KJIIHIYHA MEJIMITHHA

UDC 616.31-006.6-036.6-091.8-037-08 https://doi.org/10.26641/2307-0404.2025.1.325236

V.V. Rakhmanov ", PROGNOSTIC BIOMARKERS

LS. Shponka AND THEIR IMPACT ON TREATMENT
STRATEGY SELECTION FOR PATIENTS
WITH ADVANCED STAGES
OF OROPHARYNGEAL CANCER

Dnipro State Medical University

Volodymyra Vernadskoho str., 9, Dnipro, 49044, Ukraine
Jninposcovkuti deporcagruti MeOuyHUll yrHigepcumem

8yn. Bonooumupa Bepnaocwvkozo, 9, /Jninpo, 49044, Ykpaina
“e-mail: grimm417@gmail.com

LHumyeannsa: Meouuni nepcnexmueu. 2025. T. 30, Ne 1. C. 29-38
Cited: Medicni perspektivi. 2025;30(1):29-38

Key words: oncology, oropharyngeal cancer, squamous cell carcinoma, human papillomavirus status,
immunohistochemical study, biomarkers, epidermal growth factor receptor, Cyclin D1, Ki-67, cyclin dependent kinase
inhibitor 2a gene, prognosis, treatment

KurouoBi ciioBa: onxonozis, pak pomoenomku, ni0CKOKIMUKHUL pax, Cmamyc 8ipycy naniiomu JoOuHu,
iMyHO2Zicmoximiune 0ocniodcenHs, biomapKkepu, peyenmop enioepmanvrozo pakmopa pocmy, Cyclin D1, Ki-67, 2en
iH2IOIMOp YUKNIH-3a1ediCHOL KIHa3u 2a, NPOSHO3, NIKY8AHHS

Abstract. Prognostic biomarkers and their impact on treatment strategy selection for patients with advanced
stages of oropharyngeal cancer. Rakhmanov V.V., Shponka LS. The study of prognostic biomarkers is crucial for
personalising and enhancing the effectiveness of oropharyngeal cancer treatment, as they help identify patients with
aggressive disease progression and determine the optimal patient management strategy. Purpose: Analysis of the
effectiveness of the use of biomarkers in the context of human papillomavirus status for predicting oncological events,
functional outcomes to optimise treatment approaches for patients with advanced oropharyngeal cancer. The study
examined the results of examination and treatment of 120 patients aged 37 to 80 years, of both sexes diagnosed with stage
III-1V oropharyngeal cancer (T3.4No.3My.1). The clinical and morphological characteristics and the outcomes of histo-
logical and immunohistochemical analyses of biopsy and surgical samples were assessed. Human papillomavirus
(HPV) status was determined using immunohistochemistry for the pl6 oncoprotein. Statistical analysis was
performed using R Commander (https.://www.r-project.org/) and MedCalc Statistical Software trial version 22.030
(https://www.medcalc.org/), applying descriptive and analytical statistics, rank correlation, logistic regression, and
receiver operating characteristic (ROC) analysis. In late stages of oropharyngeal cancer, increased expression of Cyclin
D1 and epidermal growth factor receptor (EGFR) was significantly more common in HPV-negative cases compared to
HPV-positive ones (p<0.05). HPV-negative tumours were associated with homozygous deletion cyclin dependent kinase
inhibitor 2a gene (CDKN2A). The identification of biomarkers as prognostic criteria for different HPV statuses confirms
their role in choosing a treatment strategy. Biomarkers like Ki-67 and homozygous deletion of CDKN2A were prognostic
for metastasis, while Ki-67 and Cyclin DI were linked to recurrence. EGFR showed the highest prognostic accuracy for
predicting masticatory muscle trismus. Increased expression of Cyclin DI and Ki-67 in late stages of oropharyngeal
neoplasms correlated with combined treatment, increasing the odds by 4.42 times and 25%, respectively (p<0.05).
Evaluation of biomarkers such as p16, EGFR, Cyclin D1, and Ki-67 provides essential information into disease prognosis
and response to treatment, enabling risk stratification, tailored treatment planning, and the development of personalized
strategies for managing advanced oropharyngeal cancer.

