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Abstract

To determine whether tumor microenvironments affect the clinical response to anti-PD-1 therapy in non-small cell lung
cancer, we investigated the expression level of PD-L1 and tumor infiltrating lymphocytes and elucidate their predictive role.
Thirty-eight pretreatment and two post-treatment specimens from 36 advanced, treatment-refractory non-small cell lung
cancer patients who underwent PD-1 blockade therapy were analyzed. PD-L1 expression by tumor cells and the distribution
of CD3, CD8, CD4, FOXP3 and PD-1 positive tumor infiltrating lymphocytes were immunohistochemically assessed and
counted using digital image analyzer. CD3+ and CD8+ T cells were distributed more in PD-L1 positive group compared to
PD-L1 negative group. Conversely, EGFR mutant group showed fewer CD3+ T cells than EGFR-naive group. The patients
in the clinical benefit group with PD-1 blockade showed a higher number of CD3+, CD8+ T cells and a higher CD8+/CD3
+ T cell ratio (p =0.003, p = 0.001, and p = 0.042) and a lower FOXP3+/CD8+ T cell ratio compared to non-responders
(p =0.001). In multivariate logistic regression analysis, increased CD3+ T cell infiltration and low FOXP3+4-/CD8+ T cell
ratio were found to be independent predictors of clinical benefit with PD-1 blockade (p = 0.014 and p = 0.03, respectively).
Using receiver operating characteristic curves, levels of CD3+ T cells and FOXP3+/CD8+ T cell ratio that provide the best
distinguishing point between responder versus non-responder to PD-1 blockade were 617.5/mm?* and 25%, respectively
(p=0.007 and p =0.003). Considering that 1 mm? is about 5 high power fields (HPF), a good response to the PD-1
blockade can be expected when the number of CD3 T cells is observed to be 120 per HPF and when CD8+ T cells and
FOXP3+ T cells are present at a ratio greater than 4:1. Tumor infiltrating lymphocytes might become a promising biomarker
as an independent predictive factor of response to PD-1 blockade that may also guide therapeutic decisions.

Introduction cancer, it is not an absolute predictor of therapeutic
response [1, 2]. Several large harmonization studies were
performed to overcome the assay variability, and as a result,
methodological issues no longer seem to be an excuse for
the low predictive value of PD-L1 [3-5]. Rather, the
variability in PD-L1 expression in non-small cell lung
cancer is due to intrinsic biologic and genetic factors, such

as smoking and EGFR and KRAS mutations, and it is

Although programmed cell death ligand-1 (PD-L1)
expression in tumor cells potentially enriches the responders
to immune checkpoint inhibitors in non-small cell lung
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implicated in tumor immunogenic properties [6, 7].

In addition to PD-L1 expression, other intratumoral
factors have been proposed as predictive biomarkers for
anti-PD-1 therapy outcomes. One of these factors is tumor-
infiltrating lymphocyte, which contribute critical informa-
tion that can aid interpretation of tumor-immune system
reactions [8—10]. The balance between PD-L1-mediated
tumor immune escape and an efficient immune reaction
against cancer induced by tumor infiltrating lymphocytes
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may provide highly relevant therapeutic information. Fur-
thermore, tumor infiltrating lymphocytes are potentially
easier to detect and quantify in pathological specimens.

Many studies have used immunohistochemistry to define
T cell subsets, including CD3+, CD8+, CD4+, and
FOXP3+ subsets, and investigated their prognostic impli-
cations [11-14]. Only few studies have addressed the pre-
dictive effect of tumor infiltrating lymphocytes in non-small
cell lung cancer patients [9, 10]. In addition, these studies
examined small numbers of PD-1 blockade treated patients,
heterogenous tumor types, and could not provide a cutoff
value for tumor infiltrating lymphocytes that could predict
the responder group [9, 10].

