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Background: The expression of pl6 protein, a surrogate marker for high-risk
human papillomavirus (hrHPV), is associated with cervical dysplasia. We evaluated
correlates of pl6 expression at treatment for high-grade cervical lesions and its
utility in predicting the recurrence of cervical intraepithelial lesions grade 2 or
higher (CIN2+) following cryotherapy among women with HIV.

Methods: This is a subgroup analysis of women with HIV in Kenya with baseline
cervical biopsy-confirmed CIN2+ who were randomized to receive cryotherapy
and followed every six-months for two-years for biopsy-confirmed recurrence
of CIN2+. P16 immunohistochemistry was performed on the baseline cervical
biopsy with a positive result defined as strong abnormal nuclear expression in a
continuous block segment of cells (at least 10-20 cells).

Results: Among the 200 women with CIN2+ randomized to cryotherapy, 160
(80%) had a baseline cervical biopsy specimen available, of whom 94 (59%) were
pl6-positive. pl6 expression at baseline was associated with presence of any
one of 14 hrHPV genotypes [Odds Ratio (OR) = 3.2; 95% Confidence Interval (Cl),
1.03-9.78], multiple lifetime sexual partners (OR=1.6; 95% CIl, 1.03-2.54) and
detectable plasma HIV viral load (>1,000 copies/mL; OR=143; 95% Cl, 1.01-
2.03). Longer antiretroviral therapy duration (>2 years) at baseline had lower odds
of pl6 expression (OR=0.46; 95% Cl, 0.24-0.87) than <2years of antiretroviral
therapy. Fifty-one women had CIN2+ recurrence over 2-years, of whom 33 (65%)
were pl6-positive at baseline. p16 was not associated with CIN2+ recurrence
(Hazard Ratio = 1.35; 95% ClI, 0.76-2.40).

Conclusion: In this population of women with HIV and CIN2+, 41% of lesions
were pl6 negative and baseline pl6 expression did not predict recurrence of
cervical neoplasia during two-year follow up.
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Introduction

Cervical cancer is the fourth leading cause of cancer-related
deaths in women globally despite the availability of cervical screening
procedures and effective treatment when detected early (1).
Sub-Saharan Africa has the highest burden, accounting for 25% of the
global mortality attributable to cervical cancer (2). In 2020, cervical
cancer was the second most common cancer and the leading cause of
cancer-related deaths among women in Kenya (1). Among women
with HIV, higher incidence, persistence, and infections with multiple
high-risk human papillomavirus (hrHPV) genotypes, as well as the
degree of immunosuppression, contribute to an increased risk of
cervical cancer compared to HIV-uninfected women (3, 4).

The increased risk of progression to cervical cancer in women
living with HIV may be due to the destruction of CD4 cells by HIV
and the resultant immunosuppression, leading to a higher likelihood
of hrHPV genotypes establishing infection (5) and reactivation of
lesions due to reduced clearance of hrHPV infections (6). A clinical
trial among women living with HIV and cervical intraepithelial
neoplasia grade 2 or 3 (CIN2/3) showed that persistence of hrHPV
infection was associated with cervical disease recurrence in the
two-years following treatment (7).

Cryotherapy is the standard treatment modality for most
precancerous cervical lesions in low- and middle-income countries
(LMICs) (8). It is a low-cost, relatively simple, effective and safe
procedure which can be easily accessed in primary healthcare settings.
In women with HIV, cryotherapy has been associated with lower risk
of cervical HIV shedding compared to loop electrosurgical excision
procedure (LEEP) (9). However, cryotherapy may be less effective for
removing cervical lesions than other treatments such as LEEP,
although evidence is limited and contradictory. A meta-analysis
reported elevated risk of recurrence of cervical lesions in women
living with HIV compared to HIV-uninfected women, yet showed no
difference in recurrence of cervical disease among women with HIV
treated with cryotherapy vs. LEEP (10). Conversely, a clinical trial
among women with HIV in Kenya showed higher cervical
intraepithelial neoplasia grade 2 or higher (CIN2+) recurrence
following cryotherapy than LEEP (11).

