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2019, Orszagos Onkologiai Intézet.

2020
ESTRO kongresszus, Bécs, online poszter 2020. 07.31-08.04.

Cytogenetic and immunological markers to predict side effects and tumour control in cancer
patients. Zsolt Juranyi, Zsuzsa Kocsis S., Katalin Lumniczky, Katalin Balazs, Péter Agoston,
Gyongyi Farkas, Marta Kun-Gazda, Gabor Székely, Tibor Major, Csilla Pesznyak, Gabor
Stelczer, Kliton Jorgo, Laszlo Gesztesi, Csaba Polgar, Géza Safrany.

MST szimpézium 2020.10.16-17.

A sugarkezelés €s az immunterapia kombindacioja.

Mikor, hogyan eldnydk, hatranyok, Juranyi Zsolt, Kocsis S. Zsuzsa, Lumniczky Katalin, Baldzs
Katalin, Farkas Gyongyi, Kun-Gazda Marta, Székely Gébor, Polgar Csaba

Pécsi Immuno-Onkoloégiai Napok, 2020.02.07-08.

A tumor kontroll és a radiogén mellékhatasok prediktiv citogenetikai és immunoldgiai
biomarkerei négyféle sugarterdpiads modalitassal kezelt prosztata rakos betegeknél, Juranyi
Zsolt, Kocsis S. Zsuzsa, Lumniczky Katalin, Balézs Katalin, Agoston Péter, Farkas Gyongyi,
Kun-Gazda Marta, Székely Gabor, Major Tibor, Pesznyék Csilla, Stelczer Gabor, Jorgo Kliton,
Gesztesi Laszlo, Polgar Csaba, Safrany Géza



2021
ESTRO kongresszus, Madrid, online poszter, 2021 Augusztus 27-31.

Cytogenetic and immunological biomarkers with predictive value for the development of side
effects and tumour control in prostate cancer patients treated with four types of radiotherapy
Zsolt Juranyi, Zsuzsa S. Kocsis, Katalin Lumniczky, Katalin Balazs, Péter Agoston, Gyongyi
Farkas, Viktoria Tolgyesi, Gabor Székely, Tibor Major, Csilla Pesznyak, Gabor Stelczer, Kliton
Jorgo, Laszld Gesztesi, Géza Safrany, Csaba Polgar.

MOT 34. kongresszus, Szeged, 2021. november 11-13.

Sugérbioldgiai moédszerek a sugarterapias mellékhatasok predikcidjara, Kocsis S. Zsuzsa,
Agoston Péter, Farkas Gyongyi, Kun-Gazda Marta, Székely Géabor, Major Tibor, Mihaly
Dalma, Pesznydk Csilla, Stelczer Gabor, Jorgo Kliton, Gesztesi Laszlo, Polgar Csaba, Juranyi
Zsolt.

MST 15. kongresszus, HOTEL CLUB TIHANY, 2021. szeptember 23-25.
Kromoszoémaaberraciok ¢és sugarterapids mellékhatasok kapcsolata: négyféle prosztata
sugarterapia sszehasonlitasa biodozimetriai szempontbol, Kocsis S. Zsuzsa, Agoston Péter,
Farkas Gyongyi, Kun-Gazda Marta, Székely Gabor, Major Tibor, Mihaly Dalma, Pesznyak
Csilla, Stelczer Gabor, Jorgo Kliton, Gesztesi Laszlo, Polgar Csaba, Jurdnyi Zsolt.

MST 15. kongresszus, HOTEL CLUB TIHANY, 2021. szeptember 23-25.

Radiation Induced Lymphocyte Apoptosis (RILA) és kromoszdémaaberracids modszer
Osszehasonlitdsa a sugarterapias mellékhatasok eldrejelzésének szempontjabol, Juranyi Zsolt,
Kocsis S. Zsuzsa, Agoston Péter, Farkas Gyongyi, Kun-Gazda Marta, Székely Gabor, Major
Tibor, Mihdly Dalma, Pesznyak Csilla, Stelczer Géabor, Jorgo Kliton, Gesztesi Laszlo, Polgar
Csaba, Juranyi Zsolt.

