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IMMUNOHISTOCHEMICAL PREDICTORS
OF THE COURSE AND OUTCOME
OF TREATMENT IN CERVICAL CANCER

Summary

Cervical cancer currently ranks third in oncogynecological morbidity among malignant diseases of the female reproductive
system in the Republic of Uzbekistan. According to available literature data, squamous cell carcinoma accounts for up to 77+3%
of cases, while adenocarcinoma constitutes 11% and sarcoma 1%.

Purpose of the study: o investigate immunohistochemical predictors influencing the prognosis of clinical course and

outcome of cervical cancer treatment.

Material and methods of research: We analyzed immunohistochemical (IHC) results from 40 cervical cancer patients
treated at the Samarkand Branch of the Republican Specialized Scientific-Practical Medical Center of Oncology and Radiology
during 2020-2023. The cohort included 20 patients with disease recurrence after complex treatment and 20 recurrence-free
patients. All studied cases were histologically confirmed as squamous cell carcinoma of the cervix (T1b-3aNxM0).

Results. Immunohistochemical evaluation of Ki67, VEGFR, and CD34 markers proved most valuable for treatment planning
and disease prognosis. The study demonstrates characteristic changes in Ki67, VEGFR, and CD34 expression patterns according

to tumor grade (G-classification).

Conclusions. Comprehensive histopathological and immunohistochemical analysis of cervical cancer represents a technically
demanding and time-consuming procedure. However, its diagnostic accuracy enables optimal treatment selection, therapy

response monitoring, and improved disease outcome prediction.

Keywords: Cervical Cancer, Imnmunohistochemical Study; Degree of Proliferative Activity, Recurrence; Chemotherapy.

Introduction

Cervical cancer remains one of the main causes of
morbidity and mortality among women in Uzbekistan [1]
and other CIS countries, including Belarus [2, 3], Russia
[4, 5] and Kazakhstan [6, 7].

According to World Health Organization data, cervical
cancer incidence in Uzbekistan is approximately 5.5 per
100,000 women [8,9], compared to 10.5 per 100,000 in
Russia [10,11], 5.5 per 100,000 in Kyrgyzstan [12], and
7 per 100,000 in Kazakhstan [13]. Belarus reports an
incidence of 8 per 100,000 women with a decreasing trend
(—2.7%) during 2010-2019 [14]. Within oncogynecological
malignancies, cervical cancer ranks third in prevalence, with
squamous cell carcinoma accounting for up to 77+3% of
cases, adenocarcinoma for 11%, and sarcoma for 1%. Recent
epidemiological studies demonstrate increasing diagnosis
among socially active women aged up to 65+3 years [15, 16].

Despite early detection and comprehensive treatment,
some cases experience rapid recurrence leading to mortality
within 2 years, while other patients diagnosed at advanced
stages (2b-3) achieve 5-year survival following combination
therapy [17].

The clinical implementation of immunohistochemical
predictors could significantly enhance cervical cancer
treatment efficacy by enabling precise tumor molecular
profiling and personalized therapeutic approaches [18],
particularly relevant for CIS countries requiring context-
specific treatment optimization [19]. These biomarkers
may not only improve care quality but also establish new
diagnostic and treatment standards [20].

Epidemiological data reveal rising incidence and
mortality rates for cervical cancer in the Russian Federation
and other regions during recent decades [21-25]. Current
literature positions cervical cancer among the most
prevalent malignancies in Belarus and Russia, ranking
fourth worldwide among female cancers and seventh in
overall cancer statistics [26-28].

Notably, increasing breast cancer incidence among young
women has heightened the urgency for improved diagnostic
and prognostic tools. Cervical carcinogenesis involves
complex multifactorial mechanisms requiring evaluation
through various immunohistochemical markers. Recent
studies assessing p53, Ki67, cyclin D1, and CD45 protein
expression aim to determine squamous cell carcinoma
biological potential and develop early detection methods.
However, data remain limited regarding local immunity’s
role in evaluating invasive and metastatic potential [3,29,30].

Immunohistochemical markers including p53, Ki67,
cyclin D1, and CD4S5 are utilized internationally to predict
treatment outcomes, achieving five-year survival rates
ranging from 12% to 75% [31].

Immunohistochemical examination (IHC) represents
a morphological technique that identifies tissue antigens,
enhancing diagnostic specificity when combined with
conventional histopathology. Globally recognized as the
gold standard [32,33], IHC complements morphological
evaluation for precise cancer diagnosis and treatment
optimization.