Pedepart. IIpornocTuyHi 6ioMapkepu Ta ix BIUIMB HA BUOIp cTpaTeriii JikyBaHHsI Naumi€eHTIB 3 mi3HIMU cTagisMu
paky portoriaorkd. Paxmanor B.B., Illmonbka I.C. Busuenns npocHocmuunux 6iomapkepie € axmyaibHUM O
nepconanizayii. ma niosuwenHs epekmueHocmi JNiKY8AHHS PAKy POMOIOMKU, OCKLIbKU 60HU OONOMA2AiOMb
i0enmudghixysamu nayicHmis 3 azpecusHUM nepedicom 3ax60PIO6AHHs MA GUSHAYUMU ONMUMATLHY CIPAmMe2iio 6e0eHH s
nayienmie. Mema: ananiz eghexmusHocmi UKOPUCMAHHS OIOMAPKePi6 3 YPAXYBAHHAM CIAMYCY ipyCy RANLIOMU THOOUHU
0715 NPOCHO3YBAHHS OHKONOIYHUX NOOIl, (DYHKYIOHANLHUX pe3yTbmamie ma onmumizayii nioxoo0ie 0o 1iKy8anHs X60pux
3 nisHimu cmadismu paxy pomoenomku. Ilpogedeno ananiz pezynrvmamis oocmedicennn ma aikysanna 120 nayienmis 6io
37 0o 80 pokis, obox cmameii, xeopux Ha pak pomoenomku II-1V cmaoii (T3.4No.3My.;). Oyinroganucsa Kiiniko-
MOP@ONOSIYHI  XapaKkmepucmuKku RAYiEHMie ma pe3yabmamu 2IiCHON0STYHUX U IMYHO2ICMOXIMIYHUX BUOIPKOGUX
docnidacens bioncitinozo ma onepayiiino2o mamepiany. Imynocicmoximis 0na onkonpomeiny pl6 guxopucmosgysanacs
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ona euznavenus eipycy naninomu moounu (BILJI) cmamycy. Cmamucmuynuii ananiz nposoouscsi 3a 00nomozorw R
Commander  (https://'www.r-project.org/) ma MedCalc Statistical Software trial version version 22.030
(https://www.medcalc.org/download/) ma exnouas onucosy U aHaAriMuyHy CMAMUCIUKY, DPAH2OUU KOPENAYIUHUL
aHani3, RPOCMULl I MHOJCUHHULL JI02ICMUYHULL peepecitinull ananiz ma receiver operating characteristic (ROC) auanis.
byno eusnaueno, wo Ha niznix cmaodisx paxy pomoziomku nidsuujena excnpecisi Cyclin DI ma peyenmopa eni-
depmanvrozo ¢gaxmopa pocmy (EGFR) € cymmeeo euworo y BIl/I-necamusnux eunaokax nopieuano 3 BII/I-nosu-
muguumu (p<0,05). BIl/I-necamusHuii cmamyc acoyitoemscs 3 20MO3USOMHOK OeNeyie€ro 2eHa [Hei0imop YUuKIiH-3a-
nedicnoi kinasu 2a (CDKN2A). Busnauenus biomapkepis y AKOCmi RPOSHOCMUYHUX Kpumepiig 01s pisnux BIIJI-cmamycis
niomeepocye ix porv y ubopi cmpamezii niKysanHsa. IIpoeHocmuynumu Kpumepiamu memacmasyeanHs GU3HAYEeHO
sHayenns Ki-67 ma 2omozuzomuy deneyito CDKN2A, ona nepedbauenna peyuousy — mapxepu Ki-67 i Cyclin D1. Hauikpawi
NPOSHOCMUYHI XAPAKMEPUCMUKYU OIsL NPOZHO3Y MPU3MY Hcysanvroi myckyaramypu noxazas EGFR. Iliosuwena excnpecis
Cyclin DI ma Ki-67 na niznix cmaodisx HOB0YMEOPEHb POMOSNIOMKU ACOYIIOEMbCS 3 KOMOIHOBAHUM JKYGAHHSM,
30imbutyiouu wiancu 6 4,42 pasza ma na 25% eionosiono (p<0,05). Oyinxa 6iomaprepie, maxux sx p16, EGFR, Cyclin DI i
Ki-67, naodae yinny ingopmayiio npo npoeHos 3axeoproéants i 6i0noeiob Ha JNIKYEAHHs, 00NOMA2aiovu 6 cmpamu@ikayii

PU3UKIG, NIIAHYBAHHI IIKYEAHHs MA PO3POONIeHHI NepCoHIpIK08anol cmpame?ii NiKY8AHHS PAKY POMOSTIOMKIL.

Oropharyngeal cancer constitutes a significant
portion of malignant neoplasms of the head and neck,
averaging 10% to 25% of all cases, and reaching up
to 30% in certain populations [1, 2].

According to global cancer statistics
(GLOBOCAN) in 2022, the number of new cases
of oropharyngeal cancer in 185 countries world-
wide amounted to 106,316, ranking 24th (0.5% of
all cancer types), with 52,268 deaths, ranking 23rd
(0.5% of all causes). The age-standardized inci-
dence risk for men was 1.9%, while the mortality
risk was 0.9%, exceeding the rates for women,
which were 0.4% and 0.2%, respectively [3].

