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Objective: Increased expression of programmed death-ligand 1 (PD-L1) on tumor cells can be 

found in various malignancies; however, very limited information is known about its role in anal 

squamous cell carcinoma (ASCC). This study explored PD-L1 expression in ASCC patients and 

its association with patients’ clinicopathological features, CD8+ T cell infiltration, and prognosis.

Methods: Formalin-fixed paraffin-embedded tumor samples from 26 patients with ASCC were 

retrieved. The levels of PD-L1 expression on the membrane of both tumor cells and tumor-

infiltrating mononuclear cells (TIMCs) were evaluated by immunohistochemistry. CD8+ T cell 

densities, both within tumors and at the tumor–stromal interface, were also analyzed. Baseline 

clinicopathological characteristics, human papilloma virus (HPV) status, and outcome data 

correlated with PD-L1-positive staining.

Results: PD-L1 expression on tumor cells and TIMCs was observed in 46% and 50% of patients, 

respectively. Nineteen patients (73%) were HPV positive, with 7 showing PD-L1-positive stain-

ing on tumor cells and 9 showing PD-L1-positive staining on TIMCs. Increasing CD8+ density 

within tumors, but not immune stroma, was significantly associated with decreased PD-L1 

expression by both tumor cells and TIMCs (P=0.0043 and P=0.0007). Patients with negative 

PD-L1 expression had significantly better progression-free survival (P=0.038 and P=0.0443) 

and a non-statistically significant trend toward longer overall survival (P=0.0882 and P=0.1222) 

compared with patients with positive PD-L1 expression.

Conclusion: PD-L1 is widely expressed on the membrane of tumor cells and TIMCs in ASCCs. 

Its negative impact on prognosis may be due to the diminished CD8+ T cell infiltration within 

tumors.
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Introduction
Anal squamous cell carcinoma (ASCC), most of which arise from infection with 

human papilloma virus (HPV), is the most common histological type of the anal 

canal malignant disease around the world.1 The major initial treatment for ASCC is 

chemoradiotherapy (CRT), which consists of radiotherapy combined with 5-fluoro-

uracil and mitomycin C.2 This method could generally achieve good local control and 

thus avoid radical surgery;3,4 however, early and late toxicities induced by CRT remain 

considerable.5,6 Furthermore, 10–20% of patients are not sensitive to CRT or relapse 

early after treatment. Once relapse occurs, only 40% of patients can be salvaged by 

abdominoperineal resection,7 but patients with locally advanced or metastatic disease 
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who receive palliative chemotherapy have 5-year survival 

rates of 15%. Thus, effective therapeutic methods need to 

be developed for these ASCC patients.8

Recent advances in immunotherapy offer promising 

new strategies for treatment of some solid tumors.9 The 

programmed death-1/programmed death-ligand 1 (PD-1/

PD-L1) immune checkpoint inhibitor, for example, is a 

representative of the novel immunotherapeutic strategies. 

PD-1 is a transmembrane receptor that is expressed by acti-

vated T cells and B cells, whereas PD-L1 is constitutively 

expressed on subsets of macrophages and dendritic cells, 

and its expression may be further upregulated by some 

inflammatory cytokines such as IFN-γ.10,11 The interaction 

between PD-L1 and PD-1 results in the suppression of T cell 

activation and proliferation, and thereby, the dampening of 

the host antitumor immune response. Various kinds of tumors 

can express PD-L1, including breast, thymic, gastric, penile, 

and renal cell carcinomas.12–16 PD-L1 aberrant expression on 

tumor cells is believed to result in the suppression of local 

immune responses, and thus evade T cell-mediated killing 

and increase the risk of cancer progression.

ASCC, similar to other virus-associated malignancies, 

is highly immunogenic. ASCC patients whose tumors har-

bor high numbers of CD8+ tumor-infiltrating lymphocytes 

(TILs) demonstrate improved overall survival (OS).17 How-

ever, the immune system often ultimately fails to control 

their growth. Therefore, the immune resistance established 

in the tumor microenvironment should be broken. Given 

the promising results of PD-1/PD-L1-based immuno-

therapies in other virus-associated malignancies including 

Merkel cell carcinoma and hepatocellular carcinoma,18,19 

we sought to assess PD-L1 expression in ASCC. In the 

current study, PD-L1 expression in both tumor cells and 

tumor-immune infiltrating cells was determined, and its 

association with clinicopathological characteristics and 

survival was investigated. We also determined whether 

PD-L1 expression correlates with intratumoral and stromal 

CD8+ T cell density.

