients undergoing IMRT compared with CRT.?
However, a different study comparing 3D-CRT and
IMRT for thyroid cancer found out that the dose to
the spinal cord was 12 Gy less with IMRT and the
coverage of the target volume was also better, with
a smaller standard deviation (4.65% for 3D-CRT vs.
1.81% for IMRT). Longobardi et al. found out that
IMRT dose planed provide more uniform cover-
age of the PTV than 3D-CRT and IMRT resulted in
a significant reduction of mean and/or maximum
doses to OAR; of particular note, these authors re-



ported that the mean dose to the parotid glands de-
creased by a mean of 13.5 Gy with the use of IMRT
vs. 3D-CRT.? The revealed differences in dose pa-
rameters between evaluated techniques were small
due to the improvement in optimization applied in
all radiotherapy techniques, thus detection tools
and methods that allowed to trace the differences
had to be appropriately accurate.!>303!

Both techniques present advantages and disad-
vantages. Using the 3D CRT does not allow for si-
multaneously integrated boost and in consequence
two separate courses of radiotherapy are necessary,
with the risk of the field overlap that may cause
hot spots and some inhomogeneity in dose distri-
butions. These drawbacks are not insignificant and
may, therefore, limit the number of indications for
3D-CRT.5%23

IMRT, in contrast, although more complex>131634,
allows for more homogenous dose deposition in
the target while sparing surrounding normal tis-
sues. Moreover, IMRT allows for integration of
the boost dose (SIB) in one course of the treatment,
thus resulting in a higher fraction dose (hypofrac-
tionation, i.e. dose fraction greater than 2 Gy) while
the PTV receives a dose from range of 1.8 Gy to 2.0
Gy at the same time.

Both 3D-CRT and IMRT have their advantages,
and should be selected on a case by case basis.
Although IMRT is technically more sophisticated,
3D-CRT is perfectly capable of delivering the ap-
propriate dose to the target.!>#3> However, the
primary disadvantage with 3D-CRT is a dose dis-
tribution, which is often uneven. The main benefit
of IMRT over 3D-CRT is the ability to optimize the
treatment in the planning stage to deliver the ap-
propriate dose to the target while optimizing the
plan to adhere to the OAR constraints. Particularly,
the IMRT is useful in the regions where the tumor
is located close to OARs. The OARs, which lay out-
side but very near the PTV may be better spared,
when using IMRT than 3D-CRT technique. In fact,
this is why most experts prefer IMRT for H&N
cancers. The main drawback of IMRT seems to be
that the dose is not optimized for distant OARs, i.e.,
those that are not located in the path of the beam
and, thus, not considered crucial during planning.%

Conclusions

This study has shown the feasibility of using an
index of sub-volumes to better evaluate a dose dis-
tribution to OARs located outside of the PTV. We
believe that this new approach allows for an effec-

tive dose comparison of the dose distributions at
locations with a steep dose gradient.

The findings of our study show that IMRT al-
lowed the better reduction of doses in OARs, how-
ever, in particular situations the 3D-CRT may al-
low better sparing the cerebellum and this is an
important factor to consider when planning treat-
ments in H&N cancers. Particularly, the OAR for
which dose was not optimized, might receive a
higher dose (jello effect). It could occur because
during IMRT larger body part is usually irradiated
with a small dose and not all OARs can be taken
into an optimization process.
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Background. Although the incidence of adenocarcinomas of the gastroesophageal junction (GEJ) is sharply rising in
the Western world, there are still some disagreements about the staging and the treatment of this disease. The aim of
this retrospective study was to analyse the effectiveness and safety of postoperative radiochemotherapy in patients
with a GEJ adenocarcinoma treated at the Instfitute of Oncology Ljubljana.

Patients and methods. Seventy patients with GEJ adenocarcinoma, who were freated with postoperative radio-
chemotherapy between January 2005 and June 2010, were included in the study. The tfreatment consisted of 6 cycles
of chemotherapy with 5-FU and cisplatin and concomitant radiotherapy with the total dose of 45 Gy.

Results. Twenty-six patients (37.1%) completed the freatment according to the protocol. The median follow-up time
was 17.7 months (range: 3.3-64 months). Acute toxicity grade 3 or more, such as stomatitis, dysphagia, nausea or vom-
iting, and infection, occurred in 2.9%, 34.3%, 38.6% and 41.5% of patients, respectively. At 3 years locoregional control
(LRC), disease-free survival (DFS), disease-specific survival (DSS) and overall survival (OS) were 78.2%, 25.3%, 35.8%,
and 33.9%, respectively. In the multivariate analysis of survival, splenectomy and level of Ca 19-9 >20 kU/L before the
adjuvant freatment were identified as independent prognostic factors for lower DFS, DSS and OS. Age <60 years,
higher number of involved lymph nodes and advanced disease stage were identified as independent prognostic
factors for lower DSS and OS.

Conclusions. In patients with GEJ adenocarcinoma who first underwent surgery, postoperative radiochemotherapy
is feasible, but we must be aware of a high risk of acute toxic side effects.

Key words: gastroesophageal junction adenocarcinoma; postoperative radiochemotherapy; toxicity

Introduction

or gastric cancers, depending on the centre of the
tumour. According to the UICC 7 criteria, they are

Adenocarcinomas of the gastroesophageal junction
(GE]J) represent a heterogeneous group of tumours
with poor prognosis. They are defined as tumours,
which arise within 5 cm proximal or distal to the
esophagogastric junction.! Despite a dramatic rise
in the incidence of GEJ adenocarcinomas in the
Western world? there are still some uncertain-
ties and disagreement about the staging and the
treatment of this disease. In the past, GEJ adeno-
carcinomas were staged either as an oesophageal

Radiol Oncol 2012; 46(4): 337-345.

now classified along oesophageal adenocarcinom?,
although some investigators still consider them to
be stomach carcinomas. Most of us agree that these
tumours should be treated separately from other
tumours of stomach and oesophagus, because they
differ in terms of epidemiology, pathogenesis, sur-
gical approach and in prognosis, as well. Based on
the anatomic location of the tumour centre, GEJ
adenocarcinomas are subclassified by Siewert into
three types: type I are tumours of distal oesopha-

doi:10.2478/v10019-012-0049-4
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gus; type Il tumours (also termed true carcinomas of
the cardia) arise immediately at the gastroesopha-
geal junction; type III tumours have subcardial cen-
tre with predominant involvement of the proximal
stomach or gastric cardia.!

The principal treatment of nonmetastatic GEJ ad-
enocarcinomas is the surgical resection like in others
gastrointestinal tumours.*® There exist several differ-
ent surgical approaches, depending on the localiza-
tion of tumour, but the common goal is en-bloc re-
moval of the entire tumour with adequate lymphad-
enectomy. The locoregional disease recurrence is ob-
served in 25-80% of patients operated on.”® A number
of studies were carried out in order to try to improve
the survival of the patients with GE]J adenocarcino-
mas. Uncertainties still remain, because GE]J patients
were included either in gastric or oesophageal cancer
studies.*!* Therefore, the optimal multimodal treat-
ment strategy is still to be determined. However, it is
clear that the patients with T2, T3 and/or N+ disease
need additional treatment to surgery alone.

Preoperative chemotherapy with epirubicine (E),
cisplatin (C) and fluorouracile (FU), or CFU regimen
improves the overall survival in some, but not in all
trials.”!>17 Preoperative radiochemotherapy trials
gave mixed results!*!!, but meta-analysis comparing
preoperative chemotherapy with chemoradiothera-
py confirmed that the trimodal therapy has higher
2-years overall survival rate (13% vs. 7%).1

Randomized studies of adjuvant radiotherapy
only did not report any benefit.!** Benefit of adju-
vant chemotherapy only is also questionable.!?2122
However, Intergroup 0116, a randomized phase III
trial of adjuvant radiochemotherapy, showed ben-
efit for adjuvant radiochemotherapy compared to
observation only after the surgery. In the study, 556
patients with resected gastric cancer were includ-
ed, 20% of them with the adenocarcinomas of GE]J.
Higher 3-years disease free survival (48% vs. 31%;
p=0.001) and 3-years overall survival (50% vs. 41%;
p=0.005) were observed for patients treated with
surgery and adjuvant radiochemotherapy com-
pared to those treated with surgery only. Critic of
this trial was the lack of optimal lymphadenectomy,
since only 10% of patients had D2 lymphadenecto-
my and only 36% had D1 lymphadenectomy. The
rest of patients underwent DO lymphadenectomy. It
has been postulated that adjuvant radiochemothera-
py compensated for suboptimal surgical procedures
thus resulting in an overestimation of the survival
benefit.!* Despite these doubts there has also been
proved benefit of adjuvant chemoradiotherapy after
D2 lymphadenectomy in the study of Kim et al. with
544 patients.!

Radiol Oncol 2012; 46(4): 337-345.

However, no comparative data of all these mul-
timodal approaches have been published so far.

In the Institute of Oncology Ljubljana, nowa-
days preoperative chemoradiotherapy is the treat-
ment of choice. There are still some patients with
locoregionally advanced disease in whom the sur-
gical resection is performed as the first treatment,
followed by postoperative radiochemotherapy.
Some of these patients have tumours clinically
staged as T1-2 NO, but at the time of the surgery
more advanced disease is determined. Some other
patients have advanced but technically resectable
disease with profuse bleeding or other conditions
that require an immediate surgical intervention.

The main endpoints of this retrospective study
were to find locoregional control (LRC), disease-
free survival (DFS), disease-specific survival (DSS),
and overall survival (OS) in patients with resect-
able GEJ adenocarcinoma, who were treated with
postoperative radiochemotherapy in Slovenia in
the period 2005 -2010.

Patients and methods
Patients and tumour characteristics

In the period from January 2005 to June 2010, 70
patients (55 males and 15 females; aged 34-77
years, mean age 60 years) were treated for non-
metastatic adenocarcinoma of GE] with postopera-
tive concomitant chemoradiation at the Institute
of Oncology Ljubljana, Slovenia. As the Institute
of Oncology is the only hospital in Slovenia with
radiotherapy facilities, this number represents the
total population of patients with operable GE]J ad-
enocarcinomas treated with adjuvant radiochemo-
therapy in the country. All patients had locally or
regionally advanced disease without distant me-
tastases (stages Ila-IIlc) (Table 1).

Surgical treatment

Of 70 patients, 63 (90%) were operated on in two
major surgical centres in Slovenia, at the University
Medical Centres in Maribor and Ljubljana, and the
remaining 7 (10%) patients in one of the Slovenian
regional hospitals. Proximal subtotal resection of
the stomach was performed in 3 patients (4.3%), to-
tal resection of the stomach in 48 patients (68.5%),
transhiatal esophagogastrectomy in 14 patients
(20%), and transthoracal esophagogastrectomy
in 5 patients (7.1%). As determined on the histo-
pathological examination of surgical specimen, the
radical resection (RO) was performed in 56 (80%)
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TABLE 1. Patients and tumour characteristics

Characteristics No. %
Gender Male 55 78.6
Female 15 21.4
Tumour
classification Type | 10 14.3
by Siewert
Type Il 14 20
Type lll 32 45.7
Undetermined 14 20
pT - stage 1 0 0
2 23 32.9
3 41 58.5
4 6 8.6
pN - stage 0 5 7.1
1 26 37.1
2 25 35.7
3 14 20
Overall stage lla 4 5.7
b 11 15.7
lla 25 35.7
b 13 18.6
lllc 17 24.3
Sffoventiation el 5o 7
Moderately 20 28.6
Poor 39 55.7
Unknown 6 8.6
Surgical Transhiatal 14 20
procedures oesophagogastrectomy
Transthoracic 5 71
oesophagogastrectomy
it
Total gastrectomy 48 68.5
Surgical margins  Negative 56 80
Positive 14 20
Eﬁg@%“r:'o' Yes 39 557
No 16 22.9
Unknown 15 21.4
H\;‘;@’ig‘r’]v‘mu'or Yes 40 571
No ) 8.6
Unknown 24 34.3
Angioinvasion Yes 20 28.6
No 23 32.9
Unknown 27 38.6

pT = pathological T-stage; pN = pathological N-stage

patients and in the remaining 14 (20%) patients
non-radical surgery was performed - R1 resection
in 11 patients (15.7 %) and R2 in 3 patients (4.2%).

Tumour characteristics

Most frequently (in 32 patients; 45.7%), the pri-
mary tumour originated in the subcardial stomach
and infiltrated the GEJ (Siewert III). In 10 patients
(14.3%) tumour originated in the distal oesopha-
gus (Siewert I) and in 14 patients (20%) in the car-
dia (Siewert II). In 14 patients (20%) the tumours
extended over large area and for this reason their
classification was not possible. The tumour was
staged as pT2 in 23 patients (32.8%), pT3 in 41 pa-
tients (58.6%) and as pT4 in 6 patients (8.6%). Sixty-
five patients (92.9%) had N+ disease (Table 1).

Investigations before and during therapy

After the surgery, all patients with the disease of
pathological stage II or higher, were presented to
a multidisciplinary advisory team, consisting of a
surgeon, radiation oncologist and medical oncolo-
gist, in order to assess the prospects of the eventual
adjuvant treatment. All patients underwent a gen-
eral clinical examination and blood counts. The pa-
tients with heart, liver or renal diseases and those
with poor performance status (>2 according to the
World Health Organization - WHO) were assessed
as non-eligible for the adjuvant therapy. The inves-
tigations performed before the surgery to define
the extent of the disease and to rule out metastatic
disease, such as esophagogastroduodenoscopy,
endoscopic ultrasound (EUS) of tumour areas,
computer tomography (CT) of the thorax or abdo-
men, and PET-CT, were repeated only in the pa-
tients in whom the progression of the disease was
clinically suspected.

During the therapy, the patients were clini-
cally examined and referred to haematology and
biochemistry blood tests once a week. The therapy-
related local and systemic toxicity was assessed
according to National Cancer Institute Common
Toxicity Criteria (NCI-CTC) version 2.0.2 The per-
formance status of patients was determined and
their body weight was measured on the weekly
basis. During the treatment all patients were moni-
tored by the nutritionist as well.

Postoperative radiochemotherapy

The adjuvant treatment was initiated six to eight
weeks after the surgery. The treatment schedule
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FIGURE 2. Disease-specific survival (DSS) and overall survival (OS).

included 6 cycles of chemotherapy with 5-FU (1000
mg/m?) in 96 hours continuous infusion and cispl-
atin (75 mg/m?) in a bolus on day 2 of each cycle.
The treatment cycle was repeated every 28 days.
Chemotherapy administration required hospitali-
zation for appropriate monitoring, hydration, an-
tiemetic therapy and other supportive treatment.
Radiotherapy was supposed to start at the begin-
ning of the second cycle. Three-dimensional con-
formal radiotherapy was performed using 15 MV
photon beam linear accelerator. A prescribed dose
was 45 Gy with daily fraction of 1.8 Gy, five times
per week. The dose specification was based on
the International Commission on Radiation Units
(ICRU) Report 50 recommendations.?! Treatment
field borders were based on pretreatment investi-
gations and imaging and postoperative anatomy,
with tumour bed and regional lymph node areas
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included. Dose-volume histograms were checked
to verify that radiation plans were optimized re-
garding target coverage and normal tissue sparing.
The position of individual irradiation fields was
checked on the weekly basis.

In case of severe therapy-related toxicity, irra-
diation and/or chemotherapy doses were modified
and adapted to the patient’s physical condition or
laboratory tests. When necessary, chemotherapy
application was delayed, or radiotherapy was tem-
porarily interrupted or terminated.

Follow-up

After the completion of the treatment, patients per-
formed regular follow-up visits. Physical exami-
nation and routine laboratory tests with tumour
markers CEA, Ca 19-9 and Ca 72-4 were made
every three months for the first two years after the
treatment, every sixth months between two and
five years after the treatment and thereafter once a
year. Imaging investigations, CT of the thorax and
abdomen and/or US of abdomen and chest X-ray,
were performed two times per year for the first
two years of the follow-up and then once a year. In
case of suspected recurrence of the disease, other
investigations such as endoscopy, EUS, magnetic
resonance imaging of suspected area and PET-CT,
were also performed.

Statistical analysis and ethical
consideration

The statistical analysis was performed using per-
sonal computer and software statistical package
SPSS, version 18 (SPSS Inc., USA). LRC was defined
as the period from the date of surgery till the lo-
cal and/or regional recurrence, DFS till the local,
regional or systemic recurrence, DSS till the death
due to GEJ adenocarcinoma, and OS till the death
from any cause, respectively. The survival of pa-
tients was computed from the date of surgery to the
September 15, 2011 (close-out date). The survival
probability was calculated using Kaplan-Meier es-
timate?, and the log rank test was used to evaluate
the differences between individual groups of pa-
tients.? Independent prognostic values of variables
that appeared as statistically significant on uni-
variate analysis were tested by multivariate Cox
regression analysis model.”” Two-sided tests were
used and the differences at p < 0.05 were consid-
ered as statistically significant.

The retrospective study was carried out accord-
ing to the Declaration of Helsinki.
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TABLE 2. Toxicity of adjuvant radiochemotherapy

NCI grade (%)

Toxicity
0 1 2 3 4 total

Stomatitis 87.1 57 4.3 2.9 0 100
Radiodermatitis 971 1.4 1.4 0 0 100
Diarrhoea 743 214 43 0 0 100
Dysphagia 31.4 186 157 343 0 100
Nausea, vomiting 143 28,6 186 386 0O 100
Infection 28.6 57 243 386 29 100
Leucocyte count 17.1 157 357 27.1 4.3 100

Haemoglobin level 8.6 57.1 314 29 0 100
Platelet count 40 28.6 7.1 2.9 1.4 100

Results
Outcome of disease

The median follow-up time of all 70 patients was
17.7 months (range: 3.3-64 months), whereas in
survivors it was 27 months (range: 3.7-64 months).
On the close-out date, 27 (38.6%) patients were still
alive, 20 (28.6%) of them being with no signs of dis-
ease. Thirty-nine (55.7%) patients died from GE]
adenocarcinoma, and in 4 (5.7%) patients the cause
of death could not be determined.

After adjuvant radiochemotherapy, the recur-
rence was observed in 46 (65.6%) patients. Local
and/or regional recurrence developed in two
(2.8%) patients at 20.3 and 33.4 months after the
end of the treatment. Locoregional and systemic
disease was observed in five (7.1%) patients in the
median period of time of 11.4 months (range: 4.8-21
months), and distant metastases alone developed
in 39 (55.7%) patients in the median period of time
of 11.9 months (range: 3.3-36.5 months).

Median LRC was not reached. Median DFS, DSS
and OS were 16.7 months (95% C.I.: 10-23.4), 25.9
(95% C.1.: 13.7-38.2) and 23.8 months (95% C.I.: 17-
30.5), respectively. At 3 years LRC, DFS, DSS and
OS were 78.2%, 25.3%, 35.8%, and 33.9%, respec-
tively (Figures 1 and 2).

Toxicity of adjuvant radiochemotherapy

Postoperative chemotherapy started in the median
time of 6 weeks (range: 4.4-10.7 weeks) after the
surgery. The total postoperative treatment time
ranged from 0.5 to 25.6 weeks (median 14.6 weeks),
whereas the duration of the radiotherapy part of

the protocol ranged from 1-5.6 weeks (median 5
weeks). Twenty-six patients (37.1%) completed the
treatment according to the protocol. Sixty-seven
patients (87.1%) reached the total radiation dose
of 45 Gy, whereas in six patients (8.4%) the total
delivered dose was lower (from 9-27 Gy). Three
(4.3%) patients did not even start with the radio-
therapy because of the side effects during the first
cycle of chemotherapy. All six cycles of chemother-
apy were administered in 26 patients (37.1%), 7 pa-
tients (10%) received five, 16 patients (22.9%) four,
and 21 patients (30%) three cycles or less. No death
occurred due to the therapy. Acute toxicity grade
3 or more, such as stomatitis, dysphagia, nausea
and/or vomiting, and infection, occurred in 2.9%,
34.3%, 38.6% and 41.5% of patients, respectively
(Table 2).

In 4 (5.7%) patients, an increase of body weight
was recorded during the therapy, 5 (7.1%) patients
maintained constant weight, whereas the remain-
ing 61 (87.2%) patients lost their weight with re-
spect to the weight they had at the beginning of
the treatment. The maximum body weight loss
was 20.5% (median 7.5%). Supplementary enteral
nutrition was administered to 51 (72.9%) patients
and for 20 (28.6%) patients parenteral nutrition was
needed at least once during the treatment.

