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ABSTRACT

Recent success of using agents inhibiting the major immune check point,
programmed cell death-1 (PD-1) pathway, offers a great promise for effective
cancer therapy. Two blocking antibodies for PD-1, nivolumab and pembrolizumab
have recently been approved for treating advanced recurrent non-small cell lung
cancer (NSCLC). Activation of PD-1 on T cells and PD-L1 on tumor cells or antigen
presenting cells leads to T cell exhaustion and ultimately tumor growth. In this study,
we performed flow cytometry analysis of peripheral blood samples collected from
patients with advanced NSCLC at initial diagnosis. We report that surface expression
of PD-1 on CD4+ T cells has a prognostic value in NSCLC patients, as high expression
of PD-1 is associated with a shorter progression-free survival and overall survival.
Importantly, we also found that high PD-1 expression on peripheral CD4+ T cells
is associated with inferior clinical response in a subset of patients who received
anti-PD-L1 treatment, indicating a potential predictive value of this marker. This
work highlights the potential of a non-invasive and effective method to determine
prognostic and predictive biomarkers for inhibiting the PD-1 pathway in NSCLC
patients.

INTRODUCTION

Lung cancer remains the leading cause of cancer-
related death in the United States, with approximately
160,000 deaths every year. The majority of these
patients have non-small cell lung cancer (NSCLC). The
prognosis for metastatic NSCLC is generally poor with
the overall five-year survival of < 5% [1]. Platinum-
based chemotherapy has been the standard treatment
for advanced NSCLC in addition to targeting patient-
specific tumor driving mutations (i.e. EGFR) [2, 3]. These
therapies, however, are limited by significant toxicities and
development of resistance. Furthermore, only a fraction
of these patients have targetable mutations in their tumor.

The recent success with using reagents targeting
negative regulators of the immune checkpoint proteins
PD-1/PD-L1 offers great promise for effective cancer

therapy [4, 5, 6, 7, 8, 9]. Programmed cell death-1 (PD-
1) pathway is a major immune checkpoint [10]. The
interactions between PD-1 on T cells and PD ligand-1
(PD-L1) on tumor cells or antigen presenting cells
(APCs) mutes T cell activation and T-cell-mediated tumor
cell killing [11, 12, 13, 14]. Agents blocking the PD-1
pathway, nivolumab and pembrolizumab, have recently
been approved by the FDA for treating several solid
tumors including advanced NSCLC. Antibodies blocking
PD-L1 have also demonstrated clinical efficacy in patients
with NSCLC [15].

It is important to identify prognostic and predictive
biomarkers associated with PD-1 pathway inhibitors to
guide clinical decisions. Much attention has been focused
on testing PD-1 or PD-L1 expression in tumor tissues,
which is challenging due to the difficulties in obtaining
tissue samples and the lack of consensus among the

www.impactjournals.com/oncotarget

56233

Oncotarget



available antibodies for immunohistochemistry staining
[16, 17, 18, 19]. Here we analyzed blood samples
collected from a cohort of 42 patients with advanced stage
NSCLC. We utilized flow cytometry to evaluate peripheral
expression of PD-1 and further dissect their prognostic and
predictive value in NSCLC.

RESULTS

PD-1 is elevated on CD4" T cells in peripheral
blood of patients with NSCLC

We assessed PBMCs from 42 NSCLC patients at
initial diagnosis for PD-1 expression on both CD4* and
CD8" T cells. PBMCs from 25 healthy donors (HD)
were tested as controls. All 42 patients evaluated in our
study were diagnosed with advanced stage (stage IIIB
or IV) NSCLC (Table 1). As shown in Figure 1A-1B,
the frequency of PD-1" cells among CD4" T cells from
NSCLC patients was significantly higher than those
from HD (mean frequency 13.3%+1.1% vs. 8.8%=+0.7%,
P=0.0045). In contrast, expression of PD-1 on CD8" T
cells was comparable between NSCLC patients and HD.
The data suggest that CD4", and not CD8", T cells play
a pivotal role in PD-1-dependent immune tolerance in
NSCLC patients.