The present work was conducted to determine whether
tumor infiltrating lymphocytes influence the response to
anti-PD-1 therapy in non-small cell lung cancer patients. In
addition, we tried to calculate a cutoff value for tumor
infiltrating lymphocytes that could predict the responder
group and allow tumor infiltrating lymphocytes to be used
as a predictive marker in the clinic.

Materials and methods
Study population

We selected advanced non-small cell lung cancer patients
who were administered PD-1 blockade therapy and eval-
uated for their drug response from May 2016 to February
2018 at our institution and had available pretreatment tumor
specimens. Finally, this study included a total of 36
patients. Of these, 32 patients had 1 pretreatment sample, 2
patients had 2 pretreatment samples from different time
periods, and the other 2 patients had 2 samples acquired
before and after receiving the PD-1 blockade treatment.
Therefore, all 36 patients had at least one pretreatment
sample, and the total number of pretreatment samples used
in this study was 38. Two post-PD-1 blockade-treated
samples were also analyzed separately. This study was
approved by the institutional review board of Seoul
National University Bundang Hospital (B-1803-456-304),
which approved the patient consent forms or in some cases
the waiver of consent.

Smoking history, histological diagnosis, pathological
staging, and genetic alteration status were obtained from
medical records. Patients treated with PD-1 blockade were
placed in the responder group (complete response, partial
response, or stable disease persisting for at least 6 months)
according to RECIST criteria version 1.1 [15]. Specimen
acquisition dates ranged from May 2012 to December 2017,
with a mean time from acquisition to immunohistochemical
staining of 15.7 months and a median of 11.5 months (range
0-67 months).
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Automatic immunohistochemical staining and
scoring of tumor infiltrating lymphocytes

Two board-certified pathologists (H.K and J.H.C) reviewed
formalin-fixed paraffin-embedded tissue sections stained
with hematoxylin and eosin (H&E) to confirm the patho-
logic diagnosis and selected a representative paraffin block
from each specimen for immunohistochemical analysis of
surgically resected samples. In the case of small biopsy
specimens, we included only core needle or bronchoscopic
biopsy specimens with a size of at least 10 mm, and to select
representative samples from the tumor microenvironment,
we excluded biopsy samples that encompassed only the
peritumoral stroma or <50% of tumor tissue. Endobronchial
ultrasound guided biopsy or cytology specimens were
excluded.

Immunohistochemical staining was carried out with a
VENTANA XT autostainer (Ventana, Tucson, AZ) using
4-um-thick sectioned specimens. The five antibodies and
conditions used in this study—anti-CD3, CD4, CDS,
FOXP3, and PD-1—are listed in the Supplementary
Table 1. All stained slides were scanned using a high-
resolution digital slide scanner up to 400x magnification
(3DHISTECH Pannoramic 250; 3DHISTECH Ltd.,
Budapest, Hungary) and counted automatically by a
computerized image analysis system (QuantCenter 2.0;
3DHISTECH Ltd., Budapest, Hungary). The densities of
cells expressing CD3, CD4, CDS8, FOXP3, and PD-1
were evaluated using NuclearQuant software that coun-
ted the positive cells throughout the entire tumor area but
not in tissue outside the tumor border (Supplementary
Figure 1). The mean number of cells positive for each
marker is expressed as density per mm?. In addition, CD8
+/CD3+, CD8+/CD4+, FOXP3+4/CD8+, and PD-1
+/CD8+ ratios were calculated for each specimen using
the number of total fields, and the averages were
compared.

