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Background and Objectives Oropharyngeal squamous cell carcinoma (OPSCC) can be
caused by human papilloma virus (HPV) infection or other factors like smoking. The 8th Edi-
tion of the AJCC Cancer Staging Manual recommends different staging and treatment ap-
proaches based on etiology. Despite criticisms of its low specificity, the current guidelines sug-
gest using p16 immunohistochemistry (IHC) as a surrogate marker for the HPV-related OPSCC.
This study assessed the reliability of p16 as a surrogate marker by correlating the survival rates
of OPSCC patients with the results of p16 THC and HPV-DNA testing.
Subjects and Method A retrospective analysis was performed on patients treated for tonsil
squamous cell carcinoma at a tertiary medical institution between 1994 and 2018. All patients
underwent pl6 immunostaining and HPV-DNA chip tests. Out of 88 patients, 17 were exclud-
ed due to insufficient data or secondary primary cancer, leaving 71 patients.
Results Among the 71 patients, 51 were pl6 positive and 49 were HPV-DNA positive; both
tests were associated with extended survival. However, discrepancies were noted in 18 patients:
specifically, 11 patients were pl6 positive but HPV-DNA negative, displaying a different sur-
vival pattern compared to HPV-associated and non-HPV-associated patients.
Conclusion Both pl6 immunostaining and HPV-DNA testing have their pros and cons. pl6
immunostaining is cost-effective but has lower specificity. The study found discrepancies in
18 patients, suggesting that relying solely on pl6 immunostaining may have limitations. It
would be advisable to complement it with additional tests like the HPV-DNA chip test to pre-
dict the disease’s prognosis more accurately.
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Introduction

According to global cancer statistics 2018, there were 92887
new cases of oropharyngeal cancer, resulting in 51005 deaths.”

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

The most common type of cancer that develops in the oro-
pharynx is squamous cell carcinoma, which accounts for ap-
proximately 90%.” Generally, two different etiologies are
involved in the development of oropharyngeal squamous cell
carcinoma (OPSCC). OPSCC may be related to human pap-
illoma virus (HPV) infection, smoking, and alcohol consump-
tion. While the incidence of HPV-negative cancers is decreas-
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ing due to reduced smoking and alcohol consumption, the
overall incidence of OPSCC is on the rise because of the in-
creasing prevalence of HPV infection.” Since HPV-positive
OPSCC has significant genetic, epidemiologic and clinical
differences compared to HPV-negative OPSCC, finding out
the cause of carcinoma in OPSCC is important in determining
treatment plans and predicting the prognosis of a patient.”"”

In HPV-positive OPSCC, the HPV E6 and E7 proteins de-
activate pRB, thereby interrupting the downstream pl6ink4a-
CDK4-pRB pathway. This leads to an accumulation of the
cyclin-dependent kinase inhibitor pl6ink4a within the cell
and cell nucleus."” Therefore, the 8th Edition TNM classifi-
cation recommends detection of overexpressed pl6 by immu-
nohistochemistry (IHC) as a surrogate marker of HPV infec-
tion. In addition, TNM staging will vary according to the p16
detection result."” However, using IHC to identify pl6 over-
expression has its limitations, including low specificity and
the possibility of false positives due to perturbations in other
cellular signaling pathways.'"®’

The aim of this study is to evaluate the concordance be-
tween the existence of HPV-DNA and overexpression of p16
in OPSCC tumors, and to examine the prognostic implica-
tions of pl6 and HPV-DNA statuses for OPSCC patients.

Subjects and Methods

Patients

This study involved 88 patients diagnosed with tonsil squa-
mous cell carcinoma, who received treatment at a tertiary
medical institution between the years 1994 and 2018. Inclu-
sion criteria were based on the availability of relevant clini-
cal and pathological data.

Seven-teen patients were excluded due to reasons such as
insufficient medical records, presence of a secondary prima-
ry cancer, or distant metastasis at diagnosis. As a result, the
study included a total of 71 patients. The mean duration for
tracking patient outcomes was 47.9 months, ranging from 6
to 191 months. Assessments were conducted based on the
American Joint Committee on Cancer’s staging guidelines."”
Clinical factors were reviewed retrospectively by patient chart
review. Treatment modality was determined through a multi-
disciplinary consultation consisting of otolaryngologists, on-
cologists, radiation oncologists, pathologists and radiologists.
Local recurrence was ascertained through clinical and imag-
ing evaluations, and subsequently confirmed via biopsy.

