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INTRODUCTION

ABSTRACT

Background: Human papillomavirus (HPV)-associated cervical cancers
demonstrate distinct molecular characteristics, with pl6INK4a overexpression
serving as a surrogate marker for HPV infection. The prognostic significance
of pl6 expression in locally advanced cervical cancer remains inadequately
characterized in Indian populations. The objective is to determine the
occurrence of pl6 positivity in locally advanced cervical cancer and correlate
p16 expression with treatment outcomes following concurrent chemoradiation.
Materials and Methods: A prospective observational study of 22 patients
with histopathologically confirmed locally advanced cervical cancer (FIGO
stages IB3-IVA) treated at a tertiary care center were evaluated for pl6
expression using immunohistochemistry on formalin-fixed paraffin-embedded
tissue specimens, and received concurrent chemoradiation followed by
brachytherapy. WHO and RECIST 1.1 criteria were used to assess treatment
response; chi-square test and Student's t-test were applied.

Results: In total, 90.9% (20/22) patients exhibited p16 positivity, which was
associated with a significantly lower mean age compared with pl6-negative
patients (49.2+£10.2 vs 62.5+£10.6 years; p=0.0007), higher complete response
rates (95% vs 50%, p=0.005), and better treatment response according to both
WHO criteria (p=0.0348) and RECIST 1.1 criteria (p=0.005).

Conclusion: The high p16 positivity rate in locally advanced cervical cancer
correlates with an improved response to concomitant chemoradiation,
supporting its usefulness as a prognostic biomarker for treatment planning and
patient counselling.

Keywords: pl6™%4 human papillomavirus, cervical cancer, prognosis,
biomarker, chemoradiation.

second-most commonly occurring female cancers
with 123,907 new cases and 77,348 deaths each
year.]

Cervical cancer is a leading cause of global health
burden and represents the fourth most common type
of cancer in  women  worldwide," it
disproportionately affects women from low- and
middle-income countries where screening and
preventive care are not available or are unavailable
early enough to prevent advanced-stage
presentations.?! In India, cervical cancer is the

Persistent infection with human papillomavirus
(HPV), especially high-risk subtypes HPV-16 and
HPV-18, is a well-established cause of cervical
cancer.*l Oncogenic HPVs can integrate into the
host genome and interfere with cell cycle control by
expressing viral oncoproteins E6 and E7. The E7
protein binds to the retinoblastoma tumor suppressor
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protein (pRb) and inactivates it, thus deregulating
the G1/S checkpoint; pl6INK4a expression is
subsequently overexpressed.[!
pl6INK4a is a cyclin-dependent kinase inhibitor
that acts as a tumor suppressor to halt cell cycle
progression from Gl to S phase. The loss of
negative feedback regulation by pRb leads to the
paradoxical overexpression of pl6 in HPV-
transformed cervical epithelial cells, which has
made immunohistochemical expression of pl6 a
reliable surrogate marker for transcriptionally active
HPV infection in cervical neoplasia.[®7]
Data from recent studies indicate that HPV-positive
cervical cancers display different clinical features
such as younger patient age at diagnosis, better
response to radiotherapy and chemotherapy, and
overall better survival compared to HPV-negative
tumors,®! however, there are currently limited data
regarding pl6 expression patterns and their
prognostic significance in locally advanced cervical
cancer within the Indian populations.
For locally advanced cervical cancer, concurrent
chemoradiation is now the standard of care for
treatment, which has shown marked improvements
in overall survival and disease-free survival.””
However, there exists a wide range of treatment
response among patients with this type of cancer,
which emphasizes the need to identify reliable
biomarkers that predict therapeutic efficacy to direct
personalized treatment strategies.
Aim & Objectives
Primary Objective
To determine the occurrence and prevalence of
pl6INK4a positivity in patients with locally
advanced cervical cancer.
Secondary Objectives
1. To correlate p16 expression status with treatment
response following concurrent chemoradiation
and brachytherapy
2. To analyze the association between pl6
positivity and baseline clinicopathological
characteristics
3. To evaluate the prognostic significance of pl6
expression in predicting complete response rates

MATERIALS AND METHODS

Study Design and Setting: This prospective

observational study was conducted at the

Department of Radiation Oncology and Department

of Pathology, Maulana Azad Medical College and

associated Lok Nayak Hospital, New Delhi, over a

period of 12 months (November 2019- October

2020). The study protocol has been approved by the

institutional ethics committee.