MST 15. kongresszus, HOTEL CLUB TIHANY, 2021. szeptember 23-25.

A sugarterapiaban alkalmazott kiilonféle fotonsugdrzasi paraméterek biologiai hatdsanak
Osszehasonlitasa biologiai dozimetriaval, Farkas Gyongyi, Székely Gabor, Kocsis S. Zsuzsa,
Pocza Tamés, Mihdly Dalma, Herein Andras, Pesznyak Csilla, Major Tibor, Polgar Csaba,
Jurényi Zsolt.

Betegoktatas: Farkas Gyongyi: Kornyezet, genetika €s rak, 2021.
Jurdnyi Zsolt. Bioldgiai dozimetria. Klinikai sugarbioldgia tanfolyam, 2021.10.06, Budapest.

2022
ESTRO kongresszus, Koppenhaga, 2022. 05.06-05.10.

Predictive biomarkers for side effects and tumor control in radiotherapy-treated prostate cancer
patients, Zsolt Juranyi, Zsuzsa S. Kocsis, Katalin Lumniczky, Katalin Balazs, Péter Agoston,
Gyongyi Farkas, Viktoria Tolgyesi, Gabor Székely, Tibor Major, Csilla Pesznydk, Géabor
Stelczer, Kliton Jorgo, Laszl6 Gesztesi, Csaba Polgar, Géza Safrany

Participation at scientific meetings between 2017-2022 (NPHC):



2017

18-20.10.2017.: Hungarian Society of Immunology, poster: Radiotherapy-induced
phenotypical changes in peripheral blood mononuclear cells of head and neck cancer patients,
Baléazs Katalin, Kis Enikd, Christophe Badie, Bogdandi Noémi Enikd, Serge Candéias, Lourdes
Cruz Garcia, Iwona Dominczky, Benjamin Frey, Udo Gaipl, Juranyi Zsolt, Kocsis S. Zsuzsa,
Eric Andreas Rutten, Safrany Géza, Piotr Widlak, Lumniczky Katalin

16-18.11.2017.: Hungarian Cancer Society, poster: Sugarterapia indukalt fenotipikus
valtozasok fej-nyaki daganatos betegek periférias mononuklearis sejtjeiben, Balazs Katalin, Kis
Enikd, Christophe Badie, Bogdandi Noémi Enikd, Serge Candéias, Lourdes Cruz Garcia, lwona
Dominczky, Benjamin Frey, Udo Gaipl, Juranyi Zsolt, Kocsis S. Zsuzsa, Eric Andreas Rutten,
Safrany Géza, Piotr Widlak, Lumniczky Katalin

2018

21-25.08.2018.: European Radiation Research Society (ERRS), poster: Radiotherapy-induced
cellular and soluble immunological markers of head and neck cancer patients, (Young
Investigator Award was obtained), Balazs Katalin, Kis Enik6, Christophe Badie, Bogdandi
Noémi Enik6, Serge Candéias, Lourdes Cruz Garcia, Iwona Dominczky, Benjamin Frey, Udo
Gaipl, Juranyi Zsolt, Kocsis S. Zsuzsa, Eric Andreas Rutten, Safrany Géza, Piotr Widlak,
Lumniczky Katalin

29-31.08.2018.: Congress of Hungarian Association of Public Health Training and Research
Institute (HAPHI), oral presentation: Sugarzas indukalta cellularis és szolubilis immunoldgiai
markerek vizsgalata fej-nyaki daganatos betegekben, Balazs Katalin, Kis Enikd, Christophe
Badie, Bogdandi Noémi Enikd, Serge Candéias, Lourdes Cruz Garcia, Iwona Dominczky,
Benjamin Frey, Udo Gaipl, Jurdnyi Zsolt, Kocsis S. Zsuzsa, Eric Andreas Rutten, Safrany Géza,
Piotr Widlak, Lumniczky Katalin

