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ABSTRACT

Background. Immunotherapy targeting programmed cell

death-1 (PD-1) and programmed death-ligand 1 (PD-L1)

has shown dramatic therapeutic effects for lung squamous

cell carcinoma (SCC), and PD-L1 expression has been

shown not only to be a predictive biomarker for response to

immunotherapy but also a prognostic factor for lung SCC.

However, the clinical significance of programmed death-

ligand 2 (PD-L2), another PD-1 ligand, remains unclear.

Therefore, we analyzed PD-L2 expression by immunohis-

tochemistry in surgically resected primary lung SCC.

Patients and Methods. PD-L1 and PD-L2 expression on

tumor cells were analyzed in 211 primary lung SCC

specimens by immunohistochemistry. Additionally, num-

bers of CD3?, CD4?, and CD8? tumor-infiltrating

lymphocytes were also examined.

Results. The rates of positive PD-L2 expression were

77.3% and 67.3% using 5% and 10% cut-off values,

respectively. Low PD-L2 expression on tumor cells was

statistically associated with histological type (non-kera-

tinizing/keratinizing) and lymphatic invasion. PD-L2-

positive patients had significantly longer postoperative

survival time (log-rank test; p = 0.0170 at 5% cut-off and

p = 0.0500 at 10% cut-off). Furthermore, survival analysis

according to PD-L1 and PD-L2 expression revealed that

PD-L1-positive and PD-L2-negative patients had the most

unfavorable prognosis.

Conclusions. PD-L2 protein expression was associated

with prognosis in primary lung SCC patients. PD-L2

expression might be a potential biomarker for response to

PD-1/PD-L1-targeted immunotherapy, which should be

investigated in future studies.

Lung cancer is one of the most common causes of

cancer-related deaths worldwide,1 and non-small cell lung

cancer (NSCLC) accounts for approximately 85% of all

lung cancers. Adenocarcinoma (AC) and squamous cell

carcinoma (SCC) are the two major NSCLC subtypes.2

Over the past decade, the therapeutic management of

NSCLC transitioned from conventional therapy to molec-

ularly targeted therapy, according to the status of

oncogenic drivers. In particular, AC patients with
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epidermal growth factor receptor mutations or anaplastic

lymphoma kinase translocations showed clinical benefits

from tyrosine kinase inhibitors. In contrast to AC, there are

no reported therapeutic targets for SCC.

Recently, several clinical studies have shown that

immune checkpoint inhibitors targeting programmed cell

death-1 (PD-1) or programmed death-ligand 1 (PD-L1)

provided favorable outcomes compared with standard

chemotherapy.3–6 In these clinical trials, PD-L1 expression

on tumor cells was closely associated with clinical out-

comes; however, there is not expected to be an effect of

immunotherapy in patients with low PD-L1 expression.

Therefore, investigations for other useful biomarkers

should be performed.

PD-L1 is generally expressed on a subset of macro-

phages, and is induced by various inflammatory

cytokines.7,8 The effector phase of T cell function can be

attenuated by activation of PD-L1 or programmed death-

ligand 2 (PD-L2), which is another PD-1 ligand.9,10 PD-L2

protein is expressed mainly by dendric cells,11 but is also

expressed on tumor cells.12 There have been many reports

about the clinical significance of PD-L1 expression in

NSCLC as it is expected to be a prognostic factor or a

predictive biomarker for immunotherapy response.13–16

However, the clinical significance of PD-L2 expression has

not been fully investigated, and the prognostic impact of

PD-L2 in lung SCC has not been consistent in previous

studies.17–19 Therefore, in this study, we analyzed associ-

ations between PD-L2 expression and clinicopathological

characteristics, including PD-L1 expression and the num-

ber of tumor-infiltrating lymphocytes (TILs) in surgically

resected primary lung SCC samples by immunohisto-

chemistry (IHC). We also investigated the prognostic

impact of PD-L2 expression.