As with other head and neck neoplasms, squamous
cell carcinoma accounts for 80-90% of all oro-
pharyngeal cancers. Risk factors include human
papillomavirus (HPV) infection, tobacco use, alcohol
consumption, ultraviolet radiation, lifestyle, dietary
deficiencies, and others [3, 4, 5]. Oropharyngeal cancer
is more commonly diagnosed in older individuals,
typically after the age of 50. However, in recent years,
there has been an increase in incidence among younger
age groups, primarily associated with HPV infection,
particularly HPV type 16 (HPV 16) [4, 5].

Approximately 70% of oropharyngeal cancer cases
are diagnosed at late stages, reducing the 5-year
survival rate from 83.7% for early-stage localized
cancer to 38.5% when metastases are present at
diagnosis [6]. In Ukraine in 2022, advanced stages of
malignant neoplasms of the tonsils (76.1%) and oro-
pharynx (82.0%) were most frequently detected [7].

Despite the adoption of the 2023 Evidence-Based
Clinical Guideline «Cancer of the Oral Cavity,
Oropharynx, Hypopharynx, Larynx, and Advanced
Head and Neck Cancer» and the Unified Clinical
Protocol for Primary and Specialized Medical Care
«Oropharyngeal Cancer» (Order of the Ministry of
Health of Ukraine dated October 20, 2023, No. 1831),
the treatment of patients with advanced stages of
oropharyngeal cancer remains a critical issue [8].
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The study of prognostic biomarkers aids in per-
sonalising oropharyngeal cancer treatment and im-
proving its effectiveness. Biomarkers associated with
clinical outcomes are used to identify patients with
more aggressive disease progression. To date, more
than 75 biomarkers have been investigated as indi-
cators for predicting head and neck cancer outcomes
[2, 5, 6, 8], with particular emphasis on the pl16 on-
coprotein as an indicator of HPV infection. Accor-
ding to the new World Health Organization classifi-
cation, HPV-positive oropharyngeal squamous cell
carcinoma is a distinct oncological disease with its
staging criteria and a better prognosis compared to
HPV-negative squamous cell carcinoma [2].

Biomarkers that regulate the cell cycle and play
key roles in tumor development and progression are
being actively studied. These include the cell pro-
liferation marker Ki-67, which reflects tumor growth
rate; matrix metalloproteinases (MMPs) as enzymes
that promote invasion and metastasis of tumor cells;
vascular endothelial growth factor (VEGF), asso-
ciated with tumor neoangiogenesis; Cyclin D1 as a
key regulator of the cell cycle; epidermal growth
factor receptor (EGFR), a critical membrane protein
involved in regulating cell growth, survival, proli-
feration, and differentiation; and oncogenic proteins
such as p53, p27, and Bcl-2, as well as the cyclin-
dependent kinase inhibitor 2A (CDKN2A) gene and
TP53 gene, among others [9, 10, 11].

Despite the growing number of studies on bio-
markers as diagnostic and prognostic parameters, no
indicators have yet surpassed the classical prognostic
factors used in clinical practice, such as TNM staging
and HPV infection status [9]. This underscores the
need for further detailed research on biomarkers with
the potential to enhance the effectiveness of
oropharyngeal cancer treatment, considering the HPV
status of the tumor, which determined the relevance
of this study.
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Analysis of the effectiveness of the use of
biomarkers in the context of human papillomavirus
status for predicting oncological events, functional
outcomes to optimise treatment approaches for
patients with advanced oropharyngeal cancer.

MATERIALS AND METHODS OF RESEARCH

Analysis of the examination and treatment results
of 120 patients aged 37 to 80 years, with a mean age
of 59.3 years (95% CI 57.6 — 61.1; SD=9.9), of both
sexes (67.5% male and 32.5% female), diagnosed
with stage III-IV oropharyngeal cancer (T3.4No3Mo-1)
treated at the ENT-2 (Oncology) Department of the
«Dnipropetrovsk Regional Clinical Hospital named
after I.I. Mechnikov» of the Dnipropetrovsk Regional
Council during 2018-2023.

All patients were included in the study after
providing their informed written consent. The study
was conducted in compliance with the Helsinki
Declaration and other international and national
guidelines on bioethical principles of scientific
research (excerpt from the protocol of the Biomedical
Ethics Committee of Dnipro State Medical Uni-
versity, No. 9 dated October 26, 2021).

Clinical and morphological characteristics of the
patients were evaluated, including age, sex, disease
stage, tumor differentiation and keratinization degree,
morphological variants of the tumor, oncological
events (recurrence and metastasis), and functional
outcomes such as the presence or absence of masti-
catory muscle trismus.

The study analysed the morphological exami-
nation results for all patients, histological and immu-
nohistochemical evaluations of biopsy and surgical
materials from 70 patients, and fluorescence in situ
hybridization (FISH) results from 26 histological
samples. Morphological, histological, immunohisto-
chemical (IHC), and FISH methods were employed
to assess CDKN2A gene anomalies. Detailed metho-
dologies for marker expression evaluation have been
described in previous publications [10, 11].

