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Anticancer drugs induce cell-cycle arrest and apoptosis not only in tumor cells, but also in immune cells.
However, many preclinical and clinical findings show that some chemotherapeutic agents can improve the anti-
tumor efficacy of immunotherapy. We immunohistochemically analyzed the degree of immune cell infiltration
and the relevance of programmed cell death 1 ligand-1 (PD-L1) expression in surgically resected oral squamous
cell carcinoma (OSCC) specimens from patients who had undergone pretreatment with certain chemotherapies
and other patients without pretreatment. We divided the patients into the group of neoadjuvant chemotherapy
(NAC) patients (n=8) and the nNAC (without NAC) patient group (n=10). We observed that NAC induced
infiltrations of CD4, CD8 T cells and CD56 NK cells into the tumor microenvironment. Decreased numbers of
Tregs and PD-1-positive cells were observed in the NAC group. No significant difference was observed in the
degree of immune-cell infiltration between the patient groups except for CD56 NK cells in the stroma and PD-1
cells in cancer nests. Eighty percent of the nNAC specimens showed intermediate-to-strong PD-L1 protein
expression, whereas 75% of the NAC specimens showed down-regulation of the PD-L1 protein, indicating the
effectiveness of the chemotherapeutic treatment before surgery.
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O ral squamous cell carcinoma (OSCC) is one of
the top 10 most common malignancies world-
wide [1]. Despite some progress in diagnostics and

ment and progression, and recent cancer immunother-
apies have focused on immunoregulatory molecules in
the tumor microenvironment, including immune

therapeutic options, the 5-year overall survival rate for
OSCC patients has stagnated at 40-50% over the last 40
years [2-5]. The low survival rates in combination with
the significant toxicities caused by the current treatment
strategies used for OSCC emphasize the need for new
treatment options. In OSCC and other cancers, the
immune system plays an important role in the develop-
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checkpoints [6].

For example, programmed cell death-1 (PD-1) is
expressed in activated T and B cells. Its major ligand
(PD-L1) is expressed in antigen presenting cells, as well
as in tumor cells. Aberrant PD-L1 expression in cancers
facilitates an escape from immune attack [7,8].
Nivolumab, an anti-PD-1 therapeutic agent, was
recently approved by the US. Food and Drug
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Administration for the treatment of various malignan-
cies, and it is currently being investigated in clinical
phase III trials for the treatment of OSCC [9-12].

The tumor microenvironment is known to influence
the curative and convalescent effects in patients who
have undergone chemotherapeutic treatment, due to the
association between the tumor microenvironment and
immune checkpoint inhibitors [13-19]. In the present
study, we retrospectively analyzed the degree of immune
cell infiltration and the relevance of PD-L1 expression
in surgically resected OSCC specimens from patients
with or without pretreatment with certain chemothera-
pies.

Materials and Methods

OSCC patients.  Eighteen patients were evaluated
in this study. Their characteristics are summarized in
Table 1. We retrospectively divided the patients into 2
groups: the NAC group (n=8) of patients who received
neoadjuvant chemotherapy of FP (3 patients), CDDP (1
patient), or S-1 (4 patients) followed by surgical resec-
tion; and the nNAC group (n=10) of patients who
underwent surgical resection without any neoadjuvant
chemotherapy. The median interval between the end of
chemotherapy and the surgical resection for 8 patients
in the NAC group was 19.6 days. The mean age at diag-
nosis was 71 years (54-85 years) in the NAC group and
65 years (32-81 years) in the nNAC group. In the NAC
group, there were 3 stage II patients, 1 stage III patient,
3 stage IVA patients, and 1 stage IVB patient. In the
nNAC group, there were 4 stage I patients, 2 stage II
patients, 2 stage III patients, and 2 stage IVA patients.