This retrospective study received approval from the Institu-

HPV DNA Test and p16 Overexpression in OPSCC I Lee J, et al.

tional Review Board (approved decision number 2018AN0338).

Immunohistochemical staining and HPV-DNA chip test

A total of 85 tissue samples underwent IHC staining for
pl6 staining and polymerase chain reaction (PCR) test for
HPV-DNA detection. The samples from primary tumors were
fixed in paraffin, and the samples were sliced to a thickness
of 5 micrometers, and then placed on slides, after which the
paraffin was removed. Each slide was subjected to standard
staining with hematoxylin and eosin (H&E). For IHC, we ap-
plied a monoclonal mouse anti-human p16 antibody (MTM
Laboratories, Heidelberg, Germany). For negative controls,
instead of the primary antibody, non-immune serum immu-
noglobulin G and phosphate-buffered saline were used. Over-
expression of pl6 was determined when cells showed staining
in a block pattern. If the staining was focal or generally weak
and diffuse, it was considered negative. A pathologist ana-
lyzed the immunostaining in at least 10 high power fields un-
der a microscope magnified 200 times.

Before conducting the HPV-DNA chip test, sections stained
with H&E were examined to verify the presence of sufficient
tumor tissue. The paraffin was then removed, and DNA was
isolated from the tissue using a QTAamp DNA mini kit (Qia-
gen, Valencia, CA, USA). The HPV-DNA chip test for HPV
genotyping was performed using a PCR based on a DNA mi-
croarray system. The HPV-DNA Chip used in this study can
detect 32 types of HPV, distinguishing between 19 high-risk
types (16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66,
68, 69, 70, 73) and 13 low-risk types (6, 11, 32, 34, 40, 42, 43,
44,54, 55, 62, 81, 83).

Statistical analysis

Statistical tests were conducted to examine the relationship
between survival rates, various clinical factors, HPV-DNA
positivity, and pl16 overexpression. The relationship between
HPV and pl6 status was assessed using Pearson’s chi-square
test with Yates’ continuity correction. Overall survival (OS) and
disease free survival (DFS) curves were plotted using the Ka-
plan-Meier method, and differences were assessed with the
Log-rank test. Independent variables underwent univariate
analysis first. Significantly related variables were then further
analyzed using the Cox proportional risk regression model in
a multivariable analysis. In this study, a p-value of less than
0.05 was considered statistically significant. Statistical analy-
ses were carried out using SPSS software version 22.0 (IBM
Corp., Armonk, NY, USA).

www.kjorl.org 337



Korean J Otorhinolaryngol-Head Neck Surg 1 2024;67(6):336-43

Results

OS rate according to clinical characteristics

The clinical characteristics of the 71 patients are detailed
in Table 1. Patients had a median age of 61.2 years at diagno-
sis, with the majority (59 patients or 83.1%) being male. The
average duration of follow-up was 47.9 months. The Charlson
Comorbidity Index was calculated for each patient, resulting

Table 1. Clinical characteristics in the patients with OPSCC (n=71)

Characteristics Value

Sex

Female 12 (16.9)

Male 59 (83.1)
Age at diagnosis, year

<60 37 (52.1)

>40 34 (47.9)
CCl score

0-2 35(49.3)

>3 36 (50.7)
T classification

T1 18 (25.4)

T2 34 (47.9)

T3 3(4.2)

T4 16 (22.5)
N classification

NO 8(11.3)

N1 15(21.1)

N2 43 (60.6)

N3 5(7.0)
Stage

| 14 (19.7)

Il 31 (43.7)

1] 17 (23.9)

v 9 (12.7)
Treatment

Surgery based 48 (67.6)

Non-surgery based 23 (32.4)
Smoking

Never 29 (40.8)

Yes 42 (59.2)
p1é status

Positive 51(71.8)

Negative 20 (28.2)
HPV DNA

Positive 49 (69.0)

Negative 22 (31.0)

Data are presented as n (%). OPSCC, oropharyngeal squa-
mous cell carcinoma; CCI, Charlson Comorbidity Index; HPV,
human papilloma virus
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in an average score of 3 and ranging between 0 and 7. Of the
patients, 48 underwent surgical treatments, which in some
cases were combined with postoperative RT or CCRT. The re-
maining 23 patients were treated with either RT or CCRT alone.

