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Abstract

Background  The prognostic value of cervical aberrancies cannot be adequately determined by the Pap smear alone. Detection of 
HPV DNA by polymerase chain reaction (PCR) improves the diagnostic sensitivity however, it lacks sufficient specificity. Biomarkers 
that demonstrate the power to identify progressive cervical lesions may enhance the accuracy of Pap smear screening. The objec-
tive of this study is to investigate the relationship between P16 expression and HPV DNA in cervical smears, and the diagnostic 
accuracy of these assays. 

Methods  Following p16INK4A immunocytochemical analysis, we subjected 187 abnormally classified cervical smears to HPV detec-
tion by PCR. The correlation between HPV DNA and p16INK4A, stratified by cervical cytology, were examined. 

Results  Both assays produced a high sensitivity for the detection of HPV by p16INK4A 96.4% (95% CI, 86.2-99.4), and GP5+/6+ 
PCR 98.11% (95% CI, 88.6-99.9) in higher grade squamous intraepithelial lesions (HSILs), respectively. The specificity for P16 
expression in conjunction with conventional cytology was significant in LSIL 85.7% (66.4-95.3) and ASC-US 50% (20.1-79.9) while 
the sensitivity peaked when conventional cytology was supplemented by p16INK4A in LSIL 90.12% (81-95.3) and ASC-US 71.4% 
(51.1-86) lesions. 

Conclusion  The p16INK4A assay show potential to overcome the present restrictions often encountered during cervical cancer 
screening.
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INTRODuCTION

Since the introduction of the Papanicoloau (Pap smear) cytologi-
cal screening in the early 1940s, there has been a considerable 
reduction of up to 80% in the incidence and mortality from 
cervical cancer[1]. However, it has been reported that the diag-
nostic accuracy of the Pap smear is impeded by a high interob-
server reproducibility and low clinical sensitivity and specificity 
that vary between 20%-30%[2] and 5%-70%[3], respectively. 
Even though liquid-based cytology (LBC) has led to enhanced 
diagnostics, cytological screening of the cervix depends on sub-
jective morphologic methods that may be linked to sampling 
inaccuracies and interpretation bias. 

Most high-risk human papilloma virus (HR-HPV) infections 
will regress spontaneously, whilst only a few will develop into 
precancerous lesions or invasive cancer. While low-risk HPV 
types are frequently associated with benign warty lesions that 
generally resolve spontaneously, constant infection with high-
risk human papilloma virus (HR-HPV) (types 16, 18, 31, 33, 
35, 39, 45, 51, 52, 56, 58, 59, 66, 68, perhaps others) is critical 
in cervical carcinogenesis[4-5]. Moreover, HPV types 16 and 18 
associated infections have a greater absolute risk of progression 
to cervical precancer and cancer than other HPV types[6-8] and 
account for 70% of cervical cancers in the general popula-
tion[9-10]. In fact, HR-HPV (especially HPV types 16 and 18) can 
be detected in up to 25% of women without cervical lesions[10]. 
In view of this, it is vital to recognize specific biomarkers that 
could predict clinically significant HR-HPV infections. Though 

HR-HPV DNA testing is considered the most sensitive indica-
tor of high-grade cervical lesions, and the combination of HPV 
testing and the Pap test have a sensitivity and negative predic-
tive value of almost 100%[11], it lacks sufficient specificity to 
conclusively diagnose clinically significant cervical disease. 
Furthermore, a single HPV DNA test, although it could confirm 
infection by the virus present in 99% of all cervical cancers[12], 
does not discriminate between latent and chronic infection, it 
merely indicates a risk of cervical disease. The discrimination 
between the two types of infections is therefore fundamental 
as it is the persistent infection that predisposes to cervical dis-
ease progression and not the latent one[13]. Novel biomarkers 
employed on cervical smears may improve the identification 
of women with ambiguous results that may require treatment. 

