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Abstract

Purpose: The success of immune checkpoint inhibitors
strengthens the notion that tumor growth and regression are
immune regulated. To determine whether distinct tissue immune
microenvironments differentially affect clinical outcome in non–
small cell lung cancer (NSCLC), an extended analysis of PD-L1
and tumor-infiltrating lymphocytes (TIL) was performed.

Experimental Design: Samples from resected adenocarcinoma
(ADC 42), squamous cell carcinoma (SCC 58), and 26 advanced
diseases (13 ADC and 13 SCC) treated with nivolumab were
analyzed. PD-L1 expression and the incidence of CD3, CD8, CD4,
PD-1, CD57, FOXP3, CD25, and Granzyme B TILs were immu-
nohistochemically assessed.

Results: PD-L1 levels inversely correlated with N involvement,
although they did not show a statistically significant prognostic
value in resected patients. The incidence and phenotype of TILs
differed in SCC versus ADC, in which EGFR and KRAS mutations

conditioned a different frequency and tissue localization of lym-
phocytes. NSCLC resected patients with high CD8pos lymphocytes
lacking PD-1 inhibitory receptor had a longer overall survival (OS:
HR ¼ 2.268; 95% CI, 1.056–4.871, P ¼ 0.03). PD-1-to-CD8 ratio
resulted in a prognostic factor both on univariate (HR ¼ 1.952;
95%CI, 1.34–3.12,P¼ 0.001) andmultivariate (HR¼1.943; 95%
CI, 1.38–2.86, P¼ 0.009) analysis. Moreover, low PD-1 incidence
among CD8pos cells was a distinctive feature of nivolumab-treated
patients, showing clinical benefit with a prolonged progression-
free survival (PFS: HR ¼ 4.51; 95% CI, 1.45–13.94, P ¼ 0.004).

Conclusions: In the presence of intrinsic variability in PD-L1
expression, the reservoir of PD-1–negative effector T lymphocytes
provides an immune-privileged microenvironment with a posi-
tive impact on survival of patients with resected disease and
response to immunotherapy in advanced NSCLC. Clin Cancer Res;
24(2); 407–19. �2017 AACR.

Introduction
The central role of the immune system in the control of

tumor growth and progression has been repeatedly demon-
strated (1, 2). Accordingly, recently introduced molecules tar-

geting immune checkpoints have received ground-breaking
achievements in the treatment of several solid tumors, includ-
ing non–small cell lung cancer (NSCLC; refs. 3–6). At variance
with therapeutic approaches directed against neoplastic cells,
such as chemotherapy or small molecule tyrosine kinase inhi-
bitors (7, 8), targeting the interactions between programmed
cell death-1 (PD-1), a T-cell coinhibitory receptor, and one of
its ligands, programmed cell death-ligand 1 (PD-L1), has
shown unprecedented success (9, 10).

Although the expression of PD-L1 by tumor cells potentially
identifies NSCLC patients who would benefit from immune
checkpoint inhibitors (ICI), it does not consistently represent
a reproducible predictive biomarker of the clinical response
(11–13). The attempt to correlate PD-L1 expression and patient
prognosis has shown conflicting results (14–16). Extensively
debated issues on antibody specificity and different methodolo-
gies (17, 18) have been partially overcome by several initiatives of
harmonization (19–21). However, the variability of PD-L1
expression among and within NSCLC (17) is intrinsic to several
biologic and genetic events implicated in tumor immunogenic
properties (4, 14). In this regard, neoantigens generation (22, 23)
and timing of the natural immune history largely vary among
patients and markedly impact on PD-L1 expression.
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In addition, other components of the tumor microen-
vironment, such as tumor-infiltrating lymphocytes (TIL),
critically contribute to tumor biology and therapeutic
response to ICI (24), suggesting that predictive biomarkers
aimed at personalized therapy can be obtained by a coor-
dinated multiparametric definition of the immune contex-
ture (24–27).

Specifically, the balance between PD-L1–mediated tumor
immune escape and the efficient immune reaction against cancer
by TILs may provide more relevant prognostic and therapeutic
tools.

According to PD-L1 status and number of TILs, a classifica-
tion of tumors into four categories has been recently proposed
(28, 29). This includes type I adaptive immune resistance
(PD-L1 positive and high TILs), type II immune ignorance
(PD-L1 negative and low TILs), type III intrinsic induction
(PD-L1 positive and low TILs), and type IV immune tolerance
(PD-L1 negative and high TILs). However, a detailed tissue
characterization of these different aspects of the immune medi-
ated tumor growth and regression has been only partially
investigated in NSCLC.

The present work was addressed to determine whether
immunologically defined NSCLC tissue microenvironments
might influence the clinical outcome and response to ICI. Thus,
100 newly diagnosed and surgically removed tumors and 26
samples from patients with advanced NSCLC candidate to
receive anti–PD-1 drug (nivolumab) were morphometrically
analyzed to assess the number and distribution of TILs sub-
populations together with the immunohistochemical evalua-
tion of PD-L1 expression. The hypothesis was advanced on
whether and to which extent the expression of PD-1 inhibitory
receptor on immune relevant cells exerts a prognostic and
predictive effect. Thus, the potential association with clinical
data of individual and integrated tissue parameters involved in
PD-1/PD-L1 immune checkpoint was investigated in both
groups of patients.