14.09.2018.: Congress of Young Oncologist, oral presentation: Fej- nyaki daganatos betegek
sugarterapia-specifikus immunoldgiai markereinek vizsgalata, Baldzs Katalin, Kis Enikd,
Christophe Badie, Bogdandi Noémi Enikd, Serge Candéias, Lourdes Cruz Garcia, Iwona
Dominczky, Benjamin Frey, Udo Gaipl, Juranyi Zsolt, Kocsis S. Zsuzsa, Eric Andreas Rutten,
Safrany Géza, Piotr Widlak, Lumniczky Katalin

26.10.2018.: I. Flow Cytometry Day - Semmelweis University, Doctoral School of Pathological
Sciences, poster: Cellularis és szolubilis biomarkerek vizsgalata sugarterapiaval kezelt fej-
nyaki daganatos betegek vérében, Baldzs Katalin, Kis Enikd, Christophe Badie, Bogdandi
Noémi Enikd, Serge Candéias, Lourdes Cruz Garcia, Iwona Dominczky, Benjamin Frey, Udo
Gaipl, Juranyi Zsolt, Kocsis S. Zsuzsa, Eric Andreas Rutten, Safrany Géza, Piotr Widlak,
Lumniczky Katalin

08-10.11.2018.: Congress of Hungarian Society of Clinical Oncology, oral presentation:
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Summary of performed research

The goal of this collaborative project between the National Institute of Oncology (N10)
and National Public Health Centre (NPHC) is to investigate how cancer and radiotherapy as a
major anti-cancer treatment modality impact the immune system long after the successful
treatment of a tumor and to follow-up systemic side effects of different types of radiotherapy
up to 5 years after therapy.

Prostate cancer patients were treated with different radiotherapy modalities. During
LINAC-based teletherapy total dose is delivered in several fractions. Its state-of-the-art form is
Cyberknife therapy with high precision robotics and narrow beams. Brachytherapy techniques
use radioisotopes placed inside the body: near or into the tumor. LDR (low dose rate)
brachytherapy is performed by permanent insertion of isotopes. HDR (high dose rate)
brachytherapy also uses isotopes, but after quick dose transmission they are removed from the
patient. Prostate cancer can be treated with all the aforementioned techniques, therefore,
different radiobiological effects are comparable in this patient population. Doses: HDR
brachyterapy 1 x 19/21 Gy, LDR brachytherapy 1 x 145 Gy over 12 months, teletherapy
(LINAC-based) delivered in multiple 1,8-2,5 Gy fractions up to 70-78 Gy total dose,
Cyberknife 5 x 8 Gy.

We recruited 251 patients and had to exclude 8 individuals. The patients were treated
with seed brachytherapy (69 patients), high dose rate (HDR) brachytherapy (52 patients),
conventional teletherapy (55 patients) and cyberknife teletherapy (65 patients) out of which
approx. 20 patients in the first three groups were investigated for systemic immune changes as
well. There was one deviation from the protocol. We omitted combined radiotherapy patients
(only recruited two), because we realised, the combination of conventional teletherapy and two
fractions of HDR brachytherapy can be administered in three schedules causing too many small
subgroups. We recruited patients undergoing cyberknife robotic teletherapy instead. This
treatment was not available in our centre at the time of the contract. The new accelerator arrived
as first of the kind in Central Europe, and we started to recruit these patients in May of 2018.
There were also more patients included in the study than in the contract. The required ethical
permissions were modified accordingly.

Changes in cytogenetic and immune parameters were investigated before, right after and
3, 6,9, 12, 24, 36 months after therapy and samples are collected annually for further time
points as well.

Clinical data were recorded using RTOG/EORTC genitourinary (GU) and
gastrointestinal (GI) grade, IPSS (International Prostate Symptom Score) and QoL (Quality of
life) questionnaires. Blood samples were collected up to the present at National Institute of
Oncology (NIO) and transferred to National Public Health Centre (NPHC) for further analyses.