PD-L1 protein expression

PD-L1 immunohistochemistry was performed with 22C3
and/or SP263 assays before immune checkpoint inhibitor
treatment for all patients as previously described [16]. 10 of
40 (25%) specimens were tested with both 22C3 and SP263
assays, 12 (30%) with only the 22C3 assay, and 18 (45%)
with only the SP263 assay. PD-L1 expression was eval-
uated in tumor cells and is reported as the tumor proportion
score [17, 18]. Regardless of the assay, PD-L1 positive
was defined as a tumor proportion score of more than 1%,
and cases with a tumor proportion score of more
than 50% in the 22C3 assay or more than 25% in the
SP263 assay were further classified as strongly PD-L1
positive [18, 19].
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Table 1 Demographics

Characteristics Total (n = 36)
Sex

Male 30 (83%)
Female 6 (17%)
Age (year)

>65 19 (53%)
<65 17 (47%)
Smoking history

Never 10 (28%)
Ever 26 (72%)
Histologic subtype

ADC 22 (61%)
SqCC 9 (25%)
ASC 1 (3%)
PC 1 (3%)
NSCLC, PD 3 (8%)
Genetic status

EGFR-mutated 7 (19%)
KRAS-mutated 2 (6%)
ALK-rearranged 1 3%)
Wild type 26 (72%)
Primary vs. metastasis®

Primary 33 (87%)
Metastasis 5 (13%)
Type of PD-1 blockade

Nivolumab 24 (67%)
Pembrolizumab 9 (25%)
More than two drugs 3 (8%)
PD-LI expression

Positive (21%) 31 (82%)
Strong positive 23 (61%)
Response to PD-1 blockade

Clinical benefit 13 (36%)
Non-responder 23 (64%)

ADC adenocarcinoma, S¢CC squamous cell carcinoma, ASC adenos-
quamous carcinoma, PC pleomorphic carcinoma, NSCLC PD non-
small cell lung cancer, poorly differentiated, PD-/ programmed-cell
death-1, PD-L1 programmed-cell death ligand-1

“Two samples from each of two patients were obtained

Histologic assessment of tumor infiltrating
inflammatory cells and stromal fibrosis

We analyzed the tumor infiltrating inflammatory cells for
only 33 primary lung lesions, considering that the micro-
environment of the metastatic site would affect the tumor
infiltrating inflammatory cell analysis. We designated tumor
infiltrating inflammatory cells as the density of the gen-
eralized inflammatory cell infiltrates (not specific T cells)
that were evaluated on routine H&E staining. The

percentage of tumor infiltrating inflammatory cells is a
semiquantitative parameter for this assessment; for exam-
ple, 50% tumor infiltrating inflammatory cells means that
50% of the stromal area shows inflammatory cell infiltrates.
To assess the percentage values, the dissociated growth
pattern of inflammatory cells were taken into account.
Tumor infiltrating inflammatory cells in each slide were
evaluated within tumor area excluding tissue outside the
tumor border and intratumoral necrotic area. In addition,
degree of stromal fibrosis was assessed semiquantitatively.
The results are reported as the proportion of fibrosis in the
stroma and were calculated as a percentage of the whole
tumor field, excluding necrosis. Representative images are
shown in Supplementary Table 2.

Statistical analysis

Student’s r-test, Chi-square test, and Wilcoxon rank-sum
test were used to compare variables between subgroups of
patients. The probability of clinical benefit with PD-1
blockade based on clinicopathologic variables was deter-
mined by univariate and multivariate logistic regression
analyses. The cutoff values providing the best separation
between the responders and non-responders to PD-1
blockade were determined using receiver operating char-
acteristic curves. For survival analyses, Kaplan—Meier
curves were used to estimate time to event outcome para-
meters, and different groups were compared using a log-
rank test. All tests were two-sided, and p-values <0.05 were
considered statistically significant. The data were analyzed
using SPSS version 21 software (SPSS Inc., Chicago, IL).

Results
Demographics

Detailed patient and tumor characteristics are reported in
Table 1. Although most of the samples were lung speci-
mens, 5 samples were obtained from metastatic lesions (4
from lymph node, and 1 from mesentery). Regarding PD-1
blockade therapy, more than half of the patients received
nivolumab, 25% received pembrolizumab, and 3 patients
received sequential administration of two or more drugs,
including nivolumab, pembrolizumab, and atezolizumab.
Most patients who received PD-1 blockade therapy as a
second-line treatment were refractory to conventional che-
motherapy, radiotherapy and/or targeted therapy, and only
one received first line therapy. The majority of cases were
positive for PD-L1 immunoreactivity (82%), and 61%
showed strong PD-L1 positivity in 22C3 or SP263 assays.