Materials and Methods
Patient population and tissue sampling

This study involved 100 NSCLC patients (58 SCC and 42 ADC,
stage I/II 72%) undergoing lung resections with curative intent at
the Unit of Thoracic Surgery, University-Hospital of Parma, and
26patients (13ADCand13 SCC)with stage IIIb to IV treatedwith
nivolumab in second or third-line therapy. The investigation was
approved by the institutional review board for human studies
(Ethical Committee) of the University-Hospital of Parma and in
accord with principles listed in the Helsinki declaration. Patients
were enrolled after informed consent to the employment of
biologic samples for research purpose. The surgically resected
patient population (Table 1) consisted of 74 males and 26
females, ages between 45 and 84 years. The population of patients
treated with nivolumab included 25 males and 1 female (49–85
years old). Tumor stage was scored using the staging system from
the 7th American Joint Committee on Cancer (AJCC; ref. 30).
Smoking history, histological diagnosis, pathological staging, and
mutational status are reported in Table 1. Eight patients from the
surgically resected cohort and 3 from nivolumab treated group
were excluded from the statistical analysis due to the lack of
complete clinical records. Additionally, eight surgically resected
patients were excluded due the inadequacy of tissue samples
precluding a complete immunohistochemical analysis. Thus,
clinicopathologic correlations were allowed in 84 surgically
resected and 23 advanced NSCLC cases.

Immunohistochemical analysis
PD-L1. The quantification of PD-L1 expression was assessed after
a comparative evaluation between immunoperoxidase and
immunofluorescence on control tissues (placenta) and on serial
sections from the same case using different anti–PD-L1 antibodies
(Extended data in Supplementary Table S1). After careful evalu-
ation and consultation with expert pathologists, reliable and
consistent results were obtained using clone 28-8 that was used
for further quantitative analysis.

Tissue sections (5 mm thick) were cut from formalin-fixed,
paraffin-embedded blocks containing representative tumors and
processed for immunohistochemistry (IHC).

Immunoperoxidase: Following the incubationwith anti–PD-L1
antibody (clone 28-8), the reaction was revealed by DAB staining
and nuclei were counterstained by light hematoxylin. In accor-
dance with a reported approach (31), an algorithm was used to
obtain the PD-L1 score (H-score: 0–300), which is computed on
the basis of both extent and intensity of PD-L1 staining.

Confocal Immunofluorescence: Sections were double labeled
by anti–PD-L1 (clone 28-8) and Pan-Cytokeratin antibody (clone
AE1/AE3) followed by FITC- and TRITC-conjugated specific sec-
ondary antibody, respectively. Images were digitally captured by
confocal microscopy at 200� final magnification using a Zeiss
LSM 700 systemwith Axio Observer. The fractional area occupied
by the fluorescent signal and its intensity, expressed as integrated
optical density (IOD) per unit area, was then evaluated using a
software for image analysis (Image Pro Plus 4.0). Scores were
normalized to the exposure time and bit depth at which the
images were captured, allowing scores collected at different expo-
sure times to be comparable. Nuclei were counterstained with
40,6-Diamidine-20-phenylindole (DAPI).

The antibodies used and magnitude of sampling is reported in
Supplementary Tables S1 and S2.

Translational Relevance

The wave of enthusiasm brought about by the success of
PD-1/PD-L1 immune checkpoint inhibitors (ICI) in NSCLC
points toward the emerging need to determine the clinical
impact of distinct immune microenvironments. Tumor-
infiltrating lymphocytes (TIL) critically contribute to tumor
biology and response to ICI. Thus, in addition to the
evaluation of PD-L1, predictive biomarkers likely require
the simultaneous assessment of phenotypes relevant to PD-
1/PD-L1 immune checkpoint. The inhibitory receptor PD-1,
being also a therapeutic target, was a candidate to provide
significant insights in NSCLC immune landscape and
response to immunotherapy. Our data suggest that, in the
presence of a variable degree of PD-L1 expression, an intrin-
sic reduction of PD-1pos TILs is associated with delayed
NSCLC progression, improved OS, and response to ICI.
Based on our findings, the population of cancer patients
who benefit from actual and innovative immunotherapeutic
approaches may be expanded following a detailed charac-
terization of the tumor immune microenvironment.
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TILs. Tumor-infiltrating lymphocytes (TIL) were analyzed by the
immunohistochemical detection of CD3, CD8, CD4, PD-1,
CD25, CD57, and Granzyme B. Immunoperoxidase was per-
formed using an automated staining system (OptiView DAB IHC
Detection Kit—Ventana Medical Systems). T lymphocyte subpo-
pulations were also studied by immunofluorescence in order to
simultaneously evaluate multiple epitopes. Sections of NSCLC
were incubated with primary antibodies followed by specific
secondary antibodies. Nuclei were counterstained withDAPI. The
list of antibodies used for TILs immunophenotyping is provided
in Supplementary Table S1.

TILs were quantified according to specific recommendations
(32), and their number and distribution within the neoplastic
tissue were assessed following morphometric criteria detailed in
Supplementary Materials. Based on their relative incidence,

implemented by double immunofluorescence confocal analysis,
the ratio of CD8pos cells among the whole population of
T (CD3pos) lymphocytes (CD8-to-CD3) and the fraction of
PD-1 expressing cells over the cytotoxic (CD8pos) lymphocytes
(PD-1-to-CD8) was computed.

The magnitude of sampling for TILs analysis is reported in
Supplementary Table S2.

ALK expression
This analysis involved 27 surgically resected and 11 advanced

ADC. In each case, 4-mm-thick sections were obtained from a
representative block. Clone D5F3 (Ventana; prediluted) was used
to evaluate ALK expression, as previously suggested (33). More
details are reported in Supplementary Materials and Methods.

EGFR and KRAS mutational analysis
EGFR and KRASmutations were tested in 36 and 27 surgically

resected and 13 and 13 advanced ADC cases, respectively. The
methodology has been previously described (33) and is detailed
in Supplementary Materials and Methods.

