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ABSTRACT. Objective of the Study: To analyze literature data on the
novel techniques of chemoradiation therapy for locally advanced cervical cancer.

Materials and Methods: The review comprises an analysis of articles
submitted in the PubMed database.

Results: Image guidance in intracavitary radiation therapy allows for the
individual optimization of dose distribution, enabling the maximum dose to be
delivered to the target volume while minimizing radiation dose to organs at risk.
Intracavitary radiation therapy is a decisive stage in treatment, where the local
tumor volume in cervical cancer receives the maximum dose of exposure,
equivalent to the total dose achieved from external beam conformal radiation
therapy. Therefore, intracavitary radiation therapy is a major prognostic factor in
the local control of cervical cancer.

Conclusion: It is expected that the use of 3D planning in intracavitary
radiation therapy will expand in clinical practice in the near future and will be
comparable in complexity to conformal radiation therapy technologies.

Keywords: Cervical cancer, conformal radiation therapy, intracavitary
radiation therapy, intratissue radiation therapy.
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AHHOTANIMUA. Lens uccinenoBanus. [IpoBecTn cucremMaTu3npOBaAHHBIN
aHAM3 COBPEMEHHBIX HAyYHBIX JAHHBIX, TOCBSAMIEHHBIX WHHOBAIMOHHBIM
TEXHOJOTHSIM XHUMHOJIYYEBOM Tepaluu B JICUEHUH MECTHO-PacpOCTPaHEHHOTO
paKa mEeWKd MaTKH.

Matepuanbl 1 MeTonbl. B 0030p BKiItOYEHBI MyOJIMKalMKU, OTOOpaHHbIE 10
KJIFOYEBBIM cjioBaM B 0a3e jgaHHbIX PubMed. AHanu3 ocymiecTBIsICA ¢ YYETOM
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aKTyaJIbHOCTU MCCIIEJIOBAaHUM, KaueCTBAa METOJOJIOTUH U 3HAYMMOCTH TIOJTyUYE€HHBIX
PE3YNBTATOB JIJISi COBPEMEHHOW OHKOTHHEKOJIOTHH.

Pesynpratel. Mcnonp3oBaHue METONOB BHU3YaJbHOTO KOHTPOJS MPHU
BHYTPHUIIOJIOCTHOM  JIy4eBOW Tepamuu  OOECHeYMBaeT BBICOKYIO  CTENEHb
MePCOHATHM3AIIH J03UMETPUIECKIX napaMeTpoB, 9TO MO3BOJISET
MaKCHMHU3HPOBATh JOCTaBKY TEPaNeBTUYECKON J03bI B OMYXOJEBBIM OYar mpu
OJTHOBPEMEHHOW MHHHMMM3AINHA PAANAIMOHHONW HAarpy3KH Ha OpraHbl pHCKa.
BryTpunosocTHas OpaxuTepanus SBISICTCS KPUTHICCKH 3HAYUMBIM KOMITOHEHTOM
KOMOWHHUPOBAHHOTO JICUCHHSI, OMPEACISIONIUM YCIEX JOKAIbHOTO KOHTPOJIS
3aboneBanus. CyMmmapHas odaroBas 103a, JOCTHUTaeMas Ha JaHHOM JTarle,
COMOCTaBUMa WU TPEBOCXOAUT 103y, OOECIeuYnBaeMyl0 JUCTAHIIMOHHOM
KOH(OpPMHOWM ITy4eBOM Tepamnuen, YTo MOAYEPKHUBACT €€ pEIIAIoIIyI0 pOJib B
TEpPaIEeBTUUYECKOU CTPATETUU.

3axmouenue. OXugaeTcsi, 4YTO JaNbHEHIIas WHTErpamus TPEXMEPHOTO
IUIAHUPOBAHMUSI B TIPAKTUKY BHYTPUIIOJIOCTHON OpaxuTepanuu YCUIUT e
KIIMHUYECKYI0 A(P()EKTUBHOCTE M NPHUOIU3ZUT TEXHOJOTMYECKYIO CIIOXKHOCTb
MPOIIETyPhl K COBPEMEHHBIM BBICOKOTOYHBIM METOJIaM JIUCTAHITMOHHOW JIYYCBOM
tepanuu. JlaHHBIE TEHACHUIMH MOATBEPHKIAIOT HEOOXOJWMOCTh IHPOKOTO
BHeNpeHUsT 3D-BU3yaM3allMOHHBIX TEXHOJOTHMA B PYTHHHYIO KIMHHYECKYIO
NIPAKTUKY OHKOJIOTHYECKHUX IICHTPOB.