Recurrence of CIN2+ disease after cryotherapy remains an
important consideration in secondary prevention of cervical cancer,
particularly in women with HIV who have an increased risk of
persistent hrHPV infections and subsequent cervical disease. A
biomarker that can predict a subset of women with HIV with elevated
risk of CIN2+ recurrence could provide clinicians with a triage tool to
help inform alternative treatment or the need for close monitoring
following treatment.

P16 is a negative regulator of cellular proliferation, working
through a negative feedback loop to downregulate cyclin-dependent
kinases 4 and 6, and is encoded by the tumor suppressor gene cyclin-
dependent kinase inhibitor 2A (12). In hrHPV infection, the
oncoprotein E7 causes functional inactivation of the retinoblastoma
gene product, resulting in the release of transcription factor E2F (13,
14). The downstream effect is the promotion of cell cycle progression
and release of p16 gene from its transcriptional inhibition, causing an
increase in p16 (15, 16).

Expression of the p16 protein correlates with the severity of
dysplasia in cervical cells; therefore, pl6 is a surrogate marker
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reflecting the oncogenic activity of hrHPV in cells (17-20). In a meta-
analysis, only 2% of normal biopsies and 38% of CIN grade 1 cases
showed diffuse staining for p16, compared with 68% for CIN grade 2
and 82% for CIN grade 3 (21). In HIV-negative women, pl6
expression has high sensitivity (87%) for differentiating CIN grade 1
from CIN2/3 and lower specificity (76%), with histological diagnosis
as the gold standard (19, 22). A similar study among women with HIV
showed a sensitivity of 54% and specificity of 72% for detecting
CIN2/3 (19, 22). It is not well understood why the sensitivity of p16
protein expression differs in the presence of HIV. P16 can
be inactivated by mutations, deletions, loss of heterozygosity, or
hypermethylation, resulting in reduced or negative expression in
CIN (23).

Few studies have investigated the role of p16 in predicting CIN2+
recurrence after surgical treatment and the findings are equivocal
(24-26). We evaluated the correlates of p16 expression in women with
HIV and CIN2/3 at treatment with cryotherapy and the diagnostic
utility of pl6 immunohistochemistry in predicting recurrence of
CIN2+ in the two-years following treatment.

Materials and methods
Participants and study procedures

This was a subgroup analysis of a randomized clinical trial
conducted at the Coptic Hope Centre for Infectious Diseases in
Nairobi, Kenya, from June 2011 to September 2016. The parent trial
randomized 400 women with HIV and biopsy-confirmed CIN2/3 to
cryotherapy or LEEP, as previously described (11). Briefly, eligible
participants were randomized to cryotherapy or LEEP in a 1:1
allocation using a permuted-block randomization with a block size
of 10. Investigators were masked to block number, size and sequence.
Participants underwent Pap smear and confirmatory biopsy every
6-months for two-years to evaluate recurrence of CIN2+. This
subgroup analysis includes previously reported epidemiologic and
laboratory data (HIV and HPV genotyping) from this trial (7, 11).
Any hrHPV infection was defined as any one of the following 14
genotypes at baseline cryotherapy treatment: 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 66, and 68. Infection with multiple hrHPV
genotypes was defined as two or more hrHPV genotypes at baseline.
Additional correlates investigated were age, marital status, age at
sexual debut, education level (primary and below, secondary and
above), number of lifetime sexual partners (1-2 vs. >3), CD4 cell
count (<250, 250-499, >500 cells/mm?), plasma HIV viral load
(detectable > 60 copies/mL) vs. undetectable [<60 copies/mL],
antiretroviral therapy (ART) duration (<2 years vs. >2years), and
CIN2/3 at cryotherapy. CIN2+ recurrence was defined as a
consensus interpretation of CIN grade 2 or higher on cervical
biopsy at any of the six-month intervals during the two-year
follow-up period.