Prognostic factors

In patients in whom splenectomy was performed as
well, DFS (p=0.033), DSS (p=0.032) and OS (p=0.016)
were lower. Patients with the higher number of in-
volved lymph nodes (stage N2 or N3) had lower
DFS (p=0.022) and OS (p=0.026). Patients with
weight loss >5 kg before the operation had lower
DSS (p=0.032) and OS (p=0.022). Patients with ad-
vanced disease (stage Illb, Illc) and patients with
perineurial invasion had lower OS (p=0.025 and
p=0.044, respectively). We did not find any differ-
ences in the survival regarding tumour localization
classified by Siewert, tumour differentiation, type
of the surgery and surgical specimen margins (RO
vs. R+). Older patients (aged 60 years or more) had
higher DSS (p=0.045) and OS (p=0.053). Patients
with levels of CEA more than 2 pg/L at the begin-
ning of the postoperative treatment had lower DSS
(p=0.023) and OS (p=0.028). Patients with levels of
Ca 19-9 more than 20 kU/L at the beginning of the
postoperative treatment had lower LRC, DES, DSS
and OS (p=0.018, p=0.001, p=0.007 and p=0.017, re-
spectively).

In the multivariate analysis of the survival, sple-
nectomy and level of Ca 19-9 >20 kU/L before the
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TABLE 3. Multivariate analysis of survival

Locoregional Disease free Disease specific Overall
Prognostic factors o control survival survival survival
P P P P

pT- stage

pT 142 48

oT 3+4 75 0.03
PN- stage

PN 0+1+2 98

pN 3 25
Overall stage

Stage b -l 93

stage IV 30 0.05
Stomach involvement

Whole stomach 7

Individual areas 116
Primary tumour site

Cardia 16

Other sites 107
Perineurial invasion

Yes 45

No 59
Angioinvasion

Yes 45

No 23 0.07
Initial Hb level

Hb start < 110 g/I 24

Hb start > 110 g/I 99 0.009 0.0001 0.02 0.01
5-FU total dose per cycle

< 4000 mg 109

> 4000 mg 14 0.03 007

pT = pathological T-stage; pN = pathological N-stage; Hb start = haemoglobin concentration at the start of the therapy

adjuvant treatment were identified as independ-
ent prognostic factors for the lower DFS (p=0.029
and p=0.004), DSS (p=0.012 and p=0.001) and OS
(p=0.006 and p<0.0001). Age < 60 years, higher
number of involved lymph nodes (stage N2 or N3)
and advanced disease stage (stage IlIb or Illc) were
identified as independent prognostic factors for
the lower DSS (p=0.009, p=0.019 and p=0.006, re-
spectively) and OS (p=0.005, p=0.014 and p=0.003,
respectively) (Table 3).

Discussion

Patients with GE]J adenocarcinomas treated with
surgery only have a very poor prognosis with
a 5-year survival rate of approximately 20%.25%
Many authors proved that the combined radio-
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therapy and chemotherapy, applied preopera-
tively, postoperatively or at inoperable patients
might significantly improve the survival of these
patients. 101113141830 In our study the retrospective
analysis of 70 patients with GE]J adenocarcinomas
treated with postoperative radiochemotherapy was
performed. The radical resection was performed in
80% of our patients, which could be comparable to
results of other published studies.?' In our study
the 3-year LRC, DFS, DSS and OS results should
not be compared with results of MacDonald et al.'3,
because the majority of patients in his study had
stomach carcinoma and only 20% patients had GE]
carcinoma. The subanalysis for those patients was
not performed. The other reason why the data are
not comparable is the use of different cytostatics; in
MacDonald’s study chemotherapy included 5-FU
and leucovorin and in our study 5-FU and cispl-



atin were administered. In MacDonald’s study, pa-
tients treated with postoperative radiochemother-
py had 48% 3-years DFS and 50% 3-years OS. The
study of Adelstein ef al.3! in which 50 patients with
carcinomas of oesophagus and GEJ treated with
postoperative radiochemotherapy with 5-FU and
cisplatin were included, reported that 4-year LRC,
DFS and OS were 86%, 50% and 51%. These results
are better than ours, but in their study also patients
with less advanced disease and, therefore, a better
prognosis were included.

Although one of the critique of the American in-
tergroup study'® was referred to the high percent-
age of patients (36%), who did not complete the
regimen, in our study only 37% finished the ther-
apy according to the protocol. While most of our
patients received full radiation therapy (87.1%), all
six cycles of chemotherapy were applied in only
26 patients (37.1%). The most common toxic side
effects classified as grade 3 or higher were, as in
MacDonald’s study'®, gastrointestinal toxic effects,
infections and leucopenia. In Adelstein’s study®
only 3 patients did not finished the treatment ac-
cording to the protocol, but their schedule con-
tained only 2 cycles while our schedule contained
6 cycles of chemotherapy with 5-FU and cisplatin.
Therefore, greater toxicity and more treatment in-
terruptions in our study were expected.

Our analysis demonstrated that patients with
the involvement of numerous lymph nodes and
more advanced stage of disease have a lower sur-
vival. These are well known factors that have an
impact on the survival of patients with GEJ carci-
noma.*#

Tumour origin (tumour localization classified
by Siewert), tumour differentiation, type of sur-
gery and positive surgical margins did not have
any impact on the outcome as in some other series
as well.342 On the other hand, some other authors
reported that patients with GE] adenocarcinomas
Siewert type I have a better prognosis because they
have an earlier onset of symptoms (like dyspha-
gia) and are, therefore, diagnosed in earlier stages.
They also argued that poor differentiation of tu-
mours has negative effect on the survival due to
the increased risk of lymphatic dissemination and
that the presence of tumour cells in the resected
margins could have a negative impact on the sur-
vival of operated patients.?

Weight loss is a common symptom of GEJ can-
cer. It is due to the mechanical effects of the tumour
that causes dysphagia, early satiety, nausea and
vomiting. Beside this, systemic influences like hy-
permetabolism, anorexia and altered protein me-

tabolism, have an important role in the nutritional
status of these patients.> In our study, weight loss
of more than 5 kg before the operation was associ-
ated with the lower DFS, DSS and OS. In several
other studies — not only at patients with GEJ adeno-
carcinoma — weight loss before the treatment was
a negative prognostic factor.*>#+ In a large study
of patients with oesophageal cancer, weight loss
greater than 10% of pre-morbid weight was the
only significant predictor of early death in patients
undergoing the surgical resection.®

Our analysis demonstrated the survival ben-
efit for patients older than 60 years. Similar re-
sults were described in the study of Crumley et al.
who found that patients older than 65 years had
better 3-year survival than younger patients (32%
vs. 29%; p=0.017).2 Some other studies did not
find any prognostic significance between different
groups of age. !

The multivariate analysis also identified sple-
nectomy as a negative prognostic factor. In several
published studies splenectomy had a negative im-
pact on the survival,®>* while other studies did not
demonstrate marked effect on the survival.33345
The need for splenectomy in patients with GE]J is
still controversial. Compared with a gastric cancer,
in GEJ cancer lymph node metastases in the splen-
ic hilum are more frequent and that is why some
surgeons consider splenectomy as necessary.>5
However, splenectomy is known to be associated
with increased morbidity after the resection of
proximal gastric and GEJ cancer, especially due to
a higher risk of infections.

One of the independent prognostic factors in
our study was also the level of Ca 19-9 more than
20 kU/L before the start of the postoperative treat-
ment. Elevated tumour markers are known to be
associated with the higher probability of lymph
node metastases, lymphatic and blood vessel inva-
sion, depth of invasion, higher stage and dissemi-
nation of the disease. Kocevar et al.”” reported that
translationally controlled tumour protein (TPT1)
was shown to be differentially expressed only in
patients GE]J cancer, but, it clinical have to be es-
tablished.

Conclusions

Postoperative radiochemotherapy for GEJ is an
attractive approach for several reasons since the
treatment decision is based on the true pathologic
stage and hence a more accurate assessment of the
disease extent. On the other hand, it also has some
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disadvantages, such as difficult recovery of some
patients after extensive resections and worse blood
supply and oxygenation of tumour bed and, there-
fore, less effective treatment with radiochemother-
apy. However, even if we consider that preopera-
tive radiochemotherapy can improve resectability
and, therefore, enables us the higher proportion
of curative resections, postoperative radiochemo-
therapy is still reserved for the selected group of
patients, who first underwent surgery due to dif-
ferent reasons.
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Background. Primary central nervous system lymphomas (PCNSL) are rare variants of extranodal non-Hodgkin's lym-
phomas that are nowadays primarily treated with high-dose methotrexate or methotfrexate-based chemotherapy
with or without radiation therapy. The optimal freatment of PCNSL is still unknown and there are differences in clinical
practice.

Patients and methods. With a retrospective research we evaluated our series of patients with PCNSL in regards to
the patient's characteristics, treatment results, disease specific survival and overall survival. Fifty nine patients who at-
tended the Institute of Oncology Ljubliana between 1995 and 2010 were freated according to the protocol that was
valid at the time of the patient's admission. Between 1995 and 1999, the systemic treatment was classical CHOP (cy-
clophosphamide, doxorubicin, vincristine, steroids) chemotherapy, and later on high-dose methotrexate either alone
or in combination with other agents. From 1999 onwards, radiation therapy was applied according to the patient's
age and response to chemotherapy, prior to that all patients treated with CHOP were also irradiated. Patients ineligi-
ble for the systemic treatment were treated with sole radiation therapy.

Results. There was a strong female predominance in our series and the median age at diagnosis was 59.8 years.
Patients had predominantly aggressive B cell lymphomas (69.5%). one patient had marginal cell lymphoma and
two patients T cell ymphoma. In total, 20.3% of patients were treated just with chemotherapy, 33.9% with combined
therapy and 42.4% with sole radiation therapy. The overall response rate to the primary freatment in patients freated
with sole chemotherapy was 33.3%, in patients treated with combined therapy 65% and in patients treated only
with radiation therapy 56%., respectively. In terms of response duration, significantly better results were achieved
with combined therapy or radiation therapy alone compared to sole chemotherapy (p<0.0006). The median overalll
survival of the whole cohort was 11 months and the overall survival was significantly affected by the patient's age.
The longest overall survival was observed in patients treated with combined therapy (median survival of 39 months).
Patients treated just with radiation therapy had a median overall survival of 9 months and those treated with sole
chemotherapy of 4.5 months, respectively.

Conclusions. The treatment outcomes in ordinary clinical practice are definitely inferior to the ones reported in clini-
cal trials. The now standard treatment with high-dose methotrexate with or without radiation therapy is sometimes
too aggressive and, therefore, a careful selection on the basis of patient's age, performance status and concomitant
diseases of those eligible for such treatment is mandatory. According to our results from a retrospective study, radia-
tion therapy should not be excluded from the primary treatment.

Key words: primary cenfral nervous system lymphomas; freatment outcomes; survival
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Introduction

Primary central nervous system lymphomas
(PCNSL) are quite rare variants of extranodal non-
Hodgkin's lymphomas (NHL) that involve the
brain, eyes, leptomeninges or spinal cord without
evidence of systemic disease.'? The largest part of
cases of non-AIDS related PCNSL are diagnosed in
patients between 45 and 70 years of age.>* The inci-
dence increases with advancing age and just a few
cases have been reported in children where more
frequently other tumors of the central nervous sys-
tem are observed.> Men and women are reported
to be equally affected.

The most important risk factor for the develop-
ment of PCNSL is immunodeficiency (e.g. HIV in-
fection, iatrogenic immune suppression, congeni-
tal immune deficiency) and this may play a role in
the pathogenesis of disease.”® Five distinct clinico-
pathological entities have been described — intrac-
ranial lesion (solitary or multiple); diffuse leptome-
ningeal or periventricular lesions; vitreous/uveal
deposits; intradural spinal cord lesion and nerve
seeking lymphoma (neurolymphomatosis).*>?

Presenting symptoms and signs of the disease
vary, depending on the site of the involvement and
they may include focal neurological deficits, neu-
ropsychiatric symptoms, signs of raised intracra-
nial pressure, seizures, and ocular symptoms — as
they appear in other primary or secondary brain
tumors.!0-12

Untreated PCNSL have a rapidly fatal course,
with a survival of approximately 1.5 months from
the time of diagnosis. Survival after the whole
brain radiation therapy ranges from 10 to 18
months, but was reported to rise to an average of
44 months following chemotherapy and radiation
therapy, or chemotherapy alone.’" Yet, radiation
therapy is associated with a high incidence of neu-
rotoxicity, which is however not seen after the ra-
diation therapy of patients with brain metastases
of solid tumors because of their shorter survival or
lower tumor dose.?? Although currently available
therapeutic regimes prolong the survival, they are
in contrast to therapies used to treat systemic lym-
phomas,??? not curative in most patients.

The optimal treatment of PCNSL is unknown
and there are differences in clinical practice. The
PCNSL are primarily treated with a high-dose
methotrexate or methotrexate-based chemothera-
py with or without radiation therapy. The role of
radiation therapy is controversial due to its late tox-
icity, especially in older adults .11 2?7 Treatment
decisions should, therefore, take into consideration

both response rates and impact on the quality of
life.

With this retrospective research we evaluated
our series of patients with PCNSL in regards to the
patient’s characteristics, treatment results, disease
specific survival and overall survival.

Patients and methods

Fifty nine patients with PCNSL who attended
the Institute of Oncology Ljubljana between 1995
and 2010 were identified from the database of the
Cancer Registry of Slovenia. Patients who had any
evidence of systemic disease (i.e. 10 patients from
the primary database) were excluded from further
evaluation. Patients with PCNSL were treated ac-
cording to the protocol that was valid at the time of
the patient’s admission. Between 1995 and 1999, pa-
tients were treated with classical CHOP (cyclophos-
phamide, doxorubicin, vincristine, steroids) chem-
otherapy, intrathecal applications of methotrexate
and cytarabine and radiation therapy (radiation to
the whole brain with 30-36 Gy and 10 to 14 Gy boost
on primary tumor localization). Those ineligible for
systemic therapy were treated with radiation thera-
py only. From 1999 onwards, patients were treated
with a high-dose methotrexate (3 to 5 g/m?) either
alone or in combination with a high-dose cytara-
bine (2 to 3 g/m? twice daily for two consecutive
days) or other blood-brain barrier passing agents
(vincristine, procarbazine, carmustine). Radiation
therapy was applied according to the patient’s age
and response to chemotherapy. The patients’ char-
acteristics, patohistological diagnosis, disease stage,
response to treatment and survival data were taken
from patients’ records. The treatment response was
re-evaluated according to the International Primary
CNS Lymphoma Collaborative Group Guidelines
for Response Assessment® and the disease-free and
overall survivals were assessed by means of Kaplan
Meier survival curves. For the determination of sta-
tistical differences the log rank test and Chi-square
test were applied.

Results
Patients’ characteristics and treatment

The patients’ characteristics are given in Table 1.
None of the patients was HIV positive. Patients
had predominantly aggressive B cell lymphomas
(69.5%), one patient had marginal cell lymphoma
and two patients T cell ymphoma (3.4%). Majority
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TABLE 1. Characteristics of 59 patients with primary central
nervous system lymphomas

TABLE 2. Primary treatment of primary central nervous system
lymphomas

Males 20; F/M ratio:

Gender Females39  1.95
Age at diagnosis 14-85 years 5’:;‘:5:2;5
Histology
I(Dsfzgsceulorge B cell ymphoma 39 66.1%
Immunoblastic lymphoma 1 1.7%
Burkitt's lymphoma 1 1.7%
Marginal cell lymphoma 1 1.7%
Unspecified B cell ymphoma 15 25.4%
T cell lymphoma 2 3.4%
Site of disease
Cerebral hemisphere 20 33.9%
Deep structures 32 54.2%
Cerebellum 3 5.1%
Spinal cord 4 6.8%
Multiple lesions
Yes 20 33.9%
Positive cerebrospinal fluid
cytology
Yes 6 10.2%
No 51 86.4%
Unknown 2 3.4%
Leptomeningeal involvement
(MRI or positive CSF cytology)
Yes 11 18.6%
No 47 79.7%
Unknown 1 1.7%
Performance status
(ECOG) prior to treatment
0 3 5.1%
1 13 22.0%
2 2 3.4%
3 10 16.9%
4 30 50.8%
Unknown 1 1.7%
Serious concomitant diseases
Yes 13 22.0%
IPI
0 3 51%
1 5 8.5%
2 18 30.5%
3 16 27.1%
4 8 13.6%
Undetermined 9 15.3%

MRI = magnetic resonance imaging; CSF = cerebrospinal fluid; ECOG =
Eastern Cooperative Oncology Group:; IPI = international prognostic index
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Surgery
None 5 3.4%
Biopsy 22 37.3%
Radical 19 32.2%
Non radical 13 22.0%

Chemotherapy (CHT)

None 27 45.8%
HD MTX 17 28.8%
Other 15 25.4%

Radiation therapy (RT)

None 14 23.7%
Radical 37 62.7%
Non radical 8 13.6%

Primary freatment

CHT 12 20.3%
CHT + radical RT 19 32.2%
CHT + palliative RT 1 1.7%
RT 25 42.4%
Radical surgery 2 3.4%

HD MTX - high dose methotrexate

of patients (93.2%) had intracranial lesions and in
twenty (33.2%) these lesions were multiple. Deep
brain structures were affected in 54.2% of patients.
The leptomeningeal involvement was confirmed in
18.6% of the patients, cerebrospinal fluid cytology
was positive in 10.2% of patients. Spinal cord le-
sions were detected in 6.8% of patients, while vitre-
ous/uveal deposits and nerve seeking lymphoma
have not been observed in our series.

Performance status prior to the treatment was
poor, 71.1% of patients had the performance status
of 2 or more. Thirteen patients also suffered from
serious concomitant diseases. The international
prognostic index (IPI) fell in the high intermediate
or in the high risk group in 40.7% of patients. The
prognostic factors reported by the International
Extranodal Lymphoma study group were not fol-
lowed systematically because the data on elevated
cerebrospinal fluid (CSF) protein concentration
were frequently not precise in patients’ records.

Details on the primary treatment are given in
Table 2. Just five patients had no surgery, while
all the others had at least stereotactic biopsy to di-
agnose lymphoma. Chemotherapy was given to
54.2% of patients, slightly more than half of them
received a high-dose methotrexate either as a sin-
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gle agent (two patients) or in combination with a
high-dose cytarabine (nine patients), CHOP (one
patient) or with other blood-brain barrier pass-
ing agents (five patients). Fifteen patients received
other regimens — eight patients from the beginning
of our series (i.e. prior to 1999) were treated with
CHOP and seven patients with either middle-dose
(500 mg/m?) methotrexate (five patients) or just cor-
ticosteroids (two patients). Patients received medi-
an 4 cycles of CHOP chemotherapy (range 2 to 6),
median 3 cycles of high-dose methotrexate (range
1 to 6) and median 3 cycles of high-dose metho-
trexate when combined with high-dose cytarabine
(range 1 to 4). Twenty patients were treated after
chemotherapy also with radiation therapy (one in a
palliative setting) and in twenty-five patients radi-
ation therapy was the only primary treatment. Two
patients were treated just with radical surgery.

Treatment outcomes

The overall response rate to the primary treatment
in patients treated with sole chemotherapy was
33.3%, in patients treated with chemotherapy fol-
lowed by radiation therapy 65% and in patients
treated only with radiation therapy 56%, respec-
tively. In total, nineteen patients (57.6%) relapsed
from the achieved complete or partial response. In
fifteen patients, the relapse occurred in the central
nervous system (CNS) (one of them had a concomi-
tant systemic relapse) while five patients relapsed
just outside the CNS. The disease-free survival for
different treatment modalities is given in Figure 1.
In terms of response duration, significantly better
results were achieved with the combined therapy
or radiation therapy alone compared to sole chem-
otherapy or radical surgery (p<0.0006).

When taking in account different chemotherapy
regimens, the best outcomes were achieved with
the combination of a high-dose methotrexate and a
high-dose cytarabine since the overall response rate
was 55.5%. In this group, three patients achieved
complete remission and two patients partial remis-
sion all of them except one receiving a full course
of treatment (4 cycles). In three patients, stable dis-
ease was observed after 2 cycles and another pa-
tient progressed after the first cycle. However, the
disease-free survival was better in case of CHOP
regimen (which was in all cases followed with ra-
diation therapy) compared to regimens compris-
ing a high-dose methotrexate, yet insignificantly
(p=0.29) (Figure 2).

The median overall survival of the whole cohort
was 11 months (95% CI: 0.71 — 21.29) The overall
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survival was significantly affected by patient’s age
— the median overall survival in patients aged be-
low 60 years was namely 27 months (95% CI: 0.00
- 71.96) while in patients aged over 60 years it was
just 7 months (95% CI: 2.81 — 11.19) (p=0.006). Six
patients (10%) survived more than 105 months af-
ter the diagnosis of PCNSL has been made — all of
them were aged below 60 years. Altogether, these
patients had the diffuse large B cell histology and
were treated as follows: three patients with radical
radiotherapy, one with a high-dose methotrexate
and radiation therapy, one with CHOP chemo-
therapy and radiation therapy and one with dexa-
methasone and radiation therapy.