Tumor burden is independent of PD-1" T cells
from peripheral blood in patients with NSCLC

We next assessed the correlation of PD-1 expression
with clinical characteristics of NSCLC patients. Greater
tumor burden is considered a negative impact on cancer
prognosis. We analyzed the correlation between PD-1
expression on peripheral T cells and tumor size in our
patients with NSCLC. There was no significant correlation
between PD-1 expression on CD8+ T cells and tumor
burden (Figure 2B, P=0.450). There was a positive
correlation among patients with higher PD-1 expression
on CD4" T cells and the presence of smaller tumor burden,
but this did not reach statistical significance: (Figure 2A,
P=0.861). Consistently, no correlation was found between
the PD-1 expression on peripheral blood T cells and the
stage of NSCLC patients (data not shown).

Expression of PD-1 on T cells from peripheral
blood does not correlate with PD-L1 expression
on tumor tissues in patients with NSCLC

Although controversial, a large number of studies
have demonstrated that PD-L1 expression on tumor
tissues predicts clinical response to inhibitors of the PD-1
pathway. Among 42 NSCLC patients evaluated in our
study, 19 patients were tested for PD-L1 expression by
immunohistochemistry (IHC) in their tumor tissues. We
further assessed whether the level of PD-1 expression on

peripheral blood T cells associates with PD-L1 in tumor
tissues. As shown is Figure 3, the percentage of PD-1
expression on T cells is comparable between PD-L1- and
PD-L1* population. This occurs in both CD4" and CD8"
T cells. Thus, the expression of PD-1 on T cells from
peripheral blood does not associate with PD-L1 expression
on tumor tissues in patients with advanced NSCLC.

High expression of PD-1 on CD4" T cells at initial
diagnosis associates with poor clinical outcome
in NSCLC

Based on the level of PD-1 expression on CD4"
T cells, we defined high-PD-1 (PD-1>12.27%) vs. low-
PD-1 (PD-1<12.27%) subgroups in NSCLC patients.
The mean value (12.27%) of PD-1 expression on CD4" T
cells of the 42 NSCLC patients was the cutoff. Seventeen
patients are classified in the high-PD-1 group and 25 in
the low-PD-1 group. We analyzed clinical characteristics
and found no significant difference between the two
groups in terms of age, gender, histology, stage, smoking
history, and treatments (chemotherapy, targeted-therapy or
immunotherapy). We next investigated PD-1 expression
on clinical outcome. We found a significantly lower rate
of both overall survival (OS) and progression free survival
(PFS) in the high-PD-1 group compared with the low-
PD-1 group (median OS: 397 days vs. 721 days, P=0.028,
Figure 4A; median PFS: 88 days vs. 391 days, P=0.044,
Figure 4B). Consistent with this finding, elevated PD-1
expression on CD4" T cells was observed in patients with
early progression of disease, compared with patients who
had partial response and stable disease (Figure 5). These
data demonstrate that PD-1 expression on peripheral
CD4" T cells is associated with worse clinical outcomes
in NSCLC, independent of age, stage, and histology
type. In addition, the same analyses were performed for
CDS8" T cells and no correlation between PD-1 expression
on peripheral CD8" T cells and clinical outcomes was
observed (Figure 4C—4D, Figure 5B).