The white blood cell (WBC) counts before the surgi-
cal resection in each patient are also shown in Table 1.
Cancer tissue specimens were obtained surgically from
all of the patients at the Department of Maxillofacial

Table 1 Patient characteristics

nNAC (n=10) NAC (n=28)
Age (years) 65 (32-81) 71 (54-85) n.s.
Sex (male/female) 4/6 3/5 n.s.
o e aee 4/2/2/2/0 0/3/1/3/1  ns.
Precperative WBC 561 30-93) 460 (27-69)  ns.

(range) (X 10%/uL)

n.s.: no significant.
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Surgery at Okayama University Hospital between 2004
and 2007. Blood samples were also obtained from each
patient. Written informed consent for the analyses in
the present study was obtained from all patients. The
study was conducted in accord with the Declaration of
Helsinki regarding medical protocol and ethics. The
Ethics Commiittees of the Okayama University Graduate
School of Medicine, Dentistry and Pharmaceutical
Sciences and Okayama University Hospital approved
this study (Approval No. 1608-031).

Immunohistochemistry.  The tumor specimens
were fixed with buffered formalin and embedded in
paraffin. Sections (5 um) were placed on glass slides,
heated at 60°C for 20 min, and then deparaffinized.
The sections were treated by autoclaving for 5 min in
0.01M citrate buffer (pH 6.0) for CD56, HLA class I,
CCDC62-2, and MAGE-A antigen retrieval.

For CD4, CD8, FOXP3, CCR4, PD-1, and PD-L1
antigen retrieval, slides in 0.01M citrate buffer (pH 9.0)
were heated in a microwave for 5 min. Endogenous
peroxidase was then blocked by treatment with 0.3%
H,0, in methanol for 30 min at room temperature.
After the blocking of endogenous peroxidase, the sec-
tions were incubated overnight at 4°C with mouse
monoclonal anti-CD4 antibody (1F6, Leica Biosystems,
Nussloch, Germany), mouse monoclonal anti-CD8
antibody (C8/144B, Dako, Glostrup, Denmark),
mouse monoclonal anti-CD56 antibody (1B6, Leica
Biosystems), mouse monoclonal anti-CCR4 antibody
(POTELIGEO®TEST, Kyowa Medex, Tokyo, Japan),
mouse monoclonal anti-FOXP3 antibody (236A/E7,
Abcam, Cambridge, UK), mouse monoclonal
anti-PD-1 antibody (NAT105, Abcam), mouse mono-
clonal anti-PD-L1 antibody (27A2, MBL, Nagoya,
Japan), mouse monoclonal anti HLA class I antibody
(EMR8-5, Hokudo, Sapporo, Japan), mouse monoclo-
nal anti-MAGE-A antibody (6C1, Thermo Fisher
Scientific, Waltham, MA, USA), and mouse monoclo-
nal anti-CCDC62-2 antibody (mAb6212-1) [20,21]. A
biotin-labeled secondary antibody was used for detect-
ing the primary antibody, followed by an avidin-biotin
complex system (ABC Elite, Vector Laboratories,
Burlingame, CA). Immunohistochemical reactions
were visualized with 3,3-diaminobenzidine tetrahydro-
chloride. Slides were counterstained with Mayer’s
hematoxylin (Merck, Darmstadt, Germany).

Scoring of immune-related cell infiltration.  The
degree of immune cell infiltration was analyzed in more
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than 10 independent high-power (x200) microscopic
fields for each tissue sample. The 5 areas of most abun-
dant distribution were selected. The number of CD4 T
cells, CD8 T cells, CD56 NK cells, Treg cells, and
PD-1-positive cells were counted both in the tumor
stoma and within the cancer nests. Two investigators
blinded to the patients’ clinical information evaluated
all specimens.

Scoring of HLA class I and PD-L1 expression status.
The extent of immunohistochemical reactivity for HLA
class I and PD-L1 was graded as follows: weak, <25%
cells stained; intermediate, 25-75% cells stained; and
strong, >75% cells stained.