The overall survival for different treatment mo-
dalities is presented in Figure 3. The longest overall
survival was observed in patients treated with the
combined treatment (median survival of 39 months,
95% CI: 10.41 — 67.59). This group comprised eight
patients treated systemically with CHOP regimen,
nine patients treated with a high-dose methotrex-
ate (either as a single agent or in combination with
other agents) and two patients treated with cor-
ticosteroids. Patients treated just with radiation
therapy had a median overall survival of 9 months
(95% CI: 4.14 — 13.87) and those treated with sole
chemotherapy of 4.5 months (95% CI: 1.74 - 6.26),
respectively. The group of patients treated with
sole chemotherapy comprised eight patients treat-
ed with a high-dose methotrexate (either as a sin-
gle agent or in combination with other agents) and
four patients treated with a middle-dose metho-
trexate in combination with other blood-brain
barrier passing agents. Just four of these patients
achieved the complete remission with the primary
systemic treatment while the others either pro-
gressed in the course of the systemic therapy (five
patients) or died of treatment complications (three
patients). The differences between the curves were
not statistically significant (p=0.069). All three toxic
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deaths occurred in episodes of febrile neutropenia
in patients suffering from severe mucositis follow-
ing a high-dose methotrexate. Surprisingly, no
toxic deaths were observed in the group of patients
receiving a high-dose methotrexate in combination
with a high-dose cytarabine.

As for different chemotherapeutic regimens,
again the longest median overall survival was
achieved with the CHOP regimen (median 26
months, 95% CI: 13.91 — 36.09). Yet, we have to take
in account that all these patients were also treated
with radiation therapy. The differences between
the survival curves were statistically insignificant
(p=0.93) (Figure 4). On the other hand, the overall
survival of the subgroup of patients treated with
a high-dose methotrexate and a high-dose cytara-
bine was longer (yet insignificantly) compared to
other patients treated with a high-dose methotrex-
ate (33 months, 95% CI: 12.01 — 53.99, versus 22
months, 95% CI: 0.30 — 43.70).

Finally, we also determined the overall survival
of patients in different international prognostic in-
dex (IPI) categories (Figure 5). The median over-
all survival of the low risk group was 26 months
(95% CI: 8.37 — 41.63) and 39 months (95% CI: 0.00
- 101.98) in the low intermediate risk group, re-
spectively. As expected, the median overall surviv-
al was shorter in the high intermediate risk group
(6.5 months, 95% CI: 0.00 — 12.84) and in the high
risk group (3.5 months, 95% CI: 0.23 — 5.77). The
differences between the curves were insignificant
(p=0.27).

Discussion

In the article, the PCNSL patients treated at the
Institute of Oncology Ljubljana between 1995 and
2010 were analysed in regards to the patient’s char-
acteristics, treatment results, disease specific sur-
vival and overall survival.

Our series included almost twice as many fe-
males as males. This is different from the reports
of Villano et al.2 and Uhm et al.?” who reported male
predominance in their series. Only Lim et al.* re-
ported female predominance but in PCNSL other
than the diffuse large B cell lymphoma. The me-
dian age at diagnosis of PCNSL in immunocom-
petent patients was reported to be 55 years® which
is slightly lower compared to the median age of
59.8 years in our patients. The diagnosis of PCNSL
was made by the histological examination of a ste-
reotactic biopsy in 22 patients and by the partial or
radical resection in 32 patients. In 5 patients, the



diagnosis was due to their poor performance sta-
tus established by the cytological examination of
the cerebrospinal fluid. Patients had predominant-
ly aggressive B cell lymphomas (69.5%), among
which there were 39 cases (66%) of the diffuse large
B cell lymphoma, one case of immunoblastic lym-
phoma and one case of Burkitt's lymphoma. One
patient had marginal cell lymphoma (1.7%) and
two patients T cell lymphoma (3.4%). In fifteen pa-
tients we diagnosed unspecified B cell lymphomas.
The percentage of aggressive lymphomas is lower
than the one reported by Miller et al. (89%)3 most
probably on account of a large proportion of deter-
mined unspecified B cell lymphomas. We believe
that with a more adequate surgical sampling and if
the patients had not received corticosteroids prior
to the procedure, the percentage of unspecified
B cell lymphomas would have been lower, most
probably on account of a higher proportion of the
aggressive B cell lymphomas.

Multiple lesions were detected in 33.2% of pa-
tients which is substantially lower than 66% report-
ed by Uhm ef al.¥ Also the involvement of deep
brain structures (54.2%) was in our series observed
more rarely than in the study of Uhm ef al.?? where
they found it in 78% of patients. Leptomeningeal
involvement was identified in 18.6% of the patients
and cerebrospinal fluid cytology was positive in
10.2% of patients while Uhm et al.® reported of
38% of patients with the diffuse large B cell PCNSL
having positive cerebrospinal fluid cytology. The
majority of our patients showed poor performance
status since 67.7% had the performance status of
3 and 4. The series of Lim et al.*° and Uhm et al.”
on the other hand included just 13% and 38% of
patients with performance status of 3 and 4, respec-
tively. Moreover, 22% of our patients suffered from
serious concomitant diseases.

Two patients were, because of their poor per-
formance status, treated just with radical surgery,
they survived one and five months from the di-
agnosis of PCNSL, respectively. Prior to 1999, all
patients eligible for the systemic treatment were
treated with CHOP chemotherapy and intrathe-
cal applications of chemotherapy, which was in
all cases combined with radical radiotherapy.
Surprisingly, in these patients the overall response
rate to chemotherapy was 25%, however, the com-
plete response was achieved in six patients (75%)
following primary chemotherapy and radiother-
apy. The median overall survival in this group
was 26 months which was longer than in patients
treated with a high-dose methotrexate (22 months)
but shorter than in the subgroup of patients treated

with a high-dose methotrexate in combination with
a high-dose cytarabine (33 months). There was also
one long term survivor (more than 105 months) in
this group. These observations are discordant with
the observations of O'Neill et al., Schultz et al., and
Shibamoto et al., who obtained unsatisfactory re-
sults with the anthracyclines and cyclophospha-
mide in combination with radiotherapy.?%32 On
the other hand, treatment results with a high-dose
methotrexate (alone or in combinations) in our se-
ries were inferior to the ones reported in the litera-
ture. Namely, the overall response rate of 55.5% in
case of combination of a high-dose methotrexate
and a high-dose cytarabine was lower than the one
reported for a high-dose methotrexate in mono-
therapy by Glass et al.®® and other authors'#* and
substantially lower than the 69% overall response
rate reported by Ferreri et al. with the same combi-
nation in a randomized trial.*> Also, the survival in
the group receiving a high-dose methotrexate regi-
mens (46.3% at two years) was inferior to the two
year survival of 60-65% reported by the same au-
thors.#333* We can only speculate about the under-
lying causes for such discrepant results between
CHOP and high-dose methotrexate treatments.
First of all, all patients treated with CHOP were
also treated with radical radiotherapy while in the
group of patients treated with a high-dose metho-
trexate only nine (52.9%) were irradiated. There
were also three treatment related deaths in the
group of patients who received methotrexate sug-
gesting that this kind of treatment might possibly
be too aggressive for some of them. Hypothetically,
the fundamental shift in the biology of the PCNSLs
between 1958 and 1989 described by Miller et al.?
could be another explanation since our patients
were treated with CHOP just until 1999.

Most consistent results in our series were ob-
tained with radiation therapy — namely, the over-
all response rate was 56% in patients treated with
sole radiotherapy and 65% in those treated with
combined therapy. Also the median disease-free
survival in our group of patients treated just with
radiation therapy was longer compared to the data
of Nelson et al3® and Laack et al.¥ who reported
that the disease recurred in more than 90% of pa-
tients within one year of treatment. The median
overall survival of this group, however, was just
9 months compared to a median survival time of
23 or 6 to 8 months for those less than or greater
than 60 years of age, respectively, reported by the
same authors.’*% Still, the five year overall survival
was 32% which is higher than 3%-26% reported by
Nelson et al.* and Laperriere et al.* Three out of six
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long term survivors were treated just with the radi-
cal radiation therapy. The median disease-free sur-
vival of patients treated with chemotherapy com-
bined with the radiation therapy was 23 months
and the median overall survival 39 months, respec-
tively. This strategy produced a five year survival
of 23.2% falling in the range of 22%-40% reported
by other authors.3¥40 Again, three out of six long
term survivors were treated with the combined
therapy.

The overall survival in our series was signifi-
cantly affected by the patient’s age — it was name-
ly substantially shorter in patients aged over 60
years. This is in agreement with other reports of
treatment results of central nervous system tu-
mors.1013232441 On the other hand, the IPI that had
been established as a good predictor of the survival
in patients with systemic aggressive lymphomas,
however, in case of PCNSL did not prove espe-
cially informative. Possibly this goes at least par-
tially on account of a large proportion of patients
in whom the IPI remained undetermined.

In conclusion, the treatment outcomes in ordi-
nary clinical practice are definitely inferior to the
ones reported in clinical trials. The now stand-
ard treatment with a high-dose methotrexate or
methotrexate-based chemotherapy with or with-
out radiation therapy is sometimes too aggressive
and, therefore, a careful selection on the basis of
the patient’s age, performance status and concomi-
tant diseases of those eligible for such treatment is
mandatory. According to our results, the radiation
therapy should not be excluded from the primary
treatment. These recommendations are, however,
based on a retrospective study.
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Background. Lung cancer is the leading cause of cancer deaths. Angiogenesis is crucial process in cancer growth
and progression. This prospective study evaluated expression of two central regulatory molecules: angiogenin and
vascular endothelial growth factor (VEGF) in patients with lung cancer.

Patients and methods. Clinical data, blood samples and broncho-alveolar lavage (BAL) from 23 patients with
primary lung carcinoma were collected. BAL fluid was taken from part of the lung with malignancy, and from cor-
responding healthy side of the lung. VEGF and angiogenin concentrations were analysed by an enzyme-linked
immunosorbent assay. Dilution of bronchial secretfions in the BAL fluid was calculated from urea concentration ratio
between serum and BAL fluid.

Results. We found no statistical correlation between angiogenin concentrations in serum and in bronchial secre-
tions from both parts of the lung. VEGF concentrations were greater in bronchial secretions in the affected side of the
lung than on healthy side. Both concentrations were greater than serum VEGF concentration. VEGF concentration in
serum was in positive correlation with tumour size (p = 0,003) and with metastatic stage of disease (p = 0,041). There
was correlation between VEGF and angiogenin concentrations in bronchial secretions from healthy side of the lung
and between VEGF and angiogenin concentrations in bronchial secretions from part of the lung with malignancy.
Conclusion. Angiogenin and VEGF concentrations in systemic, background and local samples of patients with lung
cancer are affected by different mechanisms. Pro-angiogenic activity of lung cancer has an important influence on
the levels of angiogenin and VEGF.

Key words: angiogenin; BAL fluid; bronchoscopy; lung cancer; vascular endothelial growth factor

Introduction

Lung cancer is one of the leading causes of morbid-
ity and cancer-related mortality in Slovenia with
1216 new cases and 1125 deaths in 2007.! Five-year
survival rate is around 10%, since most of the pa-
tients have advanced stage of disease at the time
of diagnosis.?® Tumour growth and progression is
still poorly understood and in many cases doesn’t
follow currently accepted model of sequential mul-
tistep pathway.*”

Beside transformation of normal cells into ma-
lignant, the cancer growth and progression re-

Radiol Oncol 2012; 46(4): 354-359.

quires additional steps to transition from dormant
to malignant state.’” The role of angiogenesis — the
growth of new vessels from preexisting — is proba-
bly fundamental in this process.!*!! Angiogenesis is
controlled by a delicate balance between pro- and
anti-angiogenic factors which is disrupted by a ma-
lignant tumour in favour of forming its own blood
vessel network.!*!3 Moreover, angiogenesis is in-
volved also in the growth of distant metastases.!*
The central roles in the process of neovascu-
larisation have regulatory molecules with pro- and
anti-angiogenic potential.'® Vascular endothelial
growth factor (VEGF) and angiogenin are two ma-

doi:10.2478/v10019-012-0031-1
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TABLE 1. Clinical and demographic characteristics of the lung
cancer patients from the study

Variables Data

No. of patients 23

Median age, years 66 (range 48-78)

Male, n (%) 22 (95.7%)
Female, n (%) 1 (4.3%)
Smoking status, n (%)

Current and previous 22 (95.7%)
Never-smoker 1 (4.3%)
COPD, n (%) 14 (60.9%)

Cancer type
Squamous cell carcinoma 13 (56.6%)
Small cell carcinoma 5 (21.7%)
Adenocarcinoma 3 (13.0%)
Others 2 (8.7%)
Stage, n (%)
| 4 (17.4%)
Il 1 (4.3%)
Il 8 (34.8%)
\Y 10 (43.5%)
Tumour size, cm 57+3.0
Location, n (%)
central 16 (69.6%)
peripheral 7 (30.4%)
CRP, mg/I 36.5+32.8
WBC, x10¢/I 11.1+£9.6

COPD = chronic obstructive lung disease; CRP = C-reactive protein; WBC
= white blood count

jor positive regulators of blood vessel formation in
physiological conditions and in pathological situa-
tions including lung cancer.!¢-20

The purpose of this study was to prospectively
investigate the local concentrations of VEGF and
angiogenin in the part of the lung, affected by a
lung cancer and compare them by the healthy side
of the lung and by the concentrations in the serum
of patients with lung cancer.

Patients and methods
Patients

Thirty patients who underwent bronchoscopy
with suspicion for lung malignancy were included.
Exclusion criteria were: age under 18 years, malig-

nancy on both sides of the lung or additional ma-
lignoma elsewhere in the body, previous antican-
cer treatment or pneumonectomy. The procedure
was explained to patients verbally and in writing,
and signed informed consent was obtained prior
to enrolment. The study was approved by the
National Medical Ethics Committee. We subse-
quently excluded 7 patients where lung malignan-
cy was not confirmed by invasive diagnostic proce-
dures. Clinical and demographic characteristics of
the included lung cancer patients are presented in
Table 1. Ex-smokers were defined as former regu-
lar smokers, who stopped at least one year before
enrolment.

Broncho-alveolar lavage (BAL) and blood
samples

Venous blood samples were collected before bron-
choscopy into a vacutainer without anticoagulant
or other additives. Serum was separated and cen-
trifuged at 2500 revolutions per minute for 5 min-
utes, and supernatant was frozen at — 40°C. During
bronchoscopy BAL with 20 ml of saline was col-
lected from segmental bronchus affected by lung
cancer and from corresponding segmental bron-
chus on the healthy side of the lung. BAL was per-
formed before biopsies, from the healthy side first
to avoid contamination with blood and malignant
cells. BAL fluid was centrifuged at 1600 revolu-
tions per minute for 5 minutes after procedure and
supernatant was frozen at — 40°C for later analysis.

VEGF, angiogenin and urea measurement

Enzyme-linked immunosorbent assay (ELISA) kits
(Quantikine - R&D Systems, Minneapolis) were
used for measurements of VEGF and angiogenin
in plasma and BAL fluid. The limit of sensitivity of
the VEGF assay was 5-9 pg/ml, the intra-assay coef-
ficient of variation was 4.1-6.7% and the interassay
coefficient of variation was 5.0-8.8%. The limit of
sensitivity of the angiogenin assay was 6 pg/ml,
the intra-assay coefficient of variation was 2.8-3.3%
and the interassay coefficient of variation was 7.1
—8.7%. Urea concentration in plasma and BAL flu-
id was measured by QuantiChrom urea assay kit
Diur-500 (BioAssay Systems, Hayward) with linear
detection range from 0.06 mg/1 to 1000 mg/1.

Data analysis

Concentrations of angiogenin and VEGF in bron-
chial samples were normalized to urea concentra-

Radiol Oncol 2012; 46(4): 354-359.
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TABLE 2. Concentrations of angiogenin in serum and in bronchial secretions from healthy side of the lung and from area, affected by lung cancer

Angiogenin concentration Me Q1 Q3 95.centil
Serum (ng/ml) 286.94 267.88 397.08 495.88

Bronchial secretions — healthy side (ng/ml) 320.64 193.38 538.70 1746.17
Bronchial secretions — lung cancer (ng/ml) 306.11 221.19 592.69 12591.24

Me = median, Q1 = first quartile, Q3 = third quartile

TABLE 3. Concentrations of VEGF in serum and in bronchial secretions from healthy side of the lung and from area, affected by lung cancer. There was
a significant difference between serum and bronchial concentrations (p < 0.05), but no significant difference among VEGF concentrations between
diseased and healthy side of the lung (p > 0.05)

VEGF concentiration Me Q1 Q3 95.centil
Serum (ng/ml) 0.74 0.48 1.27 3.79
Bronchial secretions — healthy side (ng/ml) 14.52 8.59 26.59 111.05
Bronchial secretions — lung cancer (ng/ml) 17.89 8.64 84.30 565.49
Me - median, Q1 - first quartile, Q3 - third quartile
100000, Smirnov (KS) test was used to check normal distri-
bution. Associations between variables were tested
by Pearson non-parametric test and by Wilcoxon
o 10000 * matched-pairs test. Differences were analysed by
£ as Mann-Whitney U test. All tests were two-tailed; p
£ . o s . cre
= . <0.05 was considered to be statistical significant.
2 [ L)
H 1000, . .
= AA
g °$g0g2° nfan s
s i = T Results
o] (L) n A,
..II N
100 . N
3 - s Median dilution of bronchial secretions in BAL
] fluid was 1:104 on the healthy side of the lung and
10 1:97 in the area of the lung affected by lung cancer,
X y . according to differences in urea concentrations.
& & % ) . )
» » R Only serum concentrations of angiogenin fol-

FIGURE 1. Distributions of angiogenin concentrations in serum (AngsS), bronchial
secretions from healthy side of the lung (AngH) and from area, affected by lung

cancer (AngCa).

tion. Concentrations of VEGF and angiogenin in
bronchial secretions were calculated using formu-
la: bronchial secretions concentration = BAL fluid
concentration x (urea concentration in plasma /
urea concentration in BAL fluid).

Data were analysed using the computer pro-
gram Statistical Package for the Social Sciences
version 14.0 (SPSS Inc., Chicago). Descriptive sta-
tistical methods were used (mean, standard devia-
tion, range / median, percentiles). A Kolmogorov-

Radiol Oncol 2012; 46(4): 354-359.

lowed Gaussian distribution (KS = 0.16, p > 0.05).
Median angiogenin serum concentration in pa-
tients with lung cancer was 286.94 ng/ml (Table 2).
We found no significant correlation among ang-
iogenin concentrations in serum and bronchial se-
cretions of both sides of the lung (p > 0.05). No sig-
nificant difference was found among angiogenin
concentrations in serum and bronchial secretions
of both sides of the lung (p > 0.05) (Figure 1).
VEGF concentrations in bronchial secretions
were higher than in the serum of patients with
lung cancer (Table 3). VEGF concentrations in the
bronchial secretions from lung cancer area show
no statistical difference to VEGF concentrations
in bronchial secretions from the healthy side of
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the lung (Figure 2). There was no significant cor-
relation among VEGF concentrations in serum and
bronchial secretions found (p > 0.05).

Concentrations of angiogenin and VEGF in bron-
chial secretions from the healthy side of the lung
were in a correlation (p = 0.003) as well as angiogen-
in and VEGF concentrations from area affected
with lung cancer (p <0.001). Angiogenin and VEGF
concentrations in the serum did not correlate.

Concentrations of serum VEGF were in a posi-
tive correlation with tumour size (p = 0.003), plasma
C-reactive protein (CRP) concentrations (p = 0.007),
white blood count (WBC) in peripheral blood sam-
ple (p <0.001) and metastatic stage of disease (p =
0.041). Serum angiogenin concentrations were not
in a correlation with any of tumour features or in-
flammatory markers.

lung cancer patients
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tions from healthy side of the lung (VEGF-H) and from area, affected by lung cancer

Discussion

The study showed that there is a strong local pro-
duction of VEGF in lungs of patients with lung
cancer and that VEGF serum concentration but not
angiogenin concentration was in positive correla-
tion with tumour size and with metastatic stage of
disease. Concentrations of VEGF and angiogenin
did not correlate for a particular molecule in any
possible couple from three taken samples in pa-
tients with lung cancer. This is probably a conse-
quence of different mechanisms, which regulate
concentrations of these two molecules in any of
these three settings.

Serum as a systemic sample has certain levels
of VEGF and angiogenin present also in subjects
without malignant disease and their concentration
is therefore dependant on mechanisms other than
malignancy, such are inflammation, hypoxemia,
injury and tissue repair and maintenance.??

Angiogenin is normally present in the serum of
healthy people and is produced in many tissues,
among other in the liver as a constituent of acute
phase response.?>? Its concentrations are higher in
heart failure, abnormal pregnancy, blood malig-
nancies and in some other conditions.”?¢ Higher
expression of angiogenin was found in bronchial
mucosa of asthmatics, especially during periods of
exacerbation.?”? In this study serum angiogenin
concentrations followed Gaussian distribution in
contrast to angiogenin concentrations in bronchial
secretions from both sides of the lung. Therefore
we assume that serum angiogenin concentration
was not significantly affected by local conditions in
the lung and in the lung cancer. Moreover serum

(VEGF-Ca).

angiogenin concentrations were not in correla-
tion with any of the clinical variables as for exam-
ple: CRP, WBC, tumour size, stage of the disease,
chronic obstructive lung disease (COPD), etc.