High expression of PD-1 on CD4" T cells at initial
diagnosis associates with poor clinical outcome
after anti-PD-L1 treatment

Six patient tumors were found to be PD-LI1
positive by immunohistochemistry. Five of these
patients were treated with a PD-L1 inhibitor while one
patient received chemotherapy. We further dissected
the association of PD-1 expression on CD4" T cells
from peripheral blood to clinical outcome. Among the
three patients who had low PD-1 expression at initial
diagnosis, two had stable disease; one had disease
progression at day 264. All three are alive at the last
follow-up (day 645, 539, and 461 respectively).
In contrast, all three patients who had high PD-1
expression had disease progression (at day 52, 43, and
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Table 1: Characteristics of 42 advanced non-small cell lung cancer patients

CD4+ PD-1 % high CD4+ PD-1 % low P values Statistical Test
Age (years) Median 65 Median 62 0.371 Mann_Whitney U
Gender
Male 5 14 0.337 Fisher’s
Female 10 13 0.337 Fisher’s
Stage
1B 2 2 0.608 Fisher’s
v 13 25 0.608 Fisher’s
Histology
Adenocarcinoma 13 20 0.451 Fisher’s
SCC 2 7 0.451 Fisher’s
Smoking status
Smoker 11 24 0.225 Fisher’s
Non-smoker 4 3 0.225 Fisher’s
Treatments
Chemotherapy 11 16 0.569 Fisher’s
Immunotherapy 2 3 0.569 Fisher’s
Targeted therapy 2 8 0.569 Fisher’s
Total 15 27
A
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1 1 V g 15 A *
é é 10 A
E 4 59
e S e 0 4
PD-1 Nommal PBMC  NSCLC
(0=25) (0=42)
B.
20

Normal PBMC NSCLC

ot
n
1

CDS8
I'
PD-1+ (%)
IS

i
L

i
]
i
]

Normal PBMC ~ NSCLC
(0=25) (0=42)

Figure 1: PD-1 expression in CD4+ T cells is higher in NSCLC patients than ones in normal donors. 1 million of PBMC
from patients or normal donors were used for quantification of PD-1+% in CD3+CD4+ or CD3+CD8+ T cells by flow cytometry. Statistical
significance was determined by a Student t test (*, p<0.05).
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120 respectively), two of whom had died at day 268
and 466 (Table 2). Although our conclusion is limited
due to the small sample size, we see a trend that high
PD-1 expression on CD4"* T cells from peripheral blood
associates with poor clinical outcome after treatment
with anti-PD-L1 antibody, indicating a potential value
of this marker in prediction of response to PD-1 pathway
inhibitors.
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DISCUSSION

In this study, we evaluated the phenotype of
peripheral blood T cells collected from NSCLC patients
and determined the correlation between PD-1 expression
on T cell of peripheral blood with clinical outcome. The
three most important findings are: 1) PD-1 expression
on CD4" T cells is significantly elevated in patients with
NSCLC at initial diagnosis, compared with those of
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Figure 2: No Correlation between tumor burden and PD-1 expression in CD4+ or CD8+ T cells in 42 patients with
advanced NSCLC. A least-squares linear fit is shown as a thick black line. Statistical significance was determined by a Pearson

Correlation (p>0.05).
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Figure 3: No correlation between PD-L1 expression in lung cancer tissues and PD-1 expression in CD4+ or CD8+T
cells from patients with advanced NSCLC. Statistical significance was determined by a Student t test (p>0.05).
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Figure 4: High expression of PD-1 on CD4+ T cells at initial diagnosis associated with poor clinical outcome in advanced
NSCLC patients. Kaplan-Meier curves of 42 patients with advanced NSCLC segregated into 2 groups A, B. according to the median
value of PD-1+ CD4+% cells (with 12.27% as a threshold). PD-1+% CD4+ cells >12.27% was defined as PD-1+% high while <12.27%
as PD-1+% low. Likewise, these 42 patients were also segregated into 2 groups C, D. according to the median value of PD-1+ CD8+%
cells (with 11.75% as a threshold). PD-1+% CD8+ cells >11.75% was defined as PD-1+% high while <11.75% as PD-1+% low. Statistical

significance was determined by a Log-rank (Mantel-Cox) Test.
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Figure 5: Elevated PD-1 expression on CD4+ T cells was correlated with disease progression. 1 million of PBMC from
patients with progressed disease (PD) or stable disease (SD) or partial response (PR) were used for quantification of PD-1+% in CD3+CD4+
or CD3+CD8+ T cells by flow cytometry. Statistical significance was determined by a Student t test (*, p<0.05).
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Table 2: Characteristics of 6 advanced NSCLC patients with positive PDL-1