According to RECIST guidelines version 1.1 [15], thir-
teen patients (36%) were sorted into the clinical benefit
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-rl:li)llt.iavflrigtgi‘I/S;iiztt?carr;iression Variables Univariate Multivariate
analysis for predicting clinical 0dds ratio (95% CI)  p value B Vi ' p value
benefit group with PD-1
blockade CD3+ TIL 1.002 (1.000-1.003) 0.017 0.001 0.622 1.652 0.014
CD8+ TIL 1.004 (1.000-1.007) 0.037 NS
CD8+/CD3+ TIL ratio 1.034 (0.996-1.074) 0.301
FOXP3+/CD8+ TIL ratio 0.941 (0.897-0.986) 0.027 —0.005 —-0.344 2265 0.03
PD-1+/CD8+ TIL ratio 0.969 (0.9539-1.001)  0.087
PD-LI protein expression
Positive (21%) 4.421 (0.477-40.980) 0.207
Strong positive 1.125 (0.292-4.335) 0.806
TIC= 50% 1.236 (0.989-1.545) 0.063
Age > 65 years 0.281 (0.073-1.084) 0.065
Ever/current smoker 0.778 (0.195-3.103) 0.722
Presence of driver mutation  0.274 (0.050-1.494) 0.135
Type of PD-1 blockade 2.133 (0.505-9.010) 0.303

TIL tumor infiltrating lymphocyte, CD cluster of differentiation, FOXP3 forkhead box P3, PD-I
programmed cell death protein-1, PD-LI programmed-cell death ligand-1, TIIC tumor infiltrating
inflammatory cells, CI confidence interval, NA not significant

group, while the remaining 23 patients were considered
non-responders (Table 1). Among the 22 ADC patients and
1 ASC patient, 6 EGFR-mutated patients and 1 ALK-rear-
ranged patient received tyrosine kinase inhibitor therapy
before PD-1 blockade.

Tumor infiltrating lymphocytes and
clinicopathologic factors

The absolute number of tumor infiltrating lymphocytes
differed according to PD-L1 expression, EGFR mutation
status, and percentage of tumor infiltrating inflammatory
cells based on H&E staining (Fig. la) but was not asso-
ciated with other factors, such as age, sex, smoking history,
and histologic subtype. High numbers of infiltrating CD3+
and CD8+ T cells were identified in PD-L1-positive spe-
cimens and the tumor infiltrating inflammatory cells >50%
group compared with those in the PD-L1-negative speci-
mens and the tumor infiltrating inflammatory cells <50%
group, respectively. Inversely, the EGFR mutant group
showed a low number of CD3+ T cells compared with the
number in the EGFR-naive group (p = 0.006), and the ratio
of tumor infiltrating lymphocytes was not different between
the groups.

There was not a significant relationship between sample
size (resection vs. biopsy) and tumor infiltrating lympho-
cytes expression (Supplementary Table 3A). In addition,
obtaining the specimen from the primary site vs. a meta-
static lesion site did not affect the expression of tumor
infiltrating lymphocytes (Supplementary Table 3A). The
period from specimen acquisition to PD-1 blockade
administration varied from 48 months to 3 days; therefore,
we investigated whether the change in tissue antigenicity
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affected the interpretation of tumor infiltrating lymphocytes.
Therefore, we investigated TIL expression in groups of
samples acquired at intervals of 3, 6, and 12 months prior to
PD-1 blockade treatment; we found that time interval
between sample acquisition and staining did not influence
TIL expression (Supplementary Table 2).