National Institute of Oncology (NI1O)

In our study population, there were 23.7% low, 61.8% intermediate and 14.5% high risk
prostate cancer patients. The survival of the non-metastatic prostate cancer is usually high, even
if they are an older cohort among the cancer patients. The average age was 67.7 years in our
cohort. The overall survival was between 97.4% (cyberknife group) and 89.9% (teletherapy
group). The success of radiotherapy can be best described by the local relapse free survival,
which was 98.1 = 1.9%, 100%, 96.7 + 2.3% and 100% in the cyberknife, HDR, seed, and
conventional teletherapy group, respectively. The biochemical relapse is defined by the prostate



specific antigen (PSA) level increase in the blood (more than 2 ng/ml increase compared of the
nadir level). The increase of this marker is one of the earliest signs of relapse, (however, not
entirely specific) and gives opportunity to intervene. We observed at least 82.7 = 5.8%
biochemical relapse free survival (HDR brachytherapy group). The maximum was 93.8 + 3.0%
in the seed brachytherapy group.

We registered the side effects of the patients at the same time points when blood samples
were taken. There was a control visit at the physician directly after the last fraction of the
radiation, and after 3, 6, 9, 12, 24, 36, 48, 60 months. These four radiotherapy modalities have
not been ever compared in the same cohort. We found that the HDR therapy caused the less
early urogenital toxicities, while the other three modalities showed similar effects. There was
few (1.6-2.9%) severe, grade 3 side effects. Among the acute gastrointestinal toxicities we did
not find any of these severe side effects. The conventional teletherapy caused the most grade 2
(manageable with medication) early side effects (14.8%). The late urinary side effects were the
least frequent in case of HDR therapy and cyberknife teletherapy. However, grade 3 severe side
effects emerged in similar frequencies in all treatment groups (2.4-3.3%). There were few and
mild late gastrointestinal side effects. There was no grade 3 toxicity and most patients (69.0-
94.7%) have not suffered any intestinal symptom.

The questionnaires about the side effects filled by the patients were also be recorded.
We used the International Prostate Syndrome Score (IPSS) assessing urinary problems and
Quality of Life (QoL) internationally accepted questionnaires (by RTOG-EORTC). The
patients reported the most severe side effects directly after the completion of the two kind of
teletherapies in both questionnaires. The average IPSS score was 16.7 + 1.2 (the most severe
toxicity score would be 35) and 16.3 + 1.4 in the cyberknife and conventional teletherapy group,
respectively. On the other hand, it is meaningless to assess side effects one day after
brachytherapy (as we would measure the effect of invasive intervention). The highest side effect
score was reported at three months in case of brachytherapies. The IPSS score at that time was
14.8 + 0.8 for seed brachytherapy and only 7.1 + 0.7 for the patient group treated with HDR
isotope therapy. The QoL score showed similar decrease after three months in all groups. The
worst average score was 3.1 £ 0.3 (the range is 0-5) observed directly after conventional
teletherapy.

The other purpose of this study was observing chromosome aberrations (CAS) in the
different radiotherapy groups to compare the biological dose. As the physical dose is modified
by the sensitivity of different tissues and individual radiosensitivity, the biological dose should
also be analysed to assess the effects of radiotherapy. The CA technique is the gold standard of
biological dosimetry, which measures the absorbed dose and the individual sensitivity together.

We found that the chromosome aberrations were the highest near three months after the
radiotherapy: directly after therapy for HDR, at three months for conventional teletherapy and
at six months for cyberknife therapy and 12 months for seed brachytherapy. The values showed
high variance between therapies. The teletherapy regimens caused significantly more
aberrations than the brachytherapy technics. For example, the maximum total aberration value
(/100 cells) was 17.94 £ 1.9 for conventional teletherapy; 13.98 + 2.4 for cyberknife; 7.2 £ 0.5
for seed and 6.1 £ 1.0 for HDR brachytherapy. For comparison, 5 aberration /100 cells is
considered normal for a healthy individual. After 12 months the chromosome aberrations
decreased but in case of conventional teletherapy and seed brachytherapy it did not reach the
starting value or the 5 aberration /100 cells baseline. The singular chromosome aberrations:
chromatid and chromosome breaks, exchanges, translocations, dicentrics and rings followed
the same curse of increase and decrease. The dicentrics and ring chromosomes are radiation
specific aberrations. There is no baseline for dicentrics + rings (although 1/1000 cells is
published to be the occurance in healthy persons), but they also did not decrease back to the
starting value.