Patient # Patient #1 Patient #2 Patient #3 Patient #4 Patient #5 Patient #6
age 66 67 65 77 55 57
gender female female female female female female
histology ACA ACA SCC ACA ACA ACA
sStr;(l)llsmg smoker smoker smoker Non-smoker Non-smoker smoker
_10
EDD41+A’ 6.12 12.18 9.99 25.89 15.73 25.53
. . 264 days with 43 days died 120 days with 52 days died

last 645 days with 539 days with . .
follow-u stable disease stable disease progressed with progressed progressed with progressed

P disecase disecase disease disecase

Note: ACA is abbreviation for adenocarcinoma, SCC is abbreviation for squamous cell carcinoma.

healthy donors. 2) High expression of PD-1 on CD4" T
cells is strongly associated with poor clinical outcome
manifested by significant shorter OS and PFS in patient
with NSCLC and this is prognostic. 3) PD-1 expression
on CD4" T cells has potential predictive value in NSCLC
as high PD-1 expression associates with worse clinical
outcome after anti-PD-L1 treatment.

Recent success at targeting immune inhibitory
pathways has brought great deal of excitement in the
field of cancer therapy. PD-1 is a key receptor expressed
on T cells that can mediate immunosuppression by
interacting with its ligands PD-L1 and PD-L2 on tumor
or antigen presenting cells [21, 22]. Inhibiting PD-1
pathway can enhance anti-tumor activity of cytotoxic T
cells. Two blocking antibodies to PD-1, nivolumab and
pembrolizumab, have recently been approved by FDA
for treating advanced solid tumors including NSCLC.
Overall response rate of approximately 20% was achieved
in patients with refractory NSCLC [23, 24]. It is important
to determine the prognostic and predictive biomarkers that
identify patients with high risk of disease progression and
patients who will respond to PD-1 inhibitors.

Our finding of high expression of PD-1 on CD4"
T cells associates with poor clinical outcome has
significant clinical implications as it provides a potential
prognostic biomarker for patients with NSCLC. It has
been challenging to determine the prognostic value
of molecules involved in PD-1 pathway such as PD-
L1 and PD-1. Previously published reports have been
controversial with some showing a poor prognostic value
and others with good or no prognostic significance [16,
17, 18, 19, 25, 26]. The majority of the studies were
performed in tumor tissues so that the PD-L1 expression
on tumor cells and PD-1 expression on tumors infiltrated
by lymphocytes were tested. The challenge is largely due
to the small cohorts, limited tissue samples available, and
lack of validated experimental methods to quantify the
PD-1 or PD-L1 expression in tissues.

In our study, we used peripheral blood samples
from patients with NSCLC to demonstrate a negative
prognostic value of PD-1 in this population, i.e. high
expression of PD-1 associates with poor PFS and OS. It
is speculated that high-PD-1 expression in T cells results
in immunosuppressed state and less functional for anti-
tumor response leading to tumor progression and poor
overall clinical outcome. Importantly, we bypassed the
need for invasive tissue biopsy, which leads to treatment
delays along with a potential risk of complications. Flow
cytometry is a defined and well-quantitative method to
determine the level of PD-1 expression on blood cells as
PD-1 antibodies used in this test has been validated and
widely used. Our study provided a highly feasible and
effective clinical method to determine the prognosis of
patients with NSCLC.