Statistical analysis
The c2 test was used to test the differences in categorical

variables, and the Wilcoxon rank-sum test to detect differences
in continuous variables between groups of patients, given that the
distribution of data was not normal (Kolmogorov–Smirnov test).
The disease-free survival (DFS), overall survival (OS), and pro-
gression-free survival (PFS) were estimated by means of the
Kaplan–Meier method. DFS was defined as the interval from
surgery to the evidence of recurrence disease, or death, or the last
date the patient was known to be recurrence-free or alive; OS was
defined as the interval from surgery or start of treatment to death
from any cause, or the last date the patient was known to be alive;
PFS was defined as the interval from start of treatment to the
evidence of progressive disease, or death, or the last date the
patient was known to be progression-free or alive. Both DFS and
OS data were censored at 5 years. Patients treated with nivolumab
were categorized in clinical benefit group, including patients with
complete (CR) or partial response (PR) or stable disease (SD)
lasting at least 6 months according to RECIST criteria version
1.1 (34) and nonresponders (patients with disease progression
and stable disease lasting less than 6 months as best response
according to RECIST criteria version 1.1, ref. 34).

Log-rank test was performed to determine the difference in
survival between groups. DFS and OS data were then analyzed
through multivariate models of Cox regression.

Classification and regression tree (CART) analysis identified
specific cutoff values that segregated patients by clinical out-
comes. P value of 0.05 was always considered significant. IBM
SPSS Statistics v 24.0 (IBM) and Stata 13 with Cart module
(Statacorp) were used to perform the computations for all
analyses.

Results
Immune microenvironment in resected patients
Immunohistochemical assessment of PD-L1 expression. This analysis
was carried out on sections obtained from 92 resected NSCLC.
The variability among and within cases in both membrane
and cytoplasmic PD-L1 expression (Fig. 1A and B) required an

Table 1. Patient population

Resected SCC (n ¼ 58) ADC (n ¼ 42)

Male (M) 51 23
Female (F) 7 19
Age, years (mean � SD) 70.13 � 6.52 65.13 � 7.29
Smoking status
Nonsmoker — 9 (2 M, 7 F)
Ex-smoker 34 (32 M, 2 F) 20 (14 M, 6 F)
Smoker 24 (19 M, 5 F) 13 (7 M, 6 F)

Tumor status
T1 18 11
T2 26 21
T3 14 9
T4 — 1

Nodal status
N0 28 19
N1 20 9
N2 6 12
Nx 4 2

Stage
IA 13 7
IB 10 5
IIA 17 9
IIB 9 6
IIIA 9 15

EGFR statusa

Mutant — 7
Wild-type — 29

KRAS statusb

Mutant — 5
Wild-type — 22

Nivolumab treated SCC (n ¼ 13) ADC (n ¼ 13)
Male (M) 13 12
Female (F) 0 1
Age, years (mean � SD) 69.39 � 9.73 64.18 � 9.41
Stage
IIIB 1 1
IV 12 12

Smoking status
Nonsmoker 1 1
Ex-smoker 10 5
Smoker 2 7

EGFR status
Mutant — 0
Wild-type — 13

KRAS status
Mutant — 4
Wild-type — 9

a6 patients were not tested.
b15 patients were not tested.
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extended sampling to assess the validity of our measurements
(Supplementary Table S2).

Based on the extent and intensity of the immune reactivity of
PD-L1 in tumors, the H-score was computed on immunoperox-
idase-stained sections and expressed as IOD score for quantitative
immunofluorescence (QIF; Fig. 1Ci, Cii). A comparative evalua-
tion of PD-L1 expression obtained by IF and IP was performed on
serial sections of the same case, documenting that the H-score
gradient of intensitymeasured by IP correlatedwith IODvalues of
PD-L1 immunofluorescent signals (Fig. 1Ciii). Thus, H-score or
QIF and their average values were interchangeably used to doc-
ument the impact of PD-L1 expressiononother tested parameters.
QIF values were preferentially used when PD-L1 and TILs sub-
populations were concurrently considered.

Although a great heterogeneity among and within lung cancer
samples (Fig. 1E–G) was observed, average H-score was higher in
SCC than in ADC samples (Fig. 1Cii) andmore than 60% of ADC
displayed values below the overall average compared with only
33%of SCC. A significant difference in PD-L1 expression between
the two histotypes was confirmed by QIF. SCC specimens exhib-
ited a 2.5-fold higher average PD-L1 value than ADC cases (P <
0.05; Fig. 1Ci).

Specific PD-L1 immunostaining in stromal compartments was
also present and involved nearly 10% and 40% of ADC and SCC
samples, respectively. However, the significance of PD-L1 in
nonneoplastic cells compartments of NSCLC requires a separate
study and can only be assessed by an extensive multiple immu-
nofluorescence staining in order to attribute its expression to
specific phenotypes.

PD-L1 expression and clinicopathologic features. PD-L1 levels were
significantly higher in smokers than in never-smokers and ex-
smokers (P < 0.001; Supplementary Fig. S1A). In addition, we
observed an inverse correlation between PD-L1 expression and N
status, as N0 tumors had a 2-fold higher (P < 0.001) PD-L1 score
compared with N2 (Supplementary Fig. S1B).

At variance with the literature (26, 28), we did not detect
a strong association of PD-L1 expression with EGFR mutation
(n 7/36), while KRASmutated cases (n 5/27) compared with WT
displayed lower PD-L1 levels (P < 0.001) as measured both by
H-score and QIF (Supplementary Fig. S1C).

In our patient population, ALK rearrangement (n ¼ 27) was
undetectable.

Wedid not observe statistically significant correlations between
PD-L1 expression and other clinical and pathologic features in
both NSCLC histotypes.

Thus, tumor PD-L1 values above the average correlated with
smoking history and nodal involvement in resected NSCLC
patients.

Immunohistochemical analysis of TIL subpopulations. An extensive
IHC examination of TILs was carried out in the attempt to assess
the contribution of relevant cells in cancer immune landscape,
including cytotoxic, helper, and regulatory T cells, and natural
killer cells.