Statistical analysis. ~ We used the x’ test to assess
the significance of the associations between neoadju-
vant chemotherapy and clinicopathological parameters.
The HLA class I and PD-L1 expression patterns between
the NAC and nNAC groups were analyzed using the
Mann-Whitney test. We calculated disease-free survival
(DES) from the date of the operation to the date of the
last follow-up or the date of the patient’s event.
Differences in the DFS times between patient subgroups
were analyzed using the log-rank statistic test. We cal-
culated survival probabilities using the Kaplan-Meier
method. In all tests, statistical significance was set at
p<0.05.
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Results

Clinicopathological characteristics of the OSCC
patients.  The characteristics of the 18 patients eval-
uated in this study are summarized in Table 1. We
identified no significant differences in terms of preoper-
ative WBC count or lymphocyte count in peripheral
blood between the 2 groups. The Kaplan-Meier analysis
found no association between the NAC and nNAC
groups and the DFS (Fig. 1).

1.0
____________________________________ P=0.521
0.8 P .
>
= 06F
=
3
9 04 B
a e NAC (n=8)
02F —— nNAC (n=10)
00 ~ 1 1 1 1 1 1
0 10 20 30 40 50 60
Days after operation  (months)
Fig. 1 Disease-free survival (DFS) curves in the NAC (n=28)

and nNAC (n=10) groups.

Fig. 2

Representative immunohistochemical staining patterns of formalin-fixed paraffin-embedded primary OSCC sections: (a) CD4, (b)

CD8, (c) CD56, (d) Teg (FOXp3), (€) Teg (CCR4), and (f) PD-1. Scale bar, 100 um.
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Immunohistochemistry for immune-related cells.
We conducted an immunohistochemical analysis to
determine the infiltration of immune-related cells such
as CD4 T cells, CD8 T cells, CD56 NK cells, Treg cells,
and PD-1 positive cells in the cancer specimens. A rep-
resentative immunohistochemical staining is shown in
Fig.2. Fig.3 shows the numbers of cells that infiltrated
in the cancer nests and mesenchymal stroma. A higher
level of CD56 NK cells was found in the stroma than in
the cancer nests. Additionally, in the stroma speci-
mens, a significantly higher level of CD56-positive NK
cells was found in the NAC group compared to the
nNAC group. No significant difference was observed in
the other immune-related cells between the 2 groups.
Although it was not significant, a decreased number of
PD-1-positive cells were found in the NAC group’s can-
cer nest specimens. Thus, we next investigated the
expression patterns of PD-L1, which is the major ligand
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The degree of immune-related cell infiltration in the tumor microenvironment of the NAC and nNAC groups.

of PD-1, on the cancer cells in the specimens of the
cancer nests.

PD-L1 expression.  The examination of the PD-L1
protein in the cancer nest specimens revealed that in the
nNAC group, 80% (8/10) of the specimens showed
intermediate-to-strong expression of PD-L1 protein
whereas most of the NAC-group specimens (75%, 6/8)
showed weak expression (Fig. 4).

HLA class I expression.  Different expression pat-
terns of the HLA class I protein was observed between
the 2 groups. As shown in Fig.5, all 8 of the NAC
specimens showed intermediate-to-strong expression.
However, 10% (2/10) of the nNAC specimens showed
weak expression, suggesting a down-regulation of the
HLA class I protein.

CT antigens’ expression.  The expressions of CT
antigens, MAGE-A and CCDC62-2, were evaluated.
Staining was heterogeneous in the cancer nest and
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Tumor (n)

Fig. 4

Table 2  Expression of cancer-testis antigens
Antigen Positive/Total
MAGE-A 3/10 (30%)
nNAC (n=10
( ) CCDC62-2 7/10 (70%)
MAGE-A 6/8 (75%)
NAC (n=38
( ) CCDC62-2 5/8 (62.5%)

localized in the cytoplasm (Fig.6). In the NAC group,
positive staining was observed in 75% (6/8) of the spec-
imens for MAGE-A and 62.5% (5/8) of the specimens
for CCDC62-2. In the nNAC group, positive staining
was observed in 70% (7/10) of the specimens for
CCDC62-2, but only 30% (3/10) of the specimens for
MAGE-A (Table 2). Four specimens in the NAC group
expressed both antigens (data not shown).