When HR-HPV infects the cell, it leads to neoplastic progres-
sion via two viral oncoproteins, E6 and E7. The E6 oncopro-
tein forms a covalent chemical bond with the p53 tumour 
suppressor protein while the E7 oncoprotein binds to the 
retinoblastoma protein, pRb, with concomitant liberation of the 
transcription factor E2F. During normal cell differentiation, the 
cyclin-dependent kinase (CDK) inhibitor slows down the cell 
cycle through inactivation of CDKs, subsequently resulting in 
the addition of a phosphate group to the pRb. However, in its 
dephosphorylated state, pRb attaches to the E2F transcription 
factor and this pRb-E2F complex down-regulates the p16 gene. 
Since P16 expression is under a negative feedback control 
mechanism, diminished pRb production results in an elevated 
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expression of the P16 tumour suppressor protein. 

The value of p16INK4A as a surrogate marker of HR-HPV and CIN 
has been well established. In addition, the variability of the CIN 
diagnoses can be augmented with p16INK4A immunostaining[14] 
and cervical disease progression may be possible[15]. In recent 
years, numerous studies have advocated the use of p16INK4A in 
the detection of high grade lesions in cervical cytology[16-19]. The 
present study was designed to evaluate: 1) the sensitivity and 
specificity of p16INK4A as a marker for cervical aberrancies in 
the triage of cervical smears, 2) the relation between p16INK4A 
immunocytochemistry and HPV by GP5+/6+ PCR targeting the 
E6/E7 region of HPV, and 3) the correlation between p16INK4A 
cytology and HR-HPV types 16 and 18 detection by PCR, strati-
fied by cervical cytology to elucidate their association with the 
aim of improving clinical evaluation and management.

We studied P16 expression in a prospective series of 187 cervi-
cal specimens, processed by the Papanicoloau staining method, 
obtained from patients with cytologically diagnosed cervical 
abnormalities. We applied a standardized immunocytochemi-
cal method followed by concurrent testing for the presence of 
HPV infection using PCR, after which type-specific PCR (HR-
HPV types 16 and 18) was employed. Furthermore, we com-
pared p16INK4A findings with PCR data in the respective cervical 
categories. 

MATERIAL AND METhODS

Specimen collection and Pap staining

The study subjects included 3839 women between the ages of 
15-49 years attending public health care facilities for gynaeco-
logical screening. After written informed consent was received, 
an interviewed administered questionnaire centering on pa-
tient demographics, sexual and reproductive history and Pap 
smear screening history of participants was obtained. Papani-
coloau staining was executed on all cervical smears, followed 
by microscopical assessment using the Bethesda system (TBS) 
of 1991 combined with the CIN classification. The respective 
cytological diagnoses were regrouped as negative for intraepi-
thelial lesions or malignancies (NILMs), atypical squamous cells 
of undetermined significance (ASC-US), low-grade squamous 
intraepithelial lesions (LSILs), atypical squamous cells-cannot 
rule out HSIL (ASC-H) and high-grade squamous intraepithelial 
lesions (HSILs) using TBS of 2001[20]. 

p16INK4A immunocytochemical staining

Preceding antibody staining, abnormally classified cervical 
smears were decolorized and incubated in 50% ethanol for 
10 min, air-dried for 5 seconds, and rinsed in wash buffer. Im-
munostaining was performed using the Cintec p16INK4A cytology 
kit (Dako, Glostrup, Denmark), following the manufacturer’s 
instruction. Fourteen cervical smears categorised as “NILM” 
were incorporated as negative controls. Following incubation 
by mouse anti p16INK4A, visualization for cytology was optimised 
using a polymer visualisation reagent. Clearly demonstrated 
brown colorization of the cytoplasm and nucleus in abnormal 
cells was deemed as positive for immuno-expression.

HPV-PCR testing

Subsequent to immunostaining, cellular material on slides were 
gently scraped off with a sterile scalpel blade and collected into 
a sterile microcentrifuge tube constituting tissue lysis buffer. The 
High Pure PCR Template Preparation kit (Roche Diagnostics 
GmbH Mannheim, Germany) was used for DNA extraction. 