Morphological and histological examinations were
performed using the ZEISS «Primo Star» light
microscope (objectives x10, x20, x40). Digital images
were obtained using the Zeiss Primo Star-Axiocam
ERC 5s camera with ZEN 2 blue edition software.

For IHC studies, antibodies against p16 (RTU),
p53 (RTU), EGFR (RTU), Cyclin D1 (EP12, RTU),
Ki-67 (sp6, RTU), and p27 (spl, RTU), as well as the
UltraVision Quanto visualization system (LabVi-
sion), were used. The reaction was identified using a
chromogen solution of 3-diaminobenzidine tetra-
chloride (Quanto, LabVision), visualized with a
microscope, and marked by brown staining. Nuclei
were counterstained with Mayer's hematoxylin for 1-
3 minutes.
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The results of IHC reactions were assessed vi-
sually using a semi-quantitative method by counting
positively stained cells of varying intensity. IHC for
the pl6 oncoprotein was used to determine HPV
status — p16(+) indicated HPV (+) status. Biomarker
expression was evaluated on a scale ranging from a
negative reaction to high (strong) levels of ex-
pression, following expert recommendations.

The expression of biomarkers was assessed in a
range from negative reaction to high (strong) levels
of expression according to the recommendations of
leading experts. Marker expression thresholds were
as follows: p53 was considered elevated (positive) if
>25% of tumor cells demonstrated nuclear expres-
sion, Cyclin D1 at >10% of stained cells, Ki-67 at
>50% of cells, and high expression levels of EGFR
and p27 were scored as (+2, +3). Homozygous dele-
tion of CDKN2A was studied as an anomaly of the
cyclin-dependent kinase inhibitor 2A gene [10, 11].

Statistical analysis was performed using tools
implemented in R Commander (https://www.r-
project.org/), including calculations of means (M)
and relative values (%), 95% confidence intervals
(CI), standard deviation (SD), evaluation of statistical
differences using Pearson's Chi-square test ()%),
including Yates' correction for continuity for small
frequencies and proportions (near 0 or 100), Spear-
man's rank correlation coefficients (rs), simple and
multiple logistic regression analyses with odds ratios
(OR) and 95% ClIs, and receiver operating charac-
teristic (ROC) analysis.

The ROC analysis included calculating sensitivity
(Se), specificity (Sp), and area under the ROC curve
(AUC). AUC values were interpreted as follows: 0.9—
1.0: excellent accuracy; 0.8-0.9: very good; 0.7-0.8:
good; 0.6-0.7: average; 0.5-0.6: poor; 0.5: unsuitable
method [12]. ROC analysis and ROC curve plotting
were performed using MedCalc Statistical Software
trial version 22.030 (MedCalc Software, Ostend,
Belgium; https://www.medcalc.org/download/).

The critical level of statistical significance (p) was
set at <5% (p<0.05) for all analyses.

RESULTS AND DISCUSSION

In all 120 examined cases, oropharyngeal cancer
was represented by squamous cell carcinoma. Among
these, 78 cases (65.5%) were classified as moderately
differentiated carcinoma, while 80 cases (66.7%)
were non-keratinizing carcinoma.

All patients received treatment according to the
current clinical guidelines and national regulatory
documents. Predominantly, surgical treatment was
applied in 17 cases (14.2%), radiation therapy and
chemoradiotherapy (CRT) in 67 cases (55.8%), and
comprehensive treatment involving a combination of

31



KJIIHIYHA MEJIMITHHA

surgery, radiation therapy, chemotherapy, and other
methods in 36 cases (30.0%).

Among the 120 patients, metastases were detected
in 61 individuals, with the metastatic rate of oro-
pharyngeal cancer at late stages amounting to 50.8%
(95% CI: 41.5 — 60.0%). Recurrence was observed in
8 patients, with a recurrence rate of 6.7% (95% CI:
2.9—-12.8%). Trismus of the masticatory muscles was
identified in 15 patients, corresponding to a trismus
prevalence of 12.5% (95% CI: 7.2-19.8%), which
aligns with international studies reporting a trismus
prevalence ranging from 5% to 38% following
treatment of head and neck malignancies [13].

A similar event frequency was observed in the
subset of cases subjected to histological and im-
munohistochemical (IHC) studies (Table 1).

In the comparison groups based on HPV status, no
significant differences were found in the frequency of
trismus of the masticatory muscles, metastases, or
recurrences (p>0.05). However, it is noteworthy that

the recurrence rate was 5.2% higher in patients with
p16 (-) cancer (95% CI -10.8% to 17.7%), although it
did not reach statistical significance due to the limited
number of adverse events, aligning with findings
reported by other researchers [14].