Considerable effort has been placed to identify the
predictive biomarker for clinical response to PD-1 pathway
treatment. The majority of the studies demonstrated a
strong predictive association between tumor surface
expressions of PD-L1 and response/outcome. However, it
is worthwhile to note that a small portion of patients who
are PD-L1 negative do respond to anti-PD-1/anti PD-L1
treatment. In addition, although promising and durable
responses were achieved in some patients, others failed
to show evidence of activity. In the phase I clinical study
testing the safety and efficacy of anit-PD-L1 antibody
in patients with advanced cancer, 10% (5/49) objective
response and 24% (12/49) stable disease were reported
[15]. To identify patients who might benefit from those
treatments will be of great clinical impact. In our study, we
analyzed PD-1 expression on T cells from peripheral blood
of patients receiving anti-PD-L1 treatment. All patients
were tested positive for PD-L1. We observed poor clinical
outcome in patients with high PD-1 expression at initial
diagnosis. This has a significant impact on data providing
a potential predictive biomarker for NSCLC patients
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receiving PD-1/PD-L1 targeted treatment. It should be
noted that our data is limited by a small sample size.

In summary, our study demonstrates a prognostic
value of PD-1 expression on CD4" T cells from peripheral
blood of patients with NSCLC. High PD-1 expression
associates with poor clinical outcome. In addition, testing
peripheral PD-1 expression has the potential to predict
clinical response to treatment of blocking the PD-1/PD-
L1 pathway.

MATERIALS AND METHODS

Patients

All 42 patients met the clinical radiological and
histological criteria for advanced stage (stage I1IB or IV)
NSCLC (Table 1). The patients’ age ranged from 47 to
82 years old (median 64 years old). There were 19 males
and 23 females. Peripheral blood specimens from these
patients were obtained, and informed consents were
signed for sample collection according to a protocol
approved by the Institutional Review Board of Penn State
Hershey College of Medicine. Buffy coats from 25 age-
and gender-matched normal donors were also obtained
from the blood bank of Milton S. Hershey Medicine
Center at the College of Medicine. PBMC were isolated
by Ficoll-Hypaque gradient separation as described
previously [20]. Cell viability was determined by trypan
blue exclusion assay with more than 95% viability in all
the samples.

Immunofluorescence staining and flow
cytometric analysis

One million PBMCs from patients or normal
donors were used to quantify PD-1+% in CD3+CD4+
or CD3+CD8+ T cells by flow cytometry. The following
antibodies were used for immunofluorescence staining:
PerCP-Cy5.5 conjugated mouse anti-human CD3 (BD
Pharmingen, Cat: 560835), FITC conjugated mouse
anti-human CD4 (BioLegend, Cat: 317408), APC-Cy7
conjugated mouse anti-human CD8 (BioLegend, Cat:
344714) and PE conjugated mouse anti-human PD-1
(BioLegend, Cat: 329906).

Statistical analysis

Differences among two groups were statistically
analyzed using a two-tailed Student's t test. The Kaplan—
Meier survival curves were plotted to evaluate progression
free survival (PFS) or overall survival (OS); log-rank
(Mantel-Cox) test was used to analyze the statistic
difference between the PD-1+% low vs. PD-1+% high
patients. Correlation of PD-1 expressed T cells and
tumor burden, which was measured following Recist 1.1
guideline, was assessed by Pearson Correlation analysis.
A statistically significant difference was reported with p

indicated where applicable. Data are reported as the mean
+ SE from at least three separate experiments.

ACKNOWLEDGMENTS

We thank Nate Sheaffer and Joseph Bednarzyk from
the Penn State Hershey Flow Cytometry Core Facility for
assistance with flow cytometry analysis and cell sorting.

CONFLICTS OF INTEREST

The authors report no conflicts of interest.

GRANT SUPPORT

None

REFERENCES

1. http://seer.cancer.gov/statfacts/html/lungb.html.

2. Bareschino MA, Schettino C, Rossi A, Maione P, Sacco
PC, Zeppa R and Gridelli C. Treatment of advanced non
small cell lung cancer. J Thorac Dis. 2011; 3:122-133.