Ethical approvals were obtained from the Kenyatta National
Hospital Ethics and Research Committee, University of Washington
Institutional Review Board, US Centers for Disease Control and
Prevention, and Aga Khan University Ethics Review Committee.
Participants consent was waived as this study dealt with secondary
data analysis.
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P16 immunohistochemistry

Immunohistochemistry (IHC) for p16 staining was performed
and expression was assessed as previously described (24). In brief,
4pm tissue sections were subjected to the following processes:
deparaffinization, antigen retrieval with citrate at pH 9, endogenous
peroxidase blocking, application of prediluted mouse anti-p16/INK4a
(Medaysis, California, United States), and finally, application of
horseradish peroxidase (HRP), specific 3,3"-diaminobenzidine (DAB),
and counterstaining. Two independent pathologists reviewed the
sections and reached a consensus. Positive p16 expression was defined
as block staining when there was strong abnormal nuclear expression
in a continuous segment of cells (at least 10-20 cells). Tissue sections
of squamous cell carcinoma were used as the positive control.

Statistical analysis

Baseline characteristics were compared using chi-square test for
proportions. Binomial logistic regression was used to evaluate the
correlates of pl6 expression at baseline cryotherapy treatment. A
multivariable model was constructed to assess covariates that were
independently associated with p16 expression at baseline cryotherapy.
The following covariates with p16 expression at p <0.10 on univariate
analysis were included in the multivariable model: any one hrHPV
genotype, plasma HIV viral load, and ART duration. Number of
lifetime sexual partners was excluded from the final multivariable
model due to an unacceptably high number of missing data (23 of
160) that was likely to bias the results (27).

Cox proportional hazards regression models were used to derive
hazard ratios (HR) and 95% confidence intervals (CI) for the
association between p16 expression and CIN2+ recurrence during
two-year follow-up. Follow-up time was calculated from the date of
the initial cryotherapy to the first follow-up visit indicating a biopsy-
confirmed diagnosis of CIN2+ recurrence. Women were censored at
the date of the last Pap test if they were lost to follow-up, died, or had
not experienced CIN2+ disease recurrence by two-years. Finally,
logistic regression analysis was performed to determine the effect of
the combination of p16 expression and hrHPV infection on CIN2+
recurrence.

Results

Of the 200 women who were randomized to cryotherapy, 160
(80%) had a baseline cervical biopsy specimen available and were
included in the analysis. Of the 40 women that were excluded, 33 had
archival biopsy blocks that lacked adequate cervical tissue or lesions
and seven had biopsy blocks that could not be conclusively identified.
There were no differences in baseline demographics and clinical
characteristics between women with and without archival biopsy
blocks. The prevalence of p16 expression at the baseline cryotherapy
treatment was 59% (n =94), of which 40% (n =38) were CIN2 and
60% (n =56) were CIN3. The mean age was 37years (standard
deviation, 8years) and 64% (n =102) of women had secondary or
higher education. The median age at sexual debut was 18years
[interquartile range (IQR), 16-20] and 55% (75/137) of women
reported having had three or more lifetime sexual partners. The
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median antiretroviral therapy (ART) duration was 1.9years (IQR,
0.5-4.7), median CD4 count was 374 cells/pL (IQR, 232-512), and
58% (n =93) had undetectable HIV viral load (defined as <60 copies/
mL). Higher proportion of women with three or more lifetime sexual
partners (55.3% vs. 34.9%, p =0.04), shorter ART duration (61.7% vs.
42.4%, p =0.02), and detectable HIV viral load (48.9% vs. 31.8%,
p =0.03) had p16 positive biopsy results (Table 1).

Overall, 145 (90.6%) of women with p16 biopsy results were
positive for any one hrHPV genotype at baseline. Ninety-five percent
(n=89) of women with p16 positive biopsies had presence of any one

TABLE 1 Baseline demographic and clinical characteristics by P16 status
(n =160).