Materials and methods
study patients
Twenty-six patients with histologically diagnosed ASCC 

were consecutively selected from Sun Yat-sen University 

Cancer Center and the Sixth Affiliated Hospital of Sun 

Yat-sen University between 2003 and 2015. Patients were 

treated for ASCC with radical CRT with or without surgery. 

Paraffin-embedded tumor tissues from all patients were 

obtained through a colonoscopy biopsy before treatment, 

and sufficient follow-up clinical data were available. Patients 

with concurrent other malignancies or HIV infection were 

excluded. Clinicopathological features including patients 

general characteristics, tumor characteristics, and the time 

of diagnosis, relapse, and last follow-up were all recorded. 

Complete stage information (TNM) at presentation was 

documented. All procedures performed in this study were 

in accordance with the ethical standards of the institutional 

research committee and with the 1964 Declaration of Helsinki 

and its later amendments or comparable ethical standards. 

This retrospective study was approved by the Ethics Com-

mittee of Sun Yat-sen University Cancer Center and the Sixth 

Affiliated Hospital of Sun Yat-sen University, and written 

informed consent was obtained from all patients. 

immunohistochemistry
PD-L1, CD8, and p16 (as a surrogate of HPV infection)20,21 

were stained using a standard protocol as previously 

described.22 Briefly, freshly cut formalin-fixed paraffin-

embedded specimens were dewaxed in xylene, hydrated in 

graded alcohol, and washed in phosphate-buffered saline; 

after neutralizing endogenous peroxidase (0.3% H
2
O

2
 for 10 

min), the microwave antigen retrieval method was applied 

using Tris–EDTA (pH 9.0). Subsequently, the slides were 

preincubated with blocking serum and then were incubated 

overnight at 4°C with each primary antibody: p16 (1:100, 

ZM0205; ZSGB-BIO, Beijing, People’s Republic of China), 

CD8 (1:100, ZA0508, ZSGB-BIO), and PD-L1 (1:100, 

#13684; Cell Signaling Technology, Shanghai, People’s 

Republic of China). Once the above procedure was com-

pleted, the sections were serially rinsed, incubated with sec-

ondary antibodies, visualized using diaminobenzidine, and 

counterstained with hematoxylin. Tonsil tissues were used as 

positive controls for PD-L1 and CD8, and cervical squamous 

cell carcinoma specimens were used as positive controls 

for p16 (Figure S1). Specimens of identical tissues stained 

without primary antibody were used as negative controls.

Staining quantification
The immunohistochemically stained tissue sections were 

evaluated separately by 2 pathologists who had no prior 

knowledge of the clinicopathological features.

PD-L1 expression levels on tumor cells or tumor- 

infiltrating mononuclear cells (TIMCs) were scored sepa-

rately as reported in recent trials and other studies.16–23 Tumor 

and immune cells demonstrating at least moderate 5% or 

greater PD-L1 staining on the cell surface (membranous) 

were considered positive.
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Slides stained for CD8 were annotated for areas of 

intratumoral (within tumor nest) and tumor stroma sur-

rounding the epithelial component of the tumor.17 In each 

location, using a high-power microscopic field (×400; 

0.0625 mm2), 4 independent areas with the most abundant 

CD8+ T cell infiltration were selected and the numbers 

of CD8+ T cells were counted manually from the digital 

images. The average positive-staining counts were used 

for statistical analyses.

Positive p16 status was defined as strong and diffuse 

nuclear and cytoplasmic staining in ≥70% of the tumor cells 

(Figure S2).20

statistical analysis
The Chi-squared test or Fisher’s exact test was used to analyze 

the correlations between PD-L1 expression and patient char-

acteristics for categorical variables. Pearson product-moment 

correlation coefficients were used to determine the correla-

tions between the intratumoral and stromal numbers of CD8+ 

T cells. We evaluated whether PD-L1 expression was associ-

ated with the prognosis of ASCC patients. PFS was defined as 

the time from the date of initial diagnosis to the date of disease 

progression or death due to any cause. OS was defined from 

the initial diagnosis until the date of death or last follow-up. 

The Kaplan–Meier method was used to evaluate the patients’ 

survival curves, and the log-rank test was used to assess the 

significance of differences between PD-L1-positive and PD-

L1-negative groups. All statistical analyses were performed 

using SPSS 20.0 statistical software. P-values declared in this 

study were all based on 2-sided tests, and those less than 0.05 

were interpreted as statistically significant.