It was determined that advanced-stage oropharyn-
geal cancer is predominantly characterized by ele-
vated expression of Cyclin D1 (67.1% of cases) and
EGFR (75.7%), with fewer cases showing increased
expression of p53, p27, and Ki-67. Regarding the
elevated expression of biomarkers about HPV status,
no significant differences were observed for p27 and
Ki-67. In contrast, a statistically significant (p<0.05)
higher level of expression of p53, Cyclin D1, and
EGFR was identified in the HPV-negative group
compared to the HPV-positive group.

Homozygous deletion of CDKN2A was observed
exclusively in HPV-negative cases with pl6 (-)
status, while it was absent in p16 (+) cases (p<0.001).

Table 1

Clinical outcomes and biomarker expression levels in patients
with advanced oropharyngeal cancer by HPV status

HPYV - negative cancer/ HPYV - positive cancer/

Clinical and THC results All patients

P p16 () P16 () P
Total number, n (%) 70 (100.0%) 44 (62.9%) 26 (37.1%) -
Trismus of masticatory muscles, n (%) 11 (15.7%) 5(11.4%) 6 (23.1%) 0.193
Metastases, n (%) 36 (51.4%) 19 (43.3%) 17 (65.4%) 0.072
Recurrence, n (%) 5(7.1%) 5(9.1%) 1(3.9%) 0.410

Biomarker Expression Levels, n (%)

Elevated expression of p53>25%, n (%) 23 (32.9%) 20 (45.5%) 3 (11.5%) 0.004
Elevated expression of Cyclin D1>10%, n (%) 47 (67.1%) 38 (86.4%) 9 (34.6%) <0.001
High EGFR expression (+2, +3), n (%) 53 (75.7%) 37 (84.1%) 16 (61.5%) 0.033
High expression of p27 (+2, +3), n (%) 22 (31.4%) 13 (29.6%) 9 (34.6%) 0.659
High expression of Ki-67>50%, n (%) 17 (24.3%) 10 (22.7%) 7 (26.9%) 0.692
Homozygous deletion of CDKN2A, N, (n, %) n=26 10 (38.5%) n=14 10 (71.4%) n=12 0 (0.0%) 0.001

Note. p values represent differences between comparison groups according to Pearson's y? test, including Yates’ correction where applicable.

Correlation analysis of the expression of the
investigated biomarkers (Fig. 1) confirmed that the
carcinogenesis of oropharyngeal neoplasms is a
multifaceted process. A negative correlation was
observed between p16 and p53, EGFR, and Cyclin

D1, while a positive correlation was noted among
EGFR, p53, p27, and Cyclin D1. This indicates a
coordinated interaction among these bio-
markers in the regulation of the cell cycle and
proliferation processes.
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The numbers represent Spearman's correlation coefficients (rs): 0.25<|r[<0.70 — moderate correlations; solid lines indicate direct correlations; dashed

lines indicate inverse correlations.

Fig. 1. Correlation of biomarker expression in patients with late-stage oropharyngeal cancer

The CDKN2A gene, encoding the pl6 protein,
exhibits reduced or absent expression, which is
illustrated by a strong inverse Spearman's rank cor-
relation between pl6 expression and homozygous
CDKN2A deletion (r=-0.72; p<0.001). This deletion
directly correlates with Ki-67 levels (1=0.75;
p<0.001), indicating that the loss of the CDKN2A
gene is associated with increased cell proliferation.

Studies by Pakistani researchers on the association
of human papillomavirus (HPV) with other bio-
markers in head and neck cancer carcinogenesis
revealed correlations between pl6 and Cyclin D1,
p53, and EGFR [15].

To identify biomarker expression that may assist
in risk assessment for poor prognosis and in selecting
an optimal treatment strategy, an ROC analysis was
conducted, including the consideration of HPV status
(Table 2).

Regarding masticatory muscle trismus, the epi-
dermal growth factor receptor demonstrated the best
prognostic performance among the studied markers,
both in the overall cohort and in the HPV-positive
subgroup. The area under the ROC curve showed
good predictive characteristics: AUC=0.710
(p=0.036) and AUC=0.721 (p=0.048), respectively.
Elevated EGFR expression is associated with
aggressive tumor growth and invasion into sur-
rounding tissues, potentially leading to trismus.

25/Tom XXX/1

It is noteworthy that for several markers, the
sensitivity of the tests approaches or reaches the
maximum of 100% in predicting masticatory muscle
trismus: p53, EGFR, and homozygous CDKN2A
deletion for the entire cohort; p53, EGFR, p27, and
Ki-67 for the HPV-negative subgroup. This indicates
that these tests almost always accurately identify
individuals with this functional impairment, em-
phasizing their importance in the broader context
regardless of other factors.

Previous studies have established links between
excessive Cyclin D1 expression and the development
of regional lymph node metastases in HPV-positive
cases, as well as increased EGFR expression with
worse prognosis and more aggressive tumor
behaviour [16].