In contrast, VEGF concentrations in the serum
were much lower than in the samples from the
lung, and were not in correlation with lung con-
centrations. Serum VEGF concentrations were
strongly correlated with some clinical variables:
CRP, WBC, tumour size and stage of the disease.
This is in accordance with previously described
higher serum VEGF expression in patients with ad-
vanced disease.??’ Serum concentrations of VEGF
are normally very low and are probably the result
of “washing” from tissues, where VEGF expression
is higher.33

The measurements of exact concentrations of
angiogenin and VEGF in bronchial secretions rep-
resented a certain challenge, since dilution rate
of bronchial secretions in BAL was different from
sample to sample. Angiogenin and VEGF con-
centrations in BAL fluid were dependant on their
concentrations in bronchial secretions and on the
amount of bronchial secretions captured in the re-
trieved BAL fluid. For defining of exact dilution
rate of secretions in the BAL we used concentra-
tions of urea molecules and two compartment
model method. Urea freely diffuses between plas-
ma and bronchial secretions and its concentration
in both fluids is equal, since urea is neither degrad-
ed or produced in bronchi nor is volatile.3>%

Bronchial secretions from the healthy side of
the lung were regarded as a “lung background”

Radiol Oncol 2012; 46(4): 354-359.
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sample. Correlation between angiogenin and
VEGF concentrations in bronchial secretions from
the healthy side of the lung is probably the conse-
quence of the same stimulus. Bronchial inflamma-
tion in asthma and COPD can stimulate secretion of
angiogenin and VEGF.?”2 VEGF concentrations in
bronchial secretions can rise even in asymptomatic
smokers.3® Almost all of the patients in this study
were current or former smokers and 60.9% had di-
agnosis of COPD that could contribute especially to
higher VEGF concentrations.

Bronchial secretions from the area of the lung,
affected with lung cancer were “local” sample.
Concentrations of angiogenin and VEGF were in
correlation and we again assume that stimulus for
secretion could be the same. VEGF concentrations
were higher in bronchial washings from patients
with lung cancer after treatment with chemothera-
py and irradiation, but none of included patients in
this study received such treatment before.””? VEGF
concentrations in bronchial secretions from af-
fected side of the lung were not in correlation with
any of the tumour features, what possibly reflects
the effect of VEGF “washing” to the blood serum,
which in contrast reflects such correlations. We
were unable to confirm the findings that VEGF ex-
pression in the airways is inversely associated with
tumour progression.®

Limitations of the study were small number of
included patients, and inhomogenity of the study
group. Small sample size prevented subgroup
analysis. In the study group were differences in
gender and histological types of lung cancer with
regard to general distribution in population of pa-
tients with lung cancer.

We summarize that angiogenin and VEGF ex-
pression in systemic, background and local sam-
ples of patients with lung cancer are affected by
different mechanisms. The important role in serum
angiogenin concentration has constitutional com-
ponent in contrast to serum VEGF concentration,
which is influenced by lung cancer. Angiogenin
and VEGF concentrations in bronchial secretions
from healthy and affected side of the lung show
influence of lung cancer angiogenic activity and
other conditions including co-morbidity.
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Background. Oxadliplatin in combination with 5-fluorouracil (5-FU) and leucovorin (FOLFOX) is @ common chemo-
therapeutic regimen for advanced colorectal cancer. Here, we present a case of interstitial lung disease associated
with FOLFOX therapy.

Case report. A 74-year-old man with a history of metastatic colorectal cancer was admitted with a four week history
of progressive dyspnoea and evidence of severe respiratory failure. He had recently completed six cycles of FOLFOX
chemotherapy in the months prior to presentation. Investigations did not reveal convincing evidence of infection or
pulmonary embolism. CT chest demonstrated widespread pulmonary infilfrates and interlobular septal thickening.
The patient was commenced on both broad spectrum antibiotic therapy and high dose corticosteroid freatment
however his respiratory failure continued to progress. The patient died four days after admission due fo progressive
respiratory failure. Subsequent post-mortem examination demonstrated evidence of diffuse alveolar damage without
evidence of tumour infiliration, infection or pulmonary embolism.

Conclusions. Although infrequent, pulmonary toxicity can occur in association with FOLFOX therapy. Cessation of
therapy and prompt initiation of corficosteroids may improve outcomes.

Key words: oxaliplatin; interstitial lung disease; diffuse alveolar damage

Introduction Case report

Oxaliplatin in combination with 5-fluorouracil (5- A 74-year-old man with a history of metastatic
FU) and leucovorin (FOLFOX) is an effective chem-  colorectal cancer was admitted with a four week

otherapeutic regimen for advanced colorectal can-
cer, improving survival with acceptable tolerability
and side effect profile.!* Common side effects from
this regimen include neutropenia, sensory neurop-
athy and gastrointestinal symptoms.'?> There have
been infrequent reports of pulmonary toxicity from
this regimen.*® Here we present a case of intersti-
tial lung disease associated with FOLFOX therapy.

Radiol Oncol 2012; 46(4): 360-362.

history of progressive dyspnoea and haemoptysis.
He had undergone a right hemicolectomy three
and a half years previously for a Duke’s A colorec-
tal cancer. Three years post resection, a large single
liver metastasis was identified with no other evi-
dence of metastatic disease on PET scanning. CT
examination of the chest at the time demonstrated
only mild emphysematous changes (Figure 1).

doi:10.2478/v10019-012-0006-2
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The patient was commenced on FOLFOX chem-
otherapy (oxaliplatin, 5-fluorouracil and leucov-
orin) and underwent six cycles from October to
December 2008. A re-staging CT scan in January
2009 demonstrated progressive malignant disease
with multiple new metastases within the liver.
Chest imaging at this time revealed bilateral pe-
ripheral subpleural reticular changes and inter-
lobular septal thickening without evidence of overt
lung metastases (Figure 2). No changes to treat-
ment occurred and the patient was planned for
second line systemic chemotherapy.

The patient subsequently presented in early
February 2009 with four weeks of worsening dysp-
noea and haemoptysis. His C-reactive protein level
was moderately elevated although white cell count
and differential were normal. Arterial blood gases
demonstrated severe type I respiratory failure. CT
pulmonary angiogram excluded pulmonary embo-
lism but demonstrated new patchy infiltrates with
interlobular septal thickening (Figure 3). Sputum
samples were unable to be obtained and the pa-
tient was considered to be too high risk to undergo
bronchoscopy.

He was commenced on empirical broad spec-
trum antibiotics and high dose intravenous cor-
ticosteroid therapy. His respiratory failure wors-
ened and after discussion with both the patient and
his family, mechanical ventilation was not admin-
istered. The patient died four days after admission
from progressive respiratory failure.

Post-mortem examination did not demonstrate
evidence of an infective aetiology on staining and
culture of fresh specimens. There was also no evi-
dence of emboli, thrombus or malignant infiltra-
tion within the lungs. Histological examination
demonstrated widespread generalised changes
within both lungs, with oedema, intra-alveolar
haemorrhage and fibrin deposition along with in-
terstitial and intraluminal fibroblastic proliferation
without mature fibrosis. These findings were con-
sistent with diffuse alveolar damage.

Discussion

Diffuse alveolar damage (DAD) is a common his-
topathological finding in patients with ARDS and
is commonly associated with infections (both res-
piratory and systemic). It is more frequently seen
in immunocompromised patients. Although drug
reactions are a relatively uncommon cause of DAD,
chemotherapeutic agents are overrepresented as
potential precipitants. Mortality following histo-
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FIGURE 1. Representative image from initial staging CT; minor emphysematous

changes

FIGURE 2. Representative image from re-staging CT January 2009; bilateral peripher-
al subpleural reticular changes and interlobular septal thickening without evidence

of lung metastases.

FIGURE 3. Representative image from CT pulmonary angiogram February 2009; dif-
fuse infiltrates with interlobular septal thickening.

Radiol Oncol 2012; 46(4): 360-362.
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logically proven DAD obtained from surgical lung
biopsy has been reported to be greater than 50%.”

Oxaliplatin, in combination with 5-fluorouracil
and leucovorin (FOLFOX) has been shown to be
an effective regimen for the treatment of advanced
colorectal cancer.!1%12 Goldberg et al. demonstrated
improved response rate, median time to progres-
sion and overall survival in patients with advanced
colorectal cancer treated with FOLFOX in com-
parison to a regimen utilising Irinotecan instead
of Oxaliplatin.! The most frequently reported side
effects in this and other studies utilising FOLFOX
have been cytopenias, peripheral neuropathy and
diarrhoea.’!? Pulmonary toxicity associated with
this regimen has been infrequently described in a
small number of case reports.51315 In cases where
a tissue diagnosis was obtained, DAD was the
most frequent histopathological pattern obtained,
although organising pneumonia has also been de-
scribed.!® Authors have suggested apparent clinical
benefit with prompt cessation of FOLFOX thera-
py and the use of high dose systemic corticoster-
Oids.8’14/l7

Although pulmonary toxicity from FOLFOX
appears to be an uncommon and apparently idi-
osyncratic effect of therapy, this case highlights
the importance of clinicians being aware of this
potentially fatal complication and the importance
of regular follow-up.’® Early changes consistent
with acute interstitial lung disease were present
on a routine re-staging CT chest over four weeks
prior to this patient’s acute presentation and it is
possible that recognition of this problem may have
altered the outcome.

Conclusions

Given the temporal relationship between the use
of FOLFOX and the onset of radiological changes
and clinical symptoms, we believe that FOLFOX is
the likely precipitant in this case. Whilst this ap-
pears to be an uncommon adverse effect, early rec-
ognition may allow prompt cessation of FOLFOX
therapy and initiation of systemic corticosteroids,
and this has the potential to improve outcomes for
such patients.
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Background. The aim of this study is fo evaluate the performance of a color scanner as a radiochromic film reader
in two dimensional dosimetry around a high dose rafe brachytherapy source.

Materials and methods. A Microtek ScanMaker 1000XL film scanner was utilized for the measurement of dose
distribution around a high dose rate GZPé €Co brachytherapy source with GafChromic® EBT radiochromic films. In
these investigations, the non-uniformity of the film and scanner response, combined, as well as the fims sensitivity to
scanner’s light source was evaluated using multiple samples of films, prior to the source dosimetry. The results of these
measurements were compared with the Monte Carlo simulated data using MCNPX code. In addition, isodose curves
acquired by radiochromic films and Monte Carlo simulation were compared with those provided by the GZPé freat-
ment planning system.

Results. Scanning of samples of uniformly irradiated films demonstrated approximately 2.85% and 4.97% non-
uniformity of the response, respectively in the longitudinal and transverse directions of the film. Our findings have also
indicated that the film response is not affected by the exposure to the scanner’s light source, particularly in multiple
scanning of film. The results of radiochromic film measurements are in good agreement with the Monte Carlo calcula-
tions (4%) and the corresponding dose values presented by the GZPé treatment planning system (5%).
Conclusions. The results of these investigations indicate that the Microtek ScanMaker 1000XL color scanner in con-
junction with GafChromic EBT film is a reliable system for dosimetric evaluation of a high dose rate brachytherapy
source.

Key words: color scanner; GZPé brachytherapy source; ©Co high dose rate source; HDR; EBT radiochromic film.

Introduction

Radiation dosimetry is essential for quality assur-
ance in diagnostic and therapeutic radiology."?
One of the most frequent tools for dosimetry are
radiochromic films (RCF) because (1) they have
nearly a tissue equivalent base material, (2) their
spatial resolution is high, (3) they have a minor en-

Radiol Oncol 2012; 46(4): 363-369.

ergy and dose rate dependency, and (4) they do not
require a darkroom and developing.>® High spatial
resolution is especially helpful in brachytherapy
dosimetry in which there is a high dose gradient
near the sources. They can also provide two di-
mensional dose distributions near these regions.*
The radiochromic films can be read with a
number of devices such as film digitizers, micro-

doi:10.2478/v10019-012-0015-1
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FIGURE 1. The GZPé source braid (source number one) in the GZPé afterloading brachytherapy unit.

densitometers, and laser based scanners.* Color/
document scanners have also been used as a reader
for radiochromic films. For example Agfa Arcus II,
HP ScanJet II cx, Epson Pro 1680 Expression and
some other different models of colour scanners
have been evaluated for this purpose.®!® The ad-
vantage of such scanners is their lower price when
compared with other radiochromic film densitom-
eters.

However, with these scanners, it is possible to
measure the film response in one of the three major
wavelengths (red, green, and blue) and one must
be careful to properly calibrate these devices for
measurements of dose.!! Commonly, the images
are reduced to only the red color channel which is
equivalent to using red filters.!?

Recently, a new Microtek (ScanMaker 1000XL
Pro: Microtek International Inc., Hsinchu, Taiwan)
color scanner became commercially available. This
scanner is a flatbed scanner with a cold cathode
fluorescent lamp and a Tri-linear charge coupled
device (CCD) array. Its maximum color depth is 48
bits per pixel (16 bits per each color channel). This
scanner is capable to scan images of maximum
12x17 size with 3200x6400 dpi optical resolution
and a maximum optical density of 4.0. Scanning
may be performed either in reflection or transmis-
sion mode. Although there are reports on the ap-
plication of different models of color/document
scanners>!, to our knowledge, this model of scan-
ner has not yet been used as a RCF film reader.

The goal of this project is to investigate the ap-
plication of the Microtek color scanner for dosi-
metric evaluation of a HDR GZP6 “Co source. In
these evaluations the HDR source will be utilized
to expose the Gafchromic EBT films in a PMMA
equivalent phantom material. The results of these
experimental data will be compared with the data
from the GZP6 treatment planning system and the
results of Monte Carlo (MC) simulations as well as
the published MC results by Naseri et al.*®

Radiol Oncol 2012; 46(4): 363-369.

Materials and methods

Radioactive source and tandem
applicator

GZP6 Co afterloading HDR unit (Nuclear Power
Institute of China) has 6 channels with non-step-
ping sources in channels 1-5 and a stepping source
in channel 6. In this study, dose distribution around
the source in channel 1 has been evaluated. This
source is composed of two active cobalt-60 pel-
lets placed in a nickel plating encapsulation with
a number of non-active spherical pellets as spacers
between and outside of the active pellets (Figure 1).
Each active pelletis a2 mm long and 1 mm in diam-
eter ©Co source in a Titanium capsule. The active
and non active pellets are fixed in a spring cover.
The straight tandem applicator (UT0°) in GZP6 is
normally used for the intracavitary brachytherapy
treatment of cervical cancer patients. The applica-
tor, which is made of stainless steel, has an inner
diameter of 4.3 mm, wall thickness of 0.6 mm and a
body length of 25.2 cm.

Radiochromic film calibration

Characteristics of EBT radiochromic films: energy
response, dose rate dependency, uniformity, post
irradiation density growth etc. have been ana-
lyzed and discussed elsewhere.!®!® In the present
study, several sheets (20.3 cm x 25.4 cm) of EBT
GafChromic® (lot number 34351-05, International
Specialty Products, Wayne, NJ, USA) film were cut
into 48 pieces of 2x3 cm? for irradiation. Care was
taken to select the pieces from the same batch, for
each measurement. Each piece was given an iden-
tity number, prior to the measurements.

The irradiated films were scanned by a Microtek
ScanMaker 1000XL Pro color scanner. To obtain
background optical density (OD) all 48 film pieces
were scanned 24 hours prior to calibration. To mini-
mize the warming up effect, the scanner was turned
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FIGURE 2. Schematic diagram showing the configuration of the EBT radiochromic film, GZPé tandem applicator and the PMMA

slabs during the film irradiation.

on at least 30 minutes before scanning. All film piec-
es were scanned by placing them at the center of
the scanner bed and selecting 100 dpi resolutions.
The films were scanned in 48-bit RGB color mode
with the maximum OD range without applying any
corrections or enhancements by the scanner’s soft-
ware. Since for EBT films the response is greatest in
the red color channel’, the red components of RGB
images were selected to derive the background OD
of the films. All of images were saved as uncom-
pressed tagged image file format (TIFF) files. To re-
duce noise effect, each film was scanned three times
in transmission mode. As it has been recommended
for EBT film, they were positioned in landscape ori-
entation on the scanner bed. In addition, consecu-
tive scanning of the films was avoided to minimize
the film heating effects that could change the OD
of the films. Appropriate care was taken to avoid
dust particles and scratches on the films during film
storage, scanning and calibrations.

Each group of films were calibrated using a
Theratron 780C cobalt unit in the center of a 20x20
cm? field inside a dose range of 0.5-35 Gy inside a
32x32x31 cm?® water phantom. The output of the
cobalt unit was measured in the same conditions
using a 0.6 cm® Farmer 2581 ionization chamber.
The chamber reading was corrected for the ambient
temperature and pressure. The films were scanned
24 hours after irradiation according to the afore-
mentioned protocol. Net optical density (NOD) was
calculated from equation [1] as the difference of av-
eraged calibration and background optical density:

NOD = 0D, - ODy, ¢ = —(l0g)(Fq1) - 10810 (FBoack )
(1]

where: OD_, is optical density of the calibration
film, OD,_, is background optical density (for un-
exposed film), P_, is pixel value for calibration film
and P__, is pixel value for the background film. The
dose (Gy) was plotted versus the NOD and an ex-
ponential function was fitted to the curve.

Image manipulations such as: extraction of red
component from the RGB images, calculation of
mean pixel values (for a ROI on the whole film’s
surface except of the film edges), OD and dose
mapping, dose contouring, etc were accomplished
by means of appropriate scripts compiled accord-
ingly in MATLAB (version 7.2.0.232, The Math
Works, Inc., Natwick, MA) environment.

In-phantom measurements

An EBT film sheet (from the same batch used for
calibration) was cut in such a way that could house
the GZP6 channel 1 applicator, the applicator tip
was positioned symmetrically from the film edges.
The film was scanned according to the protocol ex-
plained earlier in this section. The film was accom-
modated in a 50x50x50 cm® cubic PMMA phantom
made from 1 cm thick slabs. Figure 2 shows the
configuration of film, applicator and slabs during
the irradiation.

To irradiate the film, a dose of 5 Gy was deliv-
ered to the point of 2 cm above and 2 cm lateral to
the source position by GZP6 afterloading system.
This was equal to a period of 671.3 s irradiation
time in the date of measurements. According to the
previous protocol, the film was scanned 24 hours
after irradiation. The net optical densities in the
measurement film’s image then were correlated to
the dose value by applying the calibration formula
(equation [4]).

EBT film sensitivity to the scanner’s
light source

Radiochromic films are sensitive to infra red (IR)
light, therefore it is recommended to protect them
against IR sources and avoid multiple consecutive
scanning.!” Radiochromic films are also sensitive
to UV light? UV source may include light bulbs,
fluorescent lamps, sunlight and even light from the
film scanner. The films sensitivity to the scanner’s
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light source was examined by the following man-
ner: (1) Nine 20.3x12.7 cm? unexposed film pieces
were scanned 15 times to assess whether this num-
bers of scanning would cause higher OD (or dose
reading). (2) Mean optical density of individual
film pieces in the red channel for the RGB image
was obtained before and after the 15 times of scan-
ning. This was accomplished by averaging the pix-
els values over the entire area of each film (except
for the film edges).

Uniformity checking

The combined effect of non-uniform response of
EBT film and the Microtek scanner was examined.
For this purpose nine 20.3x12.7 cm? pieces of films
(from the same film batch already used) were ir-
radiated in a clinically assumed uniform field. The
films were scanned by the scanner before irradia-
tion to obtain background pixels values for each
film. The films were subjected to a wide range of
absorbed dose 0.5-25 Gy, delivered in a 20x20 cm?
6 MV photon field of an ELEKTA linac (model
SL75/25). To accomplish this protocol, films were
positioned centrally at the depth of 10 cm in a sol-
id water phantom (SP34, Wellhofer Scanditronix
GmbH, Schwarzenbruck, Germany). Symmetry
and flatness of the irradiation field were examined
by an automated scanning water phantom system
(RFA300plus: Scanditronix-Wellhofer, Niiremberg,
Germany) before film irradiations. The films were
scanned 48 hours following to irradiations.

The film pieces were positioned in the central
part of the scanner’s bed when scanning. The dose
value represented by every film pixel was deter-
mined by the calibration fitted curve on the cen-
tral area of 16x11 cm? size of each film. The images
were saved as TIFF files and the red channel of
RGB image was chosen to extract dose information.
A wiener filter of 5 pixelsx5 pixels was applied on
the saved image of the films before image process-
ing. Wiener filter is an adaptive filter predefined in
MATLAB which is used to reduce the amount of
noise present in an image. Film uniformities were
evaluated in terms of coefficient of variation (in
percentage) of dose for a region of interest (ROI) of
16x11 cm? on each film sheet. Coefficient of varia-
tion is defined as:
cvV = 100x o 2]

u
where o is standard deviation and p is mean dose
value. The peak-to-peak variation of optical den-
sity along longitudinal direction (the direction of
scanning) and transverse direction (orthogonal to
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the scanning direction) of the films were also eval-
uated for the 9 film pieces on the central area of
16x11 cm? size on each film piece:

OD ,x -OD

AODpeak — max min [3]
OD central pixel

where OD,., .. is optical density value of cen-

tral pixel of the film sheet in the longitudinal/trans-
verse direction.