The conclusion of our study is that radiotherapy regimens with similar efficiency can
cause very different biological dose on the immune system. The impact of these differences can
be in the long-term efficiency, in the development of side effects or secondary cancers (later
not in prostate cancer patients). On the other hand, we firstly showed, that the damage on
lymphocytes was not completely eliminated till five years. The explanation can be, that
damaged lymphocytes - which can have long lifespan - can be stored in the lymph nodes and
getting back to the circulation years later. These findings can be important in the light of
emergence of immuntherapies. The lymphocytes, which are induced to kill tumor cells are
already damaged and not restored completely after certain radiotherapy regimens. The aberrant
cell values show us, that there can be 13% damaged T-lymphocyte three months after
conventional teletherapy.

We searched for connections between the chromosomal aberrations and side effects in
order to decide if CAs can predict toxicities. One of the most difficult factor of radiotherapy to
deal with is individual radiosensitivity. Approximately 5-10% of the patients develop severe
symptoms due to side effects although they get the same dose as other patients. If these patients
could be assigned before therapy, alternative therapy, another modality (brachytherapy as our
study suggests) or altered dose could be given. This way, a lot of inconvenience for the patients
and cost for the healthcare system could be spared. Biomarker for this purpose has been
searched since 1960’s but there is not any in clinical use.

We could show correlations between chromosomal aberrations and side effects

measured at the same time points. For example, six months after seed therapy chromatid breaks,
total aberrations and aberrant cell number correlated with IPSS and QoL score (Spearman
correlation coefficient (r=0.25-0.31). Six months after HDR brachytherapy chromatid breaks,
total aberrations and aberrant cell number correlated with IPSS and QoL (r=0.31-0.44). A year
after teletherapy total aberrations correlated with IPSS (r=0.28).
Furthermore, we found that CAs shortly after radiotherapy correlated with cumulative late side
effects, predicting them: Directly after seed brachytherapy total aberrations, aberrant cell
frequency and chromatid breaks correlated with late genitourinary side effects (r=0.25, 0.26
and 0.34, respectively). Six months after seed therapy chromatid breaks also correlated with
cumulative GI toxicities (r=0.31).

In summary we showed the power of chromosome aberration technique predicting side
effects and possibly used as a biomarker to modify tumor therapy in case of radiation sensitive
patients. Based on our study, informed patients and physicians may choose better between
radiotherapy techniques, which could contribute to their wellbeing.

National Public Health Center (NPHC)

Further analyses of peripheral blood mononuclear cells (PBMCs) and plasma samples of
prostate cancer patients were performed at NPHC. Based on the first results of LDR patients
we further analysed the promising immune cell subsets with extended immunophenotypic
panels in HDR and teletherapy groups which enabled us to study a wide range of immune cells
with much more functional details as compared to what we described at the beginning of this
project.

