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Abstract Tumor immune evasion is a hallmark of cancer.

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

1/PD-L1) pathway has been suggested to play an important

role in T cell tolerance and tumor immune escape. In this

study, we aimed to evaluate the correlation between the

expression of PD-1/PD-L1 and the post-treatment outcome

in patients with nasopharyngeal carcinoma (NPC). For-

malin-fixed, paraffin-embedded tissue biopsies from 139

patients with histological diagnosis of NPC treated with

conventional chemoradiotherapy were studied. By using

immunohistochemistry staining, expressions of PD-1 on

tumor-infiltrating lymphocyte and PD-L1 on tumor tissue

were detected. The staining results were evaluated with

H-score. The correlation between PD-1/PD-L1 expression

and clinical characteristics and post-treatment outcome

were analyzed. PD-1? immune cell were present in 52 of

these 139 tumors (37.4 %). PD-L1 expression was detected

in 132 patients (95.0 %), which located on tumor tissue.

High expression of PD-L1 (median H-score[35) in tumor

tissue significantly correlated with a poor prognosis of

disease-free survival (P = 0.009). Co-expression of PD-1

and PD-L1 in NPC at diagnosis correlated with the poorest

prognosis of disease-free survival (P = 0.038). PD-1/PD-

L1 co-expression reflected the selective suppression of

cytotoxic lymphocytes in the tumor microenvironment and

predicted recurrence and metastasis of NPC after conven-

tional therapies. Blocking this pathway in patients with co-

expression of PD-1/PD-L1 provides a potential therapy

target for NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is distinguished from

other head and neck epithelial cancers, which showed

specific epidemiological and pathological features [1]. The

incidence of NPC is 80,000 worldwide with 50,000 deaths

every year [2]. In southern China, the incidence is one of

the highest all over the world (15–50 per 100,000) [3].

Radiotherapy alone or chemoradiotherapy is effective in

curing the cancer [4]. Currently, with the advances in

tumor imaging and radiotherapy technique, the 5-year local

control rate reaches up to 95 % and the 5-year disease-free
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survival rises to 77 % for early stage NPC [4, 5]. However,

distant metastasis remains the obstacle for improving sur-

vival [5].

In southern China, the majority ([90 %) histopatho-

logic subtype of NPC is poor or undifferentiated (WHO

grade II or III) squamous carcinoma, which is character-

ized by prevailing Epstein–Barr virus infection and the

presence of a substantial immune infiltrate in the primary

tumor consisting mainly of T cells [6–8]. Activated im-

mune cells such as cytotoxic tumor-infiltrating lympho-

cytes (TILs) are important for eliminating residual cancer

cells and monitoring recurrence. It has been reported that

local infiltration of T lymphocyte was a prognostic factor

in patients with NPC [9]. However, many immunosup-

pressive mechanisms in microenvironments can inactivate

these T cells, leading to increasing the risk of recurrence

after conventional treatment. Program death-1 (PD-1) is

one of the immunosuppressive receptor expressing on

activated T cells [10–12].

PD-1 is kind of suppressive receptor expressed by

activated T cells, which mediated immunosuppression and

tumor immune escape [11]. PD-1 functions through bind-

ing with its ligands, PD-L1 and PD-L2, which were

expressed on tumor cells, stromal cells, or tumor-associ-

ated macrophage (TAM) [13, 14]. PD-1 is a marker for T

lymphocytes malfunctioning in response to viral infection

[15–18]. It has been reported that PD-1 expression in in-

tratumoral lymphocytes is associated with the malfunc-

tioning of TIL in melanoma, liver cancer, and lymphoma

[19–21]. Besides, PD-L1 expression was also found in

several kinds of virus-associated malignancies [22]. In-

crease of PD-1 expression in intratumoral T cells predicts

poor prognosis in renal cell carcinoma, classical Hodgkin’s

lymphoma and NPC [19, 20, 23]. However, elevation of

PD-1 expression is associated with favorable prognosis in

follicular lymphoma and HPV-associated head and neck

cancer [24, 25]. In our previous study, the detail mechan-

ism of PD-L1 up regulation in EBV-infected NPC had been

demonstrated. High PD-L1 expression in NPC is related to

lower disease control [26].

Recently, in the phase I clinical of anti-PD-1 and anti-

PD-L1 antibodies, patients with melanoma, non-small-cell

lung cancer, and renal cell carcinoma have achieved clin-

ical response, and the relationship between PD-L1

expression on tumor cells and objective response has been

demonstrated by immunohistochemistry (IHC) [27, 28].