A current research priority involves investigating early
breast cancer recurrence among socially active women,
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driving interest in biomarkers that could enhance standard
cytohistopathological assessment for malignant cell detection.

IHC methodology enables antigen identification in
biological tissues, providing critical adjunctive data to
morphological examination. Contemporary oncology
practice employs IHC for more accurate tumor malignancy
grading. This technique, when combined with traditional
histopathology, improves diagnostic accuracy and
therapeutic outcomes, maintaining its status as the global
diagnostic benchmark.

Purpose of the study. To evaluate immunohisto-
chemical predictors influencing cervical cancer prognosis
and treatment outcomes.

Research materials and methods

We analyzed IHC results from 40 cervical cancer
patients (20 with recurrence post-combination therapy
and 20 recurrence-free cases) treated at the Samarkand
Branch of the Republican Specialized Scientific-Practical
Medical Center of Oncology and Radiology (RNPMCOIR)
during 2020-2023. The study cohort comprised squamous
cell carcinoma cases (T1b-3aNxMO0). IHC analysis was
performed at the Pathomorphology Department of the
Russian Academy of Medical Sciences using the Bond
Leica Australia immunohistoprocessor. Nuclear staining
via the ALL RED method assessed Ki67, VEGFR, and
CD34 expression, with results categorized by low, medium,
or high proliferative activity.

Results

Comprehensive evaluation followed cervical cancer
diagnostic standards, including: Clinical history assessment,
reproductive function analysis, gynecological diseases,
gynecological examination (documenting cervical tumor
characteristics), examination of the uterine body (size,
deviation, mobility, soreness), condition of the uterine
appendages and parametric cells, smear and biopsy of the
tumor from the cervix and cervical canal for oncocytology and
histological examination), colposcopy, ECG and cardiologist
examination, Chest X-ray, rectoscopy, cystoscopy, excretory
urography and virtual colonoscopy MSCT, pelvic MRI,
PET-CT, IHC examination. IHC utilized archival tissue
blocks with Ki67, VEGFR, and CD34 antigen detection.

The function of these antibodies is as follows: Protein
Ki-67, a tumor antigen (also known as MKI167), serves as
a cellular marker of proliferation and is an excellent indicator
for determining the growth fraction of a given cell population.
The percentage of Ki-67-positive tumor cells (Ki-67 labeling
index) is frequently correlated with the clinical course of cancer.

Vascular endothelial growth factor (VEGF) is a signaling
protein produced by cells to stimulate vasculogenesis (formation
of the embryonic circulatory system) and angiogenesis (growth
of new blood vessels from pre-existing vasculature).

CD34 is a transmembrane glycoprotein involved in
early hematopoiesis. It exhibits high sensitivity to vascular
tumors and is expressed in both blood and lymphatic
vessel endothelium. It may be utilized for early detection
of lymphogenic tumor metastasis.

Table 1
The degree of proliferative activity of Ki 67 in squamous cell carcinoma with a G-graded tumor.
G tumor gradation G1 G2 G3
The degree of 10-20% average proliferative | >20% high proliferative

proliferative activity

Low proliferative activity -5 (25%)

activity -5 (25%) activity —10 (50%)

In a study of 20 patients with squamous cell carcinoma of
the cervix without recurrence, the assessment of proliferative
activity by Ki-67 expression according to tumor grade yielded
the following results: in G1 squamous cell carcinoma of the
cervix, low proliferative activity was detected in 5 (25%)

Squamous cell carcinoma G-1 of the cervix Ki67 high positive
reaction of IHC-Comp chromagen. Ne 10. col40

patients; in G2, moderate proliferative activity (10-20%) was
observed in 5 (25%) patients; and in G3, high proliferative
activity (>20%) was noted in 10 (50%) patients. G3 squamous
cell carcinoma of the cervix carries a high risk of disease
recurrence. The microscopic findings are presented in Figure 1.

Squamous cell carcinoma G-2 of the cervix moderate positive
IHC reaction — Comp chromagen. Ne 10. col40

Fig. 1. IHC study of Ki67 in patients with cervical cancer without recurrence of the disease.
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Squamous cell carcinoma of the cervix. G-3. Ki67 low positive IHC response —Comp chromagen. Ne 10. col40.

Fig. 2. IHC study of Ki67 in patients with cervical cancer without recurrence of the disease.

