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PHYSICO-DOSIMETRIC

AND RADIOBIOLOGICAL ASPECTS
OF MODERN BRACHYTHERAPY
OF ONCOGYNAECOLOGICAL
PATIENTS

Modern radiation oncology requires individualized prediction of radiation
reactions and complications from normal tissues surrounding the irradiated
tumor. Currently, contact radiotherapy — brachytherapy using a '9?Ir radiation
source — is used to treat gynecological cancer in many countries around the
world. This uses the volumetric effect on healthy tissues surrounding the tumor,
which are exposed to less radiation. This is the so-called “double concern”
phenomenon, in which, depending on the physical and dosimetric planning,
a small volume of tissue may be exposed to ionizing radiation at a dose that is
less or more than planned. Nevertheless, even with the use of modern equipment,
there is still a real threat of radiation complications in normal tissues that fall
into the zone of therapeutic radiation. For example, during radiation treatment
of patients with gynecologic cancer, the pelvic organs are primarily affected.
Therefore, the identification of patients at a high risk of radiation complica-
tions before the start of radiation therapy remains the challenging problem of
modern oncology. Based on the literature data and our own research, the way
to determine radiobiological indicators that takes into account the mechanisms
of radiation damage formation and predictors of the increased risk of compli-
cations of radiation therapy in cancer patients is outlined. The article focuses
on the analysis of the quality of life of treated patients. The information on
the quality of life is obtained based on the questionnaires filled by the patients
themselves as well as the objective analysis of the clinical parameters. Sum-
marizing the material presented in this article, it should be emphasized that
brachytherapy is recognized as a modern high-tech and effective method of ra-
diotherapy for gynaecological cancer. Radiobiological support of brachytherapy
allows predicting the risk of developing radiation complications, which increases
its effectiveness and the quality of life of treated patients.

In recent years, there has been a rapid increase in the
incidence of gynaecologic malignancies. Currently,
brachytherapy (BT), i.e. contact radiation therapy, is
widely used in many countries of the world for the
treatment of patients with endometrial and cervical
cancer [1—5]. In addition to BT, the treatment proto-
col includes remote therapy, and the combination of
these two methods in the world is the “gold standard”
for treatment of tumours of female reproductive sys-
tem. The use of the latest technologies in radiation
oncology makes it possible to form dose fields more
rigidly with the minimal capture of normal tissues at
an optimal radiation load on the tumour. The main
reason for prescribing BT is the way in which ionizing
radiation (IR) dose is delivered and distributed. This
takes advantage of the volumetric effect on healthy
tissues surrounding the tumour, which receive a lower
radiation load. This is the so-called “double concern”
phenomenon, whereby, depending on the physical-
dosimetric planning method, a small volume of tissue

may be exposed to a higher or lower dose than the
planned IR dose.

The irregularity of the irradiation field around the
implanted IR source causes certain radiobiological
differences. The dose rate near the irradiation source
is high. As the cells move away from the source of
IR, they show less radiosensitivity and the dose rate
decreases.

Currently in radiation oncology, BT in pulse mode
is used for treatment of gynaecological cancers. High
dose rate in the pulse diminishes radiation-induced
damage repair processes. Tissues that are slowly re-
paired are affected to a greater extent. As a result, the
difference in the therapeutic index between rapidly
repairing tumour and slowly repairing cells of healthy
surrounding tissue changes.

When using modern radiotherapy equipment, there
remains a real threat of radiation complications in
healthy organs and tissues that fall within the irradia-
tion zone. For example, when treating patients with
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gynaecological cancer, critical pelvic organs suffer. As
a consequence, cystitis, rectitis, and enterocolitis may
develop. Cells of the circulating blood pool, especially
highly radiosensitive T-lymphocytes, are also damaged.
Concomitant chronic diseases, such as diabetes mel-
litus, thyrotoxicosis, etc., may be factors in increasing
the radiation response of the organism of patients.
A number of researchers connect the radiation compli-
cations with prescription in some cases of high single
and total doses of IR, which exceed tolerance of tissues
surrounding the irradiated tumour [6]. Therefore, the
problem of radiation oncology and clinical radiobio-
logy is the identification of patients at a high risk of
radiation complications before the start of therapy.

As a consequence of RT, 14—80% of oncogynaeco-
logical patients may experience adverse radiation reac-
tions of different intensity. They are forced to interrupt
the treatment that undoubtedly affects its results, as
well as worsen the quality of life (QOL) of treated
patients [6]. Therefore, the solution of the problem
of damage to normal (non-malignant) cells, which
fall into the zone of therapeutic irradiation, remains
relevant for increasing the efficiency of modern radia-
tion treatment.

