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Background and Objectives This study examined the expressions of pl6 and the pro-
grammed cell death 1 ligand (PD-L1) in patients with oropharyngeal cancer (OPC) treated with
radiotherapy (RT) to identify the correlation between pl6 and PD-L1 expression, and to examine
the prognostic significance of these markers for OPC patients receiving RT.

Subjects and Method Forty-eight OPC patients diagnosed and treated at a tertiary referral
hospital were enrolled in this retrospective analysis. Patients were initially treated with RT or
chemoradiotherapy (CRT) with curative intent and completed the planned schedule. Expression
of pl6 and PD-L1 by primary tumors was evaluated by immunohistochemistry, and results
were interpreted separately and dichotomized according to outcome analyses.

Results Of the 48 patients, 25 (52.1%) expressed pl6 and 15 (31.3%) expressed PD-L1. Ex-
pression of these markers showed a mutual positive correlation (p=0.046). Positive PD-L1 ex-
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Introduction

The impact of human papilloma virus (HPV) on oropha-
ryngeal cancer (OPC) is currently well-known factor from ac-
cumulated numerous studies over recent 2 decades, and
HPV-associated OPC shows tendency of occurrence in young-
aged non-smokers with relatively aggressive feature, contrari-
ly demonstrating favorable treatment response and survival."”
Radiotherapy (RT) alone or with concurrent chemotherapy
(CRT) are definitive initial treatment options in OPC, and re-
cent studies have demonstrated that expression of pl6, a sur-
rogate marker of HPV, in OPC could predict good responsive-
ness to RT or CRT.™ According to its prognostic significance,
American Joint Committee on Cancer (AJCC) released a 8th
edition of cancer staging manual on OPC about separated tu-
mor-node-metastasis (TNM) staging based on pl6 positivity.*”

However, there are still OPCs with miserable clinical course
regardless of HPV-positivity, especially in locally advanced
cases.”” Those can be explained that HPV-positive OPC oc-
casionally demonstrates soft tissue metastasis or extracapsu-
lar spread (ECS) in metastatic lymph nodes (LNs), and these
may lead to failure of local disease control and low distant
metastasis free survival rate.'” On the other hand, there is a
contradictory report that ECS is not a negative prognostic fac-
tor in HPV-positive OPC, hence there should be careful con-
siderations in planning treatment and forecasting prognosis
of OPC patients only with HPV or pl6 positivity."

Based on the concept about responses of host immunity on
oncovirus-related carcinogenesis, there were studies report-
ing importance of composition of immune cells in tumor mi-
croenvironment of HPV-positive OPC."*" In addition to cur-
rent hot attention on cancer immunotherapy and its therapeutic
targets including programmed cell death 1 ligand (PD-L1),
there have been numerous experimental and clinical research-
es about cancer immunotherapy with noticeable results also
in head and neck cancers.”"® Therefore, there should be con-
siderations not only about HPV status but also about vigorous
investigation on immune-associated markers for improving
outcomes in the management of patients with OPC in the era
of precision medicine.

In this study, we aimed to examine the expressions of pl16
and PD-L1 in primary tumor tissues from the patients who
had been treated by RT or CRT with curative intent. And we
sought to find the correlation between p16 and PD-L1 expres-
sions and finally tried to analyze the prognostic significance
of those markers for RT or CRT in OPC patients.

PD-L1 and p16 in Oropharyngeal Cancer I Kwon M, et al.

Subjects and Method

Patients

We reviewed medical records of the OPC patients who had
been diagnosed and treated in our tertiary referral hospital
from 2010 to 2017. All patients were initially treated by RT or
CRT with curative intent and completed the planned sched-
ule. The inclusion criterion of the study subjects for the anal-
yses were as following: 1) pathologically confirmed squa-
mous cell carcinoma, 2) age at diagnosis >18 years old, 3) no
evidence of synchronous second primary cancer (SPC), 4) no
history of other malignancy within recent 5 years, and 5) fol-
lowed more than 1 year if survived. The Institutional Review
Board approved this study proceeding (IRB No. GNUH 2018-
06-008), and the acquisition of informed consent from the pa-

tients was waived due to the retrospective study nature.