For p16 immunostaining, 51 patients tested positive while
20 tested negative. Out of 71 patients, HPV-DNA was detect-
ed in 49 (69.0%). Among these, HPV-16 was the predominant
type, found in 37 of the 49 infected tumors, accounting for
75.5%. HPV-58 was identified in 4 tumors. HPV-18 was pres-
ent in 2 tumors. Regarding low-risk HPV genotypes, HPV-6
was detected in 2 tumors. 2 tumors had a combination of
HPV-81, HPV-6, and HPV-11. Another 2 tumors exhibited
both HPV-11 and HPV-40.

Univariate analysis revealed that overall stage and the re-
sults of the HPV-DNA chip test as significant prognostic in-
dicators for OS. Other assessed factors did not demonstrate
significant prognostic value (Table 2).

Overlap and discrepancy between p16
overexpression and HPV-DNA status

In 51 patients with OPSCC, pl6 overexpression was ob-
served. Despite confirming pl6 overexpression in these pa-
tients, HPV-DNA was not detected in 11 of them, accounting
for 21.5%. Additionally, in 20 patients where pl6 overexpres-
sion was not observed, HPV-DNA was detected in 7, repre-
senting 35.0%. Consequently, the similarity in the results of the
two test methods was statistically significant (p<0.05). How-
ever, there were noticeable discrepancies observed (Table 3).

Prognostic significance of p16 overexpression

The mean OS in months for pl6-positive OPSCC patients
was 178.02, while for pl6-negative patients it was 68.46. Simi-
larly, the mean DFS in months for pl6-positive patients was
137.38, compared to 52.20 for pl6-negative patients. The pres-
ence of pl6 in primary tumors was associated with signifi-
cantly longer OS (p=0.023) and DFS (»p=0.046) in OPSCC
patients (Fig. 1).

The average OS for HPV-DNA-positive OPSCC patients
was 186.77 months, compared to 93.51 months for those who
were HPV-DNA-negative. The presence of HPV-DNA in pri-
mary tumors was associated with an extended OS rate (p=
0.001). Additionally, the mean DFS for those testing positive
with the HPV-DNA chip was 135.37 months, while it was
70.96 months for those testing negative. Although there was
a trend suggesting a difference in DFS between the two groups,
this was not statistically significant (p=0.095) (Fig. 2).
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Table 2. Univariate and multivariable analysis of overall survival rate (n=71)

Univariate analysis

Multivariable analysis

Risk factor No.
p-value HR (95% CI) p-value HR (95% ClI)
Age, year 0.606 1.51 (0.31-7.30) 0.254 4.04 (0.37—44.41)
<60 37
>60 34
Sex 0.209 1.14 (1.03-1.25) 0.231 4.31 (0.39-47.21)
Female 12
Male 59
Smoking 0.132 4.67 (0.53—41.03) 0.286 5.35(0.25-116.21)
“) 29
(+) 42
CCl score 0.248 2.66 (0.48—14.74) 0.653 1.87 (0.12—28.56)
0-2 35
3< 36
Tstage 0.909 1.11 (0.20—-6.25) 0.523 0.36 (0.02-8.26)
T1-2 52
13-4 19
N stage 0.820 1.22(0.22-6.82) 0.273 0.18 (0.01-3.95)
NO-1 23
N2-3 48
Overall stage 0.044 5.12 (0.92-28.61) 0.424 4.76 (0.10—-218.36)
1=l 45
=1 26
HPV DNA 0.001 0.06 (0.01-0.50) 0.018 0.04 (0.00-0.59)
¢ 22
(+) 49
pl16IHC 0.073 0.25 (0.05-1.24) 0.551 2.76 (0.10-78.11)
¢ 20
(+) 51
Treatment 0.533 1.65 (0.34-8.07) 0.303 3.17 (0.35-28.44)
SBT 48
Non-SBT 23