However, NPC was not included in the phase I study. The

role of targeting programmed death-1/programmed death-

ligand 1 (PD-1/PD-L1) axis in NPC has not yet been fully

evaluated. Besides, in previous study about PD-1/PD-L1,

only single marker, PD-1 or PD-L1 was analyzed. Here, we

aimed to explore the impact of co-expression of PD-1 and

PD-L1 on prognosis in patients with NPC.

Patients and methods

General information

A total of 139 adult patients diagnosed of NPC at Sun Yat-

sen University Cancer Center (Guangzhou, China), who had

formalin-fixed paraffin-embedded tissue (FFPE) from the

original diagnostic biopsy, were identified. The basic clin-

ical data of these patients were collected, including gender,

age, tumor stage, treatment regimen, and follow-up records.

Characteristics of these patients are summarized in

Table 1. Among the 139 patients enrolled, 113 males and

26 females, with the median age 45 years (range from 18 to

81 years). All the patients were treated with conventional

chemoradiotherapy. The median follow-up time was

50.3 months. Locoregional relapse or distant metastasis

had occurred in 60 patients, and a total of 30 patients had

died during follow-up. All tumors were classified as

undifferentiated non-keratinizing phenotype.

The protocol was approved by the Institutional Review

Board of Sun Yat-Sen University Cancer Center

(Guangzhou, China), and the research was conducted in

accordance with the Declaration of Helsinki and good

clinical practice. Written informed consent had been pro-

vided before samples were collected.

Immunohistochemistry staining

FFPE sections (3 lm thick) were collected for staining PD-

1 and PD-L1. Dewaxed paraffin sections were rehydrated

by alcohol series, treated with 3 % H2O2for 10 min at

Table 1 Basic clinical characteristics of all patients

Characteristics (n = 139)

Cases (n) Percentage (%)

Age (years)

Median (range) 45 (18–81)

Gender

Male 113 81.3

Female 26 18.7

Staging

I 2 1.4

II 26 18.7

III 59 42.4

IVa 28 20.1

IVb 12 8.6

IVc 12 8.6

Recurrence or metastasisa

Yes 60 47.2

No 67 52.8

a Stage IVc with distant metastasis was excluded
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room temperature and pressure cooked for 10 min to

retrieve antigen using citrate-based buffer (Vector antigen

unmasking solution 3300). PD-1 (Abcam, ab52587), and

PD-L1 (E1L3 NTM,Cell Signaling Technology, Danvers,

MA) were stained using the Bond Max Microsystems.

The expression of PD-1 and PD-L1 was performed on

two different slides. Tonsils tissue was taken as a positive

control. The IHC results were score manually by two

pathologists who counted 20 sequential high-power fields

judged to be representative of the tumor, while remaining

blinded to clinical information. The average and greatest

number of PD-1? on tumor-infiltrating lymphocytes and

PD-L1? in the tumors per high-power field (0.54 mm field

diameter) were recorded. The staining results were

recorded with H-score (giving a range of 0–300) [10].

According to the expression level of both PD-1 and PD-L1,

four groups of patients were divided.

Statistical analysis

Patients were divided categorically according to the

expression of each biomarker into cohorts on the basis of

expression level (high and low). Optimal cut point for

expression level of each marker was determined by using

the X-Tile statistical package (Yale University, New

Haven, CT) basing on the outcome [29]. Kaplan–Meier

curves defined by these cut points were generated, and

statistical significance of differences arising from differ-

ential expression of each marker were determined by using

the log-rank test.

Outcomes were measured from the date of diagnosis to

occurrence of event or date of last follow-up. Disease-free

survival (DFS) was measured from the date of diagnosis to

the time of recurrence, metastasis, or the date of last fol-

low-up.

Student’s t-test was used to evaluate the association of

high and low expression of PD-1 and PD-L1 with age. Chi-

square test was used to assess the expression of PD-1 and

PD-L1 correlated with clinical parameters such as gender

and tumor staging. Survival analysis was depicted by

Kaplan–Meier method. Univariate analysis and multivari-

ate analysis were performed with log-rank test and Cox

regression analysis, respectively. A p value \ 0.05 used to

denote statistical significant, and all reported p values were

two sided. These statistical analyses were performed with

SPSS 16.0.