The density of lymphocyte subpopulations at tissue level
largely reflected the expected incidence according to their pheno-
type in both NSCLC subsets (Fig. 2A–C); however, a nearly 2-fold
increase in CD3pos and a 3-fold reduction in CD4pos TILs were
measured in ADC compared with SCC (Fig. 2D, P < 0.05).
Conversely, no difference was observed in CD8pos lymphocytes
density between the two NSCLC histotypes. CD57pos cytotoxic
and CD25/FOXP3pos T regulatory cells constituted the lowest
subpopulation (Fig. 2E–G) reaching, at most, 2% of TILs. How-
ever, compared with ADC, we documented a significant 3-fold
increase in CD57pos cells (P < 0.01) and a slight increase in
CD25/FOXP3pos cells (P < 0.05) in SCC cases (Fig. 2H).

According to the different location within the tumor microen-
vironment, distal PD-1pos TILs, largely represented at the invasive
margin and within germinal centers of tertiary lymphoid struc-
tures (TLS; Fig. 2J), appeared to be prominent in SCC cases.
Indeed, a significant 1.5-fold increase in the overall number of
PD-1pos lymphocytes was detected in SCC samples compared
with ADC (Fig. 2D, P < 0.05). In contrast, the quantity of PD-1pos

lymphocytes distributed in intratumor and peritumor (proximal)
location, which is expected to be more directly engaged by PD-L1
expressing neoplastic cells, did not significantly vary between the
two histotypes (Fig. 2K). Additionally, increasing levels of PD-L1
were coupled by higher frequency of cytotoxic TILs, although this
correlation did not reach statistical significance (Supplementary
Fig. S2).

Thus, the magnitude and immunophenotype of TILs diverge
among NSCLC histotypes, although the fraction of lymphocytes
carrying the inhibitory receptor PD-1 located in close contact with
neoplastic cells was similar in ADC and SCC samples.

TILs and clinicopathologic features. A statistically significant
increase (P < 0.001) in CD8pos lymphocytes was measured in
T1 compared with T2 NSCLC patients (Supplementary Fig. S3A).
In addition, T1 samples showed a consistent reduction in PD-1pos

lymphocytes (Supplementary Fig. S3B P < 0.001) with respect to
T2 and T3. Accordingly, we documented a significant decrease of

Figure 1.
Images illustrating the diffuse (A) and surface (B) pattern of PD-L1 expression in sections from surgically resected NSCLC. A, The same microscopic field of an ADC
case following PD-L1 (green, i) and cytokeratin (ii, CK, red) immunofluorescent (IF) labeling is merged in iii to document by yellowish fluorescence the coexpression
of PD-L1 and CK in neoplastic cells. Nuclei are labeled by the blue fluorescence of DAPI. iv: The strong diffuse PD-L1 expression (brownish) is also shown by
immunoperoxidase (IP). Nuclear counterstaining by light hematoxylin. Similarly, the surface expression of PD-L1 by IF (i, ii, iii) and IP (iv) is illustrated inB in ADC. Scale
bars in A and B: i, ii, iii ¼ 50 mm; iv ¼ 100 mm. C, Dotted plot graphs of the immunohistochemical quantification of PD-L1 expressed as IOD by IF (i) or as H-score
(0–300) by IP (ii). Each dot corresponds to individual IOD and H-score value, whereas lines indicate the average PD-L1 level in SCC (white) and ADC (gray)
samples. iii: Scatter plot graph illustrating that H-score directly correlateswith IOD values (r¼0.57).D,PD-L1 labeling by IF (Di, Diii) and IP (Dii, Div) on serial sections
from two ADC cases documenting a strong reproducibility among the two methodologies. i: �, CKpos (red) neoplastic cells lacking PD-L1 (green) expression,
which is confirmed by IP in ii. Arrowhead indicates a CKneg neoplastic nodule showing strong PD-L1 (green) expression byboth IF and IP. iii and iv: A comparable PD-L1
labeling by IF and IP is documented on serial sections also showing that only a fraction of neoplastic cells are CKpos and PD-L1pos (yellow fluorescence). Scale bars,
100 mm. E andG,Confocal IF images of the samemicroscopic field of SCC (E) and ADC (G) samples following PD-L1 (i, green) andCK (ii, red) IF labeling aremerged in
iii, respectively. Arrowheads indicate CKpos and PD-L1pos tumor cells; � , a neoplastic area with strong PD-L1 expression and weak or negative CK signal. Arrows
point to CKpos tumor cells that are negative for PD-L1. The variability of PD-L1 expression was also documented by IP in different areas of the same case (F) as within
the same neoplastic nodule (H), in which arrows point to neoplastic cells strongly positive for PD-L1. Scale bars, E and H ¼ 50 mm; F ¼ 250 mm; G: 100 mm.
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Figure 2.

Immunohistochemical detection of TIL subpopulations in NSCLC. Immunoperoxidase staining (brownish) of CD3 (A), CD8 (B), and CD4 (C) documenting
TILs surrounding neoplastic nodules. Scale bars, A–C ¼ 200 mm. D, Bar graph of the quantification of TILs in SCC (white) and ADC (gray) cases according to
lymphocyte subsets. � , P < 0.05 vs. SCC. E and F, Serial sections from an SCC case to show, in the same microscopic field, FOXP3 (E) and CD25 (F) immunostaining.
At low magnification (insets), the two areas inscribed by white rectangles are illustrated at higher magnification to highlight the nuclear labeling of FOXP3
(arrowheads) andmembrane expression of CD25 in T regulatory cells.G,DifferentiatedNK cells labeled byCD57 infiltrating the neoplastic tissue are illustrated at low
(inset) and highmagnification. Scale bars, E–G, insets, 100 mm;main images, 50 mm.H, Bar graph of the quantification of FOXP3, CD25, and CD57 immunolabeling in
SCC (white) and ADC (gray). � , P < 0.05 vs. SCC. I, This image corresponds to a section from an ADC case in which the cytotoxic molecule Granzyme B (green) is
abundantly expressed by TILs in neoplastic areas recognized by the red fluorescence of CK. Lower expression of Granzyme B is apparent in a neoplastic
structure bulging the bronchial lumen (�). Scale bar, 100 mm. J, Sections from SCC case documenting the different distribution of PD-1pos TILs within the tumor
microenvironment. i, ii: Proximal lymphocytes were considered when in intratumor (arrowheads) or peritumor localization. Distal PD-1pos lymphocytes (iii) were
predominantly located in germinal center (GC) of TLS and in proximity of the tumor invasive margin (iv). Scale bars: i, ii ¼ 50 mm; iii ¼ 100 mm; and iv ¼ 200 mm.
K, Bar graph of the quantification of PD-1pos lymphocytes according to their localization in samples from the two histotypes. �, P < 0.05 vs. SCC.
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PD-1pos lymphocytes in N0 cases compared with N1 (P < 0.001)
and N2 (P < 0.001; Supplementary Fig. S3C). As a result of these
findings, PD-1pos lymphocytes were 2-fold lower in stage INSCLC
compared with stage II (P < 0.001) and III (P < 0.001; Supple-
mentary Fig. S3D), and ADC samples displayed an increasing
PD-1 gradient (P < 0.001) according to the severity of the disease
(Supplementary Fig. S3E). When the smoking history was con-
sidered, in SCC cases, smokers showed higher average values
(P < 0.01) of PD-1pos lymphocytes (mean � SE: 53.7 � 8.8)
compared with ex-smokers (mean � SE: 38.1 � 11.35).