KirodeBble cioBa: pak HICHKH MaTKA;, KOHPOpPMHAs JydyeBas Teparws,
BHYTPUIIOJIOCTHAsT ~ Opaxurepamnwusi, BHYTPUTKAHEBas  JIydeBas  Teparws,
XUMHOJIy4€BOE JICUCHHE.

Introduction. The high incidence and mortality rates of cervical cancer
(CC) are alarming and represent a significant global health problem. The majority
of newly diagnosed cases of cervical cancer in women occur in economically
developing countries, where limited access to adequate treatment is due to poor
availability of medical equipment and pharmaceutical supplies in healthcare
institutions. As a result, mortality rates remain high. Consequently, treatment
recommendations for cervical cancer, developed in economically advanced
countries, are not adequately applicable in many developing countries.

It is known that the primary method for treating patients with locally
advanced cervical cancer (LACC), where the tumor extends beyond the organ and
shows signs of spread to adjacent tissue, vagina, pelvic lymph nodes, and
abdominal cavity, is radical combined chemoradiation therapy. The improvement
of computer technologies and imaging tools has fundamentally changed the
strategy for both external beam radiation therapy (EBRT) and intracavitary
radiation therapy (ICRT), allowing for the precise delivery of the prescribed dose
to the target volume without exceeding the tolerance of critical organs.

With the advent of 3D planning for intracavitary radiation therapy, new
challenges and opportunities arise for clinicians, which must be addressed and
realized through a multidisciplinary approach.

1.1 External Beam Conformal Radiation Therapy. The main tasks of
external beam radiation therapy (EBRT) are: targeting the primary tumor site and
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the regions of regional metastasis, which consequently improve the technical
conditions for intracavitary irradiation.

Currently, all methods of external beam radiation therapy can be
conditionally divided as follows: conventional irradiation, conformal irradiation,
intensity-modulated radiation therapy (IMRT), and image-guided radiation therapy
(IGRT).

The main principle of conformal radiation therapy is to create a high dose at
the target while minimizing the dose to surrounding normal organs and tissues as
much as possible.

For 3D planning, the International Commission on Radiation Units and
Measurements (ICRU) No. 50 and 62 introduced the concepts of therapeutic
volumes, which are mandatory for use:

. GTV (Gross Tumor Volume): the determined tumor volume that
requires the maximum therapeutic dose.

. CTV (Clinical Target Volume): the clinical target volume, including
the GTV and the area of subclinical manifestations.

. PTV (Planning Target Volume): the planned target volume sufficient
to irradiate the entire CTV with the required dose.

. OAR (Organ-at-Risk) and PRV (Planning Organ-at-Risk Volume): the
planned volume of the organ at risk included in the therapeutic isodose contour [1,
2].

Optimal dose distribution should meet the following criteria:

. 95% of PTV should receive >90% of the planned dose.

. 120% of the planned dose can be received by <10% of PTV.

. 60% of the planned dose can be received by <5% of OAR.

The maximum dose occurs within PTV [3].

The general principles of volume and field boundary planning for external
irradiation of the pelvis, including the regions of regional metastasis in cervical
cancer, are well-known. The total dose during EBRT is 46-50 Gy with daily
fractionation of 2 Gy, which is the standard in Russia. A similar dose should be
applied to the para-aortic lymph nodes if affected. The American Brachytherapy
Society has recommendations stating that in cases of para-aortic lymph node
involvement, an additional dose in the form of a local boost should be given to
achieve a total dose of 60-70 Gy [11]. To reduce local recurrences and distant
metastasis, it is recommended to combine external radiation therapy with cisplatin-
based chemotherapy at a dose of 40 mg/m?, which remains the standard treatment
today [4].

Thus, volumetric planning allows for more precise delineation of the
boundaries between the clinical and planned target volumes, especially in cases of
locally advanced cervical cancer with regional pelvic and para-aortic lymph node
involvement. Several studies have been dedicated to investigating biological
factors that influence the response to radiation in locally advanced cervical cancer,
showing that conventional external irradiation of the entire pelvis with a total dose
of 35-50 Gy (2 Gy per fraction) may not be sufficient. According to the literature,
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approximately 50% of patients after such external radiation therapy have residual
tumors of varying sizes, expressing oncogenic proteins associated with
radioresistance [4,5].