Results

Prognostic significance of PD-1 or PD-L1 expression

PD-1 expressed on TIL was only observed in 37.4 % of

patients. PD-L1 expression was detected in 95 % of

patients (Fig. 1). Univariate analysis between PD-1/PD-L1

expression, clinical characteristics and prognosis was per-

formed for all patients. It was found that the expression

level of PD-L1 was the only prognostic factor for DFS

(Table 2). We showed that in patients with high expression

of PD-L1 (H-score [35) was correlated with more poor

Fig. 1 Expression of PD-1 and

PD-L1 on biopsies of

nasopharyngeal carcinoma.

Representative examples of

a low and b high expression of

PD-1 in tumor-infiltrating

lymphocytes, and c low and

d high expression of PD-L1 on

tumor cells or tumor-associated

macrophages
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DFS (39.6 vs. 65.2 months, P = 0.009), which had been

reported in previous study [26]. Here, the impact of PD-1

expression on prognosis was not obvious (P = 0.57).

Association of PD-1/PD-L1 co-expression with post-

treatment outcome in NPC

As the activation of PD-1 pathway calls for the bindin g of

PD-L1, here we analyzed the expression of PD-1 on TILs and

PD-L1 on tumor cells in different combination basing on the

expression level of the two markers. Patients were allocated

into four groups: PD-1 negative and PD-L1 low expression

(PD-1 = 0/PD-L1 B 35), PD-1 negative and PD-L1 high

expression (PD-1 = 0/PD-L1 [ 35), PD-1 positive and PD-

L1 low expression (PD-1 [ 0/PD-L1 B 35), and PD-1

positive and PD-L1 high expression (PD-1 [ 0/PD-

L1 [ 35). There were no significant difference among the

four groups on clinical parameters of age, tumor stage,

lymph node metastasis, and clinical TNM staging (Table 3).

Outcome of the four groups was significantly different for

DFS (P = 0.038; Fig. 2), with the median DFS of 65.2

versus 38.2 versus 94.1 versus 28.1 months, respectively.

The group of patients with PD-1 [ 0/PD-L1 B 35 had best

prognosis, and the group with PD-1/PD-L1 co-expression

(PD-1 [ 0/PD-L1 [ 35) showed the poorest DFS.

Discussion

NPC was one of Epstein–Barr virus (EBV)-associated ma-

lignancies with high metastatic potential compared to other

head and neck cancers [1, 30]. To identify the patients who

had the potential of immune escape and had great risk of

relapse after primary treatment is extremely important. In

Table 2 Univariate analysis to assess the association of clinical pa-

rameters with prognosis of nasopharyngeal carcinoma

Items Cases (n = 127) Univariate

analysis Pa

DFS

Age (years)

B 45 68 0.88

[ 45 59

Gender

Male 103 0.52

Female 24

TNM stage

Stage I, II 28 0.73

Stage III, IV 99

PD-1

Negative (H-score = 0) 80 0.57

Positive (H-score [ 0) 47

PD-L1

Low (H-score B 35) 69 0.009

High (H-score [ 35) 58

A p value\0.05 used to denote statistical significant, and all reported

p values were two sided

PD-1 programmed death-1, PD-L1 programmed death- ligand 1, DFS

disease-free survival, OS overall survival
a Log-rank test. Stage IVc with distant metastasis was excluded

Table 3 Correlation between

clinical parameters and

expression of PD-1 and PD-L1

in biopsies of nasopharyngeal

carcinoma

Stage IVc with distant

metastasis was excluded

PD-L1? high expression (H-

score [ 35) of PD-L1, PD-L1-

low expression (H-score B 35)

of PD-L1

Items PD-1-/PD-L1-

N = 48

PD-1-/PD-L1?

N = 32

PD-1?/PD-L1-

N = 21

PD-1?/PD-L1?

N = 26

P

Age 47.9 ? 12.2 47.1 ? 11.3 43.5 ? 11.0 41.3 ? 13.7 0.07

Gender 0.86

Male 38 26 16 25

Female 10 6 5 4

T stage 0.21

T1 0 0 1 3

T2 15 12 8 10

T3 19 15 8 7

T4 14 5 4 6

N stage 0.17

N0 8 6 3 8

N1 18 18 7 8

N2 18 7 6 8

N3 4 1 5 2

Staging 0.12

I 0 0 0 2

II 8 8 4 6

III 22 18 8 11

IV 18 6 9 7
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this study, we analyzed the co-expression of PD-1 and PD-

L1 together with clinical parameters in the same cohort of

NPC patients. We found that high expression of PD-L1 on

tumor cells predicted a poor clinical outcome in terms of

DFS. Furthermore, co-expression of PD-1 and PD-L1 in

patients with NPC might predict the highest recurrence or

metastasis incidence. To our knowledge, this is first study to

explore prognostic value of co-expression of the two im-

mune escape markers in NPC patients.

