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Abstract:

Background: Histologic grading of cervical squamous lesions can be challenging when
tissue is limited or obscured by inflammation, or when morphology is equivocal. Locally applicable
evidence on immunohistochemical adjuncts remains scarce in Sudan. This study evaluated the
expression and apparent diagnostic performance of pl4, pl5, pl6, p53, and Ki-67 across HPV-
associated cervical lesions in a referral-based Sudanese cohort.

Methods: This cross-sectional diagnostic-pathology study included 200 HPV-positive
women. Consensus histology classified specimens as negative/benign (n = 20), low-grade squamous
intraepithelial lesion (LSIL/CINI; n = 30), high-grade squamous intraepithelial lesion (HSIL/CIN2-
3; n = 100), or invasive squamous cell carcinoma (SCC; n = 50). Biomarker expression was assessed in
formalin-fixed, paraffin-embedded tissue. Kruskal-Wallis tests, Spearman rank correlations, and
receiver operating characteristic analyses assessed differences across lesion groups and discrimination
of HSIL or worse (HSIL+) and invasive SCC.

Results: Expression increased with lesion severity for p53 (Spearman r = 0.822), Ki-67 (r =
0.789), p14 (r = 0.768), p15 (r = 0.736), and p16 (r = 0.697); all p < 0.001. For HSIL+, the apparent
areas under the curve were 0.999 for p16 and Ki-67, 0.998 for p53, 0.992 for p14, and 0.978 for p15.
For invasive SCC, p53 showed the strongest single-marker discrimination (AUC = 0.894), followed by
Ki-67 (AUC = 0.854).

Conclusions: p16 and Ki-67 were the most clinically interpretable adjuncts for HSIL-
oriented assessment, whereas p53 was more informative for the invasive phenotype. Because this
referral-enriched cohort was also the derivation dataset, the reported performance estimates require
prospective external validation before any marker is used as a stand-alone clinical threshold.
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1. INTRODUCTION

Cervical cancer remains a major, yet largely preventable, cause of morbidity and
mortality. The burden is concentrated in low- and middle-income countries, where HPV
vaccination, organized screening, colposcopy, diagnostic pathology and treatment
pathways are often fragmented [1-3]. In Sudan, disruption of health services has
intensified the practical need for diagnostic strategies that use limited tissue and a small
number of high-yield reagents.

Persistent infection with a carcinogenic human papillomavirus (HPV) type is
the central causal event in most cervical squamous carcinomas, but HPV positivity alone
does not establish that an epithelial lesion has entered a transforming phase [4,5]. High-
risk HPV E7 disrupts the retinoblastoma pathway and releases E2F-dependent cell-cycle
activity, whereas E6 alters p53-mediated responses to cellular stress and DNA damage
[6,7]. These mechanisms provide the biological rationale for tissue biomarkers that
distinguish viral exposure from transformation.

p16 is the most established immunohistochemical surrogate of HPV-associated
retinoblastoma-pathway disruption. Strong, diffuse block-type staining can support a
diagnosis of transforming squamous disease when morphology is equivocal. Ki-67
identifies cells in active phases of the cell cycle and becomes abnormally distributed above
the basal and parabasal layers as squamous lesions progress. The Lower Anogenital
Squamous Terminology (LAST) recommendations support indication-based pl6 use,
particularly for an equivocal differential diagnosis or a lesion morphologically considered
CIN2; they do mnot support indiscriminate replacement of morphology by
immunohistochemistry [8,9].

p53, pl4 and pls provide complementary information but require more
cautious interpretation. p53 immunoreactivity is not a direct surrogate for HPV infection:
E6-mediated degradation, cellular stress, abnormal protein stabilization and mutation-
like staining patterns can produce heterogeneous results. p14 and pl5 are involved in
cell-cycle restraint and senescence-associated pathways, but their diagnostic roles in
routine cervical pathology are less established than those of p16 and Ki-67 [10,11]. Local
evaluation is therefore important before proposing a practical biomarker hierarchy for a
resource-constrained setting.

This study evaluated pl4, plb, pl6, p53 and Ki-67 expression across the
histological spectrum of HPV-associated cervical lesions in Sudanese women. The
primary objective was to quantify the association between each marker and ordered
lesion severity. The secondary objective was to estimate the apparent discrimination of
continuous marker expression for HSIL+ and for invasive SCC. We hypothesized that
p16 and Ki-67 would be most informative for HSIL-oriented assessment, whereas p53
would contribute more strongly to characterization of invasive disease.

2. MATERIALS AND METHODS

2.1 Study design and setting

This hospital-based, cross-sectional diagnostic-pathology study included records and
cervical specimens from 200 HPV-positive Sudanese women referred for diagnostic
evaluation. Recruitment reflected service displacement: 80 participants (40.0%) were
enrolled at Soba University Hospital, and 120 (60.0%) entered through decentralized
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referral pathways encompassing River Nile State (including Shendi/River Nile RICC),
Northern State, and cities in Eastern Sudan. Because the cohort was enriched for
clinically significant lesions, it was analyzed as a referral series rather than a population-
screening sample.