Therefore, by the time intracavitary radiation therapy is performed after the
completion of EBRT, the residual tumor consists of a pool of relatively
radioresistant cells. Thus, the goal of external radiation therapy at the first stage of
the radical combined treatment course for locally advanced cervical cancer is to
achieve partial tumor regression, suppress tumor growth, reduce inflammation in
surrounding tissues, and, consequently, create conditions for the administration of
intracavitary radiation therapy.

A study conducted under the leadership of Kalash R. and colleagues (2018)
noted that integrating PET/CT helps accurately identify patients at risk of
recurrence and helps to identify patients with a worse distant prognosis. According
to the presented data, incomplete responses after the intracavitary radiation therapy
phase were observed in 20% of patients [6].

In studies by Malyapa R. et al. and Lin L. et al., the role of PET/CT in
planning intracavitary radiation therapy sessions was evaluated, with authors
reporting better target volume coverage without significantly increasing the dose to
organs at risk.

1.2 Chemotherapy. External beam conformal radiation therapy, combined
with chemotherapy and followed by intracavitary radiation therapy in the second
stage of treatment, is the standard treatment for locally advanced cervical cancer
(LACC). The total duration of the chemoradiation therapy course should not
exceed 55 days.

A meta-analysis (Duenas-Gonzalez et al., 2003), based on 18 studies
involving 3452 patients, showed that chemotherapy with cisplatin was used in 85%
of patients, although chemotherapy regimens without platinum-based drugs were
found to be equally effective (Vale et al., 2008). The results demonstrated an
absolute improvement in 5-year survival rates by 6% (from 60% to 66%) and an
8% improvement in 5-year progression-free survival with conformal radiation
therapy combined with chemotherapy, compared to conformal radiation therapy
alone.

The total number of cisplatin administrations during chemoradiation therapy
plays a significant role in the systemic control of patients with cervical cancer who
have an unfavorable prognosis. In the EMBRACE study (2016), involving 753
cervical cancer patients, worse overall control was noted in patients with N+
disease who received fewer than 4 cycles of cisplatin-based chemotherapy,
compared to those who received 5 or more cycles. At the 24-month follow-up,
cervical cancer patients with N+ and stages III-IV demonstrated systemic control
in 63% of cases with less than 4 cycles of chemotherapy, compared to 88% in
those who received more than 5 cycles. At 3 and 5 years of follow-up, the survival
rate without detectable metastases was 79% and 77%, respectively. These results
align with those of Schmidt (2014), which showed that administering 5-6 cycles of
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cisplatin-based chemotherapy can reduce the risk of distant metastasis, especially
in patients with N+ and locally advanced cervical cancer (LACC) [7].

1.3 Intracavitary Radiation Therapy. Intracavitary radiation therapy for
cervical cancer has profoundly influenced the development of various "systems"
that attempted to combine empirical, systematic, and scientific approaches to
treating cervical cancer.

With the advent of new technological approaches in radiation therapy
methodology for cervical cancer, the GEC-ESTRO working group was formed in
2000. It consisted of doctors and medical physicists specializing in brachytherapy
for oncological gynecological patients. Their initial goal was to describe new
concepts and terms for unified terminology in the development of 3D intracavitary
radiation therapy (ICRT) under visual control, focusing on MRI images, which are
the preferred method of visualization. Additionally, the goal was to develop
guidelines for dose-volume parameters in 3D ICRT. As a result, this allowed the
development of a common language of definitions and led to improved
information collection, analysis, and evaluation of patient treatment outcomes.

The general terminology and key concepts for implementing applicator
systems under visual control were defined. Ultimately, after conducted studies, the
GEC-ESTRO group identified the following volumes determined by MRI images:

. GTV (Gross Tumor Volume): This includes any visible and palpably
detectable manifestation of disease at the time of intracavitary radiation therapy, as
well as the "white" signal area defined by MRI images.

. HR-CTV (High-Risk Clinical Target Volume): This volume includes
the previously defined GTV, the entire cervix, and all "gray zones" in the vagina,
parametrium, uterine body, bladder, and rectum in T2-weighted MRI images. Gray
zones are defined as tissues with intermediate signal intensity in the primary tumor
spread area on T2-weighted MRI images.