Results
Clinical characteristics of patients with 
asCC
The baseline clinicopathological features of the 26 patients 

are shown in Table 1. The median age of the patients at 

diagnosis was 52.5 years, ranging from 27 to 76 years. The 

26 cases included 4 males (15%) and 22 females (85%). The 

histological grade was defined as well- (n=9), moderate- 

(n=13), and poorly differentiated (n=4) carcinoma. Fifteen 

cases (58%) were found to be node positive by cytological 

confirmation. The median follow-up period was 40.9 months 

(range 1.3–126.4). At the end of the follow-up period, 5 

patients had died, 5 had disease progression but were alive, 

and 16 had no evidence of disease.

Table 1 association of PD-l1 expression status and clinicopathological features in 26 asCC patients

Parameters PD-L1 on tumor cells PD-L1 on TIMCs

Positive 
(N=12), n (%)

Negative 
(N=14), n (%)

P-value Positive 
(N=13), n (%)

Negative 
(N=13), n (%)

P-value

age (years)
≤52 6 (50) 7 (50) 1.000 7 (54) 6 (46) 1.000

>52 6 (50) 7 (50) 6 (46) 7 (54)
gender

Men 1 (8) 3 (21) 0.598 3 (23) 1 (8) 0.593
Women 11 (92) 11 (79) 10 (77) 12 (92)

histological grade
Well/moderate 9 (75) 13 (93) 0.306 9 (69) 13 (100) 0.096
Poor 3 (25) 1 (7) 4 (31) 0 (0)

T stage
T1–2 4 (33) 6 (43) 0.701 3 (23) 7 (54) 0.226
T3–4 8 (67) 8 (57) 10 (77) 6 (46)

lymph node status
pn0/nX 6 (50) 5 (36) 0.692 6 (46) 5 (38) 1.000
pn1–3 6 (50) 9 (64) 7 (54) 8 (62)

UiCC stage
i 1 (8) 0 (0) 0.462 1 (8) 0 (0) 1.000
ii–iV 11 (92) 14 (100) 12 (92) 13 (100)

p16 status
Positive 7 (58) 12 (86) 0.190 9 (69) 10 (77) 1.000
negative 5 (42) 2 (14) 4 (31) 3 (23)

Notes: ASCC patients were defined as PD-L1 positive if at least 5% of tumor cells or TIMCs demonstrated membranous staining. PD-L1-negative patients showed less than 
5% PD-L1-positive staining on tumor cells or TIMCs.
Abbreviations: PD-L1, programmed death-ligand 1; ASCC, anal squamous cell carcinoma; TIMCs, tumor-infiltrating mononuclear cells; UICC, Union International Cancer 
Center.
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PD-l1 expression on the membrane of 
tumor cells and TiMCs
Of the 26 primary ASCC tumors examined, PD-L1 expres-

sion on neoplastic cells was observed in 12 (46%) cases. 

Clusters of PD-L1-positive TIMCs in tumor stroma were 

identified in 13 (50%) tumors. Essentially, all positive 

samples showed moderate-to-strong membranous staining 

(Figure 1). We classified all samples into 4 categories accord-

ing to the PD-L1 expression on neoplastic cells and TIMCs 

( Figure S3). Of the 13 patients with PD-L1-positive TIMCs, 

9 had PD-L1-positive neoplastic cells. Of the 13 patients with 

PD-L1-negative TIMCs, 10 had PD-L1-negative neoplastic 

cells. The proportion of PD-L1(+/+) or PD-L1(−/−) patients 

was significantly higher than the proportion of PD-L1(+/−) 

or PD-L1(−/+) patients (P=0.047). Of the 19 (73%) HPV-

positive tumors, 7 showed PD-L1 staining on tumor cells 

and 9 showed PD-L1 staining within the immune stroma.

Relationship between PD-l1 positivity 
and clinicopathological features
Table 1 depicts the distributions of clinicopathological char-

acteristics according to positivity for PD-L1. In detail, PD-L1 

expression on the membrane of tumor cells and TIMCs 

did not correlate with age (P=1.000 and P=1.000), gender 

(P=0.598 and P=0.593), histological grade (P=0.306 and 

P=0.096), T stage (P=0.701 and P=0.226), lymph node status 

(P=0.692 and P=1.000), Union International Cancer Center 

stage (P=0.462 and P=1.000), or p16 infection (P=0.190 and 

P=1.000) (Table 1).