Eligible participants had documented high-risk HPV positivity, cervical
cytology and/or colposcopic assessment, an adequate cervical biopsy or excisional
specimen, and sufficient formalin-fixed, paraffin-embedded (FFPE) tissue for the core
analysis. Specimens were excluded when fixation precluded interpretation, tissue was
insufficient, prior cervical cancer treatment preceded sampling, a non-cervical primary
tumor involved the cervix, or no reliable final histological diagnosis could be assigned.

2.2 Histopathology and study endpoints

Hematoxylin and eosin-stained sections were reviewed by two pathologists when dual
review was available, and discordant interpretations were resolved by consensus. The
reference-standard categories were negative/benign, LSIL/CIN1, HSIL/CIN2-3, and
invasive SCC. The primary binary endpoint was HSIL+, defined as CIN2, CIN3, or
invasive SCC versus negative/benign or CIN1. The secondary endpoint was invasive SCC
versus all noninvasive categories. Interobserver agreement was evaluated using
unweighted and quadratically weighted Cohen kappa statistics.

2.3 Immunohistochemistry
Immunohistochemistry was performed on 3-5 um formalin-fixed, paraffin-embedded
sections for pl4, plb, pl6, p53, and Ki-67 using the study laboratory's established
staining workflow. Sections were deparaffinized and rehydrated, followed by antigen
retrieval, primary-antibody incubation, and chromogenic detection. Positive and negative
controls were included in each run; technically inadequate slides were classified as
uninterpretable rather than biologically negative.

pl6 assessment considered both nuclear/cytoplasmic distribution and the
proportion of stained lesional cells, with block-type staining interpreted in conjunction
with morphology. Ki-67, p53, pl4 and pl5 were recorded as percentages of positive
lesional nuclei. Continuous percentage values were retained for severity correlations and
receiver-operating-characteristic analyses. Biomarker interpretation was performed in
the context of the final histological diagnosis; immunostaining was treated as an adjunct
rather than a replacement for architecture and cytomorphology.

2.4 Statistical analysis

Categorical variables were summarized as counts and percentages, and continuous
variables as means and standard deviations. Because biomarker percentages were
bounded and were not assumed to follow a normal distribution, differences across the
four histologic groups were assessed using Kruskal-Wallis tests. Spearman rank
correlation quantified monotonic associations with ordered histologic severity.

Receiver operating characteristic curves were used to estimate the area under
the curve (AUC) for continuous marker expression against the HSIL+ and invasive-SCC
endpoints. The AUCs are apparent derivation-sample estimates because no independent
validation set was available. Two-sided p values < 0.05 were considered statistically
significant. Analyses followed transparent diagnostic-accuracy reporting principles,
including explicit definition of the target condition and reference standard [12].
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3. RESULTS

3.1 Cohort characteristics

The mean age was 39.77 + 9.39 years. Final consensus histology identified 20
negative/benign specimens (10.0%), 30 LSIL/CIN1 lesions (15.0%), 100 HSIL/CIN2-3
lesions (50.0%), and 50 invasive SCCs (25.0%). Thus, 150 women (75.0%) met the HSIL+
endpoint. HPV16 or HPV18 was recorded in 143 participants (71.5%). Table 1
summarizes the cohort, and Figure 1 shows the distribution of final histologic diagnoses.
Agreement between the two initial readers was almost perfect (unweighted kappa =
0.820; quadratically weighted kappa = 0.880). Disagreements were concentrated between
adjacent grades rather than between benign and invasive categories.

Table 1. Selected characteristics of the HPV-positive referral cohort (N = 200).

Characteristic Value

Age, years, mean + SD 39.77 +9.39
Married 175 (87.5%)
Urban residence 97 (48.5%)
HPV16/18 genotype group 143 (71.5%)
Negative/benign histology 20 (10.0%)
LSIL/CIN1 30 (15.0%)
HSIL/CIN2-3 100 (50.0%)
Invasive SCC 50 (25.0%)
Soba University Hospital recruitment 80 (40.0%)
Decentralized referral recruitment 120 (60.0%)
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Figure 1. Distribution of final consensus histology in the HPV-positive referral cohort.

Age and clinical presentation differed between women with negative/benign or low-grade
lesions and those with HSIL+. Women younger than 30 years accounted for 44.0% of the
low/negative stratum but only 4.0% of the HSIL+ stratum; conversely, 63.3% of women
with HSIL+ were aged 40 years or older. Symptomatic presentations, particularly
abnormal bleeding, postcoital bleeding, and pelvic pain, were more frequent in the HSIL+
stratum (overall p = 0.003). HPV16/18 grouping did not differ significantly across the four
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histologic categories (p = 0.543), underscoring the distinction between viral-risk
classification and tissue-level evidence of transformation.