3. Schettino C, Bareschino MA, Sacco PC, Maione P, Rossi
A, Casaluce F, Sgambato A and Gridelli C. New molecular
targets in the treatment of NSCLC. Curr Pharm Des. 2013;
19:5333-5343.

4. Hodi FS, O'Day SJ, McDermott DF, Weber RW, Sosman
JA, Haanen JB, Gonzalez R, Robert C, Schadendorf D,
Hassel JC, Akerley W, van den Eertwegh AJ, Lutzky J,
Lorigan P, Vaubel JM, Linette GP, et al. Improved survival
with ipilimumab in patients with metastatic melanoma. N
Engl J Med. 2010; 363:711-723.

5. Topalian SL, Hodi FS, Brahmer JR, Gettinger SN, Smith
DC, McDermott DF, Powderly JD, Carvajal RD, Sosman
JA, Atkins MB, Leming PD, Spigel DR, Antonia SJ, Horn
L, Drake CG, Pardoll DM, et al. Safety, activity, and
immune correlates of anti-PD-1 antibody in cancer. N Engl
J Med. 2012; 366:2443-2454.

6. Wolchok JD, Kluger H, Callahan MK, Postow MA,
Rizvi NA, Lesokhin AM, Segal NH, Ariyan CE, Gordon
RA, Reed K, Burke MM, Caldwell A, Kronenberg SA,
Agunwamba BU, Zhang X, Lowy I, et al. Nivolumab plus
ipilimumab in advanced melanoma. The New England
journal of medicine. 2013; 369:122-133.

7. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey
CL, Lao CD, Schadendorf D, Dummer R, Smyliec M,
Rutkowski P, Ferrucci PF, Hill A, Wagstaff J, Carlino
MS, Haanen JB, Maio M, et al. Combined Nivolumab and
Ipilimumab or Monotherapy in Untreated Melanoma. N
Engl J Med. 2015; 373:23-34.

8. Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M,
Ready NE, Chow LQ, Vokes EE, Felip E, Holgado E,
Barlesi F, Kohlhaufl M, Arrieta O, Burgio MA, Fayette J,
Lena H, et al. Nivolumab versus Docetaxel in Advanced

www.impactjournals.com/oncotarget

56239

Oncotarget



10.

11.

12.

13.

15.

16.

Nonsquamous Non-Small-Cell Lung Cancer. N Engl J Med.
2015.

Powles T, Eder JP, Fine GD, Braiteh FS, Loriot Y, Cruz
C, Bellmunt J, Burris HA, Petrylak DP, Teng SL, Shen
X, Boyd Z, Hegde PS, Chen DS and Vogelzang NJ.
MPDL3280A (anti-PD-L1) treatment leads to clinical
activity in metastatic bladder cancer. Nature. 2014;
515:558-562.

Chen L and Han X. Anti-PD-1/PD-L1 therapy of human
cancer: past, present, and future.The Journal of clinical
investigation. 2015; 125:3384-3391.

Dong H, Strome SE, Salomao DR, Tamura H, Hirano F,
Flies DB, Roche PC, Lu J, Zhu G, Tamada K, Lennon VA,
Celis E and Chen L. Tumor-associated B7-H1 promotes
T-cell apoptosis: a potential mechanism of immune evasion.
Nature medicine. 2002; 8:793-800.

Dong H, Zhu G, Tamada K and Chen L. B7-H1, a third
member of the B7 family, co-stimulates T-cell proliferation
and interleukin-10 secretion. Nature medicine. 1999;
5:1365-1369.

Freeman GJ, Long AJ, Iwai Y, Bourque K, Chernova
T, Nishimura H, Fitz LJ, Malenkovich N, Okazaki T,
Byrne MC, Horton HF, Fouser L, Carter L, Ling V,
Bowman MR, Carreno BM, et al. Engagement of the PD-1
immunoinhibitory receptor by a novel B7 family member
leads to negative regulation of lymphocyte activation. The
Journal of experimental medicine. 2000; 192:1027-1034.
Topalian SL, Drake CG and Pardoll DM. Targeting the
PD-1/B7-H1(PD-L1) pathway to activate anti-tumor
immunity. Current opinion in
24:207-212.

Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL,
Hwu P, Drake CG, Camacho LH, Kauh J, Odunsi K, Pitot
HC, Hamid O, Bhatia S, Martins R, Eaton K, Chen S, et al.
Safety and activity of anti-PD-L1 antibody in patients with
advanced cancer. N Engl J Med. 2012; 366:2455-2465.
Boland JM, Kwon ED, Harrington SM, Wampfler JA,
Tang H, Yang P and Aubry MC. Tumor B7-H1 and B7-H3
expression in squamous cell carcinoma of the lung. Clinical
lung cancer. 2013; 14:157-163.

Chen YB, Mu CY and Huang JA. Clinical significance
of programmed death-1 ligand-1 expression in patients

immunology. 2012;

with non-small cell lung cancer: a 5-year-follow-up study.
Tumori. 2012; 98:751-755.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Mu CY, Huang JA, Chen Y, Chen C and Zhang XG. High
expression of PD-L1 in lung cancer may contribute to
poor prognosis and tumor cells immune escape through
suppressing tumor infiltrating dendritic cells maturation.
Medical oncology (Northwood, London, England). 2011;
28:682-688.

Velcheti V, Schalper KA, Carvajal DE, Anagnostou VK,
Syrigos KN, Sznol M, Herbst RS, Gettinger SN, Chen L and
Rimm DL. Programmed death ligand-1 expression in non-
small cell lung cancer. Laboratory investigation; a journal
of technical methods and pathology. 2014; 94:107-116.

Sznol M and Chen L. Antagonist antibodies to PD-1 and
B7-HI1 (PD-L1) in the treatment of advanced human cancer.
Clinical cancer research. 2013; 19:1021-1034.

Chen L and Flies DB. Molecular mechanisms of T
cell co-stimulation and co-inhibition. Nature reviews
Immunology. 2013; 13:227-242.

Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M,
Ready NE, Chow LQ, Vokes EE, Felip E, Holgado E,
Barlesi F, Kohlhaufl M, Arrieta O, Burgio MA, Fayette J,
Lena H, et al. Nivolumab versus Docetaxel in Advanced
Nonsquamous Non-Small-Cell Lung Cancer. The New
England journal of medicine. 2015; 373:1627-1639.

Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian
AS, Eder JP, Patnaik A, Aggarwal C, Gubens M, Horn
L, Carcereny E, Ahn MJ, Felip E, Lee JS, Hellmann
MD, Hamid O, et al. Pembrolizumab for the treatment of
non-small-cell lung cancer. The New England journal of
medicine. 2015; 372:2018-2028.

Konishi J, Yamazaki K, Azuma M, Kinoshita I, Dosaka-
Akita H and Nishimura M. B7-H1 expression on non-small
cell lung cancer cells and its relationship with tumor-
infiltrating lymphocytes and their PD-1 expression. Clinical
cancer research. 2004; 10:5094-5100.

Thompson RH, Kuntz SM, Leibovich BC, Dong H,
Lohse CM, Webster WS, Sengupta S, Frank I, Parker AS,
Zincke H, Blute ML, Sebo TJ, Cheville JC and Kwon ED.
Tumor B7-HI is associated with poor prognosis in renal
cell carcinoma patients with long-term follow-up. Cancer
research. 2006; 66:3381-3385.

Lamy T, Liu JH, Landowski TH, Dalton WS and Loughran
TP, Jr. Dysregulation of CD95/CD95 ligand-apoptotic
pathway in CD3(+) large granular lymphocyte leukemia.
Blood. 1998; 92:4771-4777.

www.impactjournals.com/oncotarget

56240

Oncotarget