Study Population and Eligibility Criteria

Inclusion Criteria:

* Histopathologically confirmed cancer of the
cervix

* Clinical phase FIGO IB3 up to IVA

» Age 18-70 years

» East Cooperative Oncology Group (ECOG)
status of performance: <2

* Normal parameters of hematology, liver and
kidney function

» Adequate heart function for chemotherapy

Exclusion Criteria:

* Previous history of malignancy or cancer
treatment

» Presence of distant metastases

* Immune system disorders

* Prior HPV vaccination

* Uncontrolled medical co-morbidities

* Pregnancy

Sample Size Calculation

The size of the sample was determined by the

formula for estimating the proportion of qualitative

results:

2
(Zg) p.(1-p)
2

n= y7
Where:

o Za=1.96 (95% confidence level)
2

e p = 0.94 (expected pl6 positivity rate from
Arians N et al.19)

d= 0.1 (10% precision)
This yielded a minimum required sample of 22
participants. While adequate for preliminary
analysis, the small cohort size - particularly the
limited pl6-negative subgroup (n=2) - necessitates
cautious interpretation of comparative statistics.
Ethical Considerations: The Institutional Ethics
Committee of Maulana Azad Medical College
approved this study (IEC No.
F.1/IEC/MAMC/70/05/2019/No.  519).  Written
informed consent was obtained from all participants
after detailed explanation of study procedures.
Patient confidentiality was maintained through
anonymized data handling.
Sampling Methodology: Consecutive eligible
patients presenting to the radiation oncology
department between (November 2019- October
2020) were enrolled, following the screening
process detailed in [Figure 1].
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Total Screened (n=34)

Excluded (n=12) I

Metastatic disease (n==8)
Comorbidities (n=3)
Dreclined participation (n=1)

Completed Protocol (n=22)
Analyzed (n=22)

Figure 1: Patient enrolment CONSORT

p16 Immunohistochemistry Protocol

Tissue blocks were formalin-fixed and paraffin-
embedded; 4-pum thick sections were stained
immunohistochemically for pl6INK4a with a
monoclonal antibody against pl6INK4a using the
avidin-biotin peroxidase method with
diaminobenzidine (DAB) chromogen.

Scoring System:

The results of p16 expression were scored according
to combined nuclear and cytoplasmic staining
intensity [Figure 2-5] and extent as follows:["!

» Grade 0: No staining (negative)

* Grade 1: 1-25 Percent positive cells

» Grade 2: 26-50 Percent positive cells

» Grade 3: 51-75 Percent positive cells

* Grade 4: 76-100 Percent positive cells

Any detectable staining (>1% positive cells) was
considered positive for plé expression. Two
pathologists scored pl6 expression using the
validated quartile system independently and inter-
rater reliability was assessed by Cohen's «
coefficient (k=0.89), with discrepancies resolved by
consensus review.

. -

Figure 2: p16 grade 1 (IHC x 200)

Toxicity Management

Radiation-related adverse events have been graded

according to CTCAE v5.0. There were 4 patients

(18.2) who discontinued treatment for >3 days due

to toxicity grade >3. Missed chemotherapy doses

were analyzed using intention-to-treat principles.

Treatment Protocol

All patients received concurrent chemoradiation

consisting of:

» External Beam Radiotherapy (EBRT): 50 Gy in
25 fractions over 5 weeks using Cobalt-60
teletherapy unit

* Concurrent Chemotherapy: Weekly cisplatin 40
mg/m? for 5 cycles

* Brachytherapy: High-dose-rate brachytherapy
delivering 7 Gy per fraction for 3 fractions to
point A (intracavitary, figure 6 & 7) or 5 Gy per
fraction for 4 fractions (interstitial, Figure 8 & 9)
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Intracavitary brachytherapy

= oAy

Figure 6 & 7: Intacavitéry Brachytherapy planning
on TPS with isodose lines

Interstitial brachytherapy

Figure 8: Martinez Universal Perineal Interstitial
Template placed in situ in a case of carcinoma cervix

s i v
Figure 10: Baseline CECT showing heterogeneously
enhancing lesion of 5.3 x 4.3 cm with extension to LUS
and upper 1/3rd vagina and abutment of bladder.

Figure 11: CECT (post—CRT) shows no enhancement
in the region of uterine cervix.

Figure 9: Radiograph showing needles of MUPIT in
situ

Response Assessment

Treatment response was evaluated 6 weeks post-

completion using:

* Clinical examination

¢ Contrast-enhanced  computed  tomography
(CECT, [Figure 10 & 11]) or magnetic
resonance imaging (MRI)

* Response criteria: World Health Organization
(WHOQO) criteria and Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1.

Statistical Analysis: The analysis of the data was
conducted using SPSS version 25.0. Continuous
variables were described as means with standard
deviations and categorical variables were described
by frequencies and percentages; chi-square test were
run for categorical variables, Student's t-tests or
Mann-Whitney U test based on data distribution,
and p<0.05 set the threshold of statistical
significance.