3.2 Biomarker expression across lesion severity

All five cell-cycle or proliferation-associated markers increased substantially across the
histologic spectrum (Table 2; Figure 2). p53 showed the strongest monotonic association
with severity (r = 0.822), followed by Ki-67 (r = 0.789), p14 (r = 0.768), p15 (r = 0.736),
and pl6 (r = 0.697); all p < 0.001. Mean pl6 expression increased from 13.85% in
negative/benign tissue to 87.88% in HSIL/CIN2-3 and 91.74% in invasive SCC. Mean Ki-
67 expression increased from 15.30% to 81.93% and 91.44%, respectively.

Table 2. Quantitative biomarker expression across final histology groups.

Marker lliz’f:i‘::e (n = LSIUCINI | HSILCINZ-3  Invasive Spearman
20) (n=30) (n=100) SCC (n=50) r

p14 (%) 15.65+6.14 | 36.53+8.69 | 68.44+13.14 | 80.12+10.04 | 0.768 <0.001

p15 (%) 18.90+10.61 | 38.80+14.90 | 73.93+12.80 | 84.36+10.50 | 0.736 <0.001

p16 (%) 13.85+9.54 | 46.97+10.24 | 87.88+8.55 91.74+562 | 0.697 <0.001

53 (%) 2.75 £ 2.79 9.63+7.39 | 53.95+13.96 | 73.68+14.00 | 0.822 <0.001

Ki-67 (%) 15.30+7.46 | 35.13+12.39 | 81.93+9.77 91.44+6.53 | 0.789 <0.001

Values are mean + SD unless otherwise indicated. Spearman r represents correlation with the ordered four-level
histological severity scale.
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Figure 2. Mean cell-cycle and proliferation biomarker expression across lesion severity.

The steep rise in p16 and Ki-67 between LSII/CIN1 and HSIL/CIN2-3 was clinically
notable. pl6 largely reached a plateau at the HSIL stage, whereas p53 and Ki-67
continued to rise in invasive SCC. This difference anticipated the endpoint-specific
discrimination observed in the ROC analysis.

3.3 Apparent discrimination of HSIL+ and invasive SCC

For HSIL+, all five continuous markers showed very high apparent discrimination (Table
3; Figure 3). p16 and Ki-67 each yielded an AUC of 0.999; p53, p14, and p15 yielded AUCs
of 0.998, 0.992, and 0.978, respectively. The ranking changed when invasive SCC was the
target condition: p53 produced the largest AUC (0.894), followed by Ki-67 (0.854), p14
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(0.836), p15 (0.815), and p16 (0.751). The lower invasive-SCC AUC for p16 reflects its
high expression in both HSIL and invasive disease and, consequently, its limited ability
to separate these two clinically advanced categories.

Table 3. Apparent AUCs of continuous biomarkers for two diagnostic endpoints.

Marker AUC for HSIL+ AUC for invasive SCC
pl4 (%) 0.992 0.836
p15 (%) 0.978 0.815
p16 (%) 0.999 0.751
p53 (%) 0.998 0.894
Ki-67 (%) 0.999 0.854

HSIL+ comprises CIN2, CIN3 and invasive SCC. AUC estimates were calculated in the same referral cohort used to
develop the analysis and therefore represent apparent performance.
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Figure 3. Comparison of apparent biomarker AUCs for HSIL+ and invasive-SCC endpoints.
4. DISCUSSION

This referral-based study identified a coherent tissue-biomarker gradient across HPV-
associated cervical lesions. p16, Ki-67, p53, p14 and p15 all increased with histological
severity, but their clinical interpretation was not identical. p16 and Ki-67 were most
informative at the transition to HSIL, whereas p53 and Ki-67 were more informative
when the target was established invasion. This distinction is biologically plausible and
clinically useful: a marker can be highly effective for recognizing transforming disease
without being equally effective for distinguishing HSIL from invasive SCC.

The p16 result accords with the established mechanism of high-risk HPV
transformation. E7-driven retinoblastoma-pathway disruption produces compensatory
p16 overexpression, making block-positive staining a practical surrogate of transforming
HPV activity [6,13]. In this cohort, mean p16 expression rose sharply between CIN1 and
CIN2-3 and changed relatively little thereafter. This pattern supports p16 as an adjunct
for the low-grade/high-grade boundary, not as a reliable marker of invasion. It also
reinforces the LAST principle that p16 should resolve a defined morphological question
rather than be ordered routinely for every cervical biopsy [8,9].