Treatment, response evaluation and follow-up

RT or CRT were performed usually in accordance with Na-
tional Comprehensive Cancer Network guideline.” That is,
a total dose of 66—70 Gy was irradiated during 6—7 weeks
on primary tumor and involved LNs, and in node negative or
low to intermediate risk patients received 44—50 Gy on sites
of suspected subclinical spread. Intensity modulated RT was
used in 32 (66.7%) patients, and 3-dimensional conformal
RT was used in 16 (33.3%) patients, respectively. The concur-
rent chemotherapy regimen consisted of weekly low dose (40
mg/m?) cisplatin plus conventional fraction to a typical dose
of 70 Gy in 7 weeks, because our center made consensus on
such rationale based on the non-inferior treatment outcome
compared to high dose cisplatin for improving patients’ com-
pliance with low toxicity."”

Patients completed planned RT schedule were evaluated
their treatment results on 2—3 months after RT cessation ac-
cording to the response evaluation criteria in solid tumors
1.1."” Salvage operation was indicated for patients with resid-
ual diseases on primary site or neck after RT or CRT. Patients
were followed with meticulous physical and endoscopic ex-
aminations, also with scheduled radiologic tests, at every 1—3
months in the first year, every 2—4 months in the second and
third year, every 6 months in the fourth and fifth year, and an-
nually thereafter. Any lesions suggestive of recurrences or
SPC were confirmed by biopsies or other diagnostic tests.
Patients with confirmed recurrence or SPC were scheduled
for salvage or palliative treatment, and all surviving patients
were followed up for more than 1 year.
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Immunohistochemistry

A board-certified, experienced pathologist reviewed all
pathologic sections and was blinded to clinical data. Paraffin-
embedded biopsy specimens were obtained from the pathol-
ogy archives, and tissue microarrays (TMAs) with a core di-
ameter of 2 mm were constructed from the formalin-fixed
blocks. Specific regions (at the invasive front) from the TMA
cores of each primary tumor were selected under a microscope
and arranged pair-wise in TMA blocks. Each sample was an-
alyzed in duplicate to reduce sampling error and to minimize
tissue loss during processing. IHC using antibodies specific
for pl6 (clone E6H4; CINtec p16 Histology, Ventana Medical
Systems, Inc., Oro Valley, AZ, USA) and PD-L1 (clone E1L3N;
Cell Signaling Technology, Danvers, MA, USA; 1:200) was
performed on 4 um TMA sections using a BenchMark XT
automatic immunostaining device (Ventana Medical Sys-
tems, Tucson, AZ, USA) and the OptiView DAB IHC Detec-
tion Kit (Ventana Medical Systems), in accordance with the
manufacturer’s instructions. Staining intensity was graded as
negative (=0), weak (=1), moderate (=2), or strong (=3), and

reactivity was based on the percentage of positively stained
cells: 0—5% (=0), 5-25% (=1), 26—50% (=2), 51—75% (=3), or

ing on programmed cell death 1 ligand (magnification x200).
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by multiplying the grade of the staining intensity by that of the
staining percentage, giving a minimum score of 0 and a max-
imum of 12.”” The expression levels of pl6 and PD-LI were
interpreted separately and dichotomized to negative (IRS of
0—2) or positive (IRS >3) groups for outcome analyses. Rep-

resentative staining results are shown in Fig. 1.

Variables

The data obtained from the medical records of the patients
included age, gender, smoking history, performance status de-
fined by Eastern Cooperative Oncology Group Performance
Score, and body-mass index (BMI). Smoking history was di-
chotomized from 10 pack-years based on the landmark article
about OPC prognosis.” Subsites of the primary tumors were
recorded, and TNM stages were defined according to the can-
cer staging manual from AJCC 8th edition.”” And maximum
standardized uptake value (SUVmax) of primary tumor on
positron emission tomography (PET)-CT were evaluated.