PD-l1 expression and clinical outcome
Of the 26 patients with primary ASCC tumors examined in 

this study, 10 experienced disease progression and 5 died 

from disease. On Kaplan–Meier analysis, PD-L1 expression 

on tumor cells and in the immune stroma was associated with 

shorter PFS (P=0.0380 and P=0.0443) and OS (P=0.0882 

and P=0.1222), but only the association with PFS reached 

the level of statistical significance (Figure 2).

Correlation between PD-l1 expression 
and CD8+ T cell infiltration
As CD8+ T cells are central to the adaptive immune response 

to ASCC, we quantified CD8+ infiltration in tumor and 

associated stroma by manual cell counting from the digital 

images, and compared the average CD8+ counts in each 

location with the expression of PD-L1 on tumor cells or 

immune stroma. Representative images of CD8 assay results 

are shown in Figure S4. We found that the numbers of CD8+ 

T cells in the intratumoral and stromal areas had a significant 

positive correlation (Figure 3). Further analyses revealed that 

the increased CD8+ T cell counts of the intratumoral location 

were associated with decreased PD-L1 expression by both 

tumor cells and immune stroma (P=0.0043 and P=0.0007); 

moreover, CD8+ T cells in the stromal location were also 

associated with reduced PD-L1 expression on tumor cells and 

TIMCs, but this relationship was not statistically significant 

(P=0.1572 and P=0.0858) (Figure 4).

Taken together, these findings are compatible with a 

role for CD8+ T cells in responding to PD-L1 expression in 

the ASCC microenvironment and are consistent with some 

previous findings.24,25

Discussion
Increased expression of PD-L1 on tumor cells can be found 

in various malignancies, including head and neck, gastric, 

colorectal, prostate, pancreatic, esophageal, breast, renal, 

Figure 1 Representative immunohistochemical staining of PD-l1 in asCC. 
Notes: h&e (A, B, E, and F) and PD-l1-positive (C, D, G, and H) staining on tumor cells (Panel 1) and TIMCs (Panel 2). Original magnification: ×200 (A, C, E, and G) and 
×400 (B, D, F, and H).
Abbreviations: PD-L1, programmed death-ligand 1; ASCC, anal squamous cell carcinoma; H&E, hematoxylin and eosin; TIMCs, tumor-infiltrating mononuclear cells.

Panel 1 Panel 2
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and non-small-cell lung cancers, melanoma, and ASCC.26–35 

PD-L1 expression by tumor cells has been correlated 

with both favorable and unfavorable prognoses in several 

 malignancies.35–39 To our knowledge, this is the first study to 

investigate PD-L1 expression on TIMCs and its association 

with clinical outcomes of patients with ASCC. We found 

that PD-L1 is widely expressed on the membrane of tumor 

cells and TIMCs. PD-L1 expression on tumor cells and in 

the immune stroma was associated with shorter PFS and OS 

rates. Furthermore, we also demonstrated that PD-L1 expres-

sion on tumor cells and on TIMCs correlated with reduced 

numbers of CD8+ T cells in tumors. These results imply 

that PD-L1-positive tumors may define a subset of immune-

tolerant ASCC and provide a rational basis for subsequent 

investigation of PD-1/PD-L1-targeted immunotherapy.

Thus far, few studies have explored the PD-L1 expres-

sion in ASCC. Govindarajan et al were the first to describe 

PD-L1 expression in ASCC, suggesting that PD-L1 positiv-

ity was associated with worse crude recurrence rates and 

crude event rates, and marginally worse crude mortality 

rates.36 However, Balermpas et al recently showed that high 

PD-L1 expression on tumor cells correlated with better 

Figure 2 Correlation of PD-l1 expression with PFs and Os in 26 patients with asCC. 
Notes: Kaplan–Meier survival curve showing worse progression-free survival for asCC patients whose tumor cells or TiMCs demonstrated membranous PD-l1 expression 
(A and C). high PD-l1 expression on tumor cells or TiMCs showed a trend toward poorer prognosis than low PD-l1 expression (B and D).
Abbreviations: PD-L1, programmed death-ligand 1; PFS, progression-free survival; OS, overall survival; ASCC, anal squamous cell carcinoma; TIMCs, tumor-infiltrating 
mononuclear cells.
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local control.35 In our study, patients with negative PD-L1 

expression had significantly better PFS and a non-statistically 

significant trend toward longer OS compared with patients 

with positive PD-L1 expression. This discrepancy may be 

attributable to differences in patient selection. The anti-PD-

L1 antibody we used in our study was validated in a recent 

report presented as an ASCO poster (http://meetinglibrary.