GP5+/GP6+ consensus primers, which amplify a 150 basepairs 
(bp) fragment located in the L1 region of the HPV genome, were 
used to identify genital HPV infection[21]. GP5+/GP6+ PCR posi-
tive samples were tested for the presence of HR-HPV types 16 
and 18, positioned in the E7, 667-686 and 753-774 region of 
the HPV genome, respectively[22]. Amplification of a 108 bp and 
191 bp DNA fragment were regarded as the presence of HPV 
types 16 and 18, respectively.

Statistical analysis

All statistical analysis was conducted using SPSS 19.0 (IBM SPSS 
Statistics 19.0.0.1 for Windows Inc, Chicago, IL, USA). Pearson 
chi-square tests and Spearman’s rank correlation analysis were 
used to analyze HR-HPV (types 16 and 18) infection and P16 
expression. To investigate the diagnostic accuracy of HR-HPV 
types 16 and 18, p16INK4A, and the combination of conventional 
cytology and p16INK4A, the subjects were separated into their 
respective cytologic categories. Estimates for diagnostic sensi-
tivity and specificity were computed from cross-tabulation of 
test results at 95% confidence intervals (CIs). The positive pre-
dictive values (PPV) and negative predictive values (NPV) were 
generated to determine the diagnostic accuracy of the p16INK4A 
immunocytochemistry test. Concordances between the differ-
ent tests were measured using Kappa statistics. Theoretically, 
kappa values of <0, 0 to 0.2, 0.21 to 0.4, 0.41 to 0.6, 0.61 
to 0.8, 0.81 to 0.99, 1.0 suggest poor, slight, fair, moderate, 
substantial, almost perfect, and perfect agreement, respectively. 
The two-sided McNemar test was used to evaluate the disparity 
between results obtained with the PCR and p16INK4A method. All 
statistical analyses were regarded as significant if p<0.05. 

RESuLTS

Of the pool of 187 abnormally classified cervical smears, 113 
(60.4%) expressed P16 immunoreactivity. These comprised of 
50/96 (52.1%) cases with LSIL, 5/28 (17.9%) cases with ASC-
US, 51/54 (94.4%) cases with HSIL, and 7/9 (77.8%) cases with 
ASC-H. The p16INK4A results in relation to the cytology diagnoses 
are provided in Figure 1, demonstrating a direct relationship 
between P16 expression and severity of the lesion. 

Five samples yielded inadequate DNA and were omitted for 
further testing. Infection with HPV types 16 and/or 18 were 
detected in 54 (31.4%) of 172 GP5+/6+ positive samples: 21 
(12.2%) cases showed high-risk HPV type 16, 25 (14.5%) cases 
displayed high-risk HPV type 18, and the remaining eight (4.7%) 
cases showed dual infection with both subtypes. Seven (28%) of 
the ASC-US, 24 (27.6%) of the LSIL, two (22.2%) of the ASC-H, 
and 21 (41.2%) of the HSIL-classified lesions demonstrated the 
presence of high-risk virus subtypes 16 or 18 (Table 1).

Correlation between P16 expression and HPV infection 
stratified by cervical cytology

Table 2 demonstrates the results of P16 expression and HPV 
status with respect to the type of lesion. Of the 172 cases that 
were HPV-positive with GP5+/6+ PCR, 108 (59.3%) showed 
P16 expression. For the 52 cases of HSIL, p16INK4A and HPV 
DNA by PCR yielded almost identical results with 48 (92.3%) 
specimens being positive and three negative for p16INK4A and 51 
(98.1%) positive and one negative for HPV DNA by PCR. One 
specimen which was p16INK4A negative was analogous to the 
one that was negative for HPV detection using PCR. Moreover, 
four (14.8%) of the 27 ASC-US and 49 (52.1%) of the 94 LSIL 
cases were positive for both assays. Nine cases that were HPV-
negative were negative for P16 protein: 2/27 ASC-US, 7/94 LSIL 