To better understand the background of prostate cancer development and the currently
investigated cancer specific molecular biomarkers a scientific publication about immune-
related predictive and prognostic markers in radiotherapy-treated patients was published
entitled: Blood-derived biomarkers of diagnosis, prognosis and therapy response in prostate
cancer patients (https://doi.org/10.3390/jpm11040296).
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At NPHC we finalized immune phenotyping of PBMCs and the protein profile
investigation of 21 LDR patients having blood samples collected up to 36 months and
performed statistical analysis of cellular, soluble, clinical parameters. PBMC samples of 36
age-matched healthy individuals were analysed as healthy control group. We investigated the
amount of effector and regulatory T cells (Tregs) and the expression level of their important
functional cell surface markers (CTLA-4, PD-1, CD39, Ki-67, FoxP3), as well as natural killer
(NK) cells and dendritic cells (DCs), , which enabled us to study both innate and adaptive
immune responses of prostate cancer patients after radiotherapy. The amount of CTLA-4+
regulatory T cells did not change significantly during the 36 months follow-up compared to
control group, however the distribution of FoxP3+ and FoxP3- cells within the CTLA-4+ CD4+
lymphocytes showed that the fraction of FoxP3+ cells was almost 2-fold higher in patients
before seed implantation compared to controls and this shift towards FoxP3+ cells continued to
increase during the 36 months follow-up. Moreover, the median fluorescence intensity (MFI)
of CTLA-4 expression on FoxP3+CD4+ Tregs progressively increased in cancer patients after
the initiation of radiotherapy, reaching significantly higher levels 24 and 36 months after
implantation compared to both healthy controls and cancer patients before treatment. The level
of PDGF-AA, ENA-78 and RANTES increased in the plasma of patients before therapy and
normalized at later time points. These results of LDR patients were published: Prostate Cancer
Survivors Present Long-Term, Residual Systemic Immune Alterations
(https://doi.org/10.3390/cancers14133058). The main conclusions of this study are that in LDR
patients before therapy both the adaptive (decreased CD4+ T lymphocytes, increased Ki-67+
proliferated CD4+ T cells) and the innate immune system (decreased NK cell fraction and
mature NK cells, increased anergic NK cells and lymphoid DCs) were altered compared to
healthy control group. The innate immune response recovered as the tumour was cured,
nevertheless a mild long-term deficit in the adaptive immune response persisted even 3 years
later (decreased CD4+ T lymphocytes and strongly increased FoxP3+ regulatory T cells).

Phenotypical changes of PBMCs from 22 patients receiving HDR brachytherapy were
investigated in a similar manner to LDR brachytherapy patients, nevertheless with enlarged
phenotypical panels which allowed identification of more functional subgroups within the
different lymphocyte subpopulations without compromising the comparability of the data with
LDR patients. The major changes compared to the LDR patient group was that we included B
cells, exhausted and senescence CD4+ and CD8+ T cells and different subtypes of memory
CD4+ and CD8+ T cells in our analysis. PBMC samples of 22 age-matched healthy individuals
were analysed as healthy control group.

In healthy controls the majority of CD4+ cells were non-activated, naive cells
(representing 90%), while in the case of CD8+ cells the distribution between naive/activated
CD8+ cells and CD8+ cells in various stages of senescence was approx. 50-50%. An important
finding was that the proportion of non/early/activated/senescent T cells was different in case of
CD4+ and CD8+ T cells in patients before treatment compared to healthy controls. In cancer
patients, the fraction of CD4+ non/early activated T cells significantly decreased compared to
control group up and this change persisted up to 36 months not being influenced by therapy or
tumour cure. The fraction of activated CD4, activated/early senescent as well as terminally
differentiated CD4+ cells increased in cancer patients before therapy compared to control. The
fraction of the latter two population progressively further increased during the 36 months
follow-up, nevertheless changes were not statistically significant. The activation status of the
CD8+ cells in cancer patients before treatment was also changed compared to healthy controls
leading to a decrease in the fraction of non/early activated states and an increase in the
activated/early senescence state. This altered distribution pattern was maintained throughout
the follow-up period (Figure 1A, B). These findings indicate a deficit in the maturation capacity
of both CD4+ and CD8+ cells of prostate cancer patients. The fact that the deficit persisted long
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time after treatment and that it was not influenced by therapy might be an indication that the
detected functional deficits were intrinsically present in patients and might have contributed to
the development of the malignant state.
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Figure 1. Changes in the fraction of the four different activation status of CD4+ (A) and CD8+
(B) T cells in healthy controls and in prostate cancer patients treated with HDR. Red asterisks
represent significant changes of cancer patients compared to controls. Black asterisks represent
significant changes of patients after treatment compared to pre-treatment values.

Radiotherapy-induced changes in the different subtypes of memory cells were very similar in
both CD4+ and CD8+ T cells. Central and terminal memory T cell levels were below control
during the whole follow-up up to 36 months.