Statistical analyses

Correlations between expressions of pl6 and PD-L1 and
other clinical factors were evaluated using Fisher’s exact test
or Mann-Whitney U test for categorical or continuous vari-

i *\ ¥l
d positive (D) stain-
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ables, respectively. Survival analyses according to p16 and PD-
L1 expressions were also performed. Kaplan-Meier survival
plots were depicted for estimating overall and recurrence-free
survivals with comparing parameters via the log-rank test.
Cox proportional hazard regression analyses were performed
using variables with p<0.05 in univariate analyses to elucidate
risk factors affecting patients’ survival. All statistical analy-
ses were performed using IBM SPSS software version 22.0
(IBM Corp., Armonk, NY, USA), and a two-sided p<0.05 de-
noted statistical significance.

Results

Patient and tumor characteristics

A total number of 48 patients met the inclusion criteria. All
patients were men with median age of 62 years (ranged 42—86
years) at diagnosis. Palatine tonsil was the most common site
of tumor (60.4%), and more than half of the patients demon-
strated initially cervical nodal metastasis (68.8%) and conse-
quently advanced overall stage (72.9%). Forty (83.3%) patients
received CRT for initial definitive treatment, and other 8 (16.7%)
patients underwent RT only. After completion of treatment, 35
(72.9%) patients were confirmed as complete remission (CR),
5 (10.4%) patients as partial remission, and 8 (16.7%) patients
as progressive disease, respectively. Among the 13 patients
with non-CR status, 4 patients received subsequent salvage
operations on residual tumor, but other 9 patients did not pro-
ceed any further treatment due to their poor general condition
or refusal to adjuvant therapy. Median duration of follow-up
was 36.8 months (ranged 3.5—111.1 months), and 19 (39.6%)
patients experienced recurrence of tumor and 13 (27.1%) pa-
tients dead during the follow-up period. Above findings were
summarized on Table 1.

Correlations of plé and PD-LI expression with clinical
parameters

THC on pl16 and PD-L1 from primary tumor tissue were eval-
uated according to the previously described IRS criteria. Pos-
itive stains were identified in 25 (52.1%) cases on pl16 and 15
(31.3%) cases on PD-L1, respectively. Expression of those mark-
ers demonstrated a mutual positive correlation (p=0.046).
Positive PD-L1 was associated with higher mean SUVmax
(10.2+4.5 vs. 13.8+6.8, p=0.046) on primary tumor and poor-
er CR rate (81.8% vs. 53.3%, p=0.040) after RT. However, p16
expression did not show neither impact on treatment response

nor any correlation with characteristics of patients or tumor

PD-L1 and p16 in Oropharyngeal Cancer I Kwon M, et al.

Table 1. Characteristics of the patients (n=48)

n (%)

Age at diagnosis, years
[median (range)]

Smoking, <10/>10
pack-years

BMI, <23/>23 kg/m?

ECOG PS, 0/1/2

Tumor characteristics
Site, tonsil/BOT/SP/PPW
Tstage, T1—-2/T3—4*
N stage, NO/N1-3*
Overall stage, I-1I/llI—1V*
p16, negative/positive
PD-L1, negative/positive
SUVmax

62 (42-86)

21 (43.8)/27 (56.3)

23 (47.9)/25 (52.1)

20 (41.7)/23 (46.9)/5 (10.2)

29 (60.4)/9 (18.8)/6 (12.5)/4 (8.3)

(
32(66.7)/16 (33.3)
15(31.3)/33 (68.8)
13 (27.1)/35 (72.9)
23 (47.9)/25 (52.1)
33(68.8)/15 (31.3)
11.5 (4.2-26.2)

[median (range)]