Discussion

Conventional chemotherapeutics are generally
thought to kill cancer cells selectively. Accumulating

strong
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mnNNAC
NAC

intermediate  weak

PD-L1 protein expression. A, Immunohistochemical staining patterns.
(a) ‘Weak’: < 25% of tumor cells were positively stained; (b) ‘Intermediate’:
25-75%; (C) ‘Strong’: >75%. Scale bar, 200um; B, PD-L1 expression
intensity and frequency of the NAC and nNAC groups.

evidence indicates that several chemotherapeutic agents
stimulate both the innate and adaptive immune systems
[22]. Tsuchikawa et al. showed that neoadjuvant che-
motherapy with 5-FU and cisplatin increased the intra-
tumoral infiltration of CD4 and CD8 T cells in patients
with esophageal squamous cell carcinoma [23]. Nguyen
et al. demonstrated that multiple subsets of tumor-in-
filtrating lymphocytes were strong prognostic factors for
previously untreated OSCC patients [24]. In the present
study, we showed that NAC induced the infiltration of
CD4, CD8 T cells and CD56 NK cells into the tumor
microenvironment. Conversely, decreased numbers of
Tregs and PD-1-positive cells were observed in the NAC
group. These findings indicate that conventional che-
motherapies may be beneficial in the development of
immunotherapeutic protocols for OSCC patients.
Cancer-testis (CT) antigens elicit an immune
response in cancer patients and are therefore targets of
immunotherapy [20]. In the present study, MAGE-A
protein, a prototype CT antigen, was expressed in 3/10
(30%) of the nNAC patients. A high frequency of anti-
gen expression was observed in the NAC patients (6/8,
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Fig. 5 HLA class | protein expression. A, Immunohistochemical staining
patterns. (@) ‘Weak’: <25% of tumor cells were positively stained; (b)
‘Intermediate’: 25-75%; (C) ‘Strong’: > 75%. Scale bar, 200 um; B, HLA
protein staining intensity and frequency of the NAC and nNAC groups.

CCDC62-2

Fig. 6  Immunohistochemical staining of MAGE-A and CCDC62-2 antigens. a, d: Strong staining. b, e: Weak staining. c, f: Negative.
Scale bar, 200 um.
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75%), indicating that NAC patients would be eligible for
immunotherapeutic treatment.

Immune checkpoints that maintain physiologic
self-tolerance were implicated in the down-regulation of
anti-tumor immunity [10]. PD-1, a cell surface recep-
tor that is a member of the CD28 family of T-cell regu-
lators, is found on activated T and B lymphocytes as
well as NK cells in the microenvironment. Its binding to
the ligand PD-L1 on tumor cells causes a down-regula-
tion of T-cell activation, leading to reduced prolifera-
tion and to the expression of anti-apoptotic molecules
and production of cytokines [25]. PD-L1 expression
has been identified in tumor cells of different types of
cancer, including OSCC, and is correlated with the
tumor grade or prognosis in several types of carcinomas
[26]. Blocking the interaction between PD-1 and
PD-L1 using monoclonal antibodies has been reported
to be a successful treatment for patients with several
types of cancer, including melanoma, lung cancer, and
kidney cancer [7]. A frequent expression of PD-L1 was
observed in OSCCs compared with other cancers [27].

Our immunohistochemical analysis of the infiltra-
tion of immune-related cells and PD-1 and PD-L1 pro-
tein expression in the surgically resected specimens
from OSCC patients with NAC and without presurgical
treatment revealed no distinct between-group difference
in the degree of immune-cell infiltration, but a
decreased number of PD-1-positive cells were observed
in the NAC cancer nest specimens. In fact, 75% of the
NAC group showed weak PD-L1 protein expression,
unlike the nNAC group’s intermediate-to-strong PD-L1
protein expression in 80% of the specimens.