HR, hazard ratio; Cl, confidence interval; CClI, Charlson Comorbidity Index; HPV, human papilloma virus; SBT, surgery-based treatment

Table 3. Correlation of HPV and p16 status

p16 positive  pl16 negative :

HPV status (h=51) (h=20) p-value

HPV DNA positive 40 (78.4) 7 (35.0) 0,001
HPV DNA negative 11(21.5) 13 (65.0) ’

Data are presented as n (%). Pearson's chi-square test with
Yates' continuity correction. *p < 0.05. HPV, human papilloma
virus

When considering the results from both the p16 IHC and
HPV-DNA chip tests, patients who tested positive for both
HPV-DNA and pl6 (HPV-DNA(+)/p16 IHC(+) group) exhib-
ited a significant difference in OS compared to those nega-
tive for both tests, the HPV-DNA(-)/p16 THC(-) group (p=

0.001). In cases where there were discrepancies between the
HPV-DNA and pl6 test outcomes, a significant survival rate

difference was observed only in the subset of patients posi-
tive for HPV-DNA but negative for pl6 IHC (HPV-DNA(+)/
pl6 IHC(-) group), when compared to the HPV-DNA(-)/p16
THC(-) group (p=0.045). Conversely, no such difference was
observed in the HPV-DNA(-)/p16 IHC(+) group (Fig. 3 and
Table 3).

In the comparison of DFS, analogous to the OS analysis,
the HPV-DNA*)/p16 THC(+) group demonstrated a marked-
ly better survival outcome than the HPV-DNA(-)/p16 THC(-)
group (p=0.008). However, the DFS outcomes differed be-
tween the two discrepant groups: there was no significant dif-
ference between the HPV-DNA(-)/p16 THC(-) group and the
HPV-DNA(+)/pl6 THC(-) group (p=0.170). In contrast, a sig-
nificant difference was observed when comparing the HPV-
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Fig. 2. Overall survival (OS) rate and disease free survival (DFS) rate according to human papilloma virus (HPV)-DNA chip test results.
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Fig. 1. Overall survival (OS) rate and disease free survival (DFS) rate according to p16 immunohistochemistry results.
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Fig. 3. Overall survival (OS) rate and disease free survival (DFS) rate according to p16 immunostaining and human papilloma virus
(HPV)-DNA chip test results. *p<0.05 with Log-rank test; 'p>0.05 with Log-rank test.
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Table 4. Differences between groups in OS curve and DFS curve
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DFS DNA+/p16+ DNA-/p16- DNA+/p16- DNA-/p16+
0s v P % p % p % P
DNA+/p16+ 7.079 0.008* 0.016 0.900 0.002 0.962
DNA-/p16- 11.411 0.001* 1.882 0.170 4010 0.045*
DNA+/p16- 0.229 0.633 4021 0.045* 0.006 0.937
DNA-/p16+ 2.588 0.108 1.973 0.160 1.089 0.297

Log-rank test. *p<0.05. OS, overall survival; DFS, disease free survival

DNA(-)/p16 THC(-) group to the HPV-DNA(-)/pl6 THC(+)
group (p=0.045) (Fig. 3 and Table 4).

Multivariable analyses of prognostic variables

In the multivariable Cox regression assay, only HPV-DNA
chip test results showed a significant correlation with the pro-
longed OS (HR=0.04, 95% CI1=0.00—0.59, p=0.018) (Table 2).

Discussion

In OSPCC, lesions induced by HPV are known to consti-
tute 50%—60% of all cases. Furthermore, this proportion is
increasing due to a rise in HPV infections.”>*"'” OSPCC as-
sociated with HPV typically has a favorable prognosis, a find-
ing that aligns with the results of this study. However, discrep-
ancies have emerged in infection test results when using two
different diagnostic tools: pl6 IHC and the HPV-DNA chip
test. Moreover, variations in prognosis were observed based
on the discrepancies between these two test outcomes.