asco.org/content/132010-144), and this antibody was also 

used in some other studies.22,40,41

The previous study evaluated HIV-positive and HIV- 

negative patients collectively, whereas cases with HIV 

infection were excluded from the current study. As an HIV-

associated cancer, the standardized incidence ratio of anal 

cancer was much higher in people with HIV/AIDS than in 

transplant recipients.42 One concern is that the antitumor 

immunity in immunodeficient patients was potentially com-

promised compared with immunocompetent groups. Another 

concern is that antiretroviral treatment could alter the immune 

response. A third concern is that the impact of HIV itself on 

patients’ outcome would not be negligible. Moreover, in order 

to exclude the influence of CRT on local immune status and 

even PD-L1 expression, paraffin-embedded tumor tissues 

were obtained through colonoscopy biopsies from all patients 

before treatment in the current study.

Recently, preliminary results from a Phase II trial 

evaluating the efficacy of Nivolumab, an anti-PD-1 mAb, in 

patients with refractory metastatic ASCC were presented.43 

The overall response rate in those patients was 21%; the 

median PFS was 4.1 months. However, the types of tumors 

that are good candidates for this type of treatment remain 

Figure 4 CD8+ T cell counts in each location according to different PD-l1 status. 
Notes: increasing CD8+ T cell counts of the intratumoral location were associated with decreased PD-l1 expression by both tumor cells and immune stroma (A and C). 
CD8+ T cells of the stromal location were also associated with reduced PD-L1 expression on tumor cells and TIMCs but were not statistically significant (B and D).
Abbreviations: PD-L1, programmed death-ligand 1; TIMCs, tumor-infiltrating mononuclear cells.
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unknown. Accumulating data suggest that PD-L1-positive 

tumors have higher response rates to blockade of the PD-1/

PD-L1 pathway, although response to treatment for PD-

L1-negative patients was also observed.44,45 This indicates 

that the PD-L1 expression level may be a potential predictive 

biomarker for therapies targeting the PD-1/PD-L1 pathway. 

Of note, a previous biomarker analysis with immune check-

point inhibitors focused on PD-L1 expression on tumor 

cells rather than tumor-infiltrating immune cells. Based on 

a recent study showing a potential predictive role for PD-L1 

expression on immune cells in patients with metastatic blad-

der cancer receiving checkpoint inhibitors, the importance 

of PD-L1 expression in stromal immune cells should also 

be further studied.45 In our study, we found a comparable 

PD-L1-positive expression rate between TIMCs in tumor 

stroma and tumor cells (50% vs 46%). Interestingly, patients 

with PD-L1 expression on the tumor cell membrane were 

more likely to have elevated PD-L1 expression on TIMCs 

(Figure S3). Thus, further prospective studies are warranted 

to uncover whether PD-L1 status impacts the prognoses of 

patients receiving immunotherapy for ASCC and whether 

PD-L1 expression on tumor cells or TIMCs has differing 

predictive value.

Tumors upregulate PD-L1 expression either via activated 

oncogenic signaling (innate resistance) or in response to 

IFN-γ released by TILs (adaptive resistance). On the basis 

of their PD-L1 status and the presence or absence of TILs, 

tumors can be classified into 4 groups.46 Malignant melanoma 

has been extensively studied, and a high proportion of type I 

(PD-L1 positive with TILs driving adaptive immune resis-

tance) and type II (PD-L1 negative with no TILs indicating 

immune tolerance) microenvironments are seen while the 

proportion of type III (PD-L1 positive with no TILs indicat-

ing intrinsic induction) and type IV (PD-L1 negative with 

TILs indicating the role of other suppressor[s] in promot-

ing immune tolerance) is very low. In contrast in ASCCs, 

we frequently found that PD-L1-positive ASCC patients 

tended to have less CD8+ T cell infiltration in intratumoral 

as well as stromal locations compared with those who were 

PD-L1-negative, indicating intrinsic induction may happen. 

This highlights the unique characteristic of the relationship 

between CD8+ T cells and PD-L1 expression in ASCC. The 

oncogene drivers and genetic aberrations of the cancer as well 

as the tissues they arise from likely determine the proportions 

of various human tumors that fit into each of these 4 groups. 

However, the early events leading to the aberrant expression 

of PD-1/PD-L1 by tumor cells and/or stroma cells in ASCC 

is still unclear.