Associations between tumor infiltrating
lymphocytes, clinicopathologic parameters, and
response to PD-1 blockade

Patients in the PD-1 blockade clinical benefit group showed
a higher number of CD3+ and CD8+ cells, higher CDS§
+/CD3+ T cell ratios (p=0.003, p=0.001, and p=
0.042), and lower FOXP3+4/CD8+ T cell ratios than non-
responders (p = 0.001) (Fig. 1b, c).

We analyzed the effects of tumor infiltrating lympho-
cytes and clinicopathologic factors on the response to PD-
1 blockade. For the 2 patients with 2 pretreatment sam-
ples, we performed analysis using the sample that showed
higher tumor infiltrating lymphocytes than the other. In
univariate analysis, high CD3+4 and CD8+ T cell infil-
tration was found to be a predictor of clinical benefit from
anti-PD-1 therapy (p = 0.017 and p = 0.037, respectively)
(Table 2). Although the number of FOXP3+ cells was not
associated with drug response, a low FOXP3+/CD8+ T
cell ratio was associated with clinical benefit from anti-
PD-1 therapy (p =0.027). The PD-14+/CD8+ ratio
showed a tendency to be a negative predictor, but this
trend was not statistically significant (p =0.087). The
density of CD4+ and PD-1+ cells and PD-L1 expression
on tumor cells were not associated with anti-PD-1 ther-
apeutic response. The percentage of tumor infiltrating
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Fig. 1 a The absolute numbers of tumor infiltrating lymphocytes
according to the expression of PD-L1, EGFR mutation status, and
percentage of tumor infiltrating inflammatory cells evaluated on H&E
section. b Association between tumor infiltrating lymphocytes and
response to PD-1 blockade. Patients in the PD-1 blockade clinical
benefit group showed a higher number of CD3+ and CD8+ T cells,
higher CD8+/CD3+ T cell ratios, and lower FOXP3+/CD8+ T cell
ratios than non-responders. ¢ Representative tumor infiltrating

inflammatory cells and stromal fibrosis examined in H&E
slides were not associated with anti-PD-1 therapeutic
response. Clinicopathologic parameters, including age,
sex, smoking history, histologic subtype, genetic status,
type of anti-PD-1 drug, and PD-L1 expression, were not
correlated with response to PD-1 blockade (Table 2). In
multivariate analysis, number of CD3+ T cells and the
FOXP3+4/CD8+ T cell ratio were independent predictors
of PD-1 blockade treatment response (Table 2).

lymphocyte and PD-L1 immunohistochemical images from responders
(upper, x10 magnification) and non-responders (lower, x10 magnifi-
cation) with PD-1 blockade treatment. The numbers of CD3+ and
CD8+ T cells were increased in the tumor area of responders com-
pared with non-responders. The number of FOXP3+ T cells was
similar in the two groups. Notably, the expression of PD-L1 on tumor
cells was higher in non-responders than responders

Changes in tumor infiltrating lymphocyte and PD-L1
expression in four patients with paired samples

We assessed the expression of tumor infiltrating lymphocytes
and PD-L1 in eight samples from four patients with paired
samples acquired at different time points and compared the
PD-1 blockade response results. Clinical information for the
paired samples and tumor infiltrating lymphocytes and PD-L1
expression are described in Supplementary Table 3.
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Fig. 2 a, b Receiver operating characteristic curves for classifying
responder versus non-responder with PD-1 blockade in non-small cell
lung cancer in whole cohort. a The number of CD3+ T cells attained
average AUC of 0.774. b FOXP3+4/CD8+ T cell ratio attained aver-
age AUC of 0.799. ¢, d Receiver operating characteristic curves for