Characteristics n (%) p-value”
pl16 pl6
positive negative
(n =94) (n =66)
Age, years
<35years 38 (42.2) 27 (42.9)
0.94
>35years 52(57.8) 36 (57.1)
Relationship status
Married/cohabiting 37 (41.1) 27 (42.2)
Divorced/widowed 24 (26.7) 21(32.8) 0.56
Single 29 (32.2) 16 (25.0)
Age at sexual debut
<18years 33(38.8) 24 (40.7)
0.82
>18years 52 (61.2) 35 (59.3)
Education
Primary and below 36 (38.3) 22 (33.3)
0.52
Secondary and above 58 (61.7) 44 (66.7)
Lifetime sexual partners®
1-2 30 (31.9) 32 (48.5)
>3 52(55.3) 23(34.9) 0.04
Missing data 12 (12.9) 11 (16.7)
CD4 count (cells/mm?)
<250 31(33.0) 15(22.7)
250-499 40 (42.6) 30 (45.5) 0.32
>500 23 (24.5) 21 (31.8)
Duration of antiretroviral therapy
<2years 58 (61.7) 28 (42.4)
0.02
>2years 36 (38.3) 38 (57.6)
Plasma HIV viral load®
Undetectable (<60
48 (51.1) 45 (68.2)
copies/mL)
0.03
Detectable (>60 copies/
46 (48.9) 21(31.8)
mlL)
Biopsy result at cryotherapy
CIN grade 2 38 (40.4) 30 (45.5)
0.40
CIN grade 3 and higher 56 (59.6) 36 (54.5)

#Chi-square test. *Missing data (n =23). "Minimum detection level < 60 copies/mL.
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hrHPV genotype compared to 85% (1 =56) of p16 negative biopsies
(p =0.04; Table 2). Singularly, only hrHPV genotype 58 was
significantly associated with p16 expression (p =0.01).

In univariate logistic analysis, detectable HIV viral load (>60
copies/mL), >3 lifetime sexual partners, and infection with any one
hrHPV genotype was associated with increased odds of p16 expression
at baseline (Table 3). Longer ART duration (>2years) was associated
with 54% lower odds of p16 expression (OR =0.46, 95% CI, 0.24-0.87)
compared to less than 2years of ART. In multivariable analysis, any
one hrHPV genotype and >2 years of ART remained independently
associated with higher and lower odds of p16 expression (OR=3.7,
95% CI: 1.2-11.9; OR=0.47, 95% CI: 20.24-40.9, respectively).

During two-year follow-up, 32% (1 =51) of women and CIN2+
treated with cryotherapy at baseline had CIN2+ recurrence. Of these,
65% (n =33) were positive for p16 expression at baseline. Of the 94
women who were p16 positive at baseline, 35% (n =33) had CIN2+
recurrence. The two-year rate of CIN2+ recurrence among women
with p16 expression was 22 per 100 person-years compared to 16 per
100 person-years among women without p16 expression at baseline
(p =0.14). CIN2+ recurrence risk did not significantly differ by p16
expression at baseline (HR=1.35; 95% CI, 0.76-2.40, p =0.31;
Figure 1). Combining p16 expression with the presence of any one
hrHPV genotype had no additional benefit in predicting CIN2+
recurrence (HR=1.38; 95% CI, 0.78-2.43, p =0.27; Table 4). There
were no differences in CIN2+ recurrence by CIN2/3 at baseline
cryotherapy (35% among women with CIN2 and 34% among those
with CIN3).

TABLE 2 Prevalence of high-risk HPV (hrHPV) genotypes by p16
expression at baseline treatment.