ASCC is often associated with infectious agents, most 

notably high-risk oncogenic HPV which has been linked with 

strong immune responses because of the presence of viral 

proteins.35 Some reports have shown that tumor inflamma-

tion and PD-L1 expression are present to a higher degree 

in HPV-positive tumors.47,48 However, it is unclear whether 

the PD-1/PD-L1 axis plays a greater role in HPV-positive 

ASCCs compared to HPV-negative ASCCs. In our cohort, 

most subjects were HPV positive (73.1%). Interestingly, the 

tendency that PD-L1 expression on tumor cells and TIMCs 

was higher in HPV-negative patients might, at least in part, 

explain the well-known favorable prognosis observed in 

patients with HPV-positive ASCCs. Our results are consistent 

with the result from penile and oropharyngeal squamous 

cell  carcinoma.49,50 However, the use of p16 immunohisto-

chemistry as a surrogate for HPV infection and the small 

sample sizes may interfere with the analysis results in the 

current study.

In recent years, PD-1/PD-L1-targeted immunotherapy 

has been shown to be clinically effective and thus represents 

a promising therapeutic strategy in select cancer patients.51 

Such efficacy is also expected for locally advanced and/or 

metastatic ASCCs, which respond poorly to various chemo-

therapeutic agents. Some important findings are presented in 

our study. We found that PD-L1 expression was not different 

between age, gender, or tumor stage at diagnosis, indicating 

that checkpoint inhibition may have a similar effect in various 

ASCC patients. Interestingly, we did not find a difference in 

PD-L1 expression between p16-positive and p16-negative 

patients. However, there was a tendency toward PD-L1 

expression on tumor cells and TIMCs among p16-negative 

ASCC patients. Whether the effect of a PD-1/PD-L1 check-

point inhibitor is different between HPV-positive and HPV-

negative ASCC patients should be explored.

There are several limitations to our findings. First, our 

study included a relatively small sample size, and thus, 

additional studies with larger samples are needed to confirm 

the results from our study. Second, PD-L1 expression was 

evaluated from small samples obtained by colonoscopy biop-

sies conducted in our study, which could affect the accuracy 

of immunological evaluation. Third, our findings may have 

some selection bias because we made a retrospective analy-

sis. Therefore, objective prospective studies are needed to 

confirm our results.

In conclusion, the majority of ASCC samples showed 

membranous PD-L1 expression. PD-L1 positivity on TIMCs 

and tumor cells was significantly associated with diminished 

CD8+ T cell infiltration and predicted poor prognosis among 
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ASCC patients. Overall, our findings support continued 

exploration of PD-1/PD-L1 checkpoint inhibitors for patients 

with ASCC.

Conclusion
We found that PD-L1 is widely expressed on the membrane 

of tumor cells and TIMCs. PD-L1 expression on both 

tumor cells and TIMCs was associated with shorter PFS 

and OS. Furthermore, we also demonstrated that PD-L1 

expression on tumor cells and on TIMCs was correlated 

with reduced numbers of CD8+ T cells. These results 

imply that PD-L1-positive tumors may define a subset of 

immune-tolerant ASCC and provide a rational basis for 

the exploration of PD-1/PD-L1 checkpoint inhibitors for 

patients with ASCCs.
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Supplementary materials

Figure S1 The tonsil tissue specimens were used as positive controls for CD8 (A and D) as well as PD-l1 (B and E) staining. The cervical squamous cell carcinoma 
specimens were used as positive controls for p16 staining (C and F).
Note: Original magnification: ×200 (A, B and F), ×100 (C), and ×400 (D and E).
Abbreviation: PD-l1, programmed death-ligand 1.
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Figure S3 Correlation of PD-l1 expression between tumor cells and TiMCs (P=0.047). 
Note: Patients with PD-l1-positive TiMCs were more likely to have higher PD-l1 expression on the tumor cell membrane.
Abbreviations: PD-L1, programmed death-ligand 1; TIMCs, tumor-infiltrating mononuclear cells.
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Figure S2 Representative immunohistochemical staining of p16 in asCC patient samples. 
Note: Original magnification: ×100 (A) and ×200 (B).
Abbreviation: asCC, anal squamous cell carcinoma.
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Figure S4 Representative immunohistochemical staining of CD8+ T cells in asCC. 
Notes: PD-l1 staining is analyzed at the intratumoral (A and C) and peritumoral locations (B and D). Top row: ×200 original magnification; bottom row: ×400 original 
magnification.
Abbreviations: asCC, anal squamous cell carcinoma; PD-l1, programmed death-ligand 1.
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