Statistically significant areas under the ROC
curves and corresponding predictive capabilities for
metastasis were identified for Ki-67 (moderate pre-
dictive performance: AUC=0.603; p=0.048) and
homozygous CDKN2A deletion (good predictive
performance: AUC=0.735, p=0.013). Inp16 (-) cases,
the predictive capability of the latter marker improves
to a good level, while for Ki-67, it does not reach
clinically or statistically significant levels, although
the protein's sensitivity in this context reaches 100%.
The cell proliferation marker maintains its predictive
ability for metastasis in p16 (+) cases.
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Table 2
Prognostic potential of biomarkers in late-stage oropharyngeal cancer: an ROC analysis
Masticatory muscle trismus Metastases Recurrence
Markers
AUC AUC AUC
(95% CI), p Se/Sp, % (95% CI), p Se/Sp, % (95% CI), p Se/Sp, %
All patients
pl6 0.601 54.6/65.6 0.597 47.2/72.2 0.566 75.0/38.2
(0.478-0.714) (0.475-0.711) (0.444-0.683)
p=0.193 p=0.086 p=0.607
ps3 0.547 100.0/17.0 0.567 74.3/51.4 0.578 25.0/100.0
(0.423-0.666) (0.443-0.685) (0.454-0.695)
p=0.600 p=0.338 p=0.685
Cyclin D1 0.558 54.6/71.2 0.595 40.0/85.7 0.805 100.0/64.6
(0.434-0.676) (0.471-0.711) (0.694-0.890)
p=0.553 p=0.173 p<0.001
EGFR 0.710 90.9/66.7 0.570 31.4/82.9 0.640 75.0/60.6
(0.500-0.869) (0.446-0.688) (0.517-0.751)
p=0.036 p=0.281 p=0.036
p27 0.520 36.4/76.3 0.505 77.1/31.4 0.509 100.0/25.8
(0.397-0.641) (0.383-0.627) (0.387-0.631)
p=0.836 p=0.945 p=0.937
Ki-67 0.508 18.2/91.5 0.603 71.4/51.4 0.650 50.0/90.9
(0.386-0.630) (0.479-0.718) (0.526-0.760)
p=0.932 p=0.048 p=0.042
Deletion of 0.615 80.0/27.1 0.735 52.9/88.9 n/d n/d
CDKN2A (0.491-0.729) (0.527-0.887)
p=0.149 p=0.013
HPYV - negative cancer/p16 (-)
p53 0.621 100.0/28.2 0.566 61.1/61.5 0.593 33.3/100.0
(0.462-0.762) (0.408-0.715) (0.435-0.739)
p=0.304 p=0.452 p=0.653
Cyclin D1 0.574 60.0/ 4.4 0.561 61.1/61.5 0.792 100.0/57.5
(0.416-0.722) (0.403-0.710) (0.532-0.823)
p=0.653 p=0.513 p=0.030
EGFR 0.579 100.0/18.0 0.544 22.2/88.5 0.756 100.0/51.2
(0.421-0.727) (0.387-0.695) (0.603-0.873)
p=0.509 p=0.629 p=0.009
p27 0.574 100.0/25.6 0.549 83.3/34.6 0.585 66.7/68.3
(0.416-0.722) (0.392-0.699) (0.427-0.732)
p=0.512 p=0.589 p=0.581
Ki-67 0.554 100.0/25.6 0.590 100.0/26.9 0.650 66.7/87.80
(0.397-0.704) (0.431-0.736) (0.492 0.788)
p=0.667 p=0.297 p=0.049
Deletion of 0.625 50.0/75.0 0.825 90.0/75.0 n/d n/d
CDKN2A (0.335-0.861) (0.535-0.971)
p=0.588 p=0.023
HPYV - positive cancer/p16 (+)
p53 0.646 66.7/75.0 0.520 41.2/77.8 n/d n/d
(0.435-0.822) (0.317-0.718)
p=0.337 p=0.872
Cyclin D1 0.621 100.0/35.0 0.575 58.8/77.8 n/d n/d
(0.411-0.802) (0.368-0.765)
p=0.298 p=0.533
EGFR 0.721 50.0/85.0 0.503 0/88.9 n/d n/d
(0.512-0.877) (0.302-0.704)
p=0.048 p=0.979
p27 0.500 66.7/15.0 0.520 70.6/55.6 n/d n/d
(0.299-0.701) (0.317-0.718)
p=0.986 p=0.889
Ki-67 0.517 33.3/90.0 0.709 70.6/77.8 n/d n/d
(0.314-0.715) (0.509-0.869)
p=0.916 p=0.050
Deletion of 0.621 100.0/35.0 0.575 58.8/77.8 n/d n/d
CDKN2A (0.411-0.802) (0.368-0.765)
p=0.298 p=0.533

Notes:. n/d — not determined; results were not provided due to insufficient data.
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The adjusted odds ratio, determined through simple
logistic regression analysis, showed that the presence of
homozygous deletion of the CDKN2A gene in HPV-
negative cancer increases the chances of metastasis by
27 times: OR=27.0 (95% CI 1.26-578.39; p=0.035).