Ki-67 supplied complementary evidence of abnormal proliferation. In non-
neoplastic squamous epithelium, proliferating cells are normally confined to basal and
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parabasal compartments. Expansion of Ki-67-positive nuclei through the epithelial
thickness reflects loss of maturation-associated growth control. The marked increase
observed in HSIL and invasive SCC is consistent with previous reports linking Ki-67
distribution to lesion grade and high-risk HPV-associated transformation [11,14]. Its
continued rise in invasive SCC explains why its invasive-SCC AUC exceeded that of p16.
p53 showed the strongest correlation with ordered severity and the highest single-marker
AUC for invasive SCC. This finding should not be simplified to mean that p53 is an HPV
surrogate or that high immunoreactivity necessarily proves TP53 mutation. High-risk
HPV E6 can promote degradation of wild-type p53; conversely, invasive tumors may show
altered protein stabilization, mutation-like staining patterns, DNA-damage responses or
clonal heterogeneity. In practice, p53 is therefore better positioned as a selective marker
for an invasive or biologically atypical phenotype than as a routine triage test for all HPV-
positive lesions [10].

pl4 and p15 also demonstrated strong gradients and high apparent AUCs for
HSIL+. These findings are biologically consistent with increasing disruption of cell-cycle
restraint and senescence pathways. Their incremental value beyond pl16 and Ki-67,
however, cannot be established from single-marker ROC curves. Correlated biomarkers
can each show strong univariable performance without improving a parsimonious
multivariable diagnostic model. In a setting where reagent availability is unstable, the
practical question is not how many markers are statistically significant but which
minimum panel changes diagnostic confidence and management.

The extremely high HSIL+ AUCs require guarded interpretation. First, the
study population was referral-enriched: three quarters of participants had HSIL or
invasive SCC, and many lesions were morphologically advanced. This creates spectrum
effects that can separate diagnostic categories more sharply than would occur in a
primary-screening population. Second, the AUCs were estimated in the same dataset
used to define the analysis; there was no external cohort or resampling-based optimism
correction. Third, semi-quantitative immunohistochemical percentages may be
influenced by fixation, antigen retrieval, antibody performance and observer selection of
lesional fields. Consequently, the reported values describe internal discriminatory signal
rather than validated clinical performance.

The absence of a significant association between HPV16/18 grouping and
histological category is also informative. Genotyping identifies viral risk, whereas p16
and Ki-67 identify tissue consequences of transformation. HPV16/18 testing has proven
value in screening and risk stratification [15,16], but genotype alone cannot substitute
for histological assessment in an HPV-positive referral population. The present findings
therefore support a layered model: virological testing identifies risk; cytology and
colposcopy direct assessment; histology establishes the lesion; and selected
immunohistochemistry resolves defined morphological uncertainty.

For Sudanese referral pathology, a resource-conscious algorithm is preferable
to universal panel staining. H&E morphology should remain the foundation. p16 is the
first adjunct when CIN2 is being considered, when a lesion is equivocal, or when cytology,
colposcopy and histology are discordant. Ki-67 can add evidence of abnormal proliferation
when p16 and morphology do not provide a coherent answer. p53 may be reserved for
suspected invasion or an atypical high-grade phenotype. p14 and p15 remain research-
oriented until their incremental diagnostic value and reproducibility are demonstrated
in independent cohorts. This morphology-first pathway is summarized in Figure 4.
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The study has several strengths. It used consensus histology as the reference standard,
included sufficient numbers across four ordered lesion categories, retained continuous
marker values and evaluated clinically meaningful endpoints. It also addressed a
diagnostic question relevant to disrupted, resource-limited services rather than
extrapolating uncritically from organized screening programs.

The limitations are equally important. The cross-sectional design cannot
establish progression. Referral enrichment limits generalizability and makes predictive
values prevalence dependent. Confidence intervals for the AUCs and external validation
were unavailable. Glandular lesions and HPV-independent cervical tumors were not
represented; therefore, the findings should not be extrapolated beyond HPV-associated
squamous disease. Finally, an apparent diagnostic hierarchy does not demonstrate
clinical utility; prospective studies must determine whether selective biomarker use
improves diagnostic reproducibility, treatment decisions, or patient outcomes.
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Figure 4. Proposed morphology-first, indication-based biomarker pathway for referral cervical
pathology. This pathway is interpretive and was not prospectively tested as a clinical algorithm.

5. CONCLUSION

In this HPV-positive Sudanese referral cohort, p16 and Ki-67 most clearly identified the
transition to HSIL, whereas p53 and Ki-67 were more informative for the invasive
phenotype. A morphology-first, indication-based approach using p16 as the principal
adjunct, selective Ki-67 for proliferative confirmation and p53 for suspected invasion is
biologically coherent and potentially feasible in low-resource referral practice. The very
high apparent AUCs should not be interpreted as externally validated accuracy;
prospective multicenter confirmation with standardized staining, predefined scoring and
independent validation is required.
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