Tumor infiltrating lymphocytes infiltration was increased or
decreased randomly regardless of subpopulation, and the dif-
ferences between the previous and recent samples were not
consistent. The results in the two patients with samples before
and after PD-1 blockade treatment should be noted (patients
nos. 3 and 4 in Supplementary Table 3). In patient no. 3, tumor
infiltrating lymphocytes infiltration in both the pre- and post-
treatment samples was significantly lower than that in patients
1 and 2, who were both responders. In particular, the FOXP3
+/CD8+ T cell ratio was greatly increased with the decrease in
CD8+ T cells after treatment. The expression of PD-L1 also
changed from negative to positive. In patient no. 4, the
expression of tumor infiltrating lymphocytes was increased
after treatment, but the expression of PD-L.1 was decreased.
These two patients were non-responders to PD-1 blockade
therapy, and their pre-immune checkpoint inhibitor treatment
sample showed less CD34- and CD8+ T cell infiltration and a
higher FOXP3+/CD8+ T cell ratio than that of responders.
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classifying responder versus non-responder with PD-1 blockade in
subgroup without driver mutation (EGFR and ALK). ¢ The number of
CD3+ T cells attained average AUC of 0.758. b FOXP3+4/CD8+ T
cell ratio attained average AUC of 0.802

Selection of tumor infiltrating lymphocyte cut-off
point

The receiver operating characteristic curves for the number
of CD3+ T cells and the FOXP3+/CD8+ T cell ratio
clearly illustrate the point on the curve closest to (0.0, 1.0)
that maximizes both PD-1 blockade response sensitivity and
specificity (Fig. 2a, b). The level of CD3+ T cells and the
FOXP3+/CD8+ T cell ratio that provide the best dis-
crimination point between responders and non-responders
were 617.5/mm? and 25%, respectively (p = 0.007 and p =
0.003). The sensitivity, specificity and area under the curve
(AUC) was 84.6%, 65.2%, and 0.774 for CD3+ T cells and
82.6%, 65.4%, and 0.799 for the FOXP3+/CD8+ T cell
ratio, respectively. Considering that 1 mm? is approximately
5 high power fields (HPFs), a good response to the PD-1
blockade can be expected when the number of CD3-+
T cells is observed to be 120 per 1 HPF and when CD8+
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T cells and FOXP3+ T cells are present at a ratio greater
than 4:1.

We also analyzed the cut-off values of CD3+ T cells and
the FOXP3+/CD8+ T cell ratio after eliminating 7 EGFR-
mutated and 1 ALK-rearranged patients because these driver
mutations are already considered negative predictive factors
for immune checkpoint inhibitor response. [20, 21] The
results were similar with those of the whole cohort (628.5/
mm? for CD3+ T cells with p =0.022 and 24% for the
FOXP3+/CD8+ T cell ratio with p = 0.007) (Fig. 2c, d).

Survival analysis

Patients who showed a clinical benefit from PD-1 blockade
tended to have better overall survival than the disease
progression group, although this difference was not statis-
tically significant (p =0.226; Supplementary Table 3).
However, in general, other clinicopathologic variables,
including tumor infiltrating lymphocytes and PD-L1
expression, were not prognostic indicators.

Discussion

In this study, we found that tumor infiltrating lymphocytes
were an independent predictive factor of PD-1 blockade
treatment response, and we presented a cutoff value for
tumor infiltrating lymphocytes to discriminate between
responder and non-responder groups. In addition, we
demonstrated that tumor infiltrating lymphocytes status
evaluated in biopsy samples and archival tissues is a fea-
sible approach for predicting therapeutic response.

Examination of the tumor microenvironment in patients
treated with immune checkpoint inhibitors has revealed an
association between the tumor infiltrating lymphocytes count
both before and after treatment and therapy response [8, 22].
Recently, in addition to evaluation of tumor infiltrating lym-
phocytes based on H&E or immunohistochemical staining,
studies were conducted to evaluate tumor infiltrating lympho-
cytes using a developed a multiplex technique. [23] However,
this method cannot be routinely used for evaluation of tumor
infiltrating lymphocytes in most pathology laboratories because
of the high cost of equipment and the complicated technology,
and there is still a need technical verification. Therefore, we
tried to evaluate the number of tumor infiltrating lymphocytes
as objectively as possible using a method that can be applied in
routine practice and used this method as an index to predict
PD-1 blockade response. As a result, CD34 T cells greater
than 120 per HPF, and CD8+/FOXP3+ T cell ratios greater
than 4:1 were found to be associated with clinical benefit in
PD-1 blockade treated patients.