PATIENTS AND METHODS

Patients

We retrospectively enrolled patients who were diag-

nosed with primary lung SCC and underwent complete

surgical resection at our department between January 1990

and March 2012. We excluded patients who had a history

of SCC of the head and neck or esophagus, or who had

received neoadjuvant therapy because of possible meta-

static lesions from these tumors because we wanted to

ensure endogenous levels of PD-L1, PD-L2, and TILs.

Finally, 211 patients were eligible for our study. Patho-

logical stage was defined according to the criteria of the 7th

edition of the American Joint Committee on Cancer lung

cancer staging system.20 We investigated the following

clinicopathological features: age at surgical resection, sex,

smoking status, surgical procedure, histological type, and

pathological tumor stage. This study was approved by the

Institutional Review Board at Kyushu University (IRB No.

29-261).

Immunohistochemistry for Programmed Death-Ligand

1 (PD-L1), Programmed Death-Ligand 2 (PD-L2),

Cluster of Differentiation (CD) 3, CD4, and CD8

For IHC studies, we used formalin-fixed and paraffin-

embedded tissue sections, which were cut into 4-lm-thick

sections. IHC for PD-L1 was performed as previously

described.16 The PD-L2 IHC protocol was as follows: (1)

sections were stained with the B-Bond-III autostainer

(Leica Microsystems, Bannockburn, IL, USA); (2) mono-

clonal antibody incubation was performed following

proteinase K (Agilent/Dako, Carpinteria, CA, USA) treat-

ment for 5 min, and then incubating for 30 min; (3) a horse

radish peroxidase-polymer was then used as a secondary

antibody; and finally (4) the slides were visualized with

3,30 diaminobenzidine (DAB). This process was automated

using the Refine Polymer Detection System (Leica

Microsystems). Briefly, IHC staining for TILs was per-

formed as follows: (1) after endogenous peroxidase activity

was inhibited with 3% H2O2 in methanol for 30 min,

sections were pretreated with Target Retrieval Solution

(CD3: pH 6.0, CD4 and CD8: pH 9.0; DakoCytomation,

Glostrup, Denmark) in a microwave at 100 �C for 20 min,

and then incubated with monoclonal antibodies at 4 �C
overnight; (2) immunostaining was performed using the

Envision Detection System (DakoCytomation); and (3)

sections were reacted with DAB, and, finally, counter-

stained with hematoxylin. The antibodies used are shown

in electronic supplementary Table 1.

Immunohistochemical Evaluation

PD-L1 and PD-L2 expression were scored as the pro-

portion of tumor cells showing membrane staining, which

was estimated as the percentage of total tumor cells in

whole sections. A positive score for PD-L1 expression was

defined as C 1% according to our previous study.16 The

intensity of PD-L2 expression in the same tumor specimen

was evenly distributed throughout. Therefore, we evaluated

PD-L2 expression using the proportion score. We then

determined the cut-off level of PD-L2 using receiver

operating characteristic curve analysis (electronic supple-

mentary Figure 1), and set the cut-off values for PD-L2

positivity at both 5% and 10%. The number of CD3-,

CD4-, and CD8? TILs, which were evaluated within the
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borders of the invasive tumor areas,21 were counted and

averaged over three high-power fields for each case, and

the median numbers of each molecule were defined as the

respective cut-off values.22,23 All immunohistochemical

images were evaluated independently by three investiga-

tors (TM, KT, and ST) who were blinded to clinical data.

Representative IHC images for each molecule are shown in

electronic supplementary Figure 2.

Statistical Analyses

Continuous variables are expressed as means ± standard

deviations, and categorical variables are expressed as

numerals. We performed statistical evaluations using JMP

software version 13 (SAS Institute, Cary, NC, USA). Sta-

tistical differences between PD-L2 expression and

clinicopathological factors were tested using the Chi square

test or Fisher’s exact test. Overall survival (OS) was defined

as the period between the date of surgery and the date of last

follow-up or death; the Kaplan–Meier method with the log-

rank test was used to estimate the probability of survival.