No significant association of TILs values with demographic
parameters was observed. However, EGFR and KRAS mutations
appeared to condition a significant reduction of CD8pos and
PD-1pos cells and a different tissue localization of PD-1pos lym-
phocytes resulting in lower intratumor density comparedwithWT
cases (P < 0.05; Supplementary Fig. S3F). No differences were
observed in the amount of PD-1pos cells located at the invasive
margin according to the mutational status.

Thus, a strong association of TILs number and PD-1 distribu-
tionwith clinicopathologic characteristics was documented in our
cohort of resected NSCLC, supporting their clinical relevance.

The landscape of NSCLC immune microenvironment.We reasoned
that a comprehensive definition of NSCLC immune microenvi-
ronment would have enhanced the biologic and clinical signif-
icance of our findings.

Thus, amore complex analysis of the tumormicroenvironment
was conducted considering the PD-L1 status together with the
magnitude and phenotype of TILs involvement. Based on a well-
described literature (29) and a recently proposed classification
(28), we divided our cases into four categories: type I adaptive
immune resistance, type II immune ignorance, type III intrinsic
induction, and type IV immune tolerance. By this approach,
we documented that more than one third of NSCLC samples
displayed a type II contexture, likely reflecting immune exhaus-
tion at the time of diagnosis, while a similar proportion of type III
and IV was observed (Supplementary Fig. S4A and S4B). The
impact on clinical outcome of this more coordinate contribution
of both tumor and TILs was apparent. NSCLC with high PD-L1
score and lowTILs (type III) had the longestOS (75thpercentile of
survival time¼ 37� 16.22 months) and DFS (75th percentile of
survival time¼ 11� 3.45months)while type II immune ignorant
cases were associatedwithworst prognosis (OS: 75th percentile of
survival time¼16�6.21months;DFS: 75thpercentile of survival
time ¼ 8 � 2.03 months).

Thus, the overall estimation of PD-L1 in cancer cells and TILs
allows the identification of immune tissue characteristics with
impact on clinical parameters. However, the low statistical
power documented by the Kaplan–Meier curve (Supplementary
Fig. S4C), of such an unrefined classification of NSCLC envir-
onments prompted us to test whether individual or, more
likely, a combination of multiple tissue parameters would have
significant prognostic and predictive value in surgically resected
patients.

Tissue immunophenotypic signatures with clinical impact
PD-L1 expression did not show a statistical significant impact

on survival at univariate analysis (Table 2), although the percent-
age of survivors was higher (OS: 77%; DFS: 27%) in NSCLC
patients with PD-L1 values above the average compared with
PD-L1 low group (OS: 58%;DFS: 18%; Supplementary Table S4).

On univariate analysis also, TIL density did not show a statis-
tical significant impact on survival (Table 2). However, higher
percentage of survivors were documented in ADC samples rich
in CD3pos (OS: 65%; DFS: 37%) and in CD8pos (OS: 65%; DFS:
21%) lymphocyteswith respect toCD3, poor (OS: 45%;DFS: 3%)
and CD8, poor (OS: 43%; DFS: 9%) cases (Supplementary
Table S4).

Similarly, in the overall population of NSCLC patients low
tissue density of PD-1pos lymphocytes was associated to a
higher fraction of disease free survivors (DFS: 22%) compared
with the PD-1 high counterpart (DFS: 0%; Supplementary
Table S4).

Conversely, more defined immunophenotypic features
appeared to strongly predict the clinical outcome on both uni-
variate and multivariate analysis. Specifically, the proportion of
CD8pos cells among the overall population of CD3pos TILs and the
fraction of cytotoxic lymphocytes lacking the inhibitory receptor
PD-1 were candidate to better represent the population of anti-
tumor effector lymphocytes.

As shown in Table 2, high CD8-to-CD3 ratio was posi-
tively correlated with OS and DFS (OS: HR ¼ 0.965, 95% CI,
0.931–1.001, P ¼ 0.057; DSF: HR ¼ 0.954, 95% CI, 0.965–
0.983, P ¼ 0.002) on univariate analysis, although not
reaching statistical significance on multivariate analysis. The
Kaplan–Meier curve documented longer OS in patients with
high CD8-to-CD3 ratio (Fig. 3C; HR: 0.542, 95% CI, 0.260–
1.133, P ¼ 0.096).