Treatment
RT only/CRT 8(16.7)/40 (83.3)
Initial response, 35(72.9)/5(10.4)/0 (0)/8 (16.7)
CR/PR/SD/PD

Follow-up information

Follow-up duration, 36.8 (3.5-111.1)

months [median (range)]
Recurrences, LRF/DMt

Last status,
NED/AWD/DOD/DOC

xstaging based on the 8th edition of American Joint Committee
on Cancer staging system, tall DM cases coexisted with LRF. AWD:
alive with disease, BMI: body-mass index, BOT: base of fongue,
CR: complete remission, CRT: chemoradiotherapy, DM: distant
metastasis, DOC: death of other cause, DOD: death of disease,
ECOG PS: Eastern Cooperative Oncology Group Performance
Score, LRF: locoregional failure, NED: no evidence of disease,
PD: progressive disease, PD-L1: programmed cell death 1 ligand,
PPW: posterior pharyngeal wall, PR: partial remission, RT: radio-
therapy, SD: stable disease, SP: soft palate, SUVmMax: maximum
standardized uptake value

19 (39.6)/3 (6.3)
30(62.5)/6 (12.5)/11 (22.9)/2 (4.2)

(all p>0.05, Table 2).

Survival analyses according to expression of pl6 and
PD-LI

Table 3 demonstrated factors affecting recurrence-free sur-
vival (RFS) and overall survival (OS) of the patients. Smok-
ing history >10 pack-years was associated with poorer RFS
[hazard ratio (HR) 3.041, 95% confidence interval (CI) 1.086—
8.511, p=0.034]. Other clinical factors including age, BMI, TNM
stage, SUVmax had no significant impact on both RFS and
OS. Positivity on pl6 showed better RFS (HR 0.249, 95% CI
0.089—0.695, p=0.008) but didn’t display a statistical signifi-
cance on OS (HR 0.481, 95% CI 0.156—1.479, p=0.202). How-
ever, PD-L1 expression did not demonstrate any association
with RFS or OS.
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Table 2. Correlations of p16 and PD-L1 expression with clinical parameters

- + -L1 (- -L1 (+
?n]:()QES; F()r]wiés)) p-volue P(?1=L;>3()) PI(DnEI 5()) p-volue

Age, >65 years 10 (43.5) 8(32.0) 0.552 12 (36.4) 6 (40.0) 0.528
Smoking, >10 pack-years 16 (69.6) 11 (44.0) 0.089 20 (60.6) 7 (46.7) 0.277
BMI, >23 kg/m’ 9(39.1) 16 (64.0) 0.148 17 (51.5) 8(53.3) 0.578
Tumor characteristics

T stage, T3—4f 10 (43.5) 6(24.0) 0.222 10 (30.3) 6 (40.0) 0.366

N stage, N1-3t 14 (60.9) 19 (76.0) 0.353 24 (72.7) 9 (60.0) 0.289

Overall stage, llI=IVt 16 (69.6) 19 (76.0) 0.748 22 (66.7) 13 (86.7) 0.136

p16, positive NA NA NA 14 (42.4) 11 (73.3) 0.046*

PD-L1, positive 4(17.4) 11 (44.0) 0.046* NA NA NA

SUVmax (mean+SD) 12.0+£5.6 10.5£5.3 0.344 10.2+4.5 13.8+6.8 0.046*
Initial treatment response, CR 15 (65.2) 20 (80.0) 0.205 27 (81.8) 8(53.3) 0.040*

Data expressed as number of patients (percent). xcharacters indicate p-value <0.05, tstaging based on the 8th edition of Ameri-
can Joint Committee on Cancer staging system. BMI: body-mass index, CR: complete remission, NA: not available, PD-L1: pro-
grammed cell death 1 ligand, SD: standard deviation, SUVmax: maximum standardized uptake value