PD-1 delivers inhibitory signals to T cells when binding

with PD-L1 and PD-L2 [11, 31]. The inhibitory function of

PD-1 has been shown to be relevant during autoimmunity,

allergy, chronic virus infections, and anti-tumor immunity

[12, 32]. It has been reported that PD-1 expression on im-

mune cells was correlated with poor prognosis in renal cell

carcinoma and Hodgkin’s lymphoma [19, 20]. Hsu et al. [23]

also reported that increase of PD-1 expressing on CD8? T

cells predicted poor outcome in NPC. However, in some

other studies, it has been demonstrated that PD-1 expression

on T cells was associated with favorable outcome in fol-

licular lymphomas and HPV-associated head and neck

cancers [24, 25]. In our research, PD-1? TILs were detected

in 37.4 % patients. PD-1 expression was not a prognostic

factor in our study, which was similar to previous reports of

28.4 % by immunofluorescence staining methods [23].

PD-L1 is an immune-modulatory cell-surface glyco-

protein, which is primary expressed by antigen-presenting

cells and tumor cells [11]. Binding of PD-L1 to its receptor

PD-1 inhibits proliferation of activated T cells leading to

apoptosis of T cell, which is so-called ‘‘T cell exhaustion’’

[14]. Chen et al. [33] reported that PD-L1 expression is a

characteristic of virus- and immunodeficiency-associated

malignancies, including NPC. It has been demonstrated

that 89 % (16/18) of EBV-associated NPC cases had PD-

L1 expression in malignant cells, and the results of which

was consistent with our study [26]. Additionally, poor

clinical prognosis in renal cell carcinoma, hepatocellular

cancer, and breast cancer was found to correlate with the

expression of PD-L1 in the tumor microenvironment [34–

37]. In our analysis, PD-L1 expression was also an inde-

pendent prognostic factor in NPC. Patients with high

expression of PD-L1 were correlated with poor DFS.

In previous studies of PD-1 pathway in NPC patients, only

one marker, PD-1 or PD-L1 was involved. Here, we analyzed

expression of PD-1 by TILs and PD-L1 by tumor cells and

the correlation of these markers with patient prognosis in the

same cohort of patients. Interestingly, when expression of

PD-1 and PD-L1 was considered together, we found that low

expression of PD-L1 seemed to be a dominant favorable

prognostic factor in NPC, while expression level of PD-1 was

an additional factor. Patients with high expression of PD-L1

plus positive of PD-1 had significantly high recurrence or

metastasis rate than patients with PD-L1 low expression plus

PD-1 positive expression. Patients with negative PD-1 with

or without favorable PD-L1 expression showed an interme-

diate median disease-free survival. In fact, recent research

had demonstrated that high PD-L1 expression was associ-

ated with EBV infection in a broad range of EBV-associated

malignancies [31]. Green et al. [38] had also demonstrated

that the expression of the EBV-encoded latent membrane

protein (LMP)-1 promotes both AP1 signaling and JAK–

STAT signaling to up regulate PD-L1. They also confirm this

result in the majority of EBV-positive post-transplant lym-

phoproliferative disorder (PTLD) patients.

In conclusion, NPC patients with PD-1 and PD-L1 co-

expression showed poor prognosis due to the activation of

PD-1 pathway, leading to T cell exhaustion, which

demonstrated the importance of PD-1/PD-L1 axis in

regulating anti-tumor immunity. This group of patients

might be an ideal candidate for further clinical trial of anti-

PD-1 or anti-PD-L1 therapy. Our study is limited by its

retrospective nature with a relatively small sample size.

Further study with greater sample size is warranted.
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Fig. 2 Time to first-line treatment failure (recurrence or metastasis)

of patients on the basis of the expression level of PD-1 (negative vs.

positive) and PD-L1 (high vs. low) in different combination. PD-

1 = 0/PD-L1 B 35: PD-1 negative and PD-L1 low expression; PD-

1 = 0/PD-L1 [ 35: PD-1 negative and PD-L1 high expression; PD-

1 [ 0/PD-L1 B 35: PD-1 positive and PD-L1 low expression; PD-

1 [ 0/PD-L1 [ 35: PD-1 positive and PD-L1 high expression
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