Monte Carlo (MC) simulations

MCNPX version 2.4.0 MC code was used as the
simulation tool in this study.?’ The loaded applica-
tor including applicator body, active sources and
inactive pellets were simulated. The applicator was
positioned at the centre of a cylindrical PMMA
phantom 25 cm in radius and 50 cm in length. A
mesh (14 cmx14 cmx0.05 cm consisting of 0.5 mm3
voxels) was used to score deposited dose, using
MCNPX type 1 tally with pedep option.? This tally
scores the average energy deposition per unit vol-
ume (MeV/(cm?source-particle)). Then the dose
value assigned to each voxel was determined by
multiplying the tally value by a conversion factor;
including the sources activity and source particles
per disintegration, irradiation duration accord-
ing to in-phantom irradiation and so on. A total
number of 5x10% primary photon histories were
simulated. The average uncertainty was 1.86%
over the whole mesh voxels. Since the uncertainty
on the source activity certified by the manufacturer
is £10%, the overall uncertainty of MC calculations
will not be less than that.

GZP6 treatment planning system

GZP6 afterloading unit, manufactured by Nuclear
Power Institute of China (NPIC)?, incorporates
an afterloader, a source container and a treatment
planning system. The GZP6 treatment planning
system uses Sievert integral to calculate dose dis-
tributions around the GZP6 sources.”® The GZP6
treatment planning system produces 2D dose
distributions in the transverse and longitudinal
planes related to the selected source (or sources)
configuration.

Results
Radiochromic film measurements

Figure 3 shows the calibration curve (dose versus
NOD) obtained for the EBT films.
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TABLE 1. Dose differences between MC, RCF and TPS dose distributions in this study (for dose contours of 2.5-7.5 Gy) and that by Naseri et al's (for dose

contours 10-250%).

This study Naseri et al
RCF-MC MC-GZP6 TPS RCF-GZP6 TPS MC-GZP6 TPS
4% 4% 5% <2%
Delivered dose D (in Gy) versus measured NOD ek
can be obtained from the fitted formula using the s .
following equation: 7 4
30 4 ’
D = 0.7424¢>09NOD _ () g355¢4-848NOD [4]
e - s
The R-square value for the fitting is equal to §
0.9995. g / ot
- og o . 15 1 4 .
EBT film sensitivity to the scanner’s 7
light sources UV component 1u-| -
-
The results of 15 times scanning with Microtek 5 o B
scanner have raised to an average change of s o
0.00157 in optical density of the nine scanned film Y D 15 e e = : R =
pieces. This value equals to a net optical density MOD

of 0.000105 per scanning. With regard to our film
calibrations, a dose of 0.5 Gy equals to a net opti-
cal density of 0.122. Thus, it can be concluded that
scanning with Microtek scanner does not signifi-
cantly change the optical density of EBT radiochro-
mic film, due to the light source or the UV compo-
nent of the light source.

Uniformity checking

As it is mentioned in the materials and methods
section, symmetry and flatness of the irradiation
field were examined by an automated scanning
water phantom. The resulted symmetry and flat-
ness were 2% and 2.8% respectively. Mean value
of coefficient of variation for represented absorbed
dose by the 9 film pieces was 2.99%. Mean AOD,_,,,
averaged for 9 film pieces, in the longitudinal and
transverse direction of the film were respectively
2.85% (1.59-4.06%) and 4.97% (2.47-8.50%).

Comparisons of dose distributions

Dose distributions for the GZP6 source number
one around the tandem applicator, obtained by ra-
diochromic film measurement and MC simulation
are presented in Figure 4. The curves are represent-
ing isodose lines of 1.25-7.5 Gy.

Calculated and measured dose values are only
different by 4% on average. The difference is high-
er (nearly 20%) for the dose value of 1.25 Gy.

FIGURE 3. Calibration curves (dose versus net optical density (NOD)) obtained for
EBT films for the red colour channel.
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FIGURE 4. Dose distributions (in Gy) for the GZPé source number one around the tan-
dem applicator in a plane parallel to the long axis of the applicator as obtained by
radiochromic films (RCF) measurements and Monte Carlo (MC) simulations.

Dose distribution around the tandem applica-
tor as provided by the GZP6 treatment planning
systems (TPS) versus calculated values by MC and

Radiol Oncol 2012; 46(4): 363-369.
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FIGURE 5. Dose distribution (in Gy) for the GZPé source number one around the
tandem applicator in a plane parallel to the long axis of the applicator (A) GZPé
freatment planning systems (TPS) versus Monte Carlo (MC) calculations (B) GZP6 TPS
versus radiochromic films (RCF) measurement.

radiochromic film measurements are shown in
Figure 5.

When calculated, an average dose difference of
4% was observed between the dose contours rep-
resenting MC simulation and TPS. The difference
between dose values obtained from radiochromic
film measurement and those provided by TPS is
in order of 5%. The difference is more pronounced
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for lower doses (18% for 1.25 Gy). A summary of
dose distribution differences related to MC, RCF
and GZP6 TPS are presented in Table 1. The Table
also presents the difference between MC versus
GZP6 TPS isodose lines (in percent) for the study
by Naseri et al.1s

Discussion

We have used a Microtek ScanMaker 1000XL Pro
scanner as a radiochromic film reader. Different
features of the scanner were examined for this pur-
pose. Scanning of uniformly irradiated EBT film
pieces on ROIs of 16x11 cm? size have demonstrat-
ed acceptable nonuniformity levels in both longi-
tudinal and transverse directions. This is particu-
larly true when compared to the study of Lynch ef
al., in which 7% and 17% and variations in optical
density for an Epson scanner and 12% and 8% for
a Microtek scanner was reported respectively in
the longitudinal and transverse directions.!” Our
results of examining EBT sensitivity to UV compo-
nent of the scanner’s light source has showed that
multiple scanning of a film does not considerably
change its optical density.

We have obtained isodose curves around a
GZP6 tandem applicator first by MC simulations
and then by film dosimetry by EBT radiochromic
films. Generally the results are indicating there is a
good agreement between radiochromic film meas-
urement, MC simulations and GZP6 TPS. However
the differences between the radiochromic film-MC,
and radiochromic film-TPS for the dose contour of
1.25 Gy are 20% and 18% respectively. This implies
that for dose values of equal to or less than 1.25 Gy
the noise contribution of the scanner is high, giving
rise to a high error.?! The deviation could be attrib-
uted to our fitting curve to the calibration data, so
that it has a deviation of 15.7% for the dose of 1 Gy.

By taking into account our MC uncertainty, it
can be concluded that the difference between MC
calculation versus the GZP6 TPS and radiochromic
film measured dose distributions are within the
uncertainties expected for MC calculations and ra-
diochromic film measurements. Compared to our
study, the less difference between MC calculations
and GZP6 treatment planning system in the study
of Naseri ef al.’® can be related to the fact that in that
study there were a comparison between the rela-
tive isodose contours (in percent) but in this study
the isodose curves were compared in terms of Gy.
There is also a minor difference between the types
of applicators simulated in two studies.
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As it is evident from Figure 5, there are also
some attenuation effects near the tip and base of
the applicator which is not taken into account by
the GZP6 planning system while it is considered
by the radiochromic film measurement and MC
calculations.

A rigorous scanning protocol was employed
for film scanning. The protocol includes: avoiding
multiple consecutive scanning; films were scanned
always in landscape orientation; images were saved
as uncompressed TIFF files; they were handled in
a relatively stable temperature; noise effects were
eliminated by pixel averaging of multiple scan-
ning of film pieces in different steps of reading. It
is concluded that by using a standard protocol, the
Microtek ScanMaker 1000XL Pro can be used as a
radiochromic film reader in combination with EBT
radiochromic film. The combination can be used
as a practical tool for HDR brachytherapy dose
measurements. Since a color scanner has not ap-
propriate software for reading RC films, designing
appropriate MATLAB functions is necessary in the
different steps of film reading; for example to ex-
tract pixel values, film calibration and correlation
of pixel values to dose values on the RCF images.
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What sampling device is the most appropriate
for vaginal vault cytology in gynaecological
cancer follow up?

Del Pup Lino', Canzonieri Vincenzo?, Serraino Diego®, Campagnutta Elio’

' Gynaecology Oncology Department,
2 Pathology Department and
3 Epidemiology Unit, National Cancer Institute CRO, Aviano, PN, Italy

Radiol Oncol 2012; 46(2): 166-169.
doi:10.2478/v10019-012-0019-x

The first and family names of the authors were not quoted adequately. The correct author’s first and given names are:
Lino Del Pup, Vincenzo Canzonieri, Diego Serraino, Elio Campagnutta.
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Multipli mozganski zasevki - sodobno zdravljenje in
moznosti uporabe elektrokemoterapije

Linnert M, lversen HK, Gehl J

Izhodisca. Stevilo bolnikov z mozganskimi zasevki je v stalnem porastu. Glavni razlogi so vse bolj uéinkovito onkolosko
zdravlienje z dalj§im prezivetjiem bolnikov, povecana incidenca raka in bolj§i diagnosticni postopki. V Clanku predsta-
vljamo sodobne nacine zdravljenje multiplih mozganskih zasevkov in moznost uporabe elekirokemoterapije, ki je novo
eksperimentalno zdravljenje teh bolnikov.

Zakljuéki. Nevro- in stereofakticna kirurgija ter obsevanje celotnih mozgan so priznani nacini zdravljenja multiplih
mozganskih zasevkov. Uporabliomo tudi kemoterapijo in molekularna taréna zdravila. Pojavijajo pa se tudi novi ekspe-
rimentalni nacini, eden od njih je elekirokemoterapija. Pri tem zdravljenju apliciramo elektricne pulze na tumor zaradi
ucinkovitejSega vnosa citotstatikov v fumorske celice. S takim nacinom zdravljenja lahko n. pr. povecamo citotoksi¢nost
bleomicina za 300 krat. Predklinicni podatki so spodbudniin na ta nacin so v klini€nem poskusu Ze zdravili prvega bolnika
z mozganskimi zasevki. Pricakujmo, da bomo lahko na taksen nacin zdravili primarne tumorje in zasevke v mozganih, kot
tudi fumorje v mehkih tkivih.

Radiol Oncol 2012; 46(4): 279-283.
doi:10.2478/v10019-012-0017-z

Uporabnost F-18 FDG PET/CT pri podkoznem
panikuliticnem T-celichem limfomu za oceno
razsSirjenosti bolezni in odgovora na zdravljenje
Kim JS, Jeong YJ, Sohn MH, Jeong HJ, Lim ST, Kim DW, Kwak JY, Yim CY

Izhodisca. Podkozni panikuliticni T-celicni limfom je redka oblika koznega limfoma, predstavlja manj kot 1% primerov
ne-Hodkin-ovega limfoma. Do sedqj je bilo malo porocil o uporabi fluor-18 fluorodeoksiglukoze (F-18 FDG) s pozitronsko
emisijsko tomografijo in racunalnisko tomografijo (PET/CT) pri panikuliticnim T celi€nem limfomu.

Prikaz primera. Prestaviiamo bolnika s podkoznim penikulitiénim T-celiénim limfomom, pri katerem je preiskava F-18
FDG PET/CT pokazala povecano kopicenje FDG v $tevilnih podkoznih vorzlicih, drugje pa kopic¢enja nismo ugotovili. Med
preiskavo F-18 FDG PET/CT smo naredili tudi CT slikanje s kontrastom in videli minimalno povecano kopicenje kontfrasta v
tumorskih vozli¢in, ki so infiltrirali podkozno tkivo po celem telesu. Po treh krogih kemoterapije CHOP smo naredili ponovno
preiskavo s F-18 FDG PET/CT, ki je pokazala popoln metabolni odgovor na zdravljenje pri vseh podkoznih spremembah.

Zakljucki. F-18 FDG PET/CT je lahko primerna metoda za oceno aktivnosti podkoinega panikulitiénega T-celiénega
limfoma, kot tudi razsirjenosti bolezni in odgovora na zdravijenje.

Radiol Oncol 2012; 46(4): 1-VIIl.
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Ultrazvoéna elastografija kot objektivna meritvena
metoda za diagnozo limfedema pri bolnicah z rakom
dojke po operaciji in obsevanju

Adriaenssens N, Belsackm D, Buyl R, Ruggiero L, Breucq C, De Mey J, Lievens P, Lamote J

IzhodisCa. Limfedem po operaciji in obsevanju je pogost zaplet zdravljenja zgodnjega raka dojk. Soglasja o objektivnih
diagnosticnih kriterijih in standardnih postopkih zdravljenja ni. Klinicne raziskave proucujejo uporabo ultrazvocne elasto-
grafije kot objektivne kvantitativne meritvene metode za diagnozo parenhimskega edema dojk.

Bolnice in metode. Razmerie elasticnosti podkoZja, izmerieno z ultrazvo&no elastografijo, smo primerjali s parametri
visokofrekvencnega ultrazvoka in subjektivnimi simptomi pri dvajsetih bolnicah; bilateralno, pred in po ohranitveni ope-
raciji dojk ter po obsevanju dojk.

Rezultati. Elasticno razmerje podkozja operiranin dojk po obsevanju je naraslo pri 88,9% bolnic in je bilo znacino visie
kot pred operacijo in kot pri neoperiranih dojkah. Ti rezultati so bili znacilno povezani z vidljivostjo ehogene linije, izmerjene
z visokofrekvencnim ultrazvokom. Znacilen dejavnik tveganja za razvoj edema dojk je bila velika preoperativna velikost
kosarice.

Zakljuéki. UltrazvoCna elastografija je objektivna kvantitativna meritvena metoda za diagnozo parenhimskega
edema dojk v kombinaciji z ostalimi objektfivnimi diagosticnimi kriteriji. Za pofrditev feh rezultatov so potrebne nadaljnje
raziskave z dali§im c¢asom sledenja in vecjim Stevilom vkljucenih bolnic.

Radiol Oncol 2012; 46(4): 296-301
doi:10.2478/v10019-012-0038-7

Zanesljivost doloc¢anja lokacije karcinoma rektuma
glede na visino duplikature peritoneja s pomoc¢jo MR
rektuma

Eun Joo Jung EJ, Ryu CG, Gangmi Kim G, Kim SR, Nam SE, Park HS, KimYJ, Hwang DY

Izhodisc¢a. Objektivna metoda za dolocanje lokacije karcinoma z oziroma na duplikaturo peritoneja bi bistveno pripo-
mogla k bolj§i odlocitvi o ustrezni obliki zdravljenja rektalnega karcinoma. Namen raziskave je bil ugotoviti natancnost in
uporabnost MR rektuma za ugotavljanje odnosa med visino duplikature peritoneja in rektalnim karcinomom ter primerjafi
le-to z operativnim izvidom.

Bolniki in metode. V raziskavo so bili vkiju&eni bolniki, ki so bili med novembrom 2008 in junijem 2010 operirani zaradi
rektalnega karcinoma po MR preiskavi rektuma. Bolniki, ki so predhodno dobili preoperativno kemo-radioterapijo ali pa
so imeli fransanalno lokalno ekscizijo so bili iz raziskave izkljuceni.

Rezultati. V raziskavo je bilo vklju&enih 54 bolnikov. Primerjava operativnih in radioloskih izvidov je pokazala, da je bila
natancnost napovedi tumorske lokacije v odvisnosti od duplikature peritoneja z rektalno MR 90,7 %. Pri tem je bila na-
tancnost 93,5% pri karcinomih nad peritonealno duplikaturo, 90,0 % pri bolnikih s tumorjem na peritonealni duplikaturi in
84,6 % pri bolnikin s fumorjem pod peritonelano duplikaturo (P=0.061). Razdelitev bolnikov glede spola, indeksa telesne
mase, operativnega izvida in velikosti tumorja ni pokazala statisticéno znacilnih razlik med podskupinami.

Zakljuéki. Rektalna MR bi bila lahko uporabna pri ugotavljanju razmerja med rektalnim karcinomom in peritonealno
duplikaturo, zlasti, ¢e je tumor manjsi od 8 cm. MR rekfuma lahko da pomembne informacije glede lokacije karcinoma
v odvisnosti od peritonealne duplikature, s tem pa pomaga pri odlocitvi o ustreznem zdravljenju.

Radiol Oncol 2012; 46(4): 1-VIIl.
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Potenciacija elektrokemoterapije z elektrogensko
terapijo z IL-12 v miSico na razliéno imunogenih
tumorjih misSjega sarkoma in karcinoma

Sedlar A, Dolindek T, Markelc B, Prosen L, Kranjc S, Bo$njak M, Blagus T, CemaZar M,
Sersa G

Izhodisca. z elektrokemoterapijo ucinkovito dosezemo lokalni nadzor rasti tumorjev, vendar za povecan lokalni odziv in
delovanje na oddaliene metastaze, potrebujemo adjuvantno zdravljenje. Lokalni elekirokemoterapiji s cisplatinom smo
zato dodali elektrogensko terapijo z interlevkinom 12 (IL-12) v miSico, ki zagotavlja sistemsko spros¢anje IL-12. Ovrednotili
smo vplivimunogenosti tumorjev in imunokompetence gostitelja na ucinek kombinirane terapije.

Materiali in metode. In vitro smo testirali ob&utljivost celic sarkoma SA-1 in karcinoma TS/A na elekirokemoterapijo s
cisplatinom. In vivo smo elektfrokemoterapijo s cisplatinom v tumorje (dan 1) kombinirali z enkratno (dan: 0) ali vecCkratno
(dnevi: 0, 2, 4) elektrogensko terapijo z misjim IL-12 (mlIL-12) v miSico. Protitumorsko ucinkovitost kombinacijskega zdravlje-
nja smo dolodcili na imunogenem misjem sarkomu SA-1 na misSih A/J in zmerno imunogenem misjem karcinomu TS/A na
imunokompetentnin misin BALB/c in imunsko oslablienih misin SCID.

Rezultati. Po elektrokemoterapijiin vitro smo na celinih linjjah sarkoma in karcinoma dobili podobni vrednosti ICso. In
vivo je bila elektrokemoterapija bolj u¢inkovita na sarkomu, boljimunogenem izmed obeh tumorjev, z vi§jiim delezem ubi-
tih celic, specificnim zaostankom v rasti in 17 % ozdravitvijo v primerjavi s karcinomom, kjer nismo opazili nobenih ozdravi-
tev. Adjuvantna elekirogenska terapija z miL-12 je povecala delez ubitih celic v obeh tumorskih modelih, in potencirala
specificni zaostanek v rasti ftumorjev za faktor 1.8 - 2 ter ozdravljivost za 20 %. Pri tumorjih sarkoma je bila potenciacija
odziva z elektrogensko terapijo z mIL-12 dozno odvisna in se je odrazala fudi v hitrejSem pojavu ozdravitve. Primerjava
odziva na kombinirano terapijo pri karcinomu na imunokompetentnih in imunsko oslablienih misih je pokazala, da je
imunski sistem potreben tako za povecanje ubijanja celic kot tudi za doseganje ozdravitve.

Zakljuéki. Glede na primerjavo protitumorske ucinkovitosti elektrokemoterapije s cisplatinom v fumorje lahko zaklju-
¢imo, da je delez ubitih celic in ozdravitev vecji pri imunogenih tumorjih sarkoma kot pri zmerno imunogenih tumorjih
karcinoma. DeleZ ubitin celic in odstotek ozdravitev sta odvisna od imunskega odziva, ki ga sprozijo mrtve tumorske
celice, le-ta pa bi lahko bil, kot nakazuje nasa raziskava, odvisen tudi od imunogenosti fumorjev. UCinek adjuvantne ele-
ktrogenske terapije z mIL-12 je odvisen od sistemskega sproscanja IL-12 in imunokompetence gostitelja kot smo pokazali
z dozno odvisnim povecanjem odstotka ozdravitev tumorjev SA-1 po veckratni elektrogenski terapiji z mIL-12 in z razlicno
ozdravljivostjo ftumorjev TS/A, rastocih na imuno kompetentnih in imunsko oslablienih misih.

Radiol Oncol 2012; 46(4): 312-320
doi:10.2478/v10019-012-0036-9

Stavrosporin sprozi v kulturah podganjih astrocitov
razlicni obliki celi€ne smrti

Simenc J, Lipnik-Stangelj M

Izhodisca. Astrociti pogosto maligno transformirajo. Kaze, da je poleg apoptoze tudi nekroptoza kot druga oblika pro-
gramirane celicne smrti povezana s tumorigenezo, proliferacijo glioblastomov, angiogenezo in invazijo. V raziskavi smo
proucevali molekularne mehanizme nekroptoze in jin primerjali z apoptozo, povzroceno s stavrosporinom.

Materiali in metode. Uporabili smo kulture podganiih astrocitov. Za prou&evanje celiéne smrti smo uporabili stavro-
sporin ter inhibitorje apoptoze (z-vad-fmk) in nekroptoze (nekrostatin-1). Razlicne oblike celicne smrti smo opazovali s
pomocjo pretocne citometrije.