The binding of PD-1 to PD-L1 causes T cell to become
anergy and contributes to the immune escape of tumor cells

[24-26]. CD8+ cytotoxic tumor infiltrating lymphocytes
can kill tumor cell directly and general T-cells expressing
pan T cell marker, CD3, interplay with different subsets of
immune cells via cytokine such as INFy [24, 27]. Our study
results are in line with the results of Schalper et al. [23],
who noted that the presence of elevated CD3+ and CD8+
T cells is consistently associated with survival and reported
that CD8 was the only independent prognostic factor in
non-small cell lung cancer. Taken together, these tumor
specific CD3+ and CD8+ subsets of T cells were involved
in adaptive immunity and might be important not only as a
prognostic marker but also a predictive biomarker for PD-1
blockade in non-small cell lung cancer.

In addition, we should note the role of FOXP3+ tumor
infiltrating lymphocytes in immunotherapy; the CD8-+/FOXP3
+ T cell ratio was a more important factor in predicting
immune checkpoint inhibitor response than the absolute num-
ber of CD8+ T cells. Accumulating studies have demonstrated
a large number of tumor-infiltrating FOXP3+ Tregs in various
tumors. In breast [28], gastric [29], and ovarian cancer [30]; in
the majority of solid tumors in the cervix, kidney, and breast;
and in melanoma, decreased ratios of tumor-infiltrating CD8+
T cells to FOXP3+ Tregs or increased tumor-infiltrating
FOXP3+- cells were shown to be correlated with poor prog-
nosis [28]. In contrast, FOXP3+ tumor infiltrating lympho-
cytes in colorectal cancer were heterogeneously present in both
the suppressive and non-suppressive forms, and the effect of
FOXP3+ tumor infiltrating lymphocytes on prognosis is con-
troversial [31-33]. Based on our results, FOXP3+ tumor
infiltrating lymphocytes in non-small cell lung cancer might
have a suppressive function similar to that found in other solid
tumors and may inhibit the cytotoxic activity of the accom-
panying CD8+ T cells and affect the immunotherapy response
[34]. In vitro coexistence of Tregs suppresses nivolumab-
induced release of interferon-y from effector T cells [35]. In
short, Tregs may interfere with the immunostimulatory effects
of PD-L1 inhibitors in non-small cell lung cancer.

In most cases (31/38, 82%), tumors were positive for PD-
L1, and the PD-L1-positive tumors were more likely to contain
tumor infiltrating lymphocytes than PD-L1-negative tumors.
Several studies have reported that PD-L1 is more frequently
expressed in such a favorable immune microenvironment [36—
38], which supports the notion that PD-L1 expression by
tumors is a mechanism of adaptive immune resistance. How-
ever, PD-L1 expression was not a predictor of PD-1 blockade
response. This finding was similar to the results of the check-
mate 017 and 057 trials, suggesting that the majority of patients
in our cohort used nivolumab, and thus, PD-L1 expression had
little effect on immune checkpoint inhibitor response [17, 39].
We think that the lack of an association between PD-L1
expression and drug response is likely not related to perfor-
mance of the PD-L1 assay but is rather a function of the
complex interactions between tumors and the immune system.

SPRINGER NATURE



374

H. Kim et al.

In this context, the evaluation of tumor infiltrating lymphocytes
is a more important key factor in accurately predicting immune
checkpoint inhibitor response in patients with PD-L1 expres-
sion and could compensate for the limitations of PD-LI
expression.