https://www.researchgate.net/publication/7449688_Cervical_Human_Papillomavirus_Screening_among_Older_Women?el=1_x_8&enrichId=rgreq-e677d12a8321ad44a16da36a29fef7cd-XXX&enrichSource=Y292ZXJQYWdlOzI1NjQ5MjE1NTtBUzoxMDE3NDc0MzEzMTM0MTJAMTQwMTI2OTg4NjI3OQ==
https://www.researchgate.net/publication/7644550_Detection_of_human_papillomavirus_from_archival_tissues_in_cervical_cancer_patients_in_Mauritius?el=1_x_8&enrichId=rgreq-e677d12a8321ad44a16da36a29fef7cd-XXX&enrichSource=Y292ZXJQYWdlOzI1NjQ5MjE1NTtBUzoxMDE3NDc0MzEzMTM0MTJAMTQwMTI2OTg4NjI3OQ==
https://www.researchgate.net/publication/285788747_Bethesda_Systemterminology_for_reporting_results_of_cervical_cytology?el=1_x_8&enrichId=rgreq-e677d12a8321ad44a16da36a29fef7cd-XXX&enrichSource=Y292ZXJQYWdlOzI1NjQ5MjE1NTtBUzoxMDE3NDc0MzEzMTM0MTJAMTQwMTI2OTg4NjI3OQ==
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and 0/9 ASC-H. Furthermore, the P16 protein was expressed in 
7/9 HPV positive ASC-H classified cervical lesions. 

To assess the diagnostic accuracy of p16INK4A immunostaining 
for the 4 cytologic classifications, P16 immuno-expression pro-
duced 17.9% (95% CI, 0.068-0.38) sensitivity , 32.1% (95% 
CI, 0.25-0.40) specificity, 60.4% (95% CI, 0.53-0.67) PPV, and 
40% (95% CI, 0.33-0.47) NPV in ASC-US categorized cervical 
lesions with 52.1% (95% CI, 0.42-0.62) sensitivity, 31% (95% 
CI, 0.22-0.41) specificity, 60% (95% CI, 0.53-0.67) PPV, and 
40% (95% CI, 0.33-0.47) NPV for LSILs (Table 3). In addition, 
P16 immuno-expression produced 96.3% (95% CI, 0.86-0.99) 
sensitivity, 54% (95% CI, 0.45-0.63) specificity, 60.4% (95% 
CI, 0.53-0.67) PPV, and 40% (95% CI, 0.33-0.47) NPV in HSIL 
categorized cervical lesions and 77.8% (95% CI, 0.40-0.96) 

sensitivity, 40.4% (95% CI, 0.33-0.48) specificity, 60.4% (95% 
CI, 0.53-0.67) PPV, and 40% (95% CI, 0.33-0.47) NPV in ASC-
H categorized cervical lesions. Contrary to this, the specificity 
of HPV detection by GP5+/6+ PCR in the four cervical catego-
ries decreased to 5%, 3%, 6% and 7% for ASC-US, LSIL, ASC-H 
and HSIL, respectively. Similarly, the NPV for HPV detection by 
GP5+/6+ PCR decreased considerably in comparison to P16 
immuno-expression. Statistical significances in sensitivity and 
PPV (p<0.001) between P16 immunostaining and HPV DNA by 
GP5+/6+ PCR were observed. The association between the re-
sults for the two assays was statistically significant (Spearman’s 
rho =0.365, p<0.05). Fisher exact test for ASC-US, LSIL and 
HSIL categories were statistically insignificant (p>0.05). 

Figure 1: P16 expression in abnormal cervical cytology

Table 1: Distribution of HPV infection in cervical abnormalities

GP5+/6+ PCR+ HPV 16 HPV 18 HPV 16&18 Total†

ASC-US (25) 1 6 0 7 (28)
LSIL (87) 7 13 4 24 (27.6)
ASC-H (9) 1 0 1 2 (22.2)
HSIL (51) 12 6 3 21 (41.2)

Total† 21 (12.2) 25 (14.5) 8 (4.7) 54 (31.4)
† Totals are given as number (percentage).