Presently, the predominant diagnostic tools employed for
the detection of HPV-DNA are principally based on PCR.
PCR possesses the advantage of high specificity and sensitiv-
ity. However, it necessitates the utilization of costly analytical
equipment and the deployment of trained personnel. Further-
more, this assay can solely authenticate the presence of HPV-
DNA within the tissue. Consequently, it is untenable to ascer-
tain whether the HPV-DNA is situated within the tumor or
the adjacent normal tissue, nor is it feasible to validate wheth-
er the HPV-DNA participated in the tumor’s formation. Con-
versely, the detection of pl6 overexpression by IHC has the
advantage of being low-cost and employing a simple test
method, making it accessible globally.”” Currently, it is rec-
ommended to assign cancer staging for HPV-related OPSCC
when there is a nuclear staining pattern on p16 IHC, a stain-
ing intensity of 2+ or 3+, and 75% or more of the cancer cells
are stained."”

However, Robinson, et al."” and Westra®” have highlighted

a limitation to the detection of pl6 overexpression by IHC
due to its low specificity and the possibility of false positives
arising from perturbations in other cellular signaling path-
ways. The lack of internationally uniform standards for de-
termining test results is also problematic.

In this study, it was observed that the overexpression of pl6
can manifest in patients in whom HPV-DNA is undetected,
and, conversely, instances exist where HPV-DNA is identifi-
able but no overexpression of pl6 is evident. Distinct differ-
ences in prognosis were discernable compared to those pa-
tients who tested either negative or positive in both assessments.
Although the study did not achieve consistent statistical sig-
nificance in predicting OS or DFS, the findings imply the po-
tential of encountering false positives in pl6 assessments and
false negatives in HPV-DNA chip tests. Furthermore, the study
suggests the plausible occurrence of pl6 overexpression due
to alterations in other cellular signaling pathways in the ab-
sence of an HPV infection, denoting potential limitations in
prognostic predictions premised on pl6 expression.

Numerous preceding studies have substantiated that the
overexpression of pl6 can serve as a surrogate marker for
HPV-related OPSCC, and this study also found a correlation
between the results of pl6 THC and improved OS and DFS.
Thus, due to the favorable prognosis of pl6 IHC-positive OP-
SCC patients, attempts are being made to apply de-intensi-
fied treatment.”” However, as there are instances of poor
prognosis in some HPV-related OPSCC patients, caution is
warranted in utilizing p16 as a surrogate marker. This neces-
sity for caution is believed to be associated with the discrep-
ancies between p16 IHC and HPV-DNA test results observed
in this study. Therefore, it is advisable to conduct the HPV-
DNA chip test along with p16 IHC rather than using only the
pl6 THC to determine if the oropharyngeal cancer is caused
by HPV. However, as mentioned earlier, expensive equipment
like the microarray scanner for the DNA chip test is required.
This presents a challenge for developing countries or small
medical facility that may not have such facilities, making it
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difficult to conduct the test.”” Hence, additional research is
imperative to elucidate the reasons for the differing results
between pl6 IHC and HPV-DNA tests, so that a better sur-
rogate marker that compensates for the limitations of the two
tests can be proposed.

Previous research has argued that when there is a differ-
ence in the results of the two tests, particularly when there is
overexpression of pl6 but the HPV-DNA test is negative, HPV
chromogenic in situ hybridization (CISH) should be conduct-
ed to verify the presence or absence of HPV-DNA in the tu-
mor. If it is revealed to be negative in the consensus HPV
CISH, it has been suggested that it should be considered a
cancer type not related to HPV.'**"

The limitations of this study lie in the fact that the overall
number of subject patients was not large, and additionally,
the number of patients showing discrepancy in the two tests
was small. Therefore, there is a possibility that bias may have
occurred in the survival rate analysis. Thus, subsequent studies
involving a larger number of patients are deemed necessary.

In conclusion, according to the results of this study, when
both pl16 THC and HPV-DNA chip tests are accessible, con-
ducting both tests concurrently may enhance the precision in
prognosticating the patient’s outcome and facilitate the se-
lection of a more suitable treatment strategy. Given that this
study inherits the generic limitations of retrospective chart
review studies and constraints due to the restricted number of
patients included, further investigations involving larger co-

horts are imperative.
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