The expression of PD-L1 is significantly associated
with the histopathological grade in some tumors,
including infiltrating ductal carcinoma [28] and urothe-
lial carcinoma [29]. However, the overall prognosis
value of the PD-L1 status is controversial. PD-L1
expression is considered a poor-prognosis factor in can-
cers such as non-small cell lung cancer, renal cell carci-
noma, and melanoma [30-32]. In contrast, PD-L1
expression is a good-prognosis factor in colorectal can-
cer [33]. A recent study revealed that a subset of OSCC
patients who were male or had a smoking habit and
exhibited high levels of PD-L1 expression has poor clin-
ical outcomes [34]. A smoking history was also mar-
ginally associated with PD-L1 expression in non-small
cell lung cancer [35]. In our present study, no associa-
tion was found between the groups of NAC (weak
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PD-L1 expression) and nNAC (intermediate-to-strong
PD-L1 expression) patients and the disease-free sur-
vival.

A limitation of our study is the small number of
cases. More detailed studies of larger numbers of
patients with a variety of clinical-pathological features
are needed to address the statistically reliable evidence
of immune responses within the tumor microenviron-
ment. In conclusion, our observation revealed that
most of the NAC specimens showed down-regulation of
the PD-L1 protein, indicating the effectiveness of che-
motherapeutic treatment before surgery for OSCC.

Acknowledgments. We thank Dr. Hitoshi Nagatsuka (Department of
Oral Pathology and Medicine) and Ms. Kazuko Funakoshi for the expert
technical assistance in histological preparation and immunohistostaining.

References

1. Parkin DM, Bray F, Ferlay J and Pisani P: Global cancer statis-
tics, 2002. CA Cancer J Clin (2005) 55: 74-108.

2. Abreu LP, Kruger E and Tennant M: Oral cancer in Western
Australia, 1982-2006: a retrospective epidemiological study. J
Oral Pathol Med (2010) 39: 376-381.

3. Listl S, Jansen L, Stenzinger A, Freier K, Emrich K, Holleczek B,
Katalinic A, Gondos A, Brenner H and Group GCSW: Survival of
patients with oral cavity cancer in Germany. PLoS One (2013) 8:
e53415.

4. Rogers SN, Brown JS, Woolgar JA, Lowe D, Magennis P, Shaw
RJ, Sutton D, Errington D and Vaughan D: Survival following pri-
mary surgery for oral cancer. Oral Oncol (2009) 45: 201-211.

5. Zini A, Czerninski R and Sgan-Cohen HD: Oral cancer over four
decades: epidemiology, trends, histology, and survival by ana-
tomical sites. J Oral Pathol Med (2010) 39: 299-305.

6. Mellman |, Coukos G and Dranoff G: Cancer immunotherapy
comes of age. Nature (2011) 480: 480-489.

7. 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, Chen L, Sharfman WH, Anders RA, Taube JM,
McMiller TL, Xu H, Korman AJ, Jure-Kunkel M, Agrawal S,
McDonald D, Kollia GD, Gupta A, Wigginton JM and Sznol M:
Safety, activity, and immune correlates of anti-PD-1 antibody in
cancer. N Engl J Med (2012) 366: 2443-2454.

8. Herbst RS, Soria JC, Kowanetz M, Fine GD, Hamid O, Gordon
MS, Sosman JA, McDermott DF, Powderly JD, Gettinger SN,
Kohrt HE, Horn L, Lawrence DP, Rost S, Leabman M, Xiao Y,
Mokatrin A, Koeppen H, Hegde PS, Mellman I, Chen DS and
Hodi FS: Predictive correlates of response to the anti-PD-L1 anti-
body MPDL3280A in cancer patients. Nature (2014) 515: 563—
567.