Table 2: Results of P16 immunocytochemical and HPV DNA (GP5+/6+) by PCR testing on Papanicoloau smears of 182 
patients with abnormal cervical cytology

Parameter ASC-US LSIL ASC-H HSIL Total†

P16INK4A+; PCR+ 4 49 7 48 108 (59.3)
P16INK4A+; PCR- 0 0 0 0 0 (0)
P16INK4A-; PCR+ 21 38 2 3 64 (35.2)
P16INK4A-; PCR- 2 7 0 1 10 (5.5)

Total† 27 (14.8) 94 (51.6) 9 (4.9) 52 (28.6) 182 (100)
† Totals are given as number (percentage).

Table 3: Sensitivity, specificity, PPV, and NPV of P16 immunostaining in the Namibian cohort

Test result Sensitivity 95% CI Specificity 95% CI PPV NPV
ASC-US (n=28) 17.9 0.068-0.38 32.1 0.25-0.40 60.4 40

LSIL (n=96) 52.1 0.42-0.62 31 0.22-0.41 60 40
ASC-H (n=9) 77.8 0.40-0.96 40.4 0.33-0.48 60.4 40
HSIL (n=54) 96.3 0.86-0.99 54 0.45-0.63 60.4 40
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Enhancing the diagnostic accuracy through ancillary p16 
testing

Generally, the test efficiency for HPV transformation was sub-
stantially improved when positive P16 immuno-expression was 
integrated in the interpretation of conventional Pap-stained 
slides. The diagnostic sensitivity for HPV transformation in 
HSILs increased from 0.31 in conventional Pap staining to 0.96 
in conventional Pap staining supplemented by P16 immunos-
taining (i.e. an increase in sensitivity of 65%). The relative in-
crease for HPV induced cervical lesions was highest in the HSIL 
category (51 concordant results for conventional Pap staining 
plus P16 expression compared with 17 concordant results for 
conventional Pap staining only), followed by LSIL cases (73 for 
conventional Pap staining plus P16 compared to 56 for con-
ventional Pap staining only, i.e. an increase of 30%). The diag-
nostic specificity increased slightly from 0.28 (conventional Pap 
staining) to 0.33 (conventional Pap staining plus P16) in HSILs, 
while the specificity in LSILs decreased from 0.82 (conventional 
Pap staining) to 0.5 (conventional Pap staining plus P16). The 
association between the results for the two assays was statisti-
cally significant (r=0.260, p<0.05). Correlating results in the re-
spective cervical categories were as follows: ASC-US (r=0.203, 
p=0.251), LSIL (r=0.277, p<0.05) and HSIL (r=0.567, p<0.05). 
The linear by linear association in HSILs and LSILs between 
GP5+/6+ PCR and conventional Pap staining supplemented 
by P16 immunostaining (p<0.05) were statistically significant. 
Insignificant correlations were found in ASC-US (p<0.245) cat-
egorized lesions. There was a poor correlation between results 
obtained by GP5+/6+ PCR and conventional Pap staining sup-
plemented by P16 immunostaining (Kappa=0.079) in ASC-US 
classified lesions however, slight (Kappa= 0.276) and fair agree-
ment (Kappa=0.486) in results between the two assays in LSILs 
and HSILs were noted, respectively. For LSILs and HSILs, there 
were insignificant differences in results between the two assays 
while in ASC-US categorized lesions, differences between two 
paired proportions were statistically significant (McNemar’s 
p<0.005).