P16 positive P16 negative @ p-value”
(n =94) (n =66)

Any hrHPV 89 (95%) 56 (85%) 0.04
genotype*

Multiple hrHPV 53 (56%) 34 (52%) 0.79
genotypes®

Type 16 24 (26%) 15 (23%) 0.68
Type 18 18 (19%) 13 (20%) 0.93
Type 31 7 (7%) 3(5%) 0.46
Type 33 11 (12%) 6 (9%) 0.60
Type 35 22 (23%) 10 (15%) 0.20
Type 39 8 (9%) 5 (8%) 0.83
Type 45 7 (7%) 6 (9%) 071
Type 51 11 (12%) 5 (8%) 0.39
Type 52 19 (20%) 12 (18%) 0.80
Type 56 13 (14%) 8 (12%) 075
Type 58 29 (31%) 9 (14%) 0.01
Type 59 10 (11%) 7 (11%) 0.99
Type 66 10 (11%) 8 (12%) 0.77
Type 68 4 (4%) 5 (8%) 037

hrHPV, high-risk human papillomavirus. *Chi-square test. ‘Defined as any one of the
following hrHPV genotypes: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68. *Defined as
two or more hrHPV genotypes.
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Discussion

In this study of women with HIV and CIN2+, prevalence of p16
expression at initial cryotherapy treatment was 59%. Infection with
any one hrHPV genotype and longer duration (>2years) of ART were
independently associated with p16 expression even after controlling
for HIV viral suppression. In our population of women with HIV,
baseline pl6 expression was not associated with recurrent CIN2+
disease in the two-years following cryotherapy. Addition of pl16
expression to hrHPV testing did not increase the predictive value of
CIN2+ recurrence among women with HIV.

The role of pl6 as a predictor of recurrent cervical disease is
inconclusive, with limited and contradictory results. A large study in
China reported a significant association between p16 and recurrent
CIN2+ disease after conization and two-year follow-up (25).
Compared with our study, the women were on average 10years older
and both their HIV and hrHPV status at baseline treatment were not
disclosed, thus we cannot directly compare our findings. In a smaller
study of HIV-uninfected women with CIN2+, cervical disease
recurrence was 37% at 18 months and the positive predictive value of
p16 for recurrent CIN2+ disease was 42% (24). Similarly, in a study in
Mexico, there was no association between the CIN2+ recurrence-free
period and p16 expression (p =0.57) and few women were living with
HIV (5%) (26). Moreover, p16 expression has been shown to be less
sensitive than insulin-like growth factor II mRNA-binding protein
(IMP3) expression at predicting progression and recurrence of HSIL
among women living with HIV (28).

P16 in combination with Ki-67 (dual stain) may have a role in the
triage of cervical lesions during screening. In women testing hrHPV
positive, where most hrHPV infections resolve spontaneously, a
negative p16/Ki-67 dual-stain result is used to inform an extended
follow-up interval for 3years while a pl6/Ki-67 positive result
indicates the need for repeat testing, colposcopy, or immediate
treatment based on the risk threshold (29). P16 has been shown to add
value in the triage of women with atypical squamous cells of
undetermined significance (ASCUS), with a positive pl6 result
increasing the specificity for a high-grade cervical disease diagnosis
compared to HPV DNA alone (30). Among women living with HIV,
pl6 expression has shown decreased sensitivity and increased
specificity for CIN2+ diagnosis when combined with other screening
modalities (22).

In our study, p16 expression was associated with any one hrHPV
genotype and individually, hrHPV genotype 58, but not with hrHPV
types 16 or 18, singly or combined. While women with HIV are more
likely to have persistent and multiple hrHPV infections compared to
their HIV-uninfected peers (31-33), longer duration of ART and viral
suppression have been shown to be associated with lower hrHPV
prevalence in women with HIV (34). This is in agreement with our
findings in which longer ART duration was inversely associated with
p16 expression even after adjusting for viral suppression and hrHPV
infection. Similarly, detectable HIV viral load was associated with
higher odds of pl6 expression, although this was borderline-
significant (p =0.054) in the adjusted model. Recurrence of cervical
disease was not associated with p16 expression and combining p16
with any one or multiple hrHPV genotypes had no additional benefit
for risk prediction in our population of women with HIV and CIN2/3.

Our study had several limitations. These were archival blocks with
no record of the quality of fixation used, which may have affected p16
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TABLE 3 Factors associated with positive p16 status at baseline cryotherapy treatment (n =160).