9. Fuereder T: Immunotherapy for head and neck squamous cell car-
cinoma. Memo (2016) 9: 66—69.

10. Schreiber RD, Old LJ and Smyth MJ: Cancer immunoediting: in-
tegrating immunity’s roles in cancer suppression and promotion.
Science (2011) 331: 1565-1570.



226 Takakura et al.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Mellman I, Coukos G and Dranoff G: Cancer immunotherapy
comes of age. Nature (2011) 480: 480-489.

Postow MA, Chesney J, Pavlick AC, Robert C, Grossmann K,
McDermott D, Linette GP, Meyer N, Giguere JK, Agarwala SS,
Shaheen M, Emstoff MS, Minor D, Salama AK, Taylor M, Ott
PA, Rollin LM, Horak C, Gagnier P, Wolchok JD and Hodi FS:
Nivolumab and ipilimumab versus ipilimumab in untreated mela-
noma. N Engl J Med (2015) 372: 2006-2017.

Fridman WH, Pages F, Sautes-Fridman C and Galon J: The
immune contexture in human tumors: impact on clinical outcome.
Nat Rev Cancer (2012) 12: 298-306.

Galluzzi L, Senovilla L, Zitvogel L and Kroemer G: The secret
ally: immunostimulation by anticancer drugs. Nat Rev Drug Discov
(2012) 11: 215-233.

Zitvogel L, Kepp O and Kroemer G: Immune parameters affecting
the efficacy of chemotherapeutic regimens. Nat Rev Clin Oncol
(2011) 8: 151-160.

Vacchelli E, Senovilla L, Eggermont A, Fridman WH, Galon J,
Zitvogel L, Kroemer G and Galluzzi L: Trial watch: Chemotherapy
with immunogenic cell death inducers Oncoimmunology (2013) 2:
€23510.

Boni A, Cogdill AP, Dang P, Udayakumar D, Njauw CN, Sloss
CM, Ferrone CR, Flaherty KT, Lawrence DP, Fisher DE, Tsao H
and Wargo JA: Selective BRAFV600E inhibition enhances T-cell
recognition of melanoma without affecting lymphocyte function.
Cancer Res (2010) 70: 5213-5219.

Ramakrishnan R and Gabrilovich DL: Mechanism of synergistic
effect of chemotherapy and immunotherapy of cancer. Cancer
Immunol Immunother (2011) 60: 419-423.

Thomas-Schoemann A, Batteux F, Mongaret C, Nicco C,
Chéreau C, Annereau M, Dauphin A, Goldwasser F, Weill B,
Lemare F and Alexandre J: Arsenic trioxide exerts antitumor activ-
ity through regulatory T cell depletion mediated by oxidative stress
in a murine model of colon cancer. J Immunol (2012) 189: 5171-
5177.

Domae S, Nakamura Y, Nakamura Y, Uenaka A, Wada H,
Nakata M, Oka M, Kishimoto K, Tsukamoto G, Yoshihama Y,
Matsuoka J, Gochi A, Kohno S, Saika T, Sasaki A, Nakayama E
and Ono T: Identification of CCDC62-2 as a novel cancer/testis
antigen and its immunogenicity. Int J Cancer (2009) 124: 2347-
2352.

Domae S, Ono T and Sasaki A: Cancer/testis antigens: a pro-
spective reagent as diagnostic and immunotherapeutic targets for
squamous cell carcinoma of the head and neck. Japanese Dental
Science Review (2014) 50: 91-99.

Bracci L, Schiavoni G, Sistigu A and Belardelli F: Immune-based
mechanisms of cytotoxic chemotherapy: implications for the design
of novel and rationale-based combined treatments against cancer.
Cell Death Differ (2014) 21: 15-25.

Tsuchikawa T, Md MM, Yamamura Y, Shichinohe T, Hirano S
and Kondo S: The immunological impact of neoadjuvant chemo-
therapy on the tumor microenvironment of esophageal squamous
cell carcinoma. Ann Surg Oncol (2012) 19: 1713-1719.