Association between P16 immunoexpression and HR-HPV 
infection stratified by cervical cytology

Expression of P16 and HR-HPV (types 16 and/or 18) infection 
was appraised in 108 cytologic cases incorporated in the study. 
As shown in table 4, positive P16 immunoexpression was de-
tectable in 108 (62.8%) of 172 GP5+/+6 positive cervical smears 
examined, whereas HR-HPV (types 16 and/or 18) infection was 
identified in 54 (31.4%) of 172 GP5+/6+ positive samples. 
Among HPV-16-positive cases, two were negative, and 19 were 
positive for P16 expression. Among HPV-18-positive subjects, 
15 were positive for P16 while 10 cases lacked P16 expression. 
To assess whether an association between P16 expression and 
HR-HPV (types 16 and/or 18) infection exist, we compared P16 
immunoreactivity with HR-HPV (types 16 and/or 18) results. 
Forty (74.1%) of 54 HR-HPV (types 16 and/or 18) positive cases 
displayed P16 immunoreactivity, while 52 (44.1%) of 118 HR-
HPV (types 16 and/or 18) negative cases were P16 negative. 
The kappa coefficient for the interassay agreement was 0.173, 
p<0.05. The McNemar test for correlated proportions suggested 
significant differences between the two assays for the detection 
of HPV (p<0.001). Assessing levels of P16 expression in differ-
ent cervical lesion grades, we observed that five (17.9%) of 28 
ASC-US cases demonstrated P16 expression, of which two were 

HR-HPV infected: HPV type 16 (3.6%) and HPV type 18 (3.6%). 
Notably, five ASC-US cases (17.9%) were HR-HPV+ but P16-. 
In the HPV types 16 & 18-negative ASC-US category, 16 of 28 
cases (57.1%) were negative and two (7.1%) were positive for 
P16 immunoreactivity. The association between HR-HPV (types 
16 and/or 18) positivity and P16 expression in ASC-US classi-
fied lesions were statistically insignificant (chi-square, Pearson, 
0.209, p = 0.235). Of 87 LSIL cases, 16 (18.4%) showed both 
P16 immunoreactivity and the presence of HPV types 16 and/
or 18. Nonetheless, 32 (49.2%) of 65 LSIL cases that were HR-
HPV (types 16 and/or 18) negative, showed P16 expression. The 
association between HR-HPV (types 16 and/or 18) positivity 
and P16 expression in LSILs were statistically insignificant at 
the 0.05 level (chi-square, Pearson, p = 0.254). Of 21 HR-HPV 
(types 16 and/or 18) positive HSILs, two (9.5%) lacked the P16 
protein while three ASC-H samples were both HR-HPV+ and 
P16+. The association between HR-HPV types 16 and/or 18 
positivity and P16 expression in HSILs were not statistically sig-
nificant (chi-square, Pearson 0.174, p= 0.203). 

DISCuSSION

In our study, a link between modified P16 expression as a diag-
nostic adjunct for the triage of patients with abnormal cervical 
cytology, and the presence of HPV in cervical abnormalities has 
been demonstrated. Both P16 expression and HR-HPV (types 
16 and 18) positivity correlate significantly. Positive p16INK4A 

immuno-reactivity for HR-HPV type 16 was significantly lower 
than those for HPV-type 18; the latter believed to be the most 
aggressive HPV type with a high rate of disease recurrence[23]. 
Positive immunoreactivity potentially identifies those cases 
where viral DNA has disrupted the function and expression of 
host genes and development to cervical carcinoma has com-
menced. 

Similar to our findings in which HPV DNA by PCR was de-
tected in all P16 immunoreactive cases, Yildiz et al., 2007[24] 
also found that all P16+ cases demonstrated the presence of 
HPV; although not all HPV+ cases expressed the P16 protein. 
These findings were corroborated by Lin et al., 2005[25] who 
concluded that P16 expression is independent of an individual’s 
HPV status and may serve as an indicator for carcinogenesis in 
squamous and glandular epithelium of the cervix. In fact, they 
reported the presence of HPV DNA by PCR in 40% of CIN I, 
75% of CIN II and in 50% of CIN III lesions while P16 expres-
sion were observed in 96.7% histologically diagnosed lesions. 
Similarly, Kalof et al., 2005[26] reported P16-positive CIN1 cases, 
which were HPV-negative by in situ hybridization PCR. In view 
of this data, HPV-unrelated P16 expression is areas of further 
research.