Knowledge of physical and dosimetric characteris-
tics of the main sources of IR used in modern BT
and radiobiological paradigms make it possible not
only to predict the probability of tumour resorption
after IR exposure, but also the risk of late radiation
complications.

PHYSICO-DOSIMETRIC ASPECTS
OF BRACHYTHERAPY

It is known that brachytherapy should form, repro-
duce, and ensure the high accuracy of dose distribu-
tions in a course of malignant neoplasm irradiation
along with providing the safety of medical personnel
[1]. Ability to deliver the maximal doses of radiation
directly to the tumor with minimal exposure of, criti-
cal and related organs is an important advantage of
intracavitary radiation therapy. The secondary vaginal
cancer treatment protocol in addition to BT includes
the external-beam radiotherapy (syn. teleradiothe-
rapy). Combination of these two methods is a “gold
standard” for the treatment of tumors of the female
reproductive system worldwide. Over the last decade,
it has emerged as a high-tech, effective, organ-pre-
serving, and state-of-the-art component of radical
radiation treatment of gynecological cancer, enabling
a significant reduction of radiation exposure to the
critical and inter facing organs [7, 8]. To provide ef-
fective brachytherapy, the gamma-radiation source is
to meet some specific requirements, namely the radia-
tion energy in the range of 0.2—0.5 MeV, high specific
activity, small size, and half-life corresponding to the
acceptable frequency of recharging [1].

Application of the iridium-192 (!2Ir) radioisotope
sources with an activity of 5—10 Ci is feasible in the
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modern brachytherapy installations with a high dose
rate of ionizing radiation [9]. Such sources are be-
coming increasingly popular despite relatively short
half-life of the isotope (73.83 days). The latter accor-
dingly necessitates frequently recharging of the device
i.e. about 3—4 times a year. There are some key ad-
vantages of the !°2Ir, namely a relatively low average
energy of its gamma-radiation (0.38 MeV), thus the
mass of storage can be dramatically reduced, and most
importantly from a clinical point of view that a variety
of shadow screens for effective local protection of vi-
tal organs and tissues can be applied. Moreover, the
higher specific activity of 2Ir (450 Ci/g) allows the use
of smaller size sources while providing the irradiation
at a high dose rate (>12 Gy/h). A small diameter of
the 192Ir source (1.1 mm) is of especial importance as
allows creating thin applicators with 3 mm in diameter,
the installation of which often require no anesthe-
sia. The facts that the 92Ir half-life is 22-fold shorter
compared to 99Co and it can be administered in a frac-
tionated mode of RT are also meaningful.

Development of modern automated systems for the
delivery/placement of ionizing radiation sources cont-
rolled by a computer allows performing brachytherapy
in a pulsed mode. Presence of intervals between pulses
gives a slightly greater degree of freedom to the patient
and more radiation safety to the medical staff. There-
with, this mode of therapeutic exposure allows making
a correction for the decay of radioactive isotope, which
in turn minimizes side effects that can adversely affect
the quality of treatment. The issues regarding recom-
mendations of the safe RT when using a pulsed mode
continue to be discussed by the experts [4]. It should
be noted that any deviation from the mode of continu-
ous irradiation towards the interval mode might be
accompanied by the radiobiological adverse effects.
This is because the dose rate becomes higher with each
pulse and leaves less chance to radiation-induced DNA
damage repair, among others in healthy tissue cells
surrounding the tumor. When using the automated
delivery systems of ionizing radiation source with a
high dose rate, a potential increase in tumor radio-
resistance can occur due to inadequate reoxygenation
of tumour cells, which should be taken into account
when planning the RT.

Thus, the use in modern radiation oncology of new
BT technologies with high dose rate sources 92Ir al-
lows achieving maximum distribution of absorbed dose
in the tumour focus of gynaecological patients and
minimum radiation load on critical tissues and organs
from its surroundings.

RADIOBIOLOGICAL ASPECTS
OF BRACHYTHERAPY

Based on the literature data and results of our own
studies, we outlined the way of determining among the
main radiobiological indicators, which take into ac-
count the mechanisms and stages of radiation damage
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formation, the predictors of complications due to RT
in patients with oncogynaecologic malignancies. They
include, first of all, cytogenetic indicators (chromo-
some aberrations), which form genome instability. This
will allow singling out the group of increased risk of
the development of the negative BT effects, to exploit
an effective way of pathogenetic therapy preventing
the damage of healthy surrounding tissues and thus
to reduce the frequency, nature, and severity of the
distant adverse complications of RT in this category
of patients. Such an algorithm of radiobiological sup-
port of BT will contribute to the improvement of QOL
of treated patients [10]. It is especially important to
consider it when combined (remote and contact) ra-
diotherapy is prescribed.