The impact of PD-1-to-CD8 ratio on clinical outcome was
striking. This parameter resulted an independent predictor of OS
in both univariate (OS: HR ¼ 1.952, 95% CI, 1.34–3.12, P ¼
0.001) andmultivariate analysis (OS: HR¼ 1.943, 95%CI, 1.38–
2.86, P ¼ 0.009) while its impact on DFS was seen only on
univariate test (DSF: HR¼ 1.537, 95%CI, 1.12–2.10, P¼ 0.007).
Importantly, the Kaplan–Meier curve showed longer OS (HR:
2.268, 95% CI, 1.056–4.871, P ¼ 0.03) in patients with low
PD-1-to-CD8 ratio (Fig. 3D).

Clinicopathologic features such as age and histotype also had,
to some extent, statistical significant impact on survival (Table 2).
On univariate analysis, only the N status significantly correlated
with OS and DFS (OS: HR ¼ 1.87, 95% CI, 1.2–2.91, P ¼ 0.004;
DFS: HR ¼ 1.524, 95% CI, 1.057–2.195, P ¼ 0.02) while on
multivariate model statistical significance was maintained only
on OS (OS: HR ¼ 1.86, 95% CI, 1.31–3.96, P ¼ 0.015; Table 2).
Based on this finding, patients were clustered according to the
combination of the two most powerful statistical parameters
detected in our patient population of NSCLC. As shown by the
Kaplan–Meier curve (Fig. 3F), cases carrying N 0 tumors and low
tissue PD-1-to-CD8 ratio had a statistically significant longer OS
(HR: 1.624, 95% CI, 1.148–2.296, P ¼ 0.006) compared with
other parametric combinations. Importantly,worst prognosiswas
seen in patients whose samples displayed high number of CD8pos

lymphocytes expressing PD-1, independently from the N status.
Thus, the tissue content of cytotoxic TILs carrying the inhibitory
receptor PD-1 appeared to limit the prognostic value of N status
(Fig. 3F).

Immunemicroenvironment in patients treatedwith nivolumab
In the attempt to define not only the prognostic role, but also

the potential predictive value of the immune microenvironment
on the response to ICI, a similar analysis was performed on a
selected group of 26 NSCLC patients receiving anti PD-1
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(nivolumab) treatment (Fig. 4A–C). Nine patients (35%) were
included in the clinical benefit group (CR and PR, an SD lasting 6
months at least) according to RECIST criteria (34), while the
remaining 17 patients had progression of disease at first tumor
assessment.

PD-L1 expression was high in 55% of patients within the
clinical benefit group versus 42.5% innonresponders (P¼0.225).

In strong agreement with our previous findings, 100% of
nivolumab treated patients with clinical benefit displayed low
PD-1-to-CD8 ratio compared with 21.4% of nonresponders (P <
0.001; Fig. 4D). High CD8-to-CD3 ratio was present in 55.6% of
patients within the clinical benefit group and in 42.8% of non-
responders (P¼ 0.098). In addition, 66.6% of cases belonging to
the clinical benefit group showed low number of PD-1pos lym-
phocytes compared with 64.2% of nonresponders (P ¼ 0.74).
Importantly, although not reaching a statistically significant
impact on OS (Fig. 4G and H), we documented a longer PFS
(HR¼ 2.728, 95%CI, 0.967–7.697, P¼ 0.047) in cases with high
CD8-to-CD3 ratio (median PFS ¼ 4.24 months) versus low
(median PFS ¼ 1.81 months) and a significant prolonged PFS
(HR ¼ 4.51, 95% CI, 1.459–13.944, P ¼ 0.004) in patients with
low (median PFS ¼ 12.96 months) versus high (median PFS ¼
1.84 months) PD-1-to-CD8 ratio (Fig. 4E and F).

Our data suggest that the amount of residual PD-1–negative
cytotoxic effectors TILs may be considered a potential predictive
factor in NSCLC patients treated with nivolumab.

Discussion
Blockade of inhibitory immune checkpoints is currently arising

as a promising option of anticancer strategies. Targeting the PD-1/
PD-L1 pathway has shown encouraging results on various malig-
nancies (9, 35–37) and has changed the standard of care in first-
and second-line therapy of advancedNSCLC (5, 6, 10–12). In this
clinical setting, reliable predictive biomarkers are the object of
significant financial investments although are difficult to obtain
due to the complex tumor–host relationship. The actual assess-
ment of risk stratification according to clinicopathologic (38) and
biomolecular (39) parameters although showing relevant prog-
nostic impact in NSCLC could be integrated with immunologi-
cally defined factors. It is also increasingly clear that the devel-
opment of biomarkers for anti–PD-1/PD-L1 therapy requires a
better understanding of PD-L1 expression profile and its interac-
tion with TILs. It cannot be underestimated that these biomarker-
oriented efforts will provide important insights into the patho-
genesis and progression of NSCLC.

Table 2. Explanatory prognostic factors in a Cox proportional hazards model

Univariatea Multivariateb

HR (95% CI) x2 P HR (95% CI) x2 P

Overall survival
Sex 1.969 (0.973–3.987) 3.677 0.06 1.099 (0.437–2.764) 0.842
Age 0.977 (0.319–0.977) 0.990 0.319 1.043 (0.976–1.114) 0.213
Smoking 0.983 (0.578–1.670) 0.004 0.949
Histotype 0.564 (0.286–1.113) 2.803 0.097 0.807 (0.332–2.360) 0.885
Grading 1.127 (0.525–2.417) 0.094 0.759
Staging 1.228 (0.986–1.530) 3.399 0.065
N status 1.87 (1.201–2.911) 8.095 0.004 1.863 (1.131–3.068) 0.015
PD-L1
QIF 1.00 (1.00–1.00) 0.389 0.534
H-score 0.99 (0.991–1.007) 0.06 0.807

CD3 1.00 (1.00–1.00) 0.064 0.80
CD8 0.999 (0.995–1.003) 0.192 0.661
CD8/CD3 0.965 (0.931–1.001) 4.432 0.057 0.979 (0.942–1.017) 0.282
PD-1 1.01 (0.989–1.014) 0.042 0.838
PD-1/CD3 0.860 (0.20–6.795) 0.006 0.937
PD-1/CD8 1.952 (1.335–2.852) 13.642 0.001 1.804 (1.155–2.816) 0.009