Microscopic examination revealed Ki-67-positive
hyperplasia, squamous epithelial cell atypia, nuclear
polymorphism, and numerous atypical mitoses. The nuclei of
malignant cells exhibited dark brown staining. Cervical cancers
with a high proportion of dividing cells — and consequently

Squamous cell carcinoma G2 of the cervix Ki67 moderate positive

IHC response — Comp chromagen. Ne 10. col40.
RELAPSE

a high Ki-67 index — typically respond well to chemotherapy,
as cytotoxic agents target cells during active division. Thus,
a higher Ki-67 index correlates with greater treatment efficacy.
Determination of the Ki-67 index aids in selecting the most
appropriate therapeutic approach for individual cases.

Squamous cell carcinoma G3 of the cervix low positive IHC
response — Comp chromagen. Ne 10. col40.
RELAPSE

Squamous cell carcinoma of the cervix. G-1. Relapse. Ki67 low positive IHC response — — Comp chromagen. Ne 10. col40.

Fig. 3. IHC study of Ki67 in patients with recurrent cervical cancer.

A lower Ki-67 index correlates with poorer tumor
response to chemotherapy (and vice versa). In low-grade
breast cancer, reduced expression of smooth muscle actin
was observed in both the tumor stroma and blood vessel
walls, indicating a high metastatic potential.

Evaluation of vascular endothelial growth factor (VEGF)
revealed the following pathological changes. In the study group
of 20 patients, 2 (10%) exhibited a mildly positive response, 7
(35%) a moderately positive response, and 11 (55%) a strongly
positive response to the VEGF tumor marker (Table 2).
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Table 2
The degree of proliferative activity of the VEGF reagent in squamous cell carcinoma.
G tumor G1 G2 G3
gradation
Degree of <30% low proliferative 30-60% moderate proliferative >60% high proliferative
activity activity —2 (10%) activity —7 (35%) activity —11 (55%)

Microscopic examination of specimens from the
20 selected patients demonstrated squamous epithelial
hyperplasia with atypical epithelial cells displaying

nuclear polymorphism, arranged in irregular layers,

alongside numerous pathological mitoses. Dark brown-
stained vascular structures of varying sizes were densely
distributed, with a frequency of 30-40 per field of view

(Fig. 4).

Squamous cell carcinoma G-1 of the cervix low positive reaction Squamous cell carcinoma G-2 of the cervix low positive reaction of

of the VEGFR IHC reagent —Comp chromagen. Ne 10. col40

the VEGFR IHC reagent -Comp chromagen. Ne 10. col40

Squamous cell carcinoma of the cervix. G-3. Without relapse. VEGFR low positive IHC response — Comp chromagen. Ne 10. col40.

Fig. 4. The degree of proliferative activity of the VEGF reagent in squamous cell carcinoma of cervix.

Histopathological analysis revealed squamous epithelial
hyperplasia with atypical epithelial cells organized in irregular
layers, forming atypical malignant tumor cells exhibiting
polymorphism and frequent pathological mitoses. The nuclei
of the tumor cells were stained dark brown (Fig. 5).

In patients with cervical cancer who did not experience
recurrence, the following results were obtained: 11 (55%)
of 20 VEGF-positive patients showed a weakly positive
reaction. These findings indicate that reactions with
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low expression of the MPA reagent are associated with
significantly reduced rates of tumor growth and metastasis.
Conversely, reactions with high MPA reagent expression
demonstrate increased probability of tumor growth and
metastatic spread.

Analysis using the VEGF reagent revealed a strongly
positive reaction in 11 (55%) of 20 patients. This suggests
a substantially elevated risk of prolonged tumor growth
and metastasis.
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1. Strongly positive reaction. Squamous cell carcinoma G3. 2. Moderately positive reaction. Squamous cell carcinoma G1. 3. Weakly
positive reaction of VEGF reagent in patients with cervical cancer without recurrence. IHC-Comp chromogen. No. 10. col40

Fig. 5. The degree of proliferative activity of the VEGF reagent in recurrent squamous cell carcinoma
of the cervix.

Membrane protein CD34 — microscopic examination
of CD34 membrane protein in the selected 20% of
patients demonstrated the following pathological changes:
squamous epithelial hyperplasia with atypical epithelial
cells displaying pleomorphism, numerous atypical tumor
cells, and multiple pathological mitoses. Vascular structures
stained dark cinnamon-brown were observed in varying
sizes, with 15-20 vascular profiles per field of view (Fig. 6).