Performing the radiobiological dosimetry based on
a test system of peripheral blood lymphocytes (PBL)
in gynecological cancer patients followed by the cyto-
genetic analysis of radiation-induced chromosome
aberrations is one of the fruitful approaches to increase
the 92Ir BT effectiveness [11]. The high mobility of
lymphocytes in the bloodstream, the distribution
of lymph nodes throughout the body, and the ability
of these cells to accumulate chromosome aberrations
make it possible to assess the radiosensitivity of the
patients” organism as a whole. The test-system based
on PBL and their cytogenetic analysis is designated
as the “gold standard” for bioindication of human
irradiation. The author”s long-term experience, in-
cluding the development and implementation of rele-
vant methodological recommendations, for example,
[12] prove that the compliance with the appropriate
standards of PBL cultivation, metaphase analysis of
chromosome rearrangements will exclude subjective
judgement on the results and increase the correctness
of their evaluation when examining cancer patients.

We have previously found [3] that in primary/naive
patients, the total incidence of chromosome aberra-
tions before the course of 192Ir-brachytherapy was 6.6
per 100 metaphases (from 3.6 to 8.8 aberrations per 100
metaphases), which was twice the value of the healthy
control. After the first fraction of local irradiation, the
total incidence of chromosome aberrations was 29.0
per 100 metaphases (from 18.0 to 37.0 aberrations per
100 metaphases). Radiation markers, namely the di-
centric chromosomes with an accompanying paired
fragment dominated in the spectrum of radiation-
induced damage. The variability of individual values
of cytogenetic parameters of PBL after the first TR
fraction in the same dose (5 Gy) indicates the indi-
vidual sensitivity of patients to the '92Ir gamma-irra-
diation.

The predominance of chromatid-type aberrations in
the spectrum of PBL lesions (66%) indicates the for-
mation of genetic instability, as well as low efficiency of
repair processes. In addition, the chromosomal insta-
bility in adjacent healthy cells may be associated with
humoral factors that circulate freely in the blood —

“bystander-effect”. The radiobiological data we have
obtained unambiguously indicate that blood T-lym-
phocytes (a model of highly radiosensitive human
cells) are “compromised” even before RT due to their
genetic status. The researchers believe that molecular,
chromosomal, and other abnormalities in healthy cells
of primary cancer patients alter the functional status
of these cells, including radiosensitivity, and therefore
give reason to consider them only conditionally nor-
mal. Additional radiation-induced damage in these
cells due to therapeutic irradiation may cause a high
risk of developing distant radiation complications from
healthy tissues surrounding the tumour [13, 14].

Radiobiological support of RT in oncogynaecologi-
cal patients indicates the expediency of a personalized
approach to planning the course of therapeutic irradia-
tion, which will increase the effectiveness of treatment
and quality of life.

QUALITY OF LIFE CRITERIA
FOR CANCER PATIENTS:
CURRENT TREND

The analysis of patients’ quality of life (QOL) is a
promising and relevant area that allows improving the
provision of medical care and the outcomes of their
treatment [15]. Cancer patients are the main category
of patients for whom quality of life is assessed in clini-
cal trials. The leaders among the countries perform-
ing such studies are recognised to be the countries of
Europe (Germany, Spain, etc.), the USA, Asia (South
Korea, China). In 1990, the American Society of
Oncologists declared the QOL to be the second most
important criterion of patient treatment efficiency after
the overall survival rate.

Currently, a comprehensive approach to improve
the QOL of cancer patients after completion of therapy
includes social and psychological support, as well as
the prevention of complications arising after treatment,
and monitoring of health status over a long period
of time. With regard to oncogynaecological patients,
QOL is closely related to the prognosis and treatment
of late complications of therapeutic irradiation.

It has been established that the indices of QOL of
cancer patients correlate with the complications of the
combined (radiation + chemotherapy) treatment and
justify the need of their correction.

The QOL is assessed by the standardised question-
naires filled in by the patients themselves. In this case,
questionnaires are used to assess symptoms, such as
depression, weakness, nausea, and others. Changes
in the parameters of oncological patients’ QOL are
largely determined by the stage of tumour process de-
velopment, the effectiveness of treatment and reha-
bilitation. By improving the results of cancer therapy,
it is possible to keep the QOL at a satisfactory level
for a long time.