Disease-free survival
Sex 1.82 (1.01–3.288) 4.094 0.046 0.689 (0.314–1.511) 0.352
Age 0.935 (0.894–0.978) 8.542 0.03 0.998 (0.941–1.058) 0.948
Smoking 0.852 (0.555–1.306) 0.541 0.462
Histotype 0.287 (0.159–0.518) 19.235 <0.001 0.584 (0.272–1.254) 0.168
Grading 0.788 (0.448–1.386) 0.689 0.408
Staging 1.177 (0.973–1.424) 2.827 0.094
N status 1.524 (1.057–2.195) 5.229 0.024 1.464 (0.990–2.165) 0.056
PD-L1
QIF 1.00 (1.00–1.00) 2.849 0.094
H-score 0.996 (0.990–1.002) 1.923 0.166

CD3 1.00 (1.00–1,00) 0.880 0.350
CD8 0.997 (0.993–1.001) 2.534 0.112
CD8/CD3 0.954 (0.925–0.983) 9.471 0.002 0.966 (0.932–1.001) 0.055
PD-1 0.999 (0.989–1.008) 0.055 0.815
PD-1/CD3 0.122 (0.003–4.741) 0.878 0.260
PD-1/CD8 1.537 (1.124–2.102) 7.717 0.007 1.236 (0.890–1.716) 0.207

NOTE: Sex (male¼ 0, female¼ 1), smoking status (0¼ history negative for smoking, 1¼ history positive for smoking), and histotype (SCC¼ 0, ADC¼ 1). Continue
variables: age, grading, staging, N status, PD-L1 expression, CD3, CD8, CD8-to-CD3, PD-1, PD-1-to-CD3, and PD-1-to-CD8. Statistical results with P < 0.05 are bolded.
aUnivariate analysis is carried out without any adjustment.
bIn addition to clinically relevant variables, multivariate analysis is carried out on statistically significant parameters obtained from the univariate model.
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Figure 3.

A,Double immunofluorescence staining for CD3 (green) and CD8 (red) in a section fromNSCLC. Yellowish fluorescence corresponds to the co-expression of the two
antigens. B, Confocal images of double immunolabeling for the detection of PD-1 (green) and CD8pos (red) lymphocytes in a cluster of TILs surrounding and
infiltrating "bona fide" neoplastic cells (�). Arrowheads point to PD-1pos CD8pos TILs documented by bright fluorescence, whereas arrows indicate lymphocytes
labeled by PD-1 only. Scale bars:A, 20 mm; B, 30 mm. C–F, Kaplan–Meier survival curves illustrating the prognostic effect on OS of CD8-to-CD3 (C), PD-1-to-CD8 (D),
nodal involvement (E), and its combination with PD-1-to-CD8 (F) in surgically resected NSCLC cases. Number at risk is reported at the bottom of each curve.
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Figure 4.

Serial sections from an ADC patient treated with nivolumab belonging to the clinical benefit group, documenting in the same microscopic field CD8 (A) and PD-1 (C)
labeled lymphocytes infiltrating neoplastic structures showing strong PD-L1 expression (B). PD-L1 staining is also present within the stromal tissue. Scale bars, 100 mm.
D, Bar graph documenting the percent distribution of NSCLC patients treated with nivolumab, among the clinical benefit group (white) and nonresponders (gray),
according todifferentparametersof the immunemicroenvironment.E–H,Kaplan–Meier curvesshowing thepredictiveeffectofPD-1-to-CD8(D,F) andCD8-to-CD3 (E,G)
on DFS (D, E) and OS (F, G), respectively, in advanced NSCLC treated with immunotherapy. Number at risk is reported at the bottom of each curve.
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In order to prospectively evaluate the prognostic impact of
different subpopulations of TILs and PD-L1 expression, we
performed a retrospective systematic tissue analysis on a
well-defined cohort of 100 stage I to IIIa NSCLC patients
undergoing primary tumor resection without previous neoad-
juvant therapy and 26 advanced NSCLC patients treated with
nivolumab.

Although the original aim of our study was not to deliver a
novel translatable biomarker, the simultaneous assessment of the
prominent actors of NSCLC immune editing, surveillance, and
escape allowed us to identify immune tissue contexts with dif-
ferential impact on clinical outcome. Specifically, we documented
that the reservoir of an efficient population of cytotoxic cells
lacking PD-1 receptor is a potential independent prognostic and
predictive variable in NSCLC. Thus, low PD-1-to-CD8 ratio
resulted in longer OS and DFS in resected patients as was able
to predict tumor response to nivolumab. These findings are in
agreement with the expected positive clinical impact of a locally
active TIL population tackling on cancer growth and progression.
Interestingly, our data are in accordance with the recent identi-
fication in human and experimental NSCLC (40), and in mela-
noma patients (41) of a tissue and circulating subpopulation of
exhausted lymphocytes that can be rescued by anti–PD-1-targeted
drugs. These CD8pos cells expressing the costimulatory molecule
CD28 undergo active replication (Ki67pos) following anti–PD-1
blockade. Intriguingly, the immunophenotype of these cells also
involves PD-1, pointing to the dual activating and inhibitory
function of the receptor (40). Importantly, the presence of a
similar lymphocyte subpopulation within the neoplastic tissue
was documented in NSCLC and melanoma patients by immu-
nophenotyping (41) and clonal analysis of T-cell receptor (TCR)
repertoire (42), respectively. Our immunohistochemical
approach makes it difficult to dissect whether PD-1 carrying
lymphocytes predominantly undergo anergy or shift toward an
activating pathway. However, based on our multiparametric
clinicopathologic correlation, it is likely that PD-1 expressing TILs
were mostly directed to a PD-L1–mediated inhibitory fate. Over-
all, these findings underline the need to define which subpopu-
lation of TILs expresses PD-1 and whether and to which extent
PD-1 expression reflects activation or inhibition. Finally, we are
encouraged to support PD-1-to-CD8 ratio as a potential biomark-
er by the first approved clinical trial applying the CRISPRcas
technology in lung cancer, in which PD-1 inhibitory receptor has
been genetically disrupted in adoptive cell transfer (43).