Univariate and multivariate analyses were used to estimate

hazard ratios (HRs) for independent prognostic values via

Cox proportional hazards regression models using the

backward elimination method. Multivariate analyses of

relationships between PD-L2 expression and clinicopatho-

logical characteristics were performed by logistic regression

analysis using the backward elimination method. p values

\ 0.05 were regarded as statistically significant.

RESULTS

Associations Between PD-L2 Expression

and Clinicopathological Characteristics of Patients

with Surgically Resected Primary Lung Squamous Cell

Carcinoma (SCC)

We analyzed PD-L1 and PD-L2 expression on tumor

cells, as well as CD3, CD4, and CD8 expression on TILs

by IHC in 211 SCC patients. Detailed patient characteris-

tics are shown in electronic supplementary Table 2. The

median age of patients was 69 years (range 39–87 years),

and over 80% of the cohort were male (82.9%) and heavy

smokers (84.8% had C 30 pack years).

The rate of PD-L1 positivity was 53.6% (133 patients),

and that for PD-L2 was 77.3% with a 5% cut-off value and

67.3% with a 10% cut-off value (Table 1). At least 1% PD-

L2 expression was observed in all tumor specimens. The

median CD3, CD4, and CD8 numbers were 34 (range

0–388), 16 (range 0–158), and 8 (range 0–138), respectively,

and 113 (53.6%), 106 (50.2%), and 108 (51.2%) patients

were assigned to the CD3?, CD4?, and CD8? high TIL

groups, respectively. Table 2 shows associations between

PD-L2 expression and clinicopathological factors. PD-L2-

negative tumors were significantly correlated with histo-

logical type and lymphatic invasion at both cut-off values,

and they tended to be correlated with PD-L1 positivity (5%:

p = 0.0708; 10%: p = 0.1053). We further analyzed inde-

pendent predictive factors of PD-L2 expression. As shown in

electronic supplementary Table 3, multivariate logistic

analysis for PD-L2 expression showed histological subtype,

absence of lymphatic invasion, and presence of vascular

invasion were independent predictors of PD-L2 expression.

Conversely, a high number of CD8? TILs and positive PD-

L2 expression were independent predictors of PD-L1

expression (electronic supplementary Table 4).

Survival Analysis According to PD-L1 and PD-L2

Expression in Patients with Surgically Resected

Primary Lung SCC

Next, we assessed relationships between OS and PD-L2

status at each cut-off value. The median follow-up time

TABLE 1 PD-L1/PD-L2 expression and tumor-infiltrating

lymphocytes in the enrolled primary lung squamous cell carcinoma

patients

Molecule No. of patients (%)

PD-L1, tumor proportion score (%)

0 98 (46.4)

1–4 36 (17.1)

5–9 11 (5.2)

10–49 28 (13.3)

C 50 38 (18.0)

PD-L2, tumor proportion score (%)

0 0 (0.0)

1–4 48 (22.7)

5–9 21 (10.0)

10–49 49 (23.2)

C 50 93 (44.1)

CD3

Low 98 (46.4)

High 113 (53.6)

CD4

Low 105 (49.8)

High 106 (50.2)

CD8

Low 103 (48.8)

High 108 (51.2)

PD-L1 programmed death-ligand 1, PD-L2 programmed death-ligand

2, CD3 cluster of differentiation 3, CD4 cluster of differentiation 4,

CD8 cluster of differentiation 8
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was 40.2 (range 0.2–192.7) months. As shown in Fig. 1a

and c, a statistically significant association between PD-L2

status and OS at both cut-off values was observed (log-rank

test; p = 0.0170 at 5% cut-off, and p = 0.0500 at 10% cut-

off). Of note, PD-L2-positive patients had better prognoses

compared with those negative for PD-L2 expression. The

median OS for PD-L2-positive patients was 88 months at

both cut-off values (versus PD-L2-negative patients;

29 months at 5% cut-off, and 42 months at 10% cut-off).