The analysis of the literature data and accumulated
world experience in the new direction of oncology allow
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us to conclude: the main principle of the assessment of
QOL is that qualitative and quantitative information
about the state of a cancer patient and his problems can
be obtained only with the help of the patient himself.
The data on QOL should be analysed in combination
with clinical parameters. This will objectify the assess-
ment of QOL and bring closer to the personalisation
of treatment and prognosis of its efficacy.

CONCLUSION

Summarizing the material presented in this article,
it should be noted that BT is a modern, high-tech and
effective method of radiation treatment of gynaeco-
logical cancer. The use of BT allows increasing the
efficiency of RT and minimising the radiation load on
normal organs and tissues surrounding the tumour.
The radiobiological support of BT using a high-power
19211 IR source will allow predicting the risk of ra-
diation complications, especially in combination with
remote irradiation of the tumour focus.

The work was carried out under the topic No. 2.23.
5.418 “Determination of predictors of radiosensiti-
vity of peripheral blood lymphocytes of patients with
endometrial cancer in vitro and under the action of a
protector ex vivo.
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015 NIKYBAHHS 2iHEK0102iYH020 PaKy y 6azamvox Kpai-
HAX c8imy UKOPUCMOBYEMbC KOHMAKMHA NPOMEHe8A
mepanis — opaximepanis 3 6UKOPUCMAHHAM 0Jcepe-
na onpominenns 192Ir. Ilpu ybomy euxopucmosyromoscs
00’emnuil echexm Ha 300p08i MKAHUHU i3 OMOYEHHS NYX-
AUHU, KT 3a3HAI0Mb MEeHUle NPOMEHEe8€e HABAHMAICEHHS.
Lle mak 36anuii penomern “nodeiitnoco 3aHenoKoeHHs”,
npu AKOMY 8 3a1elcHocmi 8i0 izuxKo-003umempu1Ho2o
NAGHYBAHHS, HeGeAUKULI 00’ €M MKAHUHU MOdce 3a3HA-
eamu 0ii ionizyrouoi padiayii 6 003i, ska menue abo
oinviue 3anaanosaroi. Tum He menule, HAGIMb NPU BUKO-
PUCMAHHI CYyMacHOi anapamypu, 3a1Uuacmscs peaisbHa
3aepo3a po36UMK) npOMeHe8UX YCKAAOHeHb 8 HOPMAaab-
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HUX MKAHUHAX, SKi NONadaoms @ 30Hy mepanesmu4Hozo
onpominenns. Hanpukaad, npu npomenegomy aiky8anti
OHKOCIHeKoA02IMHUX Xeopux “cmpaixcdaroms” neput 3a
6ce opeanu manozo masy. Tomy npobaemoro cyuacHoi
OHK04021i 3a1UlaembCs 8UABNEHHS X80PUX 3 BUCOKUM
PUBUKOM GUHUKHEHHS NPOMEHeBUX YCKAAOHeHb uje 00
nouamky npomunyxaunuoi mepanii. Ha niocmaei danux
Aimepamypu i 81aCHUX 00CAI0NCEHb OKPECACHO WASX 00
suU3Ha4eHHs padiodioN0eiMHUX NOKA3HUKIB, AKI 8paxo8y-
10Mb MeXanizmu Popmyeants npomeHesux NouKoOdl CeHb
ma npedukmopise nidguuyeHo20 pu3UKy yckaadHeHs npo-
MeHeeoi mepanii onKoa02i4HUX Xeopux. B pobomi npudi-
AAEMbCA YBaea aHaNizy AKOCMI JCUmMms npoaiko8aHux
xeopux. Came makxa inpopmauis mae bymu ompumana
MinbKU 3a 00NOMO20I0 CAM020 NPOAIKOBAHO20 X80PO2O
Y NOEOHAHHI 3 KAIHIYHUMU napamempamu. Y3aearvuro-
04U npedcmasneHull y cmammi mamepian, caio niokpec-

Aumu, wo bpaximepania 8U3HAHA AK CY4ACHUL 8UCOKO-
mexHoA02IHULI ma eheKMUBHUT Memod NPoMeHesol me-
panii einexonoeiunoeo paxy. Padiobiosoeiunuii cynpogio
bpaximepanii 0036045€ NPOSHO3YBAMU PUSUK PO3GUMKY
NpoMeHesuUX YCKAAOHeHb, w0 nidsuwye ii echexkmusnicmo
ma AKicmv HCUmMms npoAiKo8aHUX Xeopux.

KirwouoBi ciosa: 6paxiTepariisi, OHKOJIOTiUHi XBOpi,
MPOMEHEBi YCKIJTaIHEHHSI, paaio6iooriYHuii Cynpo-
Big, IKiCTb KMTTS.
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