RESULTS

Twenty-two patients with locally advanced cervical
cancer were enrolled in the study. While statistically
significant differences emerged between pl6-
positive (n=20) and pl6-negative (n=2) groups
(p<0.05 for response rates), the limited sample size
in the negative cohort precludes definitive
conclusions. These findings should be considered
hypothesis-generating rather than confirmatory. The
baseline socio-demographic and clinical
characteristics are summarized in [Table 1]. The
mean age of the study population was 50.4+11.8
years (range: 32-65 years). The majority of patients
(45.5%) belonged to lower socioeconomic status,
and 95.5% had ECOG performance status of 1.

Table 1: Baseline Socio-demographic and Clinical Characteristics of Study Participants

Characteristics I Frequency (n=22) I Percentage (%)
Age Groups (years)

30-39 2 9.1
40-49 8 36.4
50-59 5 22.7
>60 7 31.8
Socioeconomic Status

Upper middle 1 4.6
Middle 3 13.6
Lower middle 8 36.4
Lower class 10 45.5
ECOG Performance Status

1 21 95.5
2 1 4.5
Parity

<4 children 12 54.5
>4 children 10 45.5
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FIGO Stage

11B 10 45.5
111B 4 18.2
IIIC1 6 27.3
111C2 1 4.5
IVA 1 4.5
Histological Subtype

Keratinizing SCC 11 50.0
Non-keratinizing SCC 11 50.0

Table 2: Immunohistochemical Grading of p16 Expression Using Nuclear/Cytoplasmic Staining (400x Magnification,

DAB Chromogen).

p16 Expression | Frequency (n=22) | Percentage (%)
Overall Expression

Positive 20 90.9
Negative 2 9.1
Grading Distribution

Grade 0 (0%) 2 9.1
Grade 1 (1-25%) 1 4.5
Grade 2 (26-50%) 2 9.1
Grade 3 (51-75%) 9 40.9
Grade 4 (76-100%) 8 36.4

Table 2 depicts that pl6 positivity was observed in
90.9% (20/22) of patients. High-grade expression
(grades 3-4) was noted in 77.3% of cases, indicating
intense pl6 overexpression in the majority of tumors
[Figure 12].

Distribution of p16 Expression Grades (%o)

4.5

i,

= Grade 0 (0%)
Grade 2 (26-50%)
= Grade 4 (76-100%)

Grade 1 (1-25%)
Grade 3 (51-75%)

Figure 12: Distribution of p16 Expression Grades

Out of 22 patients in the study, the mean age of the
pl6 positive group was 49. 2 years and p16 negative
group are 62.5 years [Figure 13]. There was no
significant difference between two groups in terms
of age distribution with p-value of 0.33.

Comparison of age and P16

80
70

& 50
®

fao 525
£ 30
- 292}

20

0

P16 positive P16 negative

Figure 13: Age Distribution According to p16 Status

Table 3: Association of p16 Expression with Treatment Response

Response Parameter | p16 Positive (n=20) | p16 Negative (n=2) P-value
Clinical Response

Complete response 19 (95.0%) 1 (50.0%) 0.005
Partial response 1 (5.0%) 1 (50.0%)

WHO Criteria

Complete response 19 (95.0%) 1 (50.0%) 0.0348
Partial response 1 (5.0%) 1 (50.0%)

RECIST 1.1 Criteria

Complete response 19 (95.0%) 1 (50.0%) 0.005
Partial response 1 (5.0%) 0 (0%)

Progressive disease 0 (0%) 1 (50.0%)

pl6-positive tumors demonstrated significantly
superior treatment response compared to plo6-
negative tumors across all assessment criteria as
summarized in [Table 3].

The post-treatment clinical examination of plé
positive tumor showed no residual growth in 19
cases and 1 case had residual growth, whereas in
pl6 negative tumor 1 case had residual growth and 1
case had no residual growth (Figure 14). There was
significant difference between the two groups in

terms of post treatment assessment according to
WHO criteria with p-value of 0.005.
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Post treatment clinical assessment and p16

18

2
2 1 1
0 (] T —
P16 positive P16 negative

W No growth B Residual growth

Figure 14: Comparative Treatment Response by p16

Status (WHO Criteria)

Table 4: Comparative Analysis of Tumor Dimensions Pre- and Post-Treatment in p16-Positive Cases

Parameter Pre-treatment Post-treatment P-value
CECT Dimensions (cm) Mean + SD Mean = SD

Craniocaudal 3.7+1.5 0.14+0.47 <0.001
Anteroposterior 3.6£1.0 1.4+0.97 <0.001
Transverse 4114 0.15+0.67 <0.001

Significant tumor dimension reduction was observed
in all measured parameters following treatment in
pl6-positive cases as shown in [Table 4].
Treatment Outcomes and Toxicity Profile
Patients underwent the prescribed treatment regimen
and the median time to complete therapy was
between 7-12 weeks (mean: 9.2+1.3 weeks). Acute
toxicity was well-tolerated with primarily grade 1-2
reactions in various organ systems; no treatment-
related mortality during the study period.