Cox proportional hazards regression models showed that

advanced stage, the presence of pleural and lymphatic

invasions, PD-L1 positivity, and lower PD-L2 expression

TABLE 2 Associations between PD-L2 expression and clinicopathological factors in primary lung squamous cell carcinoma patients

Factors n (%) 5% cut-off 10% cut-off

PD-L2 [n (%)] PD-L2 [n (%)]

Negative Positive p value Negative Positive p value

Age, years

\ 69 111 (52.6) 28 (58.3) 83 (50.9) 0.4129 39 (56.5) 72 (50.7) 0.4644

C 69 100 (47.4) 20 (41.7) 80 (49.1) 30 (43.5) 70 (49.3)

Sex

Male 175 (82.9) 37 (77.1) 138 (84.7) 0.2740 54 (78.3) 121 (85.2) 0.2428

Female 36 (17.1) 11 (22.9) 25 (15.3) 15 (21.7) 21 (14.8)

Smoking status (pack years)

\ 30 32 (15.2) 8 (16.7) 24 (14.7) 0.8191 12 (17.4) 20 (14.1) 0.5439

C 30 179 (84.8) 40 (83.3) 139 (85.3) 57 (82.6) 122 (85.9)

Histological type

Non-keratinizing 37 (17.5) 16 (33.3) 21 (12.9) 0.0021 23 (33.3) 14 (9.9) \ 0.0001

Keratinizing 174 (82.5) 32 (66.7) 142 (87.1) 46 (66.7) 128 (90.1)

Pathological stage

I 114 (54.0) 22 (45.8) 92 (56.4) 0.2487 34 (49.3) 80 (56.3) 0.3780

C II 97 (46.0) 26 (54.2) 71 (43.6) 35 (50.7) 62 (43.7)

Pleural invasion

Absent 154 (73.0) 34 (70.8) 120 (73.6) 0.7139 51 (73.9) 103 (72.5) 0.8702

Present 57 (27.0) 14 (29.2) 43 (26.4) 18 (26.1) 39 (27.5)

Lymphatic invasion

Absent 179 (84.8) 34 (70.8) 145 (89.0) 0.0049 52 (75.4) 127 (89.4) 0.0130

Present 32 (15.2) 14 (29.2) 18 (11.0) 17 (24.6) 15 (10.6)

Vascular invasion

Absent 142 (67.3) 35 (72.9) 107 (65.6) 0.3855 50 (72.5) 92 (64.8) 0.2787

Present 69 (32.7) 13 (27.1) 56 (34.4) 19 (27.5) 50 (35.2)

PD-L1

Negative 98 (46.4) 28 (58.3) 70 (42.9) 0.0708 38 (55.1) 60 (42.2) 0.1053

Positive 113 (53.6) 20 (41.7) 93 (57.1) 31 (44.9) 82 (57.8)

CD3

Low 98 (46.4) 21 (43.7) 77 (47.2) 0.7429 29 (42.0) 69 (48.6) 0.3818

High 113 (53.6) 27 (56.3) 86 (52.8) 40 (58.0) 73 (51.4)

CD4

Low 106 (50.2) 22 (45.8) 84 (51.5) 0.5149 33 (47.8) 73 (51.4) 0.6615

High 105 (49.8) 26 (54.2) 79 (48.5) 36 (52.2) 69 (48.6)

CD8

Low 103 (48.8) 24 (50.0) 79 (48.5) 0.8709 33 (47.8) 70 (49.3) 0.8839

High 108 (51.2) 24 (50.0) 84 (51.5) 36 (52.2) 72 (50.7)

PD-L2 programmed death-ligand 2, PD-L1 programmed death-ligand 1, CD3 cluster of differentiation 3, CD4 cluster of differentiation 4, CD8

cluster of differentiation 8
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were associated with poorer OS (PD-L1: HR 1.66,

p = 0.0175; PD-L2: HR 1.74, p = 0.0243 at 5% cut-off,

HR 1.52, p = 0.0500 at 10% cut-off) (Table 3). In multi-

variate analysis, older age, advanced stage, lymphatic

invasion, PD-L1 positivity, low numbers of CD4? TILs,

and PD-L2 negativity were independent poor prognostic

factors.