Based on TNM, Gleason grade of the tumours and plasma PSA level patients were grouped in
different risk classes as mentioned in the report by NIO as well. HDR patients could be
categorized only in low and medium risk patients. We found interesting associations of various
immune phenotypes with these risk categories (Table 1): the level of activated CD8+ T cells



and anergic NK cells were significantly lower in medium risk group compared to low risk
group, while the fraction of NKT-like cells was significantly higher in medium risk group
compared to low risk patients group.

Risk group 1|Risk group 2 Risk group 1|Risk group 2

Immature precursor NK
cells T i Mature NK cells l T
Immature/early mature NK T l NK cells (CD16+CD56+ l T
cells in CD3- lym)
Anergic NK cells T * l * NKT-like cells l * T *
Lymphoid DC T l B cells l T
CD3+CD4+ lymphocytes T l Effector T lymphocytes l T

i +
Activated CD4+ T l E:;n/early activated CD4 l T

i +
Activated CD8+ T * i « Er(:]n/early activated CD8 l T
CCR4+ Tregs T l Regulatory T cells l T
Activated/early senescent
Das T | CD44+ Tregs | T

CTLA4+ Tregs l T

Table 1. Summary of the changes of various immune phenotypes between the low (risk=1) and
medium (risk=2) risk groups in cancer patients receiving HDR therapy. Black asterisks
represent significant changes between the risk groups and the arrows show the direction of
changes.

We further analysed the relationship between persistent chromosome aberrations
(reported by NIO) and chronic, long-lasting changes in the immunophenotype of peripheral
lymphocytes in HDR group. We found correlations between the level of total aberrations
directly after HDR brachytherapy and the level of CD4+ terminally differentiated senescent
cells in patients who had chromosome aberrations over the cut-off limit (5 aberrations/100 cells)
after the therapy, possibly indicating a direct functional deficit of these cells with persistent
chromosomal damage.

The level of PDGF-AA, ENA-78, RANTES and VEGF increased in the plasma of
patients before therapy, which tended to normalize at later time points after therapy. However,
PDGF did not normalize in a faction of patients. Persistently increased PDGF-AA levels might
be an indication of an increased risk of radiation-induced late fibrosis, therefore these patients
are being followed up.

A manuscript has been prepared summarizing our immunological data on HDR patients,
which is currently finalized and it is expected to be submitted in a radiation oncology journal
in the next 1-2 months. The preliminary title of the manuscript is: Acute and long-lasting
immunological changes in prostate cancer patients treated with high-dose rate brachytherapy.

The phenotype of PBMCs from 20 patients receiving LINAC-based teletherapy were
investigated with the same phenotyping panels as in HDR group complemented with 2 newly
designed panels allowing a more detailed analysis of B cells (transitional, naive mature,
activated, early and late memory B cells and antigen-presenting plasma cells),
monocytes/macrophages (non-classical, intermediate, classical monocytes). In addition, based
on recent literature data [1] reporting that prostate-specific antigen (PSA) can be detected in
macrophages and PSA-containing macrophages might be biomarkers of prostate cancer we
investigated the fraction of PSA+ macrophages and compared them with blood PSA levels.



The amount of PSA-containing macrophages increased 3-fold in cancer patients before
therapy compared to control group and we found positive correlation (r=0.554) between the

plasma PSA |
PSA+ macrop

(<]
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evel and the level of circulating PSA+ macrophages (Figure 2) indicating that
hages are also useful markers of prostate cancer.
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Figure 2: Correlation between plasma PSA levels and PSA-positive circulating macrophages in

prostate cance

r patients before therapy.

The proportion of non-senescent and senescent CD4+ and CD8+ T cells changed very
similarly to HDR group, however terminally differentiated CD4+ and CD8+ cells showed much
stronger elevation in teletherapy group compared to controls than in the HDR group (Figure

3A, B).
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Figure 3. Changes in the fraction of the four different activation status of CD4+ (A) and CD8+
(B) T cells in control group and in prostate cancer patients received teletherapy Red asterisks
represent significant changes of cancer patients compared to controls. Black asterisks represent
significant changes of patients after treatment compared to pre-treatment values.