Rezultati. stavrosporin lahko, odvisno od koncentraciie, spro#i tako apoptozo kot tudi nekroptozo. Apoptoza je odvisna
od kaspaz in jo lahko zavremo s pan-kaspaznim inhibitorjem, nekroptoza pa je od kaspaz neodyvisna. Nekroptoza je odvi-
sna od RIP1 kinaz, lahko jo zavremo z nekrostatinom-1 in je povezana s tvorbo kisikovih radikalov. Prisotnost antioksidanta
(BHA) zmanjSa pojav nekroptoze.

Zakljuéek. Stavrosporin lahko v kulturah astrocitov sprozi apoptozo in/ali nekroptozo, in sicer po razli¢nih signalnih
poteh. Razlikovanje med razli¢nimi oblikami celicne smrti je kljucno pri prouCevanju terapevtsko sprozene nekroptoze.
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Polimorfizmi 5-HTTLPR in anksioznost pri bolnicah z
zgodnjim rakom dojke
Schillani G, Era D, Cristante T, Mustacchi G, Richiardi M, Grassi L, Giraldi T

Izhodisca. Dozivljanje rakave bolezni veckrat spremljata anksioznost in depresija, kar vpliva na kvaliteto zZivijenja bolnic
z zgodnjim rakom dojke. 5-HTTLPR (5-Hydroxytryptamine Transporter Gene-linked Polymorphic Region) je funkcionalni
polimorfizem serotoninskega transporterja, za katerega so ugotovili, da vpliva na adaptacijo na stres. Namen raziskave
je bil prouciti povezavo med 5-HTTLPR polimorfizmi ter prilagoditev na diagnozo in zdravljenje raka.

Bolniki in metode. V raziskavo smo vkljucili 48 zaporednih bolnic z diagnozo raka dojke in jih sledili po enem in treh
mesecih. Bolnice smo psihometricno ocenjevali s bolnisnicno lestvico anksioznosti in depresije (Hospital Anxiety and
Depression Scale) ter z lestvico, ki je prilagojena rakavim bolnikom (Mini-Mental Adjustment to Cancer Scale — Mini-MAC).
Alelne variante 5-HTTLPR smo dolocevali z metodo PCR.

Rezultati. Psihnometricna analiza bolnic je pokazala visoko stopnjo izogibanja in anksioznosti po lestvici Mini-MAC, kar
se je s casom zmanjsevalo. Zmanjsevanje aksioznosti je bilo manjSe pri bolnicah s /S in S/L genetsko varianto 5-HTTLPR
kot pri tistih, ki so bile nosilke L/L (p=0.023), kar nakazuje na genetsko in okoljsko povezanost.

Zakljucki. Rezultati raziskave nakazujejo, da bi lahko z doloanjem polimorfizmov 5-HTTLPR pri bolnicah z zgodnjim
rakom dojke odkrivali tiste, ki tezje sprejemajo bolezen ter jih moramo zato dodatno obravnavati in ustrezneje zdraviti.

Radiol Oncol 2012; 46(4): 328-336.
doi:10.2478/raon-2013-0001

Sevalne doze na obcutljive organe pri obsevanju
tumorjev glave in vratu ob uporabi intenzitetno
modulirane radioterapije (IMRT) in 3-dimenzionalne
conformalne radioterapije (3D-CRT)

Peszynska-Piorun M, Malicki J, Golusinski W

Izhodisca. Nacrtovanje obsevanja pri tumorjih glave in vratu je zahtevno zaradi Stevilnih obcutljivin organov, ki so v bli-
Zini nacrtovanega volumna obsevanja (PTV). Upostevati moramo tudi obcutljive organe, ki so nekoliko oddaljeni. IMRT in
3D-CRT sta pogosta, a tudi zelo razliéna na&ina obsevanja pri zdravijenju tumorjev glave in vratu. Ceprav IMRT omogo&a
bolj prilagojeno dozo sevanja v PTV, Se niso natancno ugotovili, pri katerem nacinu zdravljenja obcutljivi organi prejmejo
manjso dozo sevanja. Tako je bil namen raziskave primerjati zdravljenje z IMRT in 3D-CRT pri tumorjih glave in vratu glede
na razporeditev sevalne doze na obcutljive organe.

Bolniki in metode. V prospektivno raziskavo smo vklju&ili 25 bolnikov z rakom grla in bolezenskim stadijem cT3-4N0-2. Pri
vseh bolnikih je bila narejena totalna laringektomija in obojestranska selektivna odstranitev vratnih bezgavk. Vse bolnike
smo zdravili z IMRT, primerjalno pa smo naredili tudi nacrt zdravljenja s 3D-CRT. Za primerjavo sevalnih doz na obcutliive
organe smo naredili nov primerjalni indeks.

Rezultati. Najve&krat smo z IMRT obsevali ob&utliive organe s primerljivo ali ve&jo dozo sevanja. Statistiéno znadilna
razlika se je pokazala le v malih mozganih, ki bi s 3D-CRT zdravljenjem prejeli znatno manjSo dozo sevanja.

Zakljuéki. Organi, ki lezijo izven zarkovnih snopov IMRT (oddaljeni organi) so zelo zasCiteni pred sevanjem. Rezultate
raziskave pa kazejo, da to ne velja za male mozgane. Potrebujemo vecje raziskave, da bi bolje dolocili uCinek IMRT na
oddaljena tkiva. Raziskave na anfropomorfnem fantomu bi lahko potrdile izracunane rezultate.
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Kombinirano zdravljenje raka gastroezofagealnega
prehoda

Jeromen A, Oblak I, Anderluh F, Velenik V, Skoblar Vidmar M, Ratosa |

Izhodisca. Ceprav incidenca adenokarcinomov gastroezofagealnega prehoda v zahodnem svetu strmo nara3éa, se
vedno obstajajo nesoglasja pri dolocevanju stadija in zdravljenju te bolezni. Namen retrospektivne raziskave je bil opre-
deliti u€inkovitost in varnost pooperativne radiokemoterapije pri bolnikih s karcinomom gastroezofagealnega prehoda,
ki so bili zdravljeni na Onkoloskem institutu v Ljubljani.

Bolniki in metode. V raziskavo smo vkljugili 70 bolnikov s karcinomom gastroezofagealnega prehoda, ki so bili v ob-
dobju med januarjem 2005 in junijem 2010 zdravljeni s pooperativno radiokemoterapijo. Bolnikom smo predpisali 6 krogov
kemoterapije s 5-FU in cisplatinom in soCasno obsevanje z dozo 45 Gy.

Rezultati. Celotno zdraviienje je po protokolu zaklju&ilo 26 bolnikov (37,1%). Srednje opazovalno obdobie je bilo 17,7
mesecev (3,3-64 mesecev). Akutne toksiCne sopojave stopnje 3 ali vec, kot so stomatitis, disfagija, slabost ali bruhanje in
okuzbe, smo ugotovili pri 2,9%, 34,3%, 38,6% in 41,5% bolnikih. Triletno prezivetje brez ponovitve boleznilokalno in podroc-
no (LRC) je bilo 78,2%, triletno prezivetje brez ponovitve bolezni (DFS) 25,3%, friletno bolezensko specificno prezivetje (DSS)
35.8% in friletno celokupno prezivetie 33,9%. V multivariatni analizi prezivetja sta bila splenektomija in vrednost Ca 19-9
>20 kU/L pred pricetkom pooperativnega zdravljenja neodvisna napovedna dejavnika za nizje DFS, DSS in celokupno
prezivetje. Starost pod 60 let, vecje Stevilo prizadetih bezgavk in viji stadij bolezni pa so bili neodvisni napovedni dejavnik
za nizje DSS in celokupno prezivetje.

Zakljucki. Pri bolnikih z adenokarcinomov gastroezofagealnega prehoda, ki so bili najorej operirani, je pooperativna
radiokemoterapija primerna metoda zdravljenja, vendar moramo biti pozorni na pogoste akutne toksicne sopojave.
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Rezultati zdravljenja in prezivetje bolnikov
s primarnimi limfomi centralnega zivcevja
zdravljenimi v obdobju od 1995 do 2010 na
Onkoloskem institutu Ljubljana

Barbara Jezersek Novakovic

Izhodisca. Primami limfomi cenfralnega zivéevja (PLCZ) so redke oblike eksiranodalnih ne-Hodgkinovih limfomov, ki
jih najveckrat zdravimo z visokimi odmerki metotreksata ali drugimi shemami na osnovi metotreksata, cemur lahko sledi
obsevalno zdraviienje. Optimalnega zdravijenja PLCZ e ne poznamo in v kiiniéni praksi uporabliomo razliéne oblike
zdravlienja. Z refrospektivno raziskavo smo proucevali bolnike s PLCZ glede na njihove znacilnosti, rezultate zdravijenja,
prezivetje brez bolezni in glede na celokupno prezivetje.

Bolniki in metode. Devetinpetdeset bolnikov, ki so bili napoteni na Onkoloski institut Liubliana v letih 1995 do 2010, smo
zdravili v skladu s tedaj veljavnimi smermicami. V letih od 1995 do 1999 so bili sistemsko zdravijeni s kemoterapijo CHOP
(ciklofosfamid, doksorubicin, vinkristin, steroidi) in kasneje z visokimi odmerki metotreksata v monoterapiji ali v kombinaciji
z drugimi ucinkovinami. Od leta 1999 dalje so bili bolniki obsevani glede na njihovo starost in odgovor na sistemsko zdra-
vlienje, pred tem so bili vsi bolniki, ki so prejeli CHOP kemoterapijo, zdravljeni fudi z obsevanjem. Bolniki, ki niso bili primerni
za sistemsko zdravljenje, so bili zdravljeni samo z obsevanjem.

Rezultati. V nasi skupini bolnikov so previadovale zenske, srednja starost ob diagnozi je bila 59,8 let. Bolniki so imeli ve-
¢inoma agresivne variante ne-Hodgkinovih B imfomov (69,5%). en bolnik je imel marginalnocelicni limfom in dva bolnika
T-celi¢ni limfom. V celoti je bilo 20,3% bolnikov zdravljenih samo s kemoterapijo, 33,9% s kombinirano terapijo in 42,4%
samo z obsevanjem. Celokupni odgovor na primarno zdravijenje je bil 33,3% v primeru same kemoterapije, 65% v primeru
kombiniranega zdravljenja in 56% v primeru samega obsevanja. Statisticno znacilno daljSe trajanje odgovora na zdravlje-
nje smo dosegli s kombiniranim zdravljenjem ali samim obsevanjem v primerjavi s samo kemoterapijo (p<0,0006). Srednje
celokupno prezivetje celotne skupine je bilo 11 mesecev, na celokupno prezivetie pa je statisticno znacilno vplivala
starost bolnikov. Najdalj§e celokupno prezivetje smo dosedli pri bolnikih, ki so bili zdravijeni s kombiniranim zdravljenjem, s
srednjim prezivetiem 39 mesecev. Bolniki zdravljeni samo z obsevanjem so imeli srednje celokupno prezivetje 9 mesecev
in tisti zdravljeni samo s kemoterapijo 4,5 mesecev.

Zakljuéki. Rezultati zdravljenja v rutinski klinicni praksi so slabsi od rezultatov klinicnih raziskav. Danes standardno zdra-
vijenje z visokimi odmerki metotreksata z ali brez obsevanja je za nekatere bolnike prevec agresivno. Zato je pofreben
skrben izbor bolnikov, ki so primerni za tak$no zdravljenje, na osnovi njihove starosti, stanja zmogljivosti in morebitnih
spremljgjocih bolezni. Glede na rezultate nase retrospektivne raziskave izkljucitev obsevalnega zdravljenja iz primarnega
zdravljenja precej poslabia izhod bolezni, zato priporocamo obsevanje v kombiniranem zdravljenju.
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Izrazanje angiogenina in rastnega dejavnika zilnega
endotela (VEGF) v pljucih bolnikov s pljuénim rakom
Rozman A, Silar M, Kosnik M

IzhodiSc¢a. Med umrlimi zaradi raka ima vodiino mesto pliuéni rak. Pri rasti in napredovanju raka ima kfju&no viogo an-
giogeneza. V prospektivni klinicni raziskavi smo vrednotili izrazanje dveh osrednjin regulatornih mediatorjev: angiogenina
in rastnega dejavnika zinega endotela (VEGF) pri bolnikih s pljucnim rakom.

Bolniki in metode. Zbrali smo kliniéne podatke, vzorce periferne venske krvi in bronho-alveolarne izpirke (BAL) 23-ih
bolnikov s primarnim pljucnim rakom. BAL smo pridobili iz dela pljuc, ki je bil prizadet s pljucnim rakom in iz zrcalnega
segmenta zdrave strani plju¢. Koncentracije VEGF in angiogenina smo izmerili z encimskoimunskim testom. Razredcitev
bronhialnih izloCkov v BAL smo izracunali iz razmerij koncentracij seCnine v serumu in BAL.

Rezultati. Med koncentracijami angiogenina v serumu in bronhialnih izZlockih obeh strani pljuc nismo nasli statisticno
pomembne povezave. Koncentracije VEGF so bile visje v bronhialnih izlockih dela plju¢, prizadetega s pljuénim rakom,
kot v zdravi strani plju¢. Koncentracije VEGF so bile visje v bronhialnih izZlockih obeh strani plju¢ glede na serumske kon-
centracije. Serumske koncentracije VEGF so bile statisticno znacilno povezane z velikostjo tumorja (p = 0,003) in z meta-
statskim stadijem bolezni (p = 0,041). Koncentracije angiogenina in VEGF v bronhialnih izZlockih zdrave strani pljuc so bile
statisticno povezane, prav tako kot njune koncentracije v bronhialnih iziockih delov plju¢, prizadetih s plijucnim rakom.

Zaklju(:ki. Na koncentraciji angiogenina in VEGF v sistemskih vzorcih, vzorcih ozadja in v lokalnih vzorcih bolnikov s
pliucnim rakom vplivajo razlicni mehanizmi. Proangiogena aktivnost pliu¢nega raka ima pomemben vpliv na velikost
koncentracij angiogenina in VEGF.

Radiol Oncol 2012; 46(4): 360-362.
doi:10.2478/v10019-012-0006-2

Intersticielna plju¢na bolezen pri bolniku z
metastatskim rakom debelega ¢revesa in danke,
zdravljenega z oksaliplatinom, 5-fluorouracilom in
leukovorinom (FOLFOX)

Hannan LM, Yoong J, Chong G, McDonald CF

Izhodisce. standardna kemoterapeviska shema za zdravljenje napredovalega raka debelega Crevesa in danke je
kombinacija oksaliplatina, 5-fluorouracila in leukovorina (FOLFOX). Predstavljamo primer bolnika ki je razvil intersticielno
pliju¢no bolezen, ob zdravljenju po shemi FOLFOX.

Prikaz primera. Mogki, star 74 let z anamnezo metastatskega raka debelega Erevesa in danke, je bil sprejet v bolnico
zaradi 4 tedne frajojocih resnih tezav z dihanjem, zlasti napredovale dispneje. Pred mesecem dni je zakljucil sest krogov
zdravljenja s kemoterapijo po shemi FOLFOX. Preiskave niso pokazale pliu¢ne infekcije ali embolij. Racunalniska tomo-
grafija pa je pokazala stevine pliucne infiltrate in interlobarne zadebelitve septumov. Bolnik je takoj pricel zdravljenje s
Sirokospekiralnimi antibiotiki in kortikosteroidi, vendar se je dihalna stiska nadaljevala. Bolnik je $tiri tedne po sprejemu v
bolniSnico umrl zaradi respiratorne odpovedi. Obdukcija je pokazala difuzne alveolarne poskodbe, brez znakov fumor-
skih infiltracij, infekcije ali plju¢nih embolij.

Zakljucek. Ceprav redko, lahko zdraviienje s kemoterapijo po shemi FOLFOX povzrodi resen zaplet s pliucno toksiéno-
stjo. Takojsnja prekinitev kemoterapeviskega zdravljenja in aplikacija kortikosteroidov lahko izbolj$a potek bolezni.
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Uporaba barvnega citalca za ¢°Co z visoko hitrostjo
doze pri brahiterapijski filmski dozimetriji z EBT
radiokromskim filmom

Ghorbani M, Toossi MTB, Mowlavi AA, Roodi SB, Meigooni AS

IzhodiSc¢a. Namen raziskave je bil z radiokromskim filmom ovrednotiti delovanje barvnega Citalca pri dvodimenzionalni
dozimetriji okrog brahiterapijskega izvira visoke hitrosti.

Materiali in metode. Uporabili smo Microtecov fimski Eitalec ScanMaker 1000XL za izmero doznih porazdelitev okoli
brahiterapijskega izvira ©Co GZPé z radiokromskimi filmi GafChromic EBT. V preiskavah smo ocenili ne-uniformnost filma
in Citalskega odziva kot tudi fimsko obcutljivost na Citalski vir svetlobe. Pred samo dozimetrijo smo uporabili vec filmskih
vzorcev. Rezultate meritev smo primerjali s simuliranimi podatki MCNPX Monte Carlo. Izodozne krivulje pridobliene z radi-
okromskimi filmi in simulacijami Monte Carlo smo primerjali s fistimi iz planirnega sistema GZPé.

Rezultati. Skeniranje vzorcev enakomerno obsevanih filmov je pokazalo priblizno 2,85% in 4,97% neenakomernosti odzi-
va v vzdolzni in pre¢ni smeri filma. Ugotovitve so pokazale, da filmski odziv ni bil odvisen od izpostavijenosti Citalskemu viru
svetlobe, Zlasti pri veCkratnem skeniranju. Rezultati merjenja z radiokromskim filmom so se dolbro ujemali z izraCuni Monte
Carlo (4%) in z dozami, dobljenimi iz planirnega sistema GZPé (5%).

Zakljuéki. Rezultati raziskave kazejo, da je barvni Citalec Microtek ScanMaker 1000XL v povezavi s flmom GafChromic
EBT zanesljiv sistem za dozimetriCno oceno brahiterapijskega izvira visoke hitrosti.
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Engels HP: 1/8-18
Era D: 4/321-327
Erculj N: 1/46-53

Fang L: 3/233-241

Firoozabadi SM: 2/119-125;
3/226-232

Fras PA: 2/145-152
Fu N: 3/198-206
FuY: 3/233-241

Gaberscek S: 1/81-88
Gehl J: 4/271-278
Gholizadeh M: 1/75-80

Ghorbani M: 2/170-178;
4/363-369

Giraldi T: 4/321-327
Glavac D: 1/31-45
Glumac N: 3/258-264
Golusinski W: 4/328-336
Goricar K: 1/46-53
Grassi L: 4/321-327
Gregoric B: 2/153-159
Glltekin S: 1/28-31
Gumtstas S: 2/106-113

Hannan LM: 4/360-362
Hasdemir A: 1/28-31
Herman T: 3/265-270
Hertl K: 2/97-105

Hocevar M: 1/60-68; 3/258-264

Hu J: 1/69-74
Hudej R: 3/242-251
Hwang DY: 4/296-301

Inan N: 2/106-113
Tott M: 1/23-27
Iversen HK: 4/271-278

Jeong HJ: 4/279-283
Jeong YJ: 4/279-283
Jeromel M: 2/89-96
Jeromen A: 4/337-345

Jezersek Novakovic B:
2/153-159; 4/346-353

Ji P: 1/69-74; 2/114-118
Jin X: 3/179-188

Jung EJ: 4/296-301
Juvan P: 3/213-225

Kadivec M: 2/97-105
Kafi-abad SA: 3/226-232
Kehl V: 1/8-18

Keller FS: 2/89-96

Kim DW: 4/279-283
Kim G: 4/296-301

Kim JS: 4/279-283

Kim SR: 4/296-301

Kim YJ: 4/296-301

Knez L: 1/54-59

Kos J: 3/207-212

Kosnik M: 4/354-359
Kovac V: 1/54-59; 2/136-144
Kranjc S: 4/302-311
Krhin B: 2/160-165
Krishnan S: 1/23-27
Kwak JY: 4/279-283

Lamote J: 4/284-295

Leki¢ M: 1/54-59

Li CH: 3/189-197

Li H: 3/233-241

Li X: 3/179-188

Lievens P: 4/284-295

Lim ST: 4/279-283

Linnert M: 4/271-278
Lipnik—étangelj M: 4/312-320



Lu G: 3/198-206
Luo ZH: 2/89-96
Lv L: 3/198-206

Ma REF: 3/189-197

Malicki J: 4/328-336

Mao H: 1/69-74; 2/114-118
Markelc B: 4/302-311
Matthiesen C: 3/265-270
McDonald CF: 4/360-362