In cases of cervical cancer recurrence following complex
or combined treatment, these microscopic changes were
more pronounced (Fig. 7). Furthermore, the risk probability
of distant metastasis in such cases was increased.

The microscopic examination of specimens from
20 selected patients revealed squamous epithelial hyperplasia,
atypical epithelial cells with polymorphism in layers of varying
shapes, and atypical tumor cells with prominent pathological
mitoses. Dark brown blood vessels of differing sizes were
observed, with a density of 15-20 vessels per field of view.

The subsequent investigation aimed to assess the
outcomes of combined and complex treatment for

squamous cell carcinoma of the cervix. The following
data were obtained in cases with recurrence and long
relapse-free periods:

In G1 squamous cell carcinoma of the cervix treated
with combined therapy (radical surgery and combined
radiation therapy), recurrence was predicted based on
IHC results in 5 (25%) cases. These patients received
two courses of PCT under the PP regimen (paclitaxel +
carboplatin, with drug induction guided by topometric
data) (Table 5). No disease recurrence or metastasis was
detected in this group over 36 months.

In G2 squamous cell carcinoma of the cervix treated
with combined therapy (radical surgery and combined
radiation therapy), recurrence was predicted based on IHC
results in 7 (35%) cases. Patients underwent three courses
of PCT under the PP regimen (paclitaxel + carboplatin, with
drug induction guided by topometric data). Two patients with
extragenital pathology (postradiation thrombophlebitis of
the lower extremities) were unable to receive chemotherapy,
and recurrence was detected within 15+4 months.
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Squamous cell carcinoma G1 of the cervix Squamous cell carcinoma G2 cervical cancer moderate low positive reaction of CD34 reagent
positive reaction of CD-34 reagent (vascular density 10-15). (vascular density 15-20). ICH — Comp chromagen. Ne 10. col40

Squamous cell carcinoma of the cervix. G-2. high positive reaction of CD-34 reagent (vascular density 30-40). ICH — Comp
chromagen. Ne 10. col40

Fig. 6. CD34 results in patients with squamous cell carcinoma of the cervix.

1. Aweakly positive reaction of CD34 reagent in patients with cervical cancer. (the density of vessels is 15-20). 2. A high positive CD34
response in case of recurrence of cervical cancer (30-40 vascular density). ICH — Comp chromagen. Ne 10. col40

Fig. 7. CD34 results in patients with squamous cell carcinoma of the cervix with disease recurrence.

Table 3
Immunohistochemical analysis according to the G-grade of the tumor.
Ki 67 VGFR CD34
G1 5 (25%) 2 (19%) 5 (25%)
G2 5 (25%) 7 (35%) 5 (25%)
G3 10 (50%) 11 (55%) 10(50%)
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In G3 squamous non-keratinizing cervical
carcinoma, recurrence occurred within 15+4 months in
10 (50%) cases after complex treatment, while in patients
receiving combined therapy, this interval was 10+3 months.

According to the study data, lower degrees of
differentiation in malignant cells correlate with decreased
Ki67 expression, elevated VEGFR and CD34 levels, and
a higher predicted risk of cervical cancer recurrence,
observed in approximately 55% of the study cohort.

Conclusion

— The study findings demonstrate that higher proliferative
activity (Ki67) in cervical cancer is associated with more
favorable treatment outcomes and prognosis.

— Low VEGEFR expression correlates with significantly
reduced tumor growth and metastatic rates.

— Elevated CD34 levels are linked to an increased risk
of cervical cancer recurrence and metastasis.

— The primary objective of immunohistochemical
(IHC) research in clinical practice is personalized patient
management to enhance treatment efficacy, achieve
sustained remission, and prevent disease recurrence or
metastasis.

— Comprehensive histopathological and immunohisto-
chemical evaluation of tumor progression is a complex
and time-consuming process; however, its diagnostic
accuracy facilitates optimal therapeutic selection, treatment
monitoring, and improved prognostic assessment.

— The results indicate that poorly differentiated
malignant tumors exhibit more aggressive behavior, higher
recurrence rates, and increased metastatic potential.