DISCUSSION

The high rate of pl6INK4a positivity (90.9%) seen
in this prospective study supports the established
role for HPV in cervical carcinogenesis, which is
consistent with recent international studies reporting
p16 positivity rates ranging from 85-95% in cervical
cancers. [1112]

This association between p16 positivity and superior
treatment response is a clinically relevant
observation with significant patient management
implications as pl6-positive tumors had an 95%
complete response rate versus 50% in pl6-negative
tumors (nearly doubled therapeutic efficacy) that
most likely reflects the wunique molecular
characteristics of HPV-associated tumors including
intact DNA damage response pathways.!!*]

Our results are consistent with previous findings that
HPV-positive  cervical cancers have better
therapeutic responses after definitive
chemoradiation 'Y due to the following molecular
mechanisms: HPV-positive tumors maintain wild-
type p53 function allowing an effective DNA
damage response and apoptosis upon radiation-
induced cellular stress,' and E7 oncoprotein
causes replication stress and chromosomal
instability, which can render the tumor more
sensitive to DNA-damaging agents.[!®)

The age distribution we observed in present study,
with pl6-positive patients presenting at a younger
mean age (49.2 years) compared to pl6-negative

patients (62.5 years), is consistent with worldwide
epidemiological trends and reflects the natural
history of HPV-associated cervical carcinogenesis,
in which persistent viral infection usually causes
malignant transformation within 10-20 years after
initial exposure.[!”]

The high-grade p16 expression (grades 3-4 in 77.3%
of cases) reflects the strong overexpression seen in
HPV-transformed cervical epithelia and reinforces
its reliability as a surrogate biomarker for HPV
status, especially in settings where molecular HPV
testing is not widely accessible.['!

Objective radiological documentation of this
improved treatment response was demonstrated by a
significant decrease in tumor size, and complete or
near-complete resolution of measurable disease in
most pl6-positive patients compared with persistent
or progressive disease patterns commonly seen in
pl6-negative tumors.!”!

More recent molecular profiling studies have
described unique genomic signatures of HPV-
positive cervical cancers characterized by a lower
mutational burden, specific methylation patterns,
and characteristic gene expression profiles,?” all
leading to better therapeutic response and prognosis
for these types of tumors.

These findings may have clinical implications
beyond prognostic assessment for decision making
regarding treatment. (2!

CONCLUSION

The present study demonstrates the utility of
pl6INK4a as a favorable prognostic biomarker in
locally advanced cervical cancer, where positive
expression correlates with better treatment response
to concurrent chemoradiation, which is consistent
with the high prevalence of p16 positivity (90.9%)
due to the predominance of HPV-driven
carcinogenesis for this population and thus supports
its inclusion as a routine diagnostic test for patients
with cervical cancer.

2171

International Journal of Medicine and Public Health, Vol 15, Issue 2, April - June, 2025 (www.ijmedph.org)



Recommendations

For better treatment of cervical cancer, the inclusion
of immunohistochemistry p16 in standard diagnostic
tests for prognostic stratification is recommended.
This should inform treatment planning, in particular
in the case of dose adjustments or adaptive
approaches. In addition, risk stratified surveillance
strategies should be implemented, which may allow
for less intensive monitoring of patients with pl6
positive complete responders. Future efforts should
be focused on carrying out larger multi-centre
studies to confirm these findings and to investigate
de-escalation strategies in tumors with pl6 positive
tumors that have demonstrated an excellent response
to  treatment.  Standardised  protocols  for
interpretation and reporting of ploé
immunohistochemistry are also essential to ensure
consistency between pathology laboratories.
Limitations of the Study

The following limitations should be considered
when interpreting these results: The relatively small
sample size (n=22) reduces the power to detect
associations with less common clinicopathological
variables; the single-center design may limit
generalizability to other populations with varied
demographic characteristics or HPV prevalence
patterns; the lack of molecular HPV testing prohibits
correlating pl6 expression with specific HPV
genotypes, and the short follow-up period precludes
assessment of long-term survival outcomes and late
treatment-related toxicities.

Relevance of the Study

This study fills an important knowledge gap in pl6
expression patterns and prognostic implications in
locally advanced cervical cancer among the Indian
population, which can support further development
of molecular biomarkers into cervical cancer
management algorithms for risk stratification and
treatment personalization. It adds to the global body
of literature on HPV-related cervical cancer
characteristics and therapeutic outcomes.
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