Furthermore, we performed subgroup univariate analy-

ses of OS according to PD-L1 and PD-L2 expression

status. PD-L1 and PD-L2 status were significantly associ-

ated with OS (PD-L2 cut-off value; 5%: p = 0.0029, 10%:

p = 0.0146) (Fig. 1b and d). PD-L1-positive and PD-L2-

negative patients had significantly poorer OS than those

who were PD-L1-negative and PD-L2-positive at both cut-

off levels (PD-L2 cut-off value; 5%: HR 3.33, 95% con-

fidence interval [CI] 1.69–6.39, p = 0.0008; 10%: HR 2.77,

95% CI 1.47–5.25, p = 0.0019). Next, we analyzed OS in

the subgroup of PD-L1-negative patients. Univariate sur-

vival analysis showed that among PD-L1-negative patients,

those who were PD-L2-negative had shorter OS compared

with those who were PD-L2-positive; however, this was

not statistically significant (5% and 10% cut-off:

p = 0.0823 and p = 0.1737, respectively) (Fig. 2a and b).

Additionally, we analyzed the independent factors that

predict poor prognosis in the PD-L1-negative subgroup. In

the multivariate analysis, older age, advanced disease

stage, CD4 low, CD8 high, and presence of lymphatic

invasion were predictive factors of poor prognosis in SCC

patients with negative PD-L1 expression (electronic sup-

plementary Table 5).

DISCUSSION

In the first set of experiments, we evaluated PD-L2

expression on the membrane of tumor cells. When the cut-

off value was set at 1%, all SCC specimens were identified

as positive. Conversely, PD-L1 positivity was 53.6% at the

1% cut-off level. Both PD-L1 and PD-L2 are ligands of

PD-1, and their ligand–receptor interaction induces

immune tolerance by suppressing activated immune cells,

which can protect tumor cells from T cells.11,24 Therefore,

the mechanisms underlying PD-L1 and PD-L2 expression

are expected to overlap; however, in our study, there was a

large difference in the expression of these ligands. The

expression of these ligands are upregulated by inflamma-

tory cytokines such as interferon-c11 and are also induced

by activating EGFR mutations or ALK fusions in NSCLC

cell lines,25–27 but these mechanisms are slightly different.

First, the affinity of PD-1/PD-L2 is different from that of

PD-1/PD-L1. Several reports have demonstrated the bind-

ing properties of PD-1 and its ligands using flow

cytometric and surface plasmon resonance assays.28,29 The

affinity of PD-L2 for human PD-1 is greater than that of

PD-L1 according to the smaller dissociation rate of PD-L2
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FIG. 1 Kaplan–Meier survival curves according to PD-L1 and PD-

L2 expression. Overall survival according to PD-L2 expression

determined by the a 5% and c 10% cut-off values. Overall survival of

patients expressing the indicated combinations of PD-L1 and PD-L2.

We adopted cut-off values of b 5% and d 10% for PD-L2 expression.

PD-L1 programmed death-ligand 1, PD-L2 programmed death-ligand

2
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TABLE 3 Univariate and multivariate analyses of overall survival in primary lung squamous cell carcinoma patients

Factor (a) 5% cut-off (b) 10% cut-off

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Age, years

C 69/\ 69 1.19 (0.79–1.79) 0.4168 1.54 (1.01–2.36) 0.0438 1.19 (0.79–1.79) 0.4168 1.60 (1.05–2.43) 0.0302

Sex

Female/male 1.19 (0.68–1.96) 0.5283 1.19 (0.68–1.96) 0.5283

Smoking status (pack

years)