In the HPV-positive status group, the prognostic
ability of biomarkers to predict recurrence could not
be determined due to the insufficient number of such
unfavourable events in this group. The statistically
prognostic ability for recurrence in HPV-negative
cancer was found for CyclinD D1 (AUC=0.792;
p=0.030), EGFR (AUC=0.756; p=0.009), and Ki-67
(AUC=0.650; p=0.049). Both in the p16 (-) status and
across all studied cases, the best prognostic properties
were observed for Cyclin D1: AUC=0.805 (p<0.001).
For EGFR and Ki-67, although the operational cha-

racteristics reached statistical significance, they did
not have clinical relevance — the areas under the ROC
curves were AUC<0.700 (Fig. 2).

In HPV-negative status, an increase in Ki-67
expression above 15% (the cutoff point determined
by ROC analysis) increases the chances of recurrence
by 12.0times (95% CI1.13-153.89; p=0.046).
Without considering the HPV status, in all studied
cases, an increase in Ki-67 expression above 40.4%
raises the chances of recurrence by 8.4 times (95% CI
1.27-55.39; p=0.027).

The identification of informative biomarkers allows
for the selection of patients with an increased risk of
unfavourable outcomes in oropharyngeal cancer and
helps to determine the optimal treatment strategy, in-
cluding complex treatment for the high-risk group [16].
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Fig. 2. Assessment of prognostic capabilities for predicting metastasis based
on Cyclin D1, EGFR, and Ki-67 in oropharyngeal cancer at advanced stages

To confirm this approach, a multiple logistic
regression analysis was performed with stepwise
inclusion of independent variables. Biomarkers
were studied to determine the treatment strategy,
considering the following options: monotherapy
(standard chemoradiotherapy or surgical treat-
ment) or combined therapy (a combination of
surgical treatment, radiotherapy, chemotherapy,
and other methods).

As a result of the stepwise inclusion of inde-
pendent variables, the parameters of the logistic reg-
ression equation, presented in Table 3, showed that
Cyclin D1 and Ki-67 had statistically significant pro-
gnostic values for selecting the treatment strategy in
the studied patient group.

Considering the obtained data, the equation for
selecting the type of treatment for patients with ad-
vanced-stage oropharyngeal cancer is as follows:

y=exp(-2,67-0,08%x;+0,225%x,)/[ 1+ exp(-2,67-0,08%x,+0,225%x)],

where — y is the outcome, ranging from 0 (standard treatment: chemoradiotherapy or surgery) to 1 (combined treatment); By=-2,67 is the intercept of
the logistic regression equation; x; — Cyclin D1 (%) expression; x, — Ki-67 (%) expression.
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Table 3

Assessment of approaches to selecting treatment options for patients
with advanced-stage oropharyngeal cancer based on biomarker determination
(according to stepwise multiple logistic regression analysis)

Prognostic variables B m (B) Wald p Wald ¢ OR 95% CI
Intercept -2.670
Cyclin D1 (%) — x1 -0.080 0.040 3.99 0.042 4.42 1.15-11.91
Ki-67 (%) — x2 0.225 0.103 4.763 0.029 1.25 1.02-1.53

Notes: B — regression coefficients; m (B) — standard errors of the regression coefficients B; Wald ¥* (p) — Wald y? statistic; OR (95% CI) — adjusted odds

ratios; table presents statistically significant predictors.

Regardless of the regression coefficients or pre-
dictor values, the predicted value (y) will always
range from 0 to 1. If the calculated result exceeds 0.5,
combined treatment can be recommended.

According to Nagelkerke's coefficient of determi-
nation, 60.4% of the variation in the choice of
treatment strategy for oropharyngeal cancer is ex-
plained by the expression of biomarkers included in the
model (Cyclin D1 and Ki-67). The remaining 39.6% is
attributed to other factors not included in the model.

According to the adjusted odds ratios, accounting
for the effects of other factors, the influencing factors
on the choice of treatment among the studied bio-
markers are Cyclin D1 expression (OR=4.42; 95% CI
1.15-11.91) and Ki-67 expression (OR=1.25; 95% CI
1.02-1.53). This shows that for each unit increase in
Cyclin D1 expression, the likelihood of combined
treatment increases 4.42 times, while for Ki-67, the
likelihood increases by 25% (1.25 times).

The evaluation of the logistic regression model
using the Chi-square value (¥*>=13.68; p<0.033),
percentage of concordance (83.3%), Hosmer-Leme-
show goodness-of-fit test (p=0.946), and ROC analysis
(sensitivity=83.3%, specificity=88.9%, area under the
ROC 0.889 (95% CI 0.790-0.952)) showed very good
predictive ability of the obtained regression equation.