P16 expression was considerably higher in HSILs compared to 
all other cytological categories, noticeably discriminating HSIL 
from classifications such as ASC-US or LSIL. In fact, this low-
risk group (ASC-US and LSIL) are frequently related to transient 
HPV infections that resolve spontaneously and do not require 
intervention[27]. Nonetheless, Kinney et al., 1998[28] in his report 
found that 68.6% of HSILs in biopsies were preceded by ASC-
US and LSIL classified cytological lesions, demonstrating that 
these categories may constitute a specific entity in the cervical 
disease progression. Of importance, we demonstrated the pres-
ence of HPV DNA by GP5+/6+ PCR in 98%, 52% and 20 % of 
P16+ HSILs, LSILs and ASC-US classified lesions, respectively. 
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Our results were found to be consistent with the results of Pi-
entong et al., 2004[29] in which HPV by MY09 plus MY11 PCR 
was detected in 70%, 57% and 45% of HSIL, LSIL and ASC-US 
classified lesions. Though their results are proportionally related 
to our results with respect to the severity of the cervical lesion, 
discordances in ASC-US and HSILs may be attributed to incor-
rect morphological interpretation of the conventional smear 
having had a high false positive rate[2-3]. 

We found a high sensitivity for p16INK4A staining in HSIL (96.3%) 
with a low sensitivity of 17.9% demonstrated in ASC-US. 
Equally, a specificity of 54% and 31% was detected in HSIL and 
LSIL, respectively. Unequivocally, P16 expression correlated 
significantly to the grade of cervical lesion, being more com-
mon in HSIL categorized cervical lesions. Moreover, HR-HPV 
(types 16 and/or 18) infection was virtually related to p16INK4A 
reactivity with 40 out of 54 (74.1%) HR-HPV (types 16 and/or 
18) positive cases expressing p16INK4A immunoreactivity. These 
results are in agreement with the findings from another re-
searcher[30]. Interestingly, Sahebali et al., 2004[31] demonstrated 
a strong relationship between the quantity of P16-positive cells 
and the HPV type, being more frequently in HPV type 16. They 
concluded that this association expresses a clinical significant 
sign, with greater numbers of P16-positive cells identified in 
HSILs than other diagnostic classifications. Coincident with 
other studies[32], we used a threshold of 5 or more P16- positive 
cells as a cut-off point in differentiating abnormal lesions from 
lesions represented as “NILM”. Though this is a limitation in 
this study, we did not employ staining intensity and a nuclear 
scoring system as used by Tsoumpou et al., 2009[33]. Moreover, 
Hu et al., 2004[34] reported that diffuse staining is related to the 
presence of HPV types 16/18. 

By examining the respective cytologic categories in aggregate, 
p16INK4A immunostaining and conjunctive conventional cytol-
ogy reflected dissimilar sensitivities (61.1% vs 45.6%) whereas 
adjunctive p16INK4A in ASC-US classified cervical lesions was 
more specific than HR-HPV types 16 and 18 combined (85.7% 
vs 76.2%). Moreover, the PPV of p16INK4A was greater than that 
for HR-HPV (types 16 and/or 18) in LSIL categorized cervical le-
sions (60.5% vs 25.3%). Similarly, the sensitivity and specificity 
of P16 expression in HSILs were better than HR-HPV types 16 
and 18 being 96.3% and 54.1%, respectively. The dependabil-
ity of HPV types 16 and 18 on the tests’ diagnostic accuracy 
was inferior to that of the P16 protein. Potential reasons for this 

discrepancy include the presence of other HR-HPV types that 
are not accounted for, due to the design of our study as we 
mainly focused on the identification of HR-HPV types 16 and 
18. Another possible explanation is that not all HPV infections 
may develop into clinically significant cervical abnormali-
ties. These results were consistent with the results from other 
studies[35] in which a sensitivity, specificity, PPV, and NPV for 
p16INK4A immunostaining of 68.8%, 26.3%, 28.2%, and 66.7% 
were demonstrated, respectively. 