\ 30/C 30 1.51 (0.86–2.49) 0.1426 1.51 (0.86–2.49) 0.1426

Histological type

Non-keratinizing/

keratinizing

1.25 (0.71–2.06) 0.4170 1.25 (0.71–2.06) 0.4170

Stage

C II/I 3.74 (2.44–5.82) \0.0001 3.56 (2.28–5.67) \0.0001 3.74 (2.44–5.82) \0.0001 3.67 (2.35–5.83) \0.0001

Pleural invasion

Present/absent 1.62 (1.03–2.50) 0.0383 1.62 (1.03–2.50) 0.0383

Lymphatic invasion

Present/absent 2.62 (1.56–4.21) 0.0005 1.79 (1.04–2.99) 0.0361 2.62 (1.56–4.21) 0.0005 1.78 (1.03–2.97) 0.0395

Vascular invasion

Present/absent 1.40 (0.90–2.14) 0.1326 1.40 (0.90–2.14) 0.1326

PD-L1

Positive/negative 1.66 (1.09–2.57) 0.0175 1.76 (1.15–2.74) 0.0089 1.66 (1.09–2.57) 0.0175 1.75 (1.14–2.72) 0.0100

PD-L2

Negative/positive 1.74 (1.08–2.72) 0.0243 1.68 (1.03–2.66) 0.0382 1.52 (1.00–2.31) 0.0500 1.66 (1.07–2.54) 0.0249

CD3

High/low 1.09 (0.73–1.65) 0.6703 1.09 (0.73–1.65) 0.6703

CD4

Low/high 1.55 (1.03–2.37) 0.0365 1.65 (1.07–2.55) 0.0218 1.55 (1.03–2.37) 0.0365 1.69 (1.10–2.63) 0.0164

CD8

High/low 1.31 (0.87–1.98) 0.1975 1.31 (0.87–1.98) 0.1975

PD-L1 programmed death-ligand 1, PD-L2 programmed death-ligand 2, CD3 cluster of differentiation 3, CD4 cluster of differentiation 4, CD8

cluster of differentiation 8, HR hazard ratio, CI confidence interval
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FIG. 2 Kaplan–Meier survival curves according to PD-L2

expression in PD-L1-negative patients. Overall survival according

to PD-L2 expression determined by the a 5% and b 10% cut-off

values in PD-L1-negative patients. PD-L1 programmed death-ligand

1, PD-L2 programmed death-ligand 2
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binding. Second, the differences in expression may derive

from the different regulatory cytokine profiles that are

involved in PD-L1 and PD-L2 expression. Loke and Alli-

son reported that upregulating PD-L1 depended on toll-like

receptor 4 and signal transducers and activator of tran-

scription (STAT) 1, while PD-L2 upregulation depended

on interleukin-4a and STAT6.30,31

Opposing results were observed regarding the prognos-

tic influences of PD-L1 and PD-L2 expression in this study.

Our previous report showed that the postoperative OS of

PD-L1-positive patients was shorter than that of PD-L1-

negative patients at a cut-off value of 1%.16 In contrast,

PD-L2-negative patients had significantly poorer OS at the

5% and 10% cut-off values, and PD-L1 positivity and PD-

L2 negativity were independent predictive factors of poorer

OS. Some previous studies have performed survival anal-

yses according to PD-L2 expression in NSCLC, including

SCC;17–19,32 however, there have been no consistent con-

clusions regarding the prognostic significance of PD-L2

expression in SCC. For example, in cohorts of 48 NSCLC

patients (including 23 SCC patients) and 331 patients with

resected primary lung SCC, neither PD-L1 nor PD-L2

expression were associated with postoperative sur-

vival.17,18 The lack of a statistically significant association

with survival may be due to the small sample size in the

latter study.18 The former study17 performed IHC for PD-

L2 using the same PD-L2 antibody as used in this study,

but their IHC evaluation methodology was different from

this study. They evaluated the PD-L2 expression by

intensity of tumor cells. Currently, the evaluation of PD-L1

expression is generally performed by proportion score, and

we thought that it was more practical in that PD-L2 was

also evaluated according to proportion score. This was the

first study to show that PD-L2-negative SCC patients were

significantly associated with poorer survival compared with

those with PD-L2 positivity. While complete inhibition of

PD-1 signaling through both PD-L1 and PD-L2 is sug-

gested to be more effective in reactivating T cells than

inhibiting only the PD-1/PD-L1 interaction,33 several

reports have indicated that the PD-1/PD-L2 interaction

does not inhibit T cells or maintain immune homeosta-

sis.11,34,35. This hypothesis and the greater affinity of PD-

L2 for PD-1 may contribute to the better prognosis of PD-

L2-positive patients.

