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Background: Clinical trials of anti-CCR4 antibody for solid cancers with or without other immune-
modulating agents including immune checkpoint blockade therapy are currently underway. However, little is
known about the roles of CCR4" lymphocytes and their prognostic impact in lung cancer. We hypothesized
that high CCR#4 expression in the tumor microenvironment would be associated with a poor prognosis and
would act as a biomarker in lung adenocarcinoma.

Methods: First, the prognostic impact of CCR4 gene expression was explored using pooled data from
public transcriptomic databases with online survival analysis software. Second, tissue microarrays (TMAs)
were constructed from resected lung adenocarcinoma specimens from tumors up to 3 cm in size. The density
of CCR4" lymphocytes infiltrating the tumor was then assessed by immunohistochemistry and related
to survival. Confounding factors were controlled for by multivariate analysis using the Cox proportional
hazards model.

Results: Higher than median expression of the CCR4 gene was identified as an independent poor
prognostic factor for overall survival (OS) by multivariate analysis of 720 lung adenocarcinoma patients in
the public databases [HR =1.55 (95% CI: 1.03-2.35), P=0.037]. Consistent with this, high CCR4" tumor-
infiltrating lymphocyte (TIL) density was found to be an independent poor prognostic factor for both OS
[HR =2.24 (1.01-5.34), P=0.049] and recurrence-free survival (RFS) [HR =2.20 (1.16-4.39), P=0.017] in the
patients from whom TMA were obtained (n=180). Age, male gender, predominantly non-lepidic histological
subtype, nodal involvement, and low CD8" TIL density were also independent poor prognostic factors.
However, FOXP3 gene expression and Foxp3* lymphocyte infiltration did not possess any prognostic value in
either study.

Conclusions: High CCR4 expression in the tumor microenvironment may be a poor prognostic factor in
lung adenocarcinoma. Patients with high CCR4" lymphocyte infiltration may have a poor prognosis and thus
be suitable candidates for clinical trials of anti-CCR#4 antibody treatment.
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Introduction

Lung cancer is the most common cause of cancer-related
death globally, accounting for over a million deaths per
year (1). Cancer immunotherapy has elicited great interest
over the past several years due to the development of
immune checkpoint blockade therapy achieving durable
long-term responses of refractory malignancies, including
lung cancers in a minority of patients (2-5). Immune
responses within the tumor microenvironment are now
acknowledged to be important factors determining tumor
progression and aggressiveness, as well as responsiveness to
immune-modulating agents. Types and densities of tumor-
infiltrating immune cells, and their expression of immune
genes and cytokines have been widely explored for their
application as prognostic markers in lung cancer (6-8).

Chemokines are a group of structurally-related small
soluble mediators which can induce directional migration
of different lymphocyte subsets, and are also known to
play important roles in the immune response to cancer (9).
CC chemokine receptor 4 (CCR4) is a member of the
CC chemokine receptor family to which bind the TARC/
CCL17 and MDC/CCL22 chemokines that are produced
by tumor cells and tumor-infiltrating macrophages. High
levels of CCR4 expression are characteristic of certain
CD4" T-cells including regulatory T cells (Tregs), Th2
and Th17 cells, but not Th1 cells (9-14). It is of note that
unlike Th1 cells, Tregs and Th17 CD4" T cells are widely
acknowledged as elements creating immune suppressive
microenvironments (15-17).

Recent studies have shown that the anti-CCR4
monoclonal antibody (mAb) mogamulizumab selectively
depletes effector Tregs from the tumor microenvironment
and may augment immune responses in several solid
cancers, including lung cancer (11-13). If the infiltration
of CCR4" lymphocytes is a poor prognostic factor in lung
cancer, these patients may be suitable candidates for anti-
CCR4 mAb monotherapy or in combination with other
immunomodulating agents. In fact, elevated expression of
CCR4 in tumors is generally associated with poor prognosis
in several cancers, including gastric cancer, breast cancer,
and renal cell carcinoma (18-20). However, little is known
about the roles of CCR4" lymphocytes and their prognostic
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impact in lung cancer, especially in lung adenocarcinoma.