Univariate Multivariate model®
OR (95% CI) Adjusted OR (95% ClI)
Any one hrHPV genotype® 3.17 (1.03-9.78) 0.04 3.73 (1.17-11.94) 0.026
Multiple hrHPV genotypes® 1.11 (0.57-2.12) 0.79 NA NA

CD4 cell count, cells/mm*

<250 1.0 (Reference) NA NA NA
250-499 0.71 (0.32-1.55) 0.39 NA NA
>500 0.53(0.23-1.25) 0.15 NA NA
Detectable plasma HIV viral
1.43 (1.01-2.03) 0.03 1.96 (0.99-3.90) 0.054
load?
Antiretroviral therapy
<2years 1.0 (Reference) NA 1.0 (Reference) NA
>2years 0.46 (0.24-0.87) 0.02 0.47 (0.24-0.91) 0.026
Baseline CIN3 (ref: CIN2) 1.22 (0.62-2.38) 0.57 NA NA
>3 lifetime sex partners (ref:
1.62 (1.03-2.54) 0.04 NA NA

<3)

CIN2, cervical intraepithelial neoplasia grade 2; CIN3, cervical intraepithelial neoplasia grade 3; hrHPV; high-risk human papillomavirus; OR, odds ratio.
“Multivariable model included ART duration, plasma HIV viral load and infection with any one hrHPV genotype.

"Defined as any one of the following hrHPV genotypes: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, 68.

‘Defined as two or more hrHPV genotypes.

“Minimum detection level < 60 copies/mL.

staining, leading to spurious loss of expression. We did not stain for

1.00
!

p16 in later biopsies of recurrent CIN2+ disease and thus, are not able
to establish a temporal relationship between p16 expression and

0.75
L

cervical disease recurrence. In addition, 20% (1 =40) women who had
HR 1.35 (95% Cl: 0.76-2.40) p=0.3 cryotherapy in parent study were excluded for various reasons. The
small sample size may have limited our ability to detect all correlates

I_____J

of pl6 expression and their association with CIN2+ recurrence.

Cumulative incidence
0.50
|

0.25
L

Finally, we did not have information on lesion size, which may have

s | been helpful to further explain our findings.
°5 5 12 18 A In conclusion, pl6 expression was uncommon among women
Ti th . . . . .

Number at risk ime (months) with HIV with CIN2+. P16 expression was associated with any one
P16 negative 65 65 55 50 45 . .
P16 positive 93 9 7 pod 58 hrHPV genotype, shorter ART duration, and detectable HIV viral

P16 negative — — — P16 positive load. P16 expression alone or in combination with hrHPV infection

. was not useful for predicting recurrent cervical disease after

FIGURE 1
Kaplan—Meier cumulative incidence by p16 expression at baseline. cryotherapy in this population.

Cl, confidence interval; HR, hazard ratio.

TABLE 4 Risk of cervical disease recurrence (CIN2+) by combined p16 expression and any one hrHPV genotype and simultaneous multiple hrHPV
genotypes at baseline cryotherapy treatment.

p16 and hrHPV status Hazard ratio (95% Cl) p-value
p16 negative, any one hrHPV negative 0.84 (0.26-2.70) 0.77
P16 negative, any one hrHPV positive 0.73 (0.40-1.32) 0.28
p16 positive, any one hrHPV negative 1.19 (0.29-4.89) 0.81
p16 positive, any one hrHPV positive 1.38 (0.78-2.43) 0.27
p16 negative, multiple hrHPV negative 0.86 (0.38-1.91) 0.71
p16 negative, multiple hrHPV positive 0.67 (0.31-1.43) 0.30
p16 positive, multiple hrHPV negative 0.78 (0.39-1.57) 0.49
p16 positive, multiple hrHPV positive 1.64 (0.93-2.89) 0.09

CIN2+, cervical intraepithelial neoplasia grade 2 or higher; CI, confidence interval; hrHPV; high-risk human papillomavirus.
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