Table 3. Factors affecting recurrence-free and overall survivals of the patients

Recurrence-free survival

Overall survival

HR 95% ClI p-value HR 95% ClI p-value

Age, =65 years 1.355 0.543-3.380 0.515 1.726 0.576—5.173 0.330
Smoking, =10 pack-years 3.041 1.086—8.511 0.034* 2.232 0.685-7.270 0.183
BMI, >23 kg/m’ 0.710 0.288—1.751 0.457 0.671 0.224-2.010 0.476
Tumor characteristics

Tstage, T3—4t 1.355 0.533—-3.448 0.523 1.535 0.500—-4.712 0.454

N stage, N1-3t 1.405 0.505-3.904 0.515 1.668 0.458-6.072 0.437

Overall stage, lI=IVt 1.617 0.535—4.888 0.395 2.339 0.517-10.592 0.270

pl1é, positive 0.249 0.089-0.695 0.008* 0.481 0.156—1.479 0.202

PD-L1, positive 0.906 0.326—-2.520 0.851 1.586 0.518—4.859 0.419

SUVmax, 210 1.321 0.529-3.297 0.551 1.566 0.510—4.809 0.433

xcharacters indicate p-value <0.05, tstaging based on the 8th edition of American Joint Committee on Cancer staging system. BMI:
body-mass index, Cl: confidence interval, HR: hazard ratio, PD-L1: programmed cell death 1 ligand, SUVmax: maximum standard-

ized uptake value

Because there was no significant impact of p16 and PD-L1
expressions as an independent prognosticator on OS, we ad-
ditionally analyzed patients’ survivals according to the com-
bination of p16 and PD-LI positivity. Kaplan-Meier survival
plots about RFS demonstrated better prognosis of pl6 posi-
tive group even in combination with PD-L1 positivity. And
positive PD-LI lead to a tendency of poorer RES even in pl6
positive group (p=0.030, Fig. 2). On the contrary, neither p16,
PD-LI1 nor their combination demonstrated any statistically
significant impact on OS (all p>0.05, Fig. 3).

Discussion

Mechanism of HPV infection to OPC development have
been explained that the viral oncoproteins E6 and E7 down-

regulate tumor suppressor genes each pS3 and pRb with in-
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creasing the pl6 expression.” Most of local HPV infection
on oropharyngeal mucosa can be cleared through an ar-
rangement of specific T cell mediated host immune system,
however, HPV-positive OPCs also express viral antigens
which have immunogenic potential, but cancer occurs by es-
cape from immune surveillance in those patients. That is,
tumor persistence may be facilitated by abnormalities in an-
tigen processing, a skewed helper T cell response, and an in-
creased local prevalence of regulatory T cells in HPV-in-
duced carcinogenesis.”” PD-1 and PD-L1 could be key
molecules in such immune escape mechanism on HPV-posi-
tive OPCs, and our study demonstrated the positive correla-
tion between pl6 and PD-LI expressions on primary tumor.
This result is consistent with a recent study from Australia,
but another study on Korean population demonstrated no

significant relationship between those markers.”” Above
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death 1 ligand.
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Fig. 3. Overall survivals according to the expression of p16 (A), PD-L1 (B), and their combination (C). PD-L1: programmed cell death 1

ligand.

discrepancy would be derived from diverse cut-off values for
determining positive expressions.

The prognosis and response to RT according to PD-L1 ex-
pression have not been studied extensively. In studies about
colorectal and esophageal cancers, higher expressions of PD-
L1 were more frequently found in advanced stages, and lower
responses to RT with poorer survivals were observed in ac-
cordance with high PD-L1 expressions.”**® However, those
studies evaluated CRT outcomes only in the neoadjuvant set-
ting, hence, there would be limitation in terms of estimating
prognosis to definitive RT. Another study on nasopharyngeal
cancer demonstrated that co-expression of PD-1 and PD-L1
was correlated with poor RFS, however, it reported a 95% pos-
itive rate of PD-L1 using H-score, which would be interpreted
as showing somewhat inept IHC finding compared to previ-
ous studies.”” A recent study on OPC demonstrated that pos-
itive expression of PD-L1 was associated with lower locore-
gional failure rate (HR 0.57, 95% CI 0.081—1.07) and death
from any cause rate (HR 0.7, 95% CI 0.46—1.07), but with mar-
ginal statistical significance, respectively.”® This study also