Recently, PD-1 inhibitors, which inhibit PD-1 and PD-

L1/PD-L2 interactions, showed great therapeutic effects in

advanced NSCLC patients with PD-L1-positive expression

compared with standard cytotoxic chemotherapy, regard-

less of histological subtype.4,5,36 However, subset analyses

of PD-L1-negative patients from the CHECKMATE

017/057 trials demonstrated that the clinical benefit of

nivolumab was different between AC and SCC.3,4 Whereas

efficacy endpoints were not achieved in AC patients whose

tumors did not express PD-L1, favorable response and

survival rates were observed among SCC patients, both

PD-L1-positive and PD-L1-negative. These results indi-

cated that there might be a predictive biomarker other than

PD-L1 for lung SCC patients. Furthermore, the PD-L1

inhibitor, which inhibits only the PD-1/PD-L1 interaction,

improved survival in the PD-L1-negative or unde-

tectable subgroup.6 These clinical results showed that the

anti-PD-1 inhibitor, which inhibits both PD-1/PD-L1 and

PD-1/PD-L2 interactions, did not provide benefits, but the

anti-PD-L1 inhibitor provided clinical benefit, even in

NSCLC patients without detectable PD-L1 expression. We

therefore hypothesized that the PD-1/PD-L2 interaction

produced these disparate results in PD-L1-negative

NSCLC patients. In our cohort, all tumor specimens were

positive for PD-L2 protein, even though some tumors did

not express PD-L1 protein. Furthermore, we analyzed the

significance of PD-L2 expression in the subgroup of PD-

L1-negative patients. Increased PD-L2 levels appeared to

be associated with prolonged survival; however, this result

was not statistically significant. In addition to our results, it

has also been reported that the degree of PD-L2 expression

in tumors predicts clinical response to anti-PD-1 therapy in

a cohort of 172 head and neck SCC patients.12 From these

findings, PD-L2 expression in the subgroup of PD-L1-

negative patients could be a biomarker for those who might

benefit from this therapy. Conversely, our previous study

showed that SCC patients with a PD-L1-negative/PD-L2-

positive expression pattern largely had progressive disease

on nivolumab treatment.37 However, the number of SCC

cases in the study was very small (n = 5); thus, further

research is needed to determine the role of PD-L2 on the

response to anti-PD-1 drugs. We think that our study will

contribute not a little to the important task of predicting the

efficacy of immune checkpoint inhibitors. In future, a

prospective trial is needed to investigate the effect of

immune-checkpoint inhibitors in NSCLC patients with PD-

L2 expression, but not PD-L1 expression.

There were some limitations to this present study. First,

this was a retrospective single-institution study, thus the

potential for bias cannot be excluded. Second, the IHC

analyses for PD-L1 and PD-L2 were conducted using only

the clones SP142 and 176,611. Positive PD-L1 expression

using the SP142 antibody has been reported to be lower

than that obtained using other PD-L1 antibodies.38,39 Fur-

ther detailed analyses will be possible using these

antibodies and/or other cut-off values.

A Clinicopathological and Prognostic Analysis of PD-L2 1931



CONCLUSIONS

This study demonstrated that the prognostic significance

of PD-L1 and PD-L2 expression was different in primary

lung SCC patients. Furthermore, it suggested that PD-L2

expression may predict the clinical benefit from anti-PD-1

therapy for PD-L1-negative patients; these points warrant

further investigation.
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