. IR-CTV (Intermediate-Risk Clinical Target Volume): This is created
by placing safety margins of 5-15 mm evenly from the HR-CTV, excluding
adjacent normal structures (bladder, rectum, sigmoid colon) [8].

The planning target volume (PTV) is not added to the HR-CTV or IR-CTV,
as the applicator is stabilized relative to the patient's anatomy, and therefore no
additional margin is necessary. The HR-CTV volume is of the most importance, as
this is the volume for which the treatment plan is optimized and doses are
prescribed.

The GEC-ESTRO working group concluded that the use of this standard
terminology could lead to the standardization of treatment across different centers.

The DVH parameters D90 and D100 were identified to assess target
coverage. The D90 volume is less sensitive to small variations in target delineation
than D100 and, therefore, is a more stable parameter for dose prescription.
Instructions and worksheets developed at the University of Vienna for calculating
EQD?2 are available for online reading [9].

The American Brachytherapy Society (ABS) published its recommendations
for intracavitary radiation therapy for cervical cancer in the high dose-rate (HDR)
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range in 2000 and for low dose-rate (LDR) intracavitary radiation therapy for
cervical cancer in 2002. These reports state that intraoperative orthogonal X-rays
or fluoroscopy should be primarily used to verify the correct placement of the
applicator. Correct applicator placement leads to improved overall and
progression-free survival in patients with locally advanced cervical cancer. The
applicator's movement and/or re-placement should occur before the positioning
verification. The ABS updated their recommendations in 2012 in three parts.

When planning an ICRT session, the visualization of MRI/CT images is
essential, with cross-sectional images having a slice thickness of 1 mm to 5 mm.
For institutions using MRI for treatment planning, target volumes (GTV, HR-CTV,
IR-CTV) should match those previously described in GEC-ESTRO
recommendations. For institutions using CT-based planning, only HR-CTV is
determined, which should include the entire cervix width, any parametric spread.
The cranial size of the cervix should be extended by 1 cm towards the uterine
vessels (if possible, intravenous contrast administration is recommended) or to
where the cervix visually begins to widen. If the cervix cannot be adequately
visualized on CT, the cranio-caudal height of the cervix should be taken as 3 cm.

The EMBRACE study (2015) recommends limiting doses to organs at risk
but following the prescribed doses for ICRT as per the accepted traditions of
specific clinics and general medical practice.

CT images for 3D planning allow for visualization of the primary cervical
tumor, organs at risk, rectovaginal, and vesicovaginal septa. Early studies
consistently showed that the maximum doses to the bladder, bladder neck, and
rectum were higher when contouring was done based on CT images as compared
to orthogonal radiographs.

For example, Kapp et al. studied 720 brachytherapy sessions for cervical
cancer with an Iridium-192 HDR source and compared doses to the bladder and
rectum obtained from contouring with orthogonal radiographs and CT images.
They found that maximum doses to the bladder and rectum were, on average, 1.44
and 1.37 times higher when using CT images, respectively. The study emphasized
the importance of evaluating doses across the entire volume of normal organs, not
just the point of maximum dose.

Schoeppel et al. and Datta et al. (2006) compared doses to the bladder and
rectum using orthogonal radiographs and CT scans and found that orthogonal
radiographs significantly underestimated actual doses. Moreover, both studies
showed that dose distribution relative to point A inadequately covered the cervix
and/or tumor volume in all patients. Point A, as well as bladder and rectum points,
weakly correlated with actual doses based on CT, although these studies did not
attempt to correlate dosimetric data with clinical outcomes [10].

Conclusion. Thus, techniques based on the interpretation of 3D imaging in
intracavitary radiation therapy (ICRT) require mastering several complex stages:
knowledge of anatomy, pathology, 3D visualization, medical physics, biology,
clinical experience, and the application of dose-volume histogram (DVH)
parameters. Unfortunately, in Russia and the CIS countries, ICRT with 3D
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planning based on CT/MRI images is insufficiently implemented. It is applied only
in some clinics and often not to all patients or not at all. This is due to poor
technical equipment and the lack of training centers for doctors and medical
physicists.

Significant time is required for training and fully understanding the various
aspects of these complex methods. However, it is expected that, in the near future,
ICRT planned with 3D imaging will become more widely used in clinical practice
and will be comparable in complexity to conformal radiation therapy technologies.
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