evaluated the prognostic value of combined expression of pl6
and PD-LI, and consequently reported that positive expres-
sions in those 2 markers showed significantly higher surviv-
al rates in patients with OPC. In our study, positive PD-L1
was associated with low CR rate after definitive RT/CRT but
did not significantly affect RFS or OS. Furthermore, PD-L1
expression was irrelevant to tumor stages and other patients’
factors such as age and smoking history. Above negative find-
ings would be derived from evaluating PD-L1 only in prima-
ry tumor tissue due to restricted treatment as RT, and further
investigation on involved cervical LN which would have more
prognostic significances could give additional information
about PD-LI in OPC.

The criteria for defining positivity in IHC results are always
controversial. In previous studies, stained range more than 1%
in high power field on microscopy was usually regarded as a
positive PD-L1 expression.*” However, no worldwide con-
sensus value for the PD-L1 expression is currently present, and
there have been reports with diverse criteria of PD-L1 posi-
tivity ranged from 5% to even 20%.***" In this study, we used
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IRS for determining the positivity of PD-L1 expression, be-
cause we thought that there should be consideration not only
about stained range but also about intensity to rule out the
false positive results on interpretation of IHC staining. This
IRS method would be an arguable point in our study also with
the scoring performed by a single pathologist, however, we
sought to minimize above errors by repetitive meticulous ex-
amination on multiple slides from specimens with blinded
clinical information to the head and neck specialized and ex-
perienced pathologist.

In our study, pl6 expression was significantly associated
with RFS but not with OS. Although our results are partially
discrepant with known prognostic value of pl6, there was a
report that HPV status was not related to survival in patients
with advanced head and neck cancers treated by CRT, rather
conventional risk factors such as smoking and alcohol con-
sumption were more important prognosticator, and we thought
the interpretation of our results could be possible based on
such data.” However, our study demonstrated an inspiring re-
sult that positive PD-L1 OPCs were more likely to relapse than
negative cases even in pl6-positive cases. Although there was
low statistical backup, our findings would give a reason to re-
consider the recent insistence that de-escalation RT should be
performed in pl6-positive OPC patients, and we would care-
fully suggest that the anti-PD-L1 therapeutics may give bene-
fit as a systemic therapy with RT.*””

Our study did not yield decisive results about the prognos-
tic value of PD-L1 and pl6, and it may be caused by retrospec-
tively analyzed data from patients with mixed treatments on
various TNM stages. Distant metastasis was found in only 3
patients in this study, and we didn’t compare the risk factors
including p16 and PD-L1 for distant metastasis after curative
RT which is a highlighted problem in CRT received OPC pa-
tients, this would be mainly due to the relatively small num-
ber of patients with short observation period. In addition, we
tried to investigate the impact of PD-L1 expression with other
multifactorial prognostic factors including smoking and ECS
status, but failed to get meaningful results mainly because of
the small sample size with consequently impossible multivar-
iate analyses. Further considerations would be necessary about
overcoming the limitation of IHC reading with co-evaluation
of immunogenic marker in involved LNs to confirm the re-
sults of our study.

In conclusion, expression of pl6 in primary OPC tissues
correlated positively with that of PD-L1 in our study. PD-L1
positivity was associated with poorer CR rates after RT or
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CRT. Positive pl6 expression was associated with better RFS
but not OS. PD-L1 expression alone did not demonstrate an
association with RFS or OS, but combined expression of p16
and PD-L1 tended toward a poorer RFS, even in the pl6-pos-
itive group. Further well-designed and large scale studies are
needed to further examine the prognostic value of pl6 and
PD-L1 expression in OPC patients receiving RT.
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