The combination of cytologically diagnosed condylomata 
acuminata as depicted by koilocytotic changes and P16 expres-
sion provided a greater diagnostic specificity (56.3% vs 5.2% 
vs 39%) than HPV DNA by PCR or p16INK4A alone. These data 
clearly demonstrated the superiority of conjunctive P16 test-
ing to conventional cytologic screening, suggesting that the 
combination of conventional cytology and p16INK4A assay has 
a better diagnostic accuracy than HPV DNA by PCR. Thus, the 
combination test has a superior diagnostic performance. The 
sensitivity for detecting HPV transformation (P16 expression 
and cellular koilocytosis) in HSILs improved considerably: the 
number of missed HPV-induced lesions decreased by 65%, and 
the number of overlooked HPV cell-transformation in LSIL clas-
sified lesions were reduced by 30%. This gain in sensitivity was 
accompanied by a relative loss in specificity, which could be 
attributed to the lack of a well-defined nuclear scoring system. 
These observations further support the utility of P16 immunocy-
tochemical testing as a reflex test in conjunction with cervical 
cytology, following a Pap cytologic result of ASC-US or HSIL. 
On the other hand, no meaningful association between P16 
protein detection and HR-HPV (types 16 and/or 18) infection in 
LSILs was established in our study. Similarly, no direct correla-
tion between P16 expression and the presence of HPV 16/18 in 
histologically diagnosed LSILs was found[36]. 

Our findings clearly demonstrated that the p16INK4A immu-
noassay in conjunction with conventional cytology show poten-
tial to identify modifications of the HPV expression profile to the 
transforming stage. Not compromising the diagnostic sensitivity, 
this could be a useful test in a setting with higher specificity for 
the detection of HPV transformation, particularly in LSILs. As an 
added advantage, the p16INK4A immunocytochemical stain may 
also be used on decolorized conventional Pap smears, permit-
ting “reflexing” ASC-US or LSIL Pap cytologic results directly to 
P16 cytologic testing, even when conventional Pap smears are 

Table 4: Type specific PCR and P16 immunocytochemical results for HPV detection among patients with abnormal cervical 
cytology

Parameter ASC-US LSIL ASC-H HSIL Total†

HPV16+; P16INK4A+ 1 6 2 10 19 (11)
HPV16-; P16INK4A- 13 17 0 0 30 (17.4)
HPV16+; P16INK4A- 1 1 0 0 2 (1.2)
HPV16-; P16INK4A+ 1 17 3 22 43 (25)
HPV18+; P16INK4A+ 1 7 1 6 15 (8.7)
HPV18-; P16INK4A- 3 16 1 0 20 (11.6)
HPV18+;P16INK4A- 4 3 1 2 10 (5.8)
HPV18-;P16INK4A+ 1 15 1 8 25 (14.5)

HPV16&18+; P16INK4A+ 0 3 0 3 6 (3.5)
HPV16&18+; P16INK4A- 0 2 0 0 2 (1.2)

Total† 25 (14.5) 87 (50.6) 9 (5.2) 51 (29.7) 172 (100)
† Totals are given as number (percentage)
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used. This may further escalate cost reduction and an increase 
in the test diagnostic accuracy, especially in triaging ASC-US 
and LSIL Pap cytologic results. Mindful that a cost-effectiveness 
analysis has not yet been conducted, it might be sensible to 
predict that expensive treatment regimes such as colposcopy 
referrals for ASC-US Pap cytologic results can be reduced by us-
ing the p16INK4A test for the detection of potentially progressive 
cervical lesions. 

CONCLuSION

We conclude that, not only is P16 expression a marker for path-
ogenic activity of HR-HPV, but through correlative assessments, 

direct visualization of P16 immuno-expression in cytological 
smears seems to be a more effective method than HR-HPV by 
PCR.
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