The second major outcome of our study was demonstration
of the feasibility of using biopsy specimens to evaluate tumor
infiltrating lymphocytes. In examining biopsy specimens from
tumors, the representativeness of a small biopsy and its ability
to adequately reflect the heterogeneous tumor microenviron-
ment has always been an issue. Obeid et al. evaluated CD8-+
tumor infiltrating lymphocytes density using eight sampling
strategies and examined which method resulted in measures
that were most similar to those obtained with the whole tumor
[40]. Although different tumor sampling strategies may yield
discordant tumor infiltrating lymphocyte density results, sam-
pling 10-20 small areas randomly, sampling the tumor center,
or taking large core biopsies (10 x 1 mm) may best represent
the whole tumor [40]. Based on this result, we included only
biopsy tissues in which the size of the specimen was more than
10 mm and the peripheral normal tissue was nearly absent,
which were most likely to be obtained from the center of the
tumor. As a result, biopsy tissues showed less CD3+ and CD8
+ tumor infiltrating lymphocyte density than resected tissues,
but the difference was not statistically significant and conse-
quently did not affect treatment response prediction. Con-
sidering that many lung cancer patients receiving
immunotherapy have advanced stage disease, a biopsy speci-
men may be the only sample type that can be used to assess the
patient tumor microenvironment status. Therefore, obtaining
biopsy tissue of appropriate size from the center of the tumor at
the time of diagnosis can be great help for predicting a patient’s
immunotherapy response.

PD-1 blockade therapy seems induce a definite change in
tumor infiltrating lymphocytes infiltration and PD-L1 expres-
sion in tumor cells. Tumeh et al. previously reported that a
greater increase in CD8+ density from baseline to post-dosing
biopsy was significantly correlated with immune checkpoint
inhibitor in responding malignant melanoma patients [8].
Similar to these results, our study also showed a significant
decrease in CD8+ tumor infiltrating lymphocytes in paired
samples from patients who did not respond to PD-1 blockade.
Another non-responder had increased CD8+ T cells after
treatment, but it was difficult to make a direct comparison
because the sampling sites before and after treatment were
different. Nevertheless, in the pretreatment sample, the CD3+
tumor infiltrating lymphocytes number and FOXP3+/ CD8+
tumor infiltrating lymphocyte ratio were lower than the cutoff
value, and the patient did not respond to the PD-1 blockade
regardless of PD-L1 status. As a result, tumor infiltrating
lymphocytes were confirmed to be a major predictor of PD-1
blockade response that can complement PD-L.1 assessment.
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There are limitations and possible bias in this study. The
sample number was not large, and because of the nature of a
retrospective study, it is possible that patient selection was
biased according to sample availability. In addition, 4 out of
5 metastatic lesions in our cohort were in the lymph nodes,
and this might have affected the proportion of tumor infil-
trating lymphocytes. Although we attempted to analyze
only the tumor cells and the tumor microenvironment while
excluding the normal lymph node portion, there was still the
possibility of bias caused by lymph node specimens.
Despite these limitations, we found that tumor infiltrating
lymphocyte quantitation using an immunohistochemical
technique, which can be used in routine practice in
patients with lung cancer treated with immune checkpoint
inhibitors, is an important factor in predicting therapeutic
response.

In conclusion, we evaluated tumor infiltrating lymphocytes
in 38 pretreatment non-small cell lung cancer samples from
immune checkpoint inhibitor-treated patients. A high number
of CD3+ T cells and a low FOXP3+/CD8+ T cell ratio were
identified as independent factors predicting the response to
PD-1 blockade. In addition, properly sampled biopsy tissue
and well-preserved archival specimens can both be useful in
evaluating tumor infiltrating lymphocyte status. Based on our
results, tumor infiltrating lymphocytes might become a pro-
mising biomarker that may also guide therapeutic decisions.
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