Nguyen N, Bellile E, Thomas D, McHugh J, Rozek L, Virani S,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Acta Med. Okayama Vol. 71, No. 3

Peterson L, Carey TE, Walline H, Moyer J, Spector M, Perim D,
Prince M, McLean S, Bradford CR, Taylor JM and Wolf GT:
Tumor infiltrating lymphocytes and survival in patients with head
and neck squamous cell carcinoma. Head Neck (2016) 38: 1074-
1084.

Taube JM, Anders RA, Young GD, Xu H, Sharma R, McMiller
TL, Chen S, Klein AP, Pardoll DM, Topalian SL and Chen L:
Colocalization of inflammatory response with B7-h1 expression in
human melanocytic lesions supports an adaptive resistance mech-
anism of immune escape. Sci Transl Med (2012) 4: 127-137.
Garber K: Predictive biomarkers for checkpoints, first tests
approved. Nat Biotechnol (2015) 33: 1217-1218.

Patel SP and Kurzrock R: PD-L1 Expression as a Predictive
Biomarker in Cancer Immunotherapy. Mol Cancer Ther (2015) 14:
847-856.

Ghebeh H, Mohammed S, Al-Omair A, Qattan A, Lehe C,
Al-Qudaihi G, Elkum N, Alshabanah M, Bin Amer S, Tulbah A,
Ajarim D, Al-Tweigeri T and Dermime S: The B7-H1 (PD-L1) T
lymphocyte-inhibitory molecule is expressed in breast cancer
patients with infiltrating ductal carcinoma: correlation with import-
ant high-risk prognostic factors. Neoplasia (2006) 8: 190-198.
Nakanishi J, Wada Y, Matsumoto K, Azuma M, Kikuchi K and
Ueda S: Overexpression of B7-H1 (PD-L1) significantly associates
with tumor grade and postoperative prognosis in human urothelial
cancers. Cancer Immunol Immunother (2007) 56: 1173-1182.
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 can-
cer. Lab Invest (2014) 94: 107-116.

Thompson RH, Gillett MD, Cheville JC, Lohse CM, Dong H,
Webster WS, Krejci KG, Lobo JR, Sengupta S, Chen L, Zincke H,
Blute ML, Strome SE, Leibovich BC and Kwon ED: Costimulatory
B7-H1 in renal cell carcinoma patients: Indicator of tumor aggres-
siveness and potential therapeutic target. Proc Natl Acad Sci U S
A (2004) 101: 17174-17179.

Hino R, Kabashima K, Kato Y, Yagi H, Nakamura M, Honjo T,
Okazaki T and Tokura Y: Tumor cell expression of programmed
cell death-1 ligand 1 is a prognostic factor for malignant melanoma.
Cancer (2010) 116: 1757-1766.

Droeser RA, Hirt C, Viehl CT, Frey DM, Nebiker C, Huber X,
Zlobec |, Eppenberger-Castori S, Tzankov A, Rosso R, Zuber M,
Muraro MG, Amicarella F, Cremonesi E, Heberer M, lezzi G,
Lugli A, Terracciano L, Sconocchia G, Oertli D, Spagnoli GC and
Tornillo L: Clinical impact of programmed cell death ligand 1
expression in colorectal cancer. Eur J Cancer (2013) 49: 2233-
2242,

Lin YM, Sung WW, Hsieh MJ, Tsai SC, Lai HW, Yang SM,
Shen KH, Chen MK, Lee H, Yeh KT and Chen CJ: High PD-L1
Expression Correlates with Metastasis and Poor Prognosis in Oral
Squamous Cell Carcinoma. PLoS One (2015) 10: e0142656.

Pan ZK, Ye F, Wu X, An HX and Wu JX: Clinicopathological and
prognostic significance of programmed cell death ligand1 (PD-L1)
expression in patients with non-small cell lung cancer: a
meta-analysis. J Thorac Dis (2015) 7: 462-470.