In addition, specific subpopulations of TILs strongly correlated
with clinicopathologic parameters. Thus, T1 tumors had high
CD8 and low PD-1 content and N0 cases were characterized by
low number of tissue PD-1pos cells. Taken together, an inverse
correlation between the number of PD- 1pos TILs and NSCLC
clinical staging was observed (Supplementary Fig. S3). In our
cohort of patients, the mutational status, including EGFR and
KRASmutation, had an impact on TILs. Specifically, EGFRmuta-
tion appeared to condition a significant reduction in CD8pos and
PD-1pos cells and a different tissue distribution of PD-1pos lym-
phocytes resulting in lower intratumor density comparedwithWT
cases. In agreement with the literature (44), we documented a
reduction in the numerical incidence of TILs carrying PD-1 recep-
tor in patients with KRAS mutation compared with WT. The lack
ofALK rearrangement in our patient population does not allow to
discuss potential correlations with the immunophenotypic
changes of TILs.

Our data are in line with the general view that high PD-L1
expression conditions a better outcome in NSCLC (18). In this
regard, although PD-L1 did not possess a strong statistical power
as an individual prognostic factor on univariate analysis, higher
levels of expression were associated with prolonged OS and DFS.
Moreover, a significant correlation between high PD-L1 tumor
content and low N status was documented in our cohort of
patients.

A great inter- and intrapatient variability of PD-L1 levels was
confirmed by our immunohistochemical analysis, suggesting the
involvement of several factors in shaping the expression of this
protein. Inflammatory (45) and genetic (23, 24) backgrounds are
known to condition tumorPD-L1 expression. In this regard, inour
NSCLC samples, higher levels of PD-L1 were detected in the
presence of an active cytotoxic TILs population as documented
by a predominant CD8 phenotype (Supplementary Fig. S2).
These cells are likely responsible for IFNg secretion, the most
powerful PD-L1 stimulating factor (45). Secondly, KRAS muta-
tion was associated with a reduced expression of PD-L1, as
previously documented (44), while, at variance with the literature
(26, 46), EGFR mutation did not statistically impact on this
parameter. It has been extensively reported that tumors with a
greater mutational load could generatemore neoantigens leading
to a larger repertoire of tumor-specific T cells (41). However,
epigenetic mechanisms leading to elevated expression of non-
mutated self-antigens could confer high tumor antigenicity
despite a low number of mutations (4). Accordingly, recent
experimental observations and ongoing clinical trials have been
addressed todeterminewhether the combinationof two ICI or the
association of ICI with chemotherapy or vaccination (47, 48) are
able to induce a specific reinvigoration of T CD8pos lymphocytes.
Finally, we observed morphologically recognizable neoplastic
areas showing low or absent epithelial markers in the presence
of high level of PD-L1 expression (Fig. 1E and G). These findings
suggest additional roles of PD-L1 in tumor biology, including
epithelial to mesenchymal transition (EMT; ref. 49).

The present investigation highlights the notion that ADC
and SCC have a different biologic and tissue background
(28, 50), including the immune context. In this regard, we
documented that 36% of SCC samples displayed type III
intrinsic induction, while in ADC the proportion of type IV
and II was consistently higher (32% and 36%, respectively).
Additionally, ADC displayed a lower expression of PD-L1
while, in line with other observations (26), the microenviron-
ment seemed to be more chemoattractive for the overall
population of T lymphocytes than in SCC. Accordingly, the
clinical outcome of our cohort of surgically resected patients
consistently varied between the two histotypes in terms of DFS
that was considerably higher in SCC compared with ADC (28
months vs. 13 months, P < 0.001).

Some limitations of our study have to be acknowledged. First,
the early stage of the disease of our patient population may
restrain the wide application of our findings to the prevalent
cohort of unresectable and more advanced NSCLC. Although the
overall number of cases studied is relatively limited, potentially
attenuating our conclusive remarks, patients had an adequate
followup (60months) since only 10%were collected in 2015.We
have to point out that the lack of functional test and an incom-
plete analysis of other relevant immune cells, as tumor associated
macrophages and dendritic cells, may reduce the claim of fully
defined immune contexts.
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Thus, our efforts are presently addressed to extend the func-
tional characterization of the tumor microenvironment and the
role ofmyeloid derived suppressors cells (MDSC)whose analysis,
conversely, represents a challenge due to their complex pheno-
type. Additionally, to strengthen the predictive value of our
proposed biomarker, further analysis in a larger population of
patients treated with ICI is required.

As a final consideration, we believe that an accurate patholog-
ical evaluation is still a fundamental tool to interpret molecular,
cellular and tissue analysis of the immune reaction against tumor.
Therefore, an extended and integrated approach as described here
to define multiple variables contributing to cancer microenviron-
ment is necessary in the current stage of our understanding of PD-
1/PD-L1 immune checkpoint and its therapeutic targeting.

In the context of PD-L1 activation, a high fraction of cytotoxic
CD8 lymphocytes lacking the inhibitory receptor PD-1 is a
potential positive prognostic and predictive factor in NSCLC.
Importantly, this population of effector cells can be fostered by
PD-1 targeting drugs. Our study also raises the question whether
the current indications for ICI treatment may be expanded,
opening the possibility to include earlier stages of the disease.
Indeed, neoadjuvant and adjuvant ICI trials are undergoing with
the expectation that precocious interventions may restore an
active surveillance against cancer, preventing the natural switch
of NSCLC immune microenvironment to a silent unfavorable
fate.
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