— Disease progression and treatment response vary
significantly among patients within the same cohort,
emphasizing the need for refined diagnostic approaches
and individualized therapeutic strategies in cervical cancer
management.
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PE3YNbTATU AUCEPTALINHUX TA HAYKOBO-0OCIIAHUX POBIT

IMYHOTICTOXIMIYHI IPOTHO3HI ®PAKTOPU NNEPEBITY TA PE3VJIBTATIB JIIKYBAHHS
PAKY LIUMKU MATKHU

M. P. Opinosa'?, A. A. FOcynéexoé®, C. C. [Jasramos*

CamapkaHicbKe perioHajbHe BiaaijieHHs: Pecny0/ikaHChKOro creniajgizoBaHOr0 HAyKOBO-NIPAKTHYHOI0 MeUYHOI0
HEHTPY OHKoJIOri Ta paxiosorii', PecniybiaikanchKkuii crieniaiizoBaHuii HAyKOBO-NPAKTHYHHIA MeIUYHUI LEHTP OHKOJIOTII
Ta paaioJorii’, CamapkanachbKuii JepKaBHU MeTUYHUIi YHiBepcuTeT
(Camapkanj, Y30eKkucraH)

Byxapcbkuii Jep:kaBHUI MeAnIHMil iHCTUTYT iMeni AGy Aui i6n Cino*

(byxapa, Y30exucran)

Pesrome.

Pak mmifku MaTKy Ha CHOTOAHI IIOCIIa€ TPETE MicIie 3a 3aXBOPIOBAHICTIO CEPE/l OHKOTIHEKOJIOTIYHUX 3aXBOPIOBAHb JKIHOYOT pe-
MIPOAYKTHBHOI cucteMu B PecrryOmini Y36ekucran. 3a TaHUMH JiTepaTypH, INIOCKOKIITHHHMI pak CTaHOBUTE 10 77+3% BHUIIAJKIB,
ageHokapuuHomMa — 11%, capkoma — 1%.

Merta roc/TiKeHHsI: BUBICHHS IMyHOTICTOXIMIYHHX TPOTHOCTHYHUX (haKTOPIB, IO BINIMBAIOTH Ha ITepeOir Ta pe3ynbTar JTiKyBaHH
paKy MIMIKH MaTKH.

Marepianan Ta MeTOAH AOCTIA:KeHHsI. MU TpoaHaitizyBaiy pe3ynsratu imyHoricroximigaoro (II'X) mocmimkenns 40 marieHTOK
3 paKoM IIMHKH MaTKH, sIKi JTiKyBanucs B CaMapKaHICBKOMY BifiisieHHi PeciryOmikaHCBEKOTO Clieniali3oBaHOTO HayKOBO-TIPAKTHIHOTO
MEJIIYHOTO IEHTPY OHKOJIOTII Ta paxionorii nporsrom 2020-2023 pokis. [lo koropTr yBiiinuy 20 MaIieHTOK 3 PEIUIBOM 3aXBOPIO-
BaHHS ITiCJIsT KOMIUICKCHOTO JTiKyBaHHS Ta 20 mamieHTok 0e3 peruuBy. YCi JOCHiKyBaHI BUIIAKH OyJIH TiCTOJIOTIYHO MiITBEPIKEH]
SIK TUIOCKOKJIITHHHAMH pak muiku Matku (T1b-3aNxMO).

Pe3yabrarn. Imysoricroximiuna orinka MapkepiB Ki67, VEGFR ta CD34 BusBmiiacs HalO1LIbII IHHOIO JJISI IUTAHYBAaHHS JIKY-
BaHHS Ta IPOTHO3YBAHHS 3aXBOPIOBAaHHS. J[0CIiKEHHS IEMOHCTpPY€ XapakTepHi 3MiHu B arTepHax ekcrpecii Ki67, VEGFR Ta CD34
BIJITOBIZTHO 10 CTYIEHs 3N0sIKiCHOCTI myximHH (G-Kitacudikaris).

BucnoBkn. KoMruiekcHUi ricTonaToIoriqvHui Ta iMyHOTICTOXIMIYHMI aHAaN3 paKy IIUHKKA MAaTKH € TEXHIYHO CKIIAJHOIO Ta TPY-
JIOMICTKOIO TIporienypoto. OnHak Horo fiarHOCTUYHA TOYHICTB JO3BOJISIE ONTUMAIBHO MifiOpaTH JiKyBaHHS, KOHTPOIIOBAaTH PEAKIIII0

Ha Tepani}o Ta MOKpalIuTHU IMMPOTHO3 3aXBOPIOBAHHS.

Kiro4oBi cj1oBa: pax mmitku Matku, iMyHOTricTOXiMiuHe JIOCHiIKEHHS; CTYTIiHb NIPONihepaTHBHOT AKTHBHOCTI, PEIHIHB;

XiMioTeparmis.
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