In the present study, we first used established public gene
expression databases as a discovery dataset and determined
that higher CCR4 gene expression in the tumor may be a
poor prognostic factor in lung adenocarcinoma. We then
constructed tissue microarrays (TMAs) to validate the
public database analysis at the level of protein expression
and localization, and to further evaluate the prognostic
impact of CCR#4 expression by strictly controlling for
confounding factors.

Methods

Analysis of CCR4 gene expression and prognosis using
public databases

To analyze the association of CCR4 expression and
prognosis, a large pooled database of the results of
Affymetrix microarray gene expression assessments was
used (KM-plotter, http://www.kmplot.com/lung) (21-23).
Gene expression and clinical data were extracted and
integrated from the Cancer Biomedical Informatics Grid,
the Gene Expression Omnibus, and The Cancer Genome
Atlas. The follow-up threshold was set at 10 years and
patients surviving >10 years were censored. Biased arrays
were excluded. These were defined as those having two or
more of the following parameters out of the 95% range of
all arrays: percentage of present calls, background, raw Q
value, presence of bioB-/C-/D-spikes, GAPDH and ACTB
ratio 3 to 5. The list of Affymetrix probe ID selected for
analysis is shown in Table S1. We initially used the database
version 2013, although during the present study, this was
updated from version 2013 to version 2015. Thus, herein
we present results using database version 2015 which
contains a larger amount of patient data.

Patient selection for the TMA assay

Clinicopathological records of 677 lung cancer patients
who underwent surgery in our Department from August
2004 to December 2011 were retrospectively reviewed.
To control for confounding factors, inclusion criteria were
set as follows: diagnosis by pathology as primary lung
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adenocarcinoma, complete resection by lobectomy (either
by open thoracotomy or VATS), tumor size up to 3 cm
(pathological T1 tumor as defined in the 7™ edition of
TNM staging), and an adequate amount of tissue available.
Adenocarcinoma in situ (AIS) and minimally-invasive
adenocarcinoma (MIA) were excluded from the study.
Those patients who underwent preoperative chemotherapy
and/or radiotherapy, and those with a postoperative follow-
up <1 month were also excluded. Written informed consent
was obtained from each patient and the protocol for this
study was approved by the Institutional Review Board of
The University of Tokyo Hospital (No. 10334).

Detailed clinicopathological data were collected during
hospitalization from the medical records for all patients,
including age, gender, smoking history, predominant
histological subtype, tumor size, and pathological TNM
stage. Follow-up data were collected in October 2016
and also information about recurrence and survival status.
Recurrence-free survival (RFS) was defined as the length
of time that the patient survived after surgery without
recurrence. Overall survival (OS) was measured from
surgery to death from any cause, or censored.

Construction of TMA and immunohistochemical staining

All resected tumor samples were retrieved from the archives
of the Department of Pathology of The University of Tokyo
Hospital to create TMA. Samples were fixed with formalin
and embedded in paraffin. Hematoxylin and eosin-stained
slides of all the cases were reviewed. Four-micrometer thick
sections were subjected to immunohistochemistry on a
Ventana Benchmark XT stainer (Ventana Medical Systems,
Tucson, AZ, USA). TMA sections were generated according
to well-established procedures described previously (24).
Briefly, sections were deparaffinized and pretreated with
CClbuffer (Roche Diagnostics, Basel, Switzerland) for
60 min, and then incubated with primary antibodies at
37 °C for 32 min. The clones and dilutions of primary
antibodies were directed against the following: CD4 (1:30,
1F6, Leica Biosystems, Newcastle, UK), anti-CD8 (1:40,
4B11, Leica Biosystems), and anti-Foxp3 antibody (1:50,
PAB12685, Abnova, Taipei). Chromogenic detection was
performed with I-VIEW DAB Universal kit (Roche). As
for CCR4 staining, Poteligeo test IHC kit (Kyowa Medex,
Tokyo, Japan) was used according to the manufacturer’s
instructions.