Regarding the choice of treatment depending on
oncological events and functional outcomes, a pattern
of more frequent use of combined treatment in the
presence of recurrences is observed. Patients with
recurrence almost always received combined treat-
ment (87.5%), which statistically significantly differs
from patients without recurrence, of whom 59.8%
received chemoradiotherapy (p=0.008).

The obtained results of the study confirm that late-
stage oropharyngeal cancer has specific molecular
markers that can serve as indicators of disease ag-
gressiveness and prognostic factors. Increased ex-
pression of Cyclin D1 and EGFR in patients with late-
stage disease aligns with data from other studies,
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confirming their importance in regulating the cell
cycle and their association with tumor cell proli-
feration [9, 16]. These results highlight their role in
the aggressive course of oropharyngeal cancer, parti-
cularly in metastasis and recurrences. A decrease in
the expression levels of p53, p27, and Ki-67, in turn,
may indicate disruptions in cell cycle control mecha-
nisms, which also have prognostic significance, espe-
cially for assessing the risk of disease progression
[10, 13, 17]. According to correlation analysis, simi-
lar to the work of other researchers (Tarig N. et al.,
2023), there is coordination between the molecular
markers pl6, EGFR, p53, and Cyclin D1 in the
processes of cell proliferation and tumor growth [15].

Analysis of the relationship between biomarker
expression levels and HPV status revealed significant
differences between the HPV-positive and HPV-
negative patient groups. In particular, the expression
of p53, Cyclin D1, and EGFR was higher in HPV-
negative cases, supporting the existing concept of two
molecular subtypes of oropharyngeal cancer with
different carcinogenic mechanisms [5, 6, 8]. This has
important clinical implications, as HPV-negative
patients generally have a worse prognosis compared
to HPV-positive patients [2, 14].

According to our study, prognostic factors such as
the expression level of Ki-67 and homozygous dele-
tion of CDKN2A were significant in predicting
metastasis, recurrences, and trismus of the ma-
sticatory muscles. These results, which align with the
views of various researchers (Pekarek L. et al., 2023),
highlight the importance of molecular stratification
for determining the risk of metastasis and selecting
optimal treatment [16].

According to our data, the presence of trismus,
metastasis, or recurrence influences the choice of
treatment strategy, with combination therapy being
more commonly applied in cases with negative
prognostic factors.
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When determining treatment strategies for
patients with late-stage oropharyngeal cancer, it is
also necessary to consider other factors such as tumor
spread, patient age, comorbidities, and others [4, 5].

Further research should focus on studying the
interaction of molecular markers, genetic changes,
and improving personalized treatment methods for
oropharyngeal cancer, taking into account HPV status
and individual patient characteristics.

CONCLUSION

1. It was determined that at the advanced stages of
oropharyngeal cancer, there is increased expression
of Cyclin D1 and EGFR, which is significantly higher
in HPV-negative cases compared to HPV-positive
cases (p<0.05).

2. The assessment of the correlation between
biomarkers revealed that HPV-negative status p16(-)
is associated with homogeneous deletion of the
CDKN2A gene, which in turn correlates with
increased cell proliferation activity (elevated Ki-67
levels), potentially contributing to a more aggressive
course of oropharyngeal cancer.

3. Prognostic criteria for oncological events were
identified as follows: for metastasis prediction — Ki-
67 and homogeneous deletion of the CDKN2A gene
(in HPV-negative cancer, increasing the likelihood of
metastasis by 27 times; p=0.035); for recurrence
prediction — Ki-67 (expression levels exceeding
40.4% increase the likelihood of recurrence by 8.4 ti-
mes; p=0.027); for HPV-negative status — Cyclin D1
(AUC=0.805; p<0.001), EGFR, and Ki-67, with

Cyclin D1 demonstrating the best prognostic charac-
teristics. For functional outcomes, specifically
trismus of the masticatory muscles, the epidermal
growth factor was a significant predictor in both the
overall cohort and HPV-positive cases.

4. In the multiple logistic regression analysis, it
was found that the choice of treatment strategy for
oropharyngeal tumors at advanced stages is asso-
ciated with Cyclin D1 and Ki-67, with elevated
expression of these markers increasing the likelihood
of combined the treatment by 4.42 times and 25%,
respectively (p<0.05).

5. The current strategy for treating oropharyngeal
cancer requires a comprehensive multimodal ap-
proach, with a deeper understanding of carcino-
genesis and tumor progression mechanisms. The
evaluation of biomarkers, including p16, EGFR,
Cyclin D1, and Ki-67, provides valuable information
on disease prognosis and treatment response. These
biomarkers can aid in risk stratification, treatment
planning, and the development of targeted therapies
for patients with oropharyngeal cancer.
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