Meigooni AS: 2/170-178;
4/363-369

Meng Q: 3/198-206

Metz S: 1/8-18

Miklav¢i¢ D: 2/119-125
Milisi¢ S: 1/19-22

Miller R: 1/23-27

Mir LM: 3/226-232
Mlakar V: 1/31-45
Momennezhad M: 1/75-80

Mowlavi AA: 2/170-178;
4/363-369

Mozdarani H: 2/119-125
Muenzel D: 1/8-18
Mustacchi G: 4/321-327
Music M: 1/60-68

Naji M: 1/75-80

Nam SE: 4/296-301

Naser Forghani M: 1/75-80
Nielsen HJ: 3/207-212

Oblak I: 2/145-152; 3/252-257;
4/337-345

Ocvirk J: 3/252-257
Ozkara KS: 2/106-113

Park HS: 4/296-301

Pavcnik D: 2/89-96
Peszyniska-Piorun M: 4/328-336
Petric P: 2/145-152; 3/242-251
Pilko G: 1/60-68

Podobnik G: 2/97-105
Prosen L: 4/302-311

Raeisi E: 3/226-232
Rahmatpour N: 3/226-232
Ramgopol R: 3/265-270
Ratosa I: 4/337-345

Reza Aghamiri SM: 3/226-232
Richiardi M: 4/321-327
Rogelj P: 3/242-251

Roodi SB: 4/363-369
Rosch J: 2/89-96

Rozman A: 4/354-359
Ruggiero L: 4/284-295
Rummeny EJ: 1/8-18

Ryu CG: 4/296-301

Sadeghi R: 1/75-80
Sadikov A: 1/54-59
Sahakian AV: 2/126-135
Schillani G: 4/321-327
Seavey J: 3/265-270
Sedlar A: 4/302-311
Serraino D: 2/166-169
SersaI: 1/1-7

Sersa G: 1/31-45; 3/213-225;
4/302-311

Shen HY: 3/189-197

Shen J: 3/189-197

Skoblar Vidmar M: 4/337-345
Slavec K: 1/81-88

Snoj M: 2/97-105; 3/258-264
Sohn MH: 4/279-283

Sun P: 3/179-188

Segedin B: 3/242-251
Silar M: 4/354-359
Simenc J: 4/312-320
Susterdi¢ D: 1/1-7

Tekulve K: 2/89-96
Todorovic V: 1/31-45

Toossi MTB: 2/170-178;
4/363-369

Towhidi L: 2/119-125
Triller N: 1/54-59
Trost N: 3/213-225

Uchida BT: 2/89-96

Van Alstine WG: 2/89-96

Velenik V: 2/145-152;
3/252-257; 4/337-345

Vizin T: 3/207-212

Wang M: 3/179-188
Wang R: 3/179-188
Wu J: 2/114-118

Xu J: 3/189-197

Yang B: 3/198-206

Yang GS: 3/233-241
Yim CY: 4/279-283
Yoong J: 4/360-362

Zadel M: 1/46-53

Zadnik V: 2/153-159
Zebié-Sinkovec M: 2/97-105
Zeng ZP: 3/189-197

Zhang HB: 3/233-241

Zhao Y: 3/179-188

Zheng X: 1/69-74; 2/114-118
Zobec Logar HB: 3/242-251
Zukic¢ F: 1/19-22

Zupanic Slavec Z: 1/81-88
Zwitter M: 2/136-144

Zagar T: 2/136-144
Zgajnar J: 1/60-68
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3D visualization: 1/1-7
3D-CRT: 4/328-336

5-HTTLPR polymorphism:
4/321-327

%0Co high dose rate source:
4/363-369

aggressiveness: 3/179-188

anal cancer: 2/145-152
angiogenin: 4/354-359

anxiety: 4/321-327

apoptosis: 3/233-241; 4/312-320;

apparent diffusion coefficient:
2/106-113

arterioportal fistula: 3/198-206
astrocytes: 4/312-320
atrial septal defect: 2/89-96

axial and radial rigidity:
2/114-118

Ayre’ s spatula: 2/166-169

BAL fluid: 4/354-359

benign prostatic hyperplasia:
1/69-74

biomaterial: 2/89-96
bleomycin: 4/271-278; 1/31-45
blood-brain barrier: 4/271-278

brachytherapy: 2/170-178;
3/242-251

brain metastases: 1/54-59;
4/271-278

breast cancer: 1/23-27; 2/97-105;
3/213-225; 4/321-327

breast conserving surgery:
4/284-295

breast implant: 1/23-27
breast irradiation: 4/284-295
breast oedema: 4/284-295
bronchoscopy: 4/354-359

carcinoma: 4/302-311

cardiogenic trans-sinusoidal
shunting: 3/198-206

Castleman s disease: 3/265-270
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cathepsin X: 3/207-212
cervix cancer: 3/242-251
cetuximab: 3/252-257
chemotherapy: 2/136-144
choline: 3/179-188

cisplatin: 3/213-225; 3/226-232;
4/302-311

Clinic for Nuclear Medicine:
1/81-88

collimator: 1/75-80
color scanner: 4/363-369
colorectal cancer: 3/207-212

colour Doppler
ultrasonography: 1/28-31

comet assay: 1/46-53

computed tomography (CT):
3/189-197

contouring: 3/242-251

core biopsy: 1/19-22

CT: 1/19-22

cysteine cathepsins: 3/207-212
cytobrush: 2/166-169
cytotoxicity: 3/213-225

dental pupl anatomy: 1/1-7
depression: 4/321-327

diffuse alveolar damage:
4/360-362

diffuse large B-cell lymphoma:

2/153-159
diffusion-weighted imaging;:
2/106-113

digital rectal examination:
1/69-74

DNA repair: 1/46-53
early breast cancer: 4/284-295

EBT radiochromic film:
4/363-369

electrochemotherapy: 1/31-45;
4/271-278; 4/302-311

electrode configuration:
2/126-135

electrode device: 4/271-278

electro-endocytosis: 2/119-125

electroporation: 1/31-45; 2/119-
125; 3/226-232; 4/271-278

embolism: 2/89-96
endodontic treatment: 1/1-7
erection: 2/114-118
erythropoietin: 3/213-225

F-18 FDG: 4/279-283

false positive radioiodine:
1/28-31

female cancer: 2/166-169
flow cytometry: 4/312-320
FNAB: 1/19-22

gastroesophageal junction
adenocarcinoma: 4/337-345

gemcitabine in prolonged
infusion: 2/136-144

gene electrotransfer: 4/302-311
genetic polymorphism: 1/46-53
GZP6: 2/170-178

GZP6 brachytherapy source:
4/363-369

HDR: 4/363-369

head and neck cancer: 4/328-336
HEAP: 1/75-80

heart septal defects: 2/89-96

hepatocellular carcinoma:
2/126-135

high energy all purpose: 1/75-80
history: 1/81-88

homologous recombination:

1/46-53

IL-12: 4/302-311

IMRT: 3/265-270; 4/328-336
incidence: 2/136-144
inguinal: 3/258-264

interstitial lung disease:
4/360-362



invasive ductal carcinoma:
3/226-232

invasive lobular carcinoma:
1/23-27

irradiation: 3/226-232

irreversible electroporation:
2/126-135

LEHR: 1/75-80

limb salvage surgery: 3/189-197
liver cancer stem cells: 3/233-241
Ljubljana: 1/81-88

LMS: 1/8-18

low energy high resolution:
1/75-80

L-thyroxine: 2/160-165

lung cancer: 4/354-359

lung lesions: 1/19-22
lymphadenectomy: 3/258-264

lymphoedema of the breast:
4/284-295

lymphoscintigraphy: 1/75-80

magnetic resonance imaging:

1/28-31; 2/106-113

magnetic resonance imaging
(MRI): 3/189-197; 4/296-301

malignant pleural
mesothelioma: 2/136-144

melanoma: 1/31-45; 1/60-68;
3/258-264

mental adjustment to cancer:
4/321-327

metastatic potential: 1/31-45
mice: 4/302-311

microarray analysis: 1/31-45
micrometastases: 3/258-264
miR-548c-5p: 3/233-241

Monte Carlo simulation: 2/170-178
MR microscopy: 1/1-7

MRI: 2/97-105; 3/242-251

MRI guided vacuum assisted
biopsy: 2/97-105
multimodalities: 3/226-232

necroptosis: 4/312-320
NEF-kB, $3-catenin: 3/233-241

nuclear medicine: 1/81-88

optimization: 2/126-135
outcome: 2/145-152
overall survival: 1/60-68
oxaliplatin: 4/360-362

PACS: 1/8-18

peritoneal reflection: 4/296-301
PET/CT: 4/279-283; 3/179-188
portal hypertension: 3/198-206

postoperative radiochemotherapy:

4/337-345

post-therapy I-131 whole body
scan: 1/28-31

pregnancy: 2/160-165

primary central nervous system
lymphomas: 4/346-353

prognosis: 3/207-212

prophylactic cranial irradiation:
1/54-59

prostate cancer: 3/179-188;
1/69-74

pulmonary lesions: 2/106-113

radiochemotherapy: 2/145-152
radio-chemotherapy: 3/252-257
radiotherapy: 4/328-336
R-CHOP: 2/153-159

reactive oxygen species:
4/312-320

RECIST: 1/8-18

rectal cancer: 3/252-257;
4/296-301

routine treatments: 2/153-159
rupture: 1/23-27

salvage surgery: 2/145-152
sarcoma: 4/302-311

sentinel lymph node biopsy:
3/258-264

sentinel node: 1/75-80

serum biomarker: 3/207-212
shear ware velocity: 2/114-118
shear wave velocity: 1/69-74
Slovenia: 1/81-88

small intestinal submucosa:
2/89-96

small-cell lung cancer: 1/54-59
staurosporine: 4/312-320

subcutaneous panniculitis-like
T-cell lymphoma: 4/279-283

superimposition method:
2/170-178

survival: 2/136-144; 4/346-353

TG-43: 2/170-178

thyroid cancer: 1/28-31

thyroid carcinoma: 2/160-165

time-varying magnetic field:
2/119-125

toxicity: 4/337-345

transcatheter closure: 2/89-96

transmembrane molecular
transport: 2/119-125

transthoracic biopsy: 1/19-22

treatment outcomes: 4/346-353

treatment result: 2/153-159

tricuspid regurgitation:
3/198-206

TSH suppression: 2/160-165

tumour burden: 1/60-68

tumour measurement: 1/8-18

ultrasound: 1/60-68

ultrasound elastography:
4/284-295

vaginal cytology: 2/166-169

vascular endothelial growth
factor: 4/354-359

velocity tracing: 3/198-206

virtual touch tissue
quantification: 1/69-74;
2/114-118
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Activity of "Dr. J. Cholewa" Foundation for
Cancer Research and Education - a report for
the third quarter of 2012

The Dr. J. Cholewa Foundation for Cancer Research and Education is a non-profit, non-government
and non-political association of experts, institutions and organisations associated with cancer research,
cancer education, cancer treatment and prevention. Its principal aim is to search for and support new
ideas, initiatives and forward thinking in all of the activities associated with cancer.

The Foundation plans to broaden its sphere of activity with the establishment of a number of boards
of commissioners that are to further advance the planning, execution and evaluation of research and
publishing projects in the future. A new program for the Foundation’s activities is to be discussed in the
near future. Among other activities, the Foundation continues to support the publication of "Radiology
and Oncology”, an international scientific journal that is edited, published and printed in Ljubljana,
Slovenia. “Radiology and Oncology” publishes scientific articles, reviews, case reports, short reports
and letters to the editor about research and studies in experimental and clinical oncology, supportive
therapy, experimental and clinical research in radiology, radiophyics, and prevention and early diag-
nostics of different types of cancer. “Radiology and Oncology” is an open access journal available in
pdf format and with a Science Citation Index impact factor. Throughout the year 2012 the Foundation
continued to support a number of lay associations and organizations that are involved in education and
spread of information to professionals and lay people about cancer in Slovenia.

The Dr. J. Cholewa Foundation for Cancer Research and Education continues to assist and oncological,
radiological and other professional associations in Slovenia to organise scientific and other meetings of
specific interest in different fields of cancer research and education. The Foundation is also firmly com-
mitted to support all non-professional organisations that are involved in cancer education of groups
interested in problems associated with oncology and population in general in Slovenia.

Tomaz Benuli¢, MD
Borut Stabuc, MD, PhD
Andrej Plesnicar, MD




TANTUM" VERDE

Benzidamin

www.tantum-verde.si

Tantum Verde 1,5 mg/ml oralno priilo, raztopina

Kakovostna in kolic¢inska sestava

1 ml raztopine vsebuje 1,5 mg benzidaminijevega klorida, kar ustreza 1,34 mg
benzidamina.V enem razprsku je 0,17 ml raztopine. En razpriek vsebuje 0,255
mg benzidaminijevega klorida, kar ustreza 0,2278 mg benzidamina. En razprsek
vsebuje 13,6 mg 96 odstotnega etanola, kar ustreza 12,728 mg 100 odstotnega
etanola, in 0,17 mg metilparahidroksibenzoata (E218).

Terapevtske indikacije

Samozdravljenje: lajsanje bolecine in oteklin pri vnetju v ustni votlini in Zrelu, ki
so lahko posledica okuzb in stanj po operaciji. Po nasvetu in navodilu zdravnika:
lajsanje bolecine in oteklin v ustni votlini in Zrelu, ki so posledica radiomukozitisa.

Odmerjanje in nacin uporabe

Uporaba 2- do 6-krat na dan (vsake 1,5 do 3 ure). Odrasli: 4 do 8 razprskov 2- do
6-krat na dan. Otroci od 6 do 12 let: 4 razprski 2- do 6-krat na dan. Otroci, mlajsi
od 6 let: 1 razprsek na 4 kg telesne mase; do najvec 4 razprske 2 do 6-krat na dan.

Kontraindikacije
Znana preobcutljivost za zdravilno ucinkovino ali katerokoli pomozno snov.

Posebna opozorila in previdnostni ukrepi

Pri manjsini bolnikov lahko resne bolezni povzrocijo ustne/zrelne ulceracije.

Ce se simptomi v treh dneh ne izbolj$ajo, se mora bolnik posvetovati z
zdravnikom ali zobozdravnikom, kot je primerno. Zdravilo vsebuje aspartam
(E951) (vir fenilalanina), ki je lahko $kodljiv za bolnike s fenilketonurijo. Zdravilo
vsebuje izomalt (E953) (sinonim: izomaltitol (E953)). Bolniki z redko dedno
intoleranco za fruktozo ne smejo jemati tega zdravila. Uporaba benzidamina

ni priporocljiva za bolnike s preobcutljivostjo za salicilno kislino ali druga
nesteroidna protivnetna zdravila. Pri bolnikih, ki imajo ali so imeli bronhialno
astmo, lahko pride do bronhospazma. Pri takih bolnikih je potrebna previdnost.

Medsebojno delovanje z drugimi zdravili in druge oblike interakcij
Pri ljudeh raziskav o interakcijah niso opravljali.

Nosecnost in dojenje
Tantum Verde z okusom mentola 3 mg pastile se med nosecnostjo in dojenjem
ne smejo uporabljati.

Vpliv na sposobnost voZnje in upravljanja s stroji
Uporaba benzidamina lokalno v priporo¢enem odmerku ne vpliva na sposobnost
voznje in upravljanja s stroji.

Lajsanje bolecine in oteklin pri vnetju v
ustni votlini in Zrelu, ki nastanejo zaradi

Nezeleni ucinki
Bolezni prebavil Redki: peko¢ obcutek v ustih, suha usta.
Bolezni imunskega sistema Redki: preobcutljivostna reakcija.

OkUZb in Stanj po 0peraCU| in kOt pOSIEdlca Bolezni dihal, prsnega kosa in mediastinalnega prostora Zelo redki:
o .o . o oge laringospazem.
radioterapije (t.i. radiomukozitis). Bolezni koze in podkozja Obasni: fotosenzitivnost. Zelo redki: angioedem.
Rok uporabnosti
4 leta. Zdravila ne smete uporabljati po datumu izteka roka uporabnosti, ki je
Imetnik dovoljenja za promet naveden na ovojnini. Posebna navodila za shranjevanje Za shranjevanje pastil
CSC Pharma d.o.o. niso potrebna posebna navodila. Plastenko z raztopino shranjujte v zunanji
Jera EuEs T8 ovojnini za zagotovitev zascite pred svetlobo. Shranjujte pri temperaturi do 25°C.

csC ANGELINI 1000 Ljubljana Shranjujte v originalni ovojnini in nedosegljivo otrokom.




Is¢ete resitve na podroéju znanosti o Zivljenju?
Potrebujete ustrezna orodja za analitiko?

Mi vam jih ponujamo!

« Reagenti za diagnostiko in biomedicino

e Instrurmenti in tehniéna podpora

« Potrogni material

« Aplikativna pomoc

« Pipetni program in akreditirane kalibracije
» Plastika

KEMOMED d.o.0., Svetovanje, trgovina in trZenje » KaliSka 9 » Pe: Stritarjeva 5, 4000 KRANJ, Slovenija
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ERBITUX
CETUXIMAB ™=

See the difference

This is what
tumor shrinkage
looks like

Merck Serono Oncology | Combination is key™

Erbitux 5 mg/ml raztopina za infundiranje
Skrajsan povzetek glavnih znacilnosti zdravila

Sestava: En ml raztopine za infundiranje vsebuje 5 mg cetuximaba in pomozne snovi. Ce-
tuksimab je himerno monoklonsko IgG: protitelo. Terapevtske indikacije: Zdravilo Erbitux
je indicirano za zdravljenje bolnikov z metastatskim kolorektalnim rakom z ekspresijo recep-
torjev EGFR in nemutiranim tipom KRAS v kombinaciji s kemoterapijo na osnovi irinotekana,
kot primarno zdravljenje v kombinaciji s FOLFOX in kot samostojno zdravilo pri bolnikih,
pri katerih zdravljenje z oksaliplatinom in irinotekanom ni bilo uspesno ter pri bolnikih,
ki ne prenasajo irinotekana. Zdravilo Erbitux je indicirano za zdravljenje bolnikov z rakom
skvamoznih celic glave in vratu v kombinaciji z radioterapijo za lokalno napredovalo bolezen
in v kombinaciji s kemoterapijo na osnovi platine za ponavljajo¢o se in/ali metastatsko
bolezen. Odmerjanje in naéin uporabe: Zdravilo Erbitux pri vseh indikacijah infundirajte
enkrat na teden. Pred prvo infuzijo mora bolnik prejeti premedikacijo z antihistaminikom
in kortikosteroidom. Zacetni odmerek je 400 mg cetuksimaba na m? telesne povrsine. Vsi
naslednji tedenski odmerki so vsak po 250 mg/m? Kontraindikacije: Zdravilo Erbitux je
kontraindicirano pri bolnikih z znano hudo preobcutljivostno reakcijo (3. ali 4. stopnje) na
cetuksimab. Kombinacija zdravila Erbitux s kemoterapijo, ki vsebuje oksaliplatin, je kontrain-
dicirana pri bolnikih z metastatskim kolorektalnim rakom z mutiranim tipom KRAS ali kadar
status KRAS ni znan. Posebna opozorila in previdnostni ukrepi: Ce pri bolniku nastopi
blaga ali zmerna reakcija, povezana z infundiranjem, lahko zmanjsate hitrost infundiranja.
Priporocljivo je, da ostane hitrost infundiranja na nizji vrednosti tudi pri vseh naslednjih in-
fuzijah. Ce se pri bolniku pojavi huda kozna reakcija (= 3. stopnje po kriterijih US NCI-CTC),
morate prekiniti terapijo s cetuksimabom. Z zdravljenjem smete nadaljevati le, Ce se je reak-

iMerck Serono
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cija izboljsala do 2. stopnje. Zaradi moznosti pojava znizanja nivoja magnezija v serumu se
pred in periodi¢no med zdravljenjem priporo¢a dolo¢anje koncentracije elektrolitov. Ce se
pojavi sum na nevtropenijo, je potrebno bolnika skrbno nadzorovati. Potrebno je upostevati
kardiovaskularno stanje bolnika in so¢asno dajanje kardiotoksi¢nih ucinkovin kot so fluo-
ropirimidini. Cetuksimab je treba uporabljati previdno pri bolnikih z anamnezo keratitisa,
ulcerativnega keratitisa ali zelo suhih o¢i. Interakcije: Farmakokineti¢ne znacilnosti cetuk-
simaba ostanejo nespremenjene po socasni uporabi enkratnega odmerka irinotekana, tudi
farmakokinetika irinotekana je nespremenjena pri so¢asni uporabi cetuksimaba. Pri kom-
binaciji s fluoropirimidini se je povecala pogostnost sr¢ne ishemije, vklju¢no z miokardnim
infarktom in kongestivno sré¢no odpovedjo ter pogostnost sindroma dlani in stopal. V kom-
binaciji s kemoterapijo na osnovi platine se lahko poveca pogostnost hude levkopenije ali
hude nevtropenije. Nezeleni ucinki: Zelo pogosti (= 1/10): hipomagneziemija, povecanje
ravni jetrnih encimov, kozne reakcije, blage ali zmerne reakcije povezane z infundiranjem,
blag do zmeren mukozitis. Pogosti (= 1/100, < 1/10): dehidracija, hipokalciemija, anoreksija,
glavobol, konjunktivitis, driska, navzeja, bruhanje, hude reakcije povezane z infundiranjem,
utrujenost. Posebna navodila za shranjevanje: Shranjujte v hladilniku (2 °C - 8 °C). Paki-
ranje: 1 viala z 20 ml ali 100 ml raztopine. Nacin in rezim izdaje: H. Imetnik dovoljenja
za promet: Merck KGaA, 64271 Darmstadt, Nemcija. Datum zadnje revizije besedila:
Avgust 2012. Pred predpisovanjem zdravila natan¢no preberite celoten Povzetek glavnih
znacilnosti zdravila. Podrobnej$e informacije so na voljo pri predstavniku imetnika do-
voljenja za promet z zdravilom: Merck d.o.o., Ameriska ulica 8, 1000 Ljubljana, tel.: 01 560
3810, faks: 01 560 3830, el. posta: info@merck.si
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SKRAJSAN POVZETEK GLAVNIH ZNACILNOSTI ZDRAVILA

Samo za strokovno javnost.