The level of CD19+IgD+ B cells within the lymphocytes did not change significantly in
HDR and teletherapy groups during the 36 months follow-up compared to controls and pre-
treatment values, however the different maturation and activation status of B cells show
interesting changes. The level of immature B cells (named transitional B cells) significantly
increased in patients 3, 6 and 9 months after therapy compared to controls and pre-treatment
values, but normalized by 36 months. The level of mature B cells was lower in patients before
therapy compared to healthy controls, during the follow-up of patients a continuous but not
significant elevation could be seen up to 36 months. However the proportion of activated B
cells and antibody presenting plasma cells significantly increased before therapy compared to
control and remained at this elevated level up to 36 months.

The level of FoxP3+ regulatory T cells similarly to the other radiotherapy-treated groups
were elevated throughout the follow-up up to 36 months.

Out of the analysed main PBMC categories undoubtedly NK cells were among the most
strongly altered in all prostate cancer patients, nevertheless, the kinetics of changes greatly
differed in the 3 patient categories. The pre-treatment fraction of total NK cells (CD16+CD56+
NK cells within the CD3- lymphocytes) was slightly higher in the HDR and teletherapy group
than in LDR group. Similarly, there were variations in pre-treatment values of the individual
NK subpopulations, which most probably is due to the fact that the risk category of patients
was different in the different treatment categories with the LDR treatment category containing
mostly low risk patients. Therapy led to significant changes in NK subpopulations depending
on the type of applied radiotherapy protocol. In the LDR group dose deposition is continuous
over a period of 12 months, constituting a low dose chronic irradiation of the prostate and
consecutively blood doses are also very low. HDR patient receive a single high dose local
irradiation. Teletherapy is a fractionated radiotherapy, where the maximum energy deposition
it at the end of the fractionation protocol (approx. 5-6 weeks), nevertheless each daily fraction
adds a significant contribution to the dose. Furthermore, teletherapy is also the regimen where
the largest part of healthy tissue and blood volume falls in the radiation field. LDR therapy



induced very moderate changes within the NK subpopulation and the majority of these changes
normalized after 36 months (with the exception of anergic NK cells, which remained below
control values). Teletherapy induced a strong and persistent shift toward immature and early
mature as well as anergic NK cells and a reduction in mature NK cell fraction. HDR therapy
also led to a moderate increase in the fraction of immature NK cells, nevertheless it did not
compromise the fraction of mature NK cells and led to a reduction in the fraction of anergic
NK cells (Figure 4). These changes in the NK cells demonstrate that radiotherapy has
significant and long-lasting impact on NK cell integrity and the different radiotherapy regimens
depending on how energy deposition is carried out lead to very different outcomes.

A manuscript is being prepared on the effect of teletherapy on the long-lasting immune
changes in prostate cancer patients. Its submission is scheduled for the first part of next year.
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cells in three patient groups before and after therapy up to 36 months compared to control group.

Red asterisks represent significant changes of cancer patients compared to controls. Black
asterisks represent significant changes of patients after treatment compared to pre-treatment
values. Arrows with black asterisks represent significant changes between the patient groups.

Figure 3. Comparison of the relative changes of five different maturation stages of natural killer



Conclusion: Our studies demonstrate that prostate cancer patients harbour long-lasting
immunological changes, part of which is due to radiotherapy, while other changes might not be
directly linked to therapy. This raises the hypothesis that certain immune changes are
intrinsically present in prostate cancer patients and these might constitute risk factors for the
development of a malignant state. We also demonstrated that different radiotherapy protocols
lead to different long-term immune alterations.

Although the project period has de facto finished, provided we can raise further funds
to support our work we plan not stop here since these patients are being followed up in the long
run to identify late therapy-related changes including therapy-related cancer (so-called second
primary neoplasms) as well and to try to correlate immune changes with the late side effects.
While our report contains data on patients up to three years after enrolment, patient materials
are continuously being recruited and by now we have patient material from certain groups up
to 5 years after therapy. Our aim would be to analyse late immune changes and to make a paper
comparing long lasting immunological changes in the patients treated with different
radiotherapy regimens. Such studies do not exist in the literature and would fill important
research gaps in better understanding late immune sequela of cancer and its therapy.
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