Ime zdravila: Tarceva 25 mg/100 mg/150 mg filmsko obloZene tablete

Kakovostna in kolic¢inska sestava: Ena filmsko obloZzena tableta vsebuje 25 mg,
100 mg ali

150 mg erlotiniba (v obliki erlotinibijevega klorida).

Terapevtske indikacije: Nedrobnoceli¢ni rak plju¢: Zdravilo Tarceva je indicirano za
prvo linijo zdravljenja bolnikov z lokalno napredovalim ali metastatskim nedrobno-
celi¢cnim rakom plju¢ z EGFR-aktivirajo¢imi mutacijami. Zdravilo Tarceva je indicirano
tudi za samostojno vzdrzevalno zdravljenje bolnikov z lokalno napredovalim ali me-
tastatskim nedrobnoceli¢nim rakom pljuc s stabilno boleznijo po 4 ciklih standardne
kemoterapije na osnovi platine v prvi liniji zdravljenja. Zdravilo Tarceva je indicirano
tudi za zdravljenje bolnikov z lokalno napredovalim ali metastatskim nedrobnocelic-
nim rakom plju¢ po neuspehu vsaj ene predhodne kemoterapije. Pri predpisovanju
zdravila Tarceva je treba upostevati dejavnike, povezane s podaljsanim preZivetjem.
Koristnega vpliva na podaljsanje prezivetja ali drugih klinicno pomembnih ucinkov
zdravljenja niso dokazali pri bolnikih z EGFR-negativnimi tumorji (glede na rezultat
imunohistokemije). Rak trebusne slinavke: Zdravilo Tarceva je v kombinaciji z gemcita-
binom indicirano za zdravljenje bolnikov z metastatskim rakom trebusne slinavke. Pri
predpisovanju zdravila Tarceva je treba upostevati dejavnike, povezane s podaljsanim
prezivetjem. Koristnega vpliva na podaljsanje prezivetja niso dokazali za bolnike z lo-
kalno napredovalo boleznijo.

Odmerjanje in nacin uporabe: Zdravljenje z zdravilom Tarceva mora nadzorova-
ti zdravnik z izkusnjami pri zdravljenju raka. Pri bolnikih z lokalno napredovalim ali
metastatskim nedrobnoceli¢nim rakom pljug, ki Se niso prejeli kemoterapije, je treba
testiranje za doloc¢anje mutacij EGFR opraviti pred zacetkom zdravljenja z zdravilom
Tarceva. Zdravilo Tarceva vzamemo najmanj eno uro pred zauzitjem hrane ali dve uri
po tem. Kadar je potrebno odmerek prilagoditi, ga je treba zmanjsevati v korakih po
50 mg. Pri so¢asnem jemanju substratov in modulatorjev CYP3A4 bo morda potrebna
prilagoditev odmerka. Pri dajanju zdravila Tarceva bolnikom z jetrno okvaro je potreb-
na previdnost. Ce se pojavijo hudi nezeleni u¢inki, pride v potev zmanj$anje odmerka
ali prekinitev zdravljenja z zdravilom Tarceva. Uporaba zdravila Tarceva pri bolnikih s
hudo jetrno ali ledvi¢no okvaro ter pri otrocih ni priporocljiva. Bolnikom kadilcem je
treba svetovati, naj prenehajo kaditi, saj so plazemske koncentracije erlotiniba pri kadil-
cih manjse kot pri nekadilcih. Nedrobnoceli¢ni rak plju¢: Priporoceni dnevni odmerek
zdravila Tarceva je 150 mg. Rak trebusne slinavke: Priporo¢eni dnevni odmerek zdravila
Tarceva je 100 mg, v kombinaciji zgemcitabinom. Pri bolnikih, pri katerih se kozni izpu-
$¢aj v prvih 4 do 8 tednih zdravljenja ne pojavi, je treba ponovno pretehtati nadaljnje
zdravljenje z zdravilom Tarceva.

Kontraindikacije: Preobcutljivost na erlotinib ali katero koli pomozno snov.

Posebna opozorila in previdnostni ukrepi: Pri dolo¢anju bolnikovega statusa mu-
tacij EGFR je pomembno izbrati dobro validirano in robustno metodologijo, da se izo-
gnemo lazno negativnim ali lazno pozitivnim rezultatom. Kadilci: Bolnikom, ki kadijo, je
treba svetovati, naj prenehajo kaditi, saj so plazemske koncentracije erlotiniba pri ka-
dilcih zmanjsane v primerjavi s plazemskimi koncentracijami pri nekadilcih. Verjetno je,
da je velikost zmanjsanja klinicno pomembna. Intersticijska bolezen plju¢: Pri bolnikih,
pri katerih se akutno pojavijo novi in/ali poslabsajo nepojasnjeni plju¢ni simptomi, kot
so dispneja, kadelj in vrocina, je treba zdravljenje z zdravilom Tarceva prekiniti, dokler
ni znana diagnoza. Bolnike, ki se so¢asno zdravijo z erlotinibom in gemcitabinom, je
treba skrbno spremljati zaradi moznosti pojava toksi¢nosti, podobni intersticijski bo-
lezni plju¢. Ce je ugotovljena intersticijska bolezen plju¢, zdravilo Tarceva ukinemo in
uvedemo ustrezno zdravljenje. Driska, dehidracija, neravnovesje elektrolitov in ledvi¢na
odpoved: Pri priblizno polovici bolnikov, ki so se zdravili z zdravilom Tarceva, se je poja-
vila driska (vklju¢no z zelo redkimi primeri, ki so se koncali s smrtnim izidom). Zmerno
do hudo drisko zdravimo z loperamidom. V nekaterih primerih bo morda potrebno
zmanjsanje odmerka. V primeru hude ali dolgotrajne driske, navzeje, anoreksije ali
bruhanja, povezanih z dehidracijo, je treba zdravljenje z zdravilom Tarceva prekiniti in
dehidracijo ustrezno zdraviti. O hipokaliemiji in ledvi¢ni odpovedi so porocali redko.
Posebno pri bolnikih z dejavniki tveganja (socasno jemanje drugih zdravil, simptomi,
bolezni ali drugi dejavniki, vklju¢no z visoko starostjo) moramo, ce je driska huda ali
dolgotrajna oziroma vodi v dehidracijo, zdravljenje z zdravilom Tarceva prekiniti in
bolnikom zagotoviti intenzivno intravensko rehidracijo. Dodatno je treba pri bolnikih
s prisotnim tveganjem za razvoj dehidracije spremljati ledvi¢no delovanje in serumske
elektrolite, vklju¢no s kalijem. Hepatisis, jetrna odpoved: Pri uporabi zdravila Tarceva so
porocali o redkih primerih jetrne odpovedi (vklju¢no s smrtnimi). K njenemu nastanku
je lahko pripomogla predhodno obstojeca jetrna bolezen ali socasno jemanje hepa-
totoksi¢nih zdravil. Pri teh bolnikih je treba zato premisliti o rednem spremljanju jetr-
nega delovanja. Dajanje zdravila Tarceva je treba prekiniti, ¢e so spremembe jetrnega
delovanja hude. Perforacije v prebavilih: Bolniki, ki prejemajo zdravilo Tarceva, imajo
vecje tveganje za razvoj perforacij v prebavilih, ki so jih opazili obc¢asno (vklju¢no z
nekaterimi primeri, ki so se koncali s smrtnim izidom). Pri bolnikih, ki so¢asno prejema-
jo zdravila, ki zavirajo angiogenezo, kortikosteroide, nesteroidna protivnetna zdravila
(NSAID) in/ali kemoterapijo na osnovi taksanov, ali so v preteklosti imeli pepti¢ni ulkus
ali divertikularno bolezen, je tveganje ve¢je. Ce pride do tega, je treba zdravljenje z
zdravilom Tarceva dokonéno ukiniti. KoZne bolezni pri katerih so prisotni mehurji in lusce-
nje koZe: Porocali so o primerih koznih bolezni z mehurji in lus¢enjem koze, vklju¢no z
zelo redkimi primeri, ki so nakazovali na Stevens-Johnsonov sindrom/toksi¢no epider-
malno nekrolizo in so bili v nekaterih primerih smrtni. Zdravljenje z zdravilom Tarceva
je treba prekiniti ali ukiniti, ¢e se pri bolniku pojavijo hude oblike mehurjev ali lu¢enja
koze. Ocesne bolezni: Bolniki, pri katerih se pojavijo znaki in simptomi, ki nakazujejo

na keratitis in so lahko akutni ali se poslabsujejo: vnetje ocesa, solzenje, obcutljivost
na svetlobo, zamegljen vid, bolecine v ocesu in/ali rdece oci, se morajo takoj obrniti
na specialista oftalmogije. V primeru, da je diagnoza ulcerativnega keratitisa potrjena,
je treba zdravljenje z zdravilom Tarceva prekiniti ali ukiniti. V primeru, da se postavi
diagnoza keratitisa, je treba skrbno razmisliti o koristih in tveganjih nadaljnega zdra-
vljenja. Zdravilo Tarceva je pri bolnikih, ki so v preteklosti imeli keratitis, ulcerativni
keratitis ali zelo suhe oci, uporabljati previdno. Uporaba kontaktnih le¢ je prav tako de-
javnik tveganja za keratitits in ulceracijo. Med uporabo zdravila Tarceva so zelo redko
porocali o primerih perforacije ali ulceracije roZenice. Medsebojno delovanje z drugimi
zdravili: Moc¢ni induktorji CYP3A4 lahko zmanjsajo ucinkovitost erlotiniba, mo¢ni zavi-
ralci CYP3A4 pa lahko povecajo toksi¢nost. So¢asnemu zdravljenju s temi zdravili se je
treba izogibati. Tablete vsebujejo laktozo in jih ne smemo dajati bolnikom z redkimi
dednimi staniji: intoleranco za galaktozo, laponsko obliko zmanjsane aktivnosti laktaze
ali malabsorpcijo glukoze/galaktoze.

Medsebojno delovanje z drugimi zdravili in druge oblike interakcij: Erlotinib
se pri ljudeh presnavlja v jetrih z jetrnimi citokromi, primarno s CYP3A4 in v manjsi
meri s CYP1A2. Presnova erlotiniba zunaj jeter poteka s CYP3A4 v ¢revesju, CYP1A1 v
pljucih in CYP1B1 v tumorskih tkivih. Z zdravilnimi uc¢inkovinami, ki se presnavljajo s
temi encimi, jih zavirajo ali pa so njihovi induktoriji, lahko pride do interakcij. Erlotinib
je srednje mocan zaviralec CYP3A4 in CYP2C8, kot tudi mocan zaviralec glukuronida-
cije z UGT1A1 in vitro. Pri kombinaciji ciprofloksacina ali mo¢nega zaviralca CYP1A2
(npr. fluvoksamina) z erlotinibom je potrebna previdnost. V primeru pojava nezelenih
ucinkov, povezanih z erlotinibom, lahko odmerek erlotiniba zmanjsamo. Predhodno
ali socasno zdravljenje z zdravilom Tarceva ni spremenilo ocistka prototipov substratov
CYP3A4, midazolama in eritromicina. Inhibicija glukoronidacije lahko povzro¢i interak-
cije z zdravili, ki so substrati UGT1AT in se izlo¢ajo samo po tej poti. Mo¢ni zaviralci
aktivnosti CYP3A4 zmanjsajo presnovo erlotiniba in zvecajo koncentracije erlotiniba
v plazmi. Pri so¢asnem jemanju erlotiniba in mo¢nih zaviralcev CYP3A4 je zato po-
trebna previdnost. Ce je treba, odmerek erlotiniba zmanjsamo, $e posebno pri pojavu
toksi¢nosti. Moc¢ni spodbujevalci aktivnosti CYP3A4 zvecajo presnovo erlotiniba in po-
membno zmanjsajo plazemske koncentracije erlotiniba. So¢asnemu dajanju zdravila
Tarceva in induktorjev CYP3A4 se je treba izogibati. Pri bolnikih, ki potrebujejo so-
¢asno zdravljenje z zdravilom Tarceva in mo¢nim induktorjem CYP3A4, je treba pre-
misliti o povec¢anju odmerka do 300 mg ob skrbnem spremljanju njihove varnosti.
Zmanjsana izpostavljenost se lahko pojavi tudi z drugimi induktorji, kot so fenitoin,
karbamazepin, barbiturati ali $entjanzevka. Ce te zdravilne u¢inkovine kombiniramo
z erlotinibom, je potrebna previdnost. Kadar je mogoce, je treba razmisliti o drugih
nacinih zdravljenja, ki ne vklju¢ujejo mo¢nega spodbujanja aktivnosti CYP3A4. Bolni-
kom, ki jemljejo kumarinske antikoagulante, je treba redno kontrolirati protrombinski
cas ali INR. Socasno zdravljenje z zdravilom Tarceva in statinom lahko poveca tvega-
nje za miopatijo, povzroceno s statini, vklju¢no z rabdomiolizo; to so opazili redko.
Socasna uporaba zaviralcev P-glikoproteina, kot sta ciklosporin in verapamil, lahko
vodi v spremenjeno porazdelitev in/ali spremenjeno izlo¢anje erlotiniba. Za erlotinib
je znacilno zmanjsanje topnosti pri pH nad 5. Zdravila, ki spremenijo pH v zgornjem
delu prebavil, lahko spremenijo topnost erlotiniba in posledi¢no njegovo biolosko
uporabnost. U¢inka antacidov na absorpcijo erlotiniba niso proucevali, vendar je ta
lahko zmanjsana, kar vodi v nizje plazemske koncentracije. Kombinaciji erlotiniba in
zaviralca protonske ¢rpalke se je treba izogibati. Ce menimo, da je uporaba antacidov
med zdravljenjem z zdravilom Tarceva potrebna, jih je treba jemati najmanj 4 ure pred
ali 2 uri po dnevnem odmerku zdravila Tarceva. Ce razmiljamo o uporabi ranitidina,
moramo zdravili jemati lo¢eno: zdravilo Tarceva je treba vzeti najmanj 2 uri pred ali 10
ur po odmerku ranitidina. V studiji faze Ib ni bilo pomembnih uc¢inkov gemcitabina na
farmakokinetiko erlotiniba, prav tako ni bilo pomembnih ucinkov erlotiniba na farma-
kokinetiko gemcitabina. Erlotinib poveca koncentracijo platine. Pomembnih ucinkov
karboplatina ali paklitaksela na farmakokinetiko erlotiniba ni bilo. Kapecitabin lahko
poveca koncentracijo erlotiniba. Pomembnih ucinkov erlotiniba na farmakokinetiko
kapecitabina ni bilo.

Nezeleni ucinki: Zelo pogosti neZeleni ucinki so kozni izpu$¢aj in driska, kot tudi utru-
jenost, anoreksija, dispneja, kaselj, okuzba, navzea, bruhanje, stomatitis, bolecina v
trebuhu, pruritus, suha koza, suhi keratokonjunktivitis, konjunktivitis, zmanjsanje tele-
sne mase, depresija, glavobol, nevropatija, dispepsija, flatulenca, alopecija, okorelost,
pireksija, nenormalnosti testov jetrne funkcije. Pogosti neZeleni ucinki so krvavitve v
prebavilih, epistaksa, keratitis, paronihija, folikulitis, akne/akneiformni dermatitis, fi-
sure na kozi. Obcasno so porocali o perforacijah v prebavilih, hirzutizmu, spremem-
bah obrvi, krhkih nohtih, odstopanju nohtov od koze, blagih reakcijah na kozi (npr.
hiperpigmentacija), spremembah trepalnic, hudi intersticijski bolezni plju¢ (vklju¢no
s smrtnimi primeri). Redko pa so porocali o jetrni odpovedi. Zelo redko so porocali o
Stevens-Johnsonovem sindromu/toksi¢ni epidermalni nekrolizi ter o ulceracijah in
perforacijah rozenice.

Rezim izdaje zdravila: H/Rp. Imetnik dovoljenja za promet: Roche Registration Li-
mited, 6 Falcon Way, Shire Park, Welwyn Garden City, AL7 1TW, Velika Britanija. Verzija:
1.0/12. Informacija pripravljena: Oktober 2012.

DODATNE INFORMACIJE SO NA VOLJO PRI:

Roche farmacevtska druzba d.o.0., Vodovodna cesta 109, 1000 Ljubljana.
Povzetek glavnih znacilnosti zdravila je dosegljiv na

www.roche.si ali www.onkologija.si.
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Instructions for authors

The editorial policy

Radiology and Oncology is a multidisciplinary journal devoted to the publishing original and high quality scientific papers,
professional papers, review articles, case reports and varia (editorials, short communications, professional information, book
reviews, letters, etc.) pertinent to diagnostic and interventional radiology, computerized tomography, magnetic resonance,
ultrasound, nuclear medicine, radiotherapy, clinical and experimental oncology, radiobiology, radiophysics and radiation
protection. Therefore, the scope of the journal is to cover beside radiology the diagnostic and therapeutic aspects in oncology,
which distinguishes it from other journals in the field.

The Editorial Board requires that the paper has not been published or submitted for publication elsewhere; the authors are
responsible for all statements in their papers. Accepted articles become the property of the journal and, therefore cannot be
published elsewhere without the written permission of the editors.

Submission of the manuscript

The manuscript written in English should be submitted to the journal via online submission system Editorial Manager avail-
able for this journal at: www.radioloncol.com.

In case of problems, please contact Saso Trupej at saso.trupej@computing.si or the Editor of this journal at gsersa@onko-i.si
All articles are subjected to the editorial review and the review by independent referees.

Authors are requested to suggest persons competent to review their manuscript. However, please note that this will be
treated only as a suggestion, the final selection of reviewers is exclusively the Editor’s decision. The authors’ names are
revealed to the referees, but not vice versa.

Manuscripts which do not comply with the technical requirements stated herein will be returned to the authors for the cor-
rection before peer-review. The editorial board reserves the right to ask authors to make appropriate changes of the contents
as well as grammatical and stylistic corrections when necessary. Page charges will be charged for manuscripts exceeding the
recommended page number, as well as additional editorial work and requests for printed reprints.

All articles are published printed and on-line as the open access. To support the open access policy of the journal, the authors
are encouraged to pay the open access charge of 500 EUR.

Manuscripts submitted under multiple authorship are reviewed on the assumption that all listed authors concur in the
submission and are responsible for its content; they must have agreed to its publication and have given the corresponding
author the authority to act on their behalf in all matters pertaining to publication. The corresponding author is responsible
for informing the coauthors of the manuscript status throughout the submission, review, and production process.

Preparation of manuscripts

Radiology and Oncology will consider manuscripts prepared according to the Uniform Requirements for Manuscripts
Submitted to Biomedical Journals by International Committee of Medical Journal Editors (www.icmje.org). The manuscript
should be typed double-spaced with a 3-cm margin at the top and left-hand side of the sheet. The manuscript should be
written in grammatically and stylistically correct language. Abbreviations should be avoided. If their use is neccessary, they
should be explained at the first time mentioned. The technical data should conform to the SI system. The manuscript, includ-
ing the references, must not exceed 15 typewritten pages, and the number of figures and tables is limited to 8. If appropriate,
organize the text so that it includes: Introduction, Materials and methods, Results and Discussion. Exceptionally, the results
and discussion can be combined in a single section. Start each section on a new page, and number each page consecutively
with Arabic numerals.

The Title page should include a concise and informative title, followed by the full name(s) of the author(s); the institutional
affiliation of each author; the name and address of the corresponding author (including telephone, fax and E-mail), and an
abbreviated title. This should be followed by the abstract page, summarizing in less than 250 words the reasons for the study,
experimental approach, the major findings (with specific data if possible), and the principal conclusions, and providing 3-6
key words for indexing purposes. Structured abstracts are preferred. Slovene authors are requested to provide title and the
abstract in Slovene language in a separate file. The text of the research article should then proceed as follows:

Introduction should summarize the rationale for the study or observation, citing only the essential references and stating the
aim of the study.

Materials and methods should provide enough information to enable experiments to be repeated. New methods should be
described in detail.

Results should be presented clearly and concisely without repeating the data in the figures and tables. Emphasis should be

on clear and precise presentation of results and their significance in relation to the aim of the investigation.

Discussion should explain the results rather than simply repeating them and interpret their significance and draw conclu-
sions. It should discuss the results of the study in the light of previously published work.
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