After all slides were digitalized using a digital slide
scanner (NanoZoomer, Hamamatsu Photonics, Shizuoka,

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

4743

Japan), immunohistochemical results were evaluated
by means of image analysis software (Tissue Studio,
Definiens AG, Munich, Germany) (25). Staining thresholds
(hematoxylin, DAB density) and morphological criteria
(shape, area) were introduced in order to exclude stromal
cells and non-cancerous areas. Lymphocytes were
considered as CCR4" T1ILs based on distinct membrane and
cytoplasmic staining, CD4" and CD8" TILs were identified
by surface staining and for Foxp3 assessment, lymphocytes
with clear nuclear staining were considered positive.
Numbers of total TILs and positively-stained TILs were
calculated and expressed as cell numbers per mm’ of tumor
tissue area. The study population was stratified into two
groups according to a higher or lower than median value for
the respective positively-stained TILs.

Statistical analysis

Statistical analysis of the TMA assay results was performed
with SAS v9.4 (SAS Institute, Cary, NC, USA). Online
tools were used for analysis of the public database results
(KM-plotter) (21). Welch’s t-test was performed to compare
continuous variables between groups. The Kaplan-Meier
method was used for survival analysis, with significance of
differences assessed by the log-rank test. Cox regression
analyses were performed to identify prognostic factors;
those included in the model were determined by the
backward deletion method which sequentially deletes
variables with a P value >0.20. Differences were considered
statistically significant when the P value was <0.05.

Results

Higher CCR4 gene expression is associated with poor
prognosis in the public database analysis

To determine the association between CCR4 expression
and prognosis in lung adenocarcinoma patients, we first
conducted a study using pooled data from public databases.
Of 2,437 lung cancer patients included, 720 adenocarcinoma
patients were selected for this analysis. Patients were divided
into two groups by the higher or lower than median level
of expression of CCR4. Median OS of the lower expression
cohort was 117.3 versus 88.7 months for the higher group.
This difference was statistically significant [HR =1.39 (95%
CI: 1.1-1.77), P=0.0055] (Figure 1).

Next, we conducted multivariate analysis using Cox
proportional hazards modeling, including tumor stage,
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Figure 1 Kaplan-Meier survival curves for 720 lung
adenocarcinoma patients in the public database stratified according
to CCR4 gene expression. 720 lung adenocarcinoma patients were
divided into two groups by the median expression value of the
CCR4 gene. The higher CCR4 expression group had significantly
worse overall survival compared with lower CCR4 expression

group [HR =1.39 (95% CIL: 1.1-1.77), P=0.0055].

gender, smoking status, and CCR4 gene expression.
Multivariate analysis indicated that never having smoked
was a good prognostic factor [HR =0.51 (0.3-0.87),
P=0.013], whereas tumor stage [HR =2.5 (1.82-3.42),
P<0.0001] and high CCR4 gene expression status [HR =1.55
(1.03-2.35), P=0.037] were poor prognostic factors (1uzble 1).

Because high CCR4 expression by Tregs has been
reported, we also included FOXP3 expression in the
analysis, as this is characteristic of Tregs. However, FOXP3
gene expression did not possess prognostic relevance either
in uni- or multi-variate analysis [univariate, HR =1.12
(0.88-1.43), P=0.36; multivariate, HR =1.3 (0.86-1.97),
P=0.22]. Thus, analyses of publically-available data indicate
that high CCR4 gene expression is associated with poor
prognosis for lung adenocarcinoma patients, whereas
FOXP3 gene expression had no prognostic relevance.

To investigate the underlying etiology between high
CCR4 expression and poor prognosis, we additionally
analyzed prognostic relevance of gene expressions
of CCR4 ligands CCL17 and CCL22 using KM-
plotter, although prognostic relevance was not observed
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Table 1 Multivariate analysis of overall survival using publically-
available databases

Variables HR (95% CI) P value

Gender (male vs. female) 0.94 (0.6-1.47)  0.79

Smoking history (never vs. ever) 0.51 (0.3-0.87) 0.013

Tumor stage 2.5(1.82-3.42) <0.0001

CCR4 gene expression
(higher vs. lower)

1.55(1.03-2.35)  0.037

HR, hazard ratio; Cl, confidence interval.

[CCL17, HR =0.92 (0.61-1.37), P=0.67; CCL22, HR
=1.34 (0.89-2.03), P=0.17] (Table S1). These ligands
are produced by M2 macrophages. Thus we further
analyzed the gene expression of CD163 and CD204,
surface markers of M2 macrophages [CD163, HR =1.44
(0.96-2.17), P=0.079; CD204, HR =0.91 (0.6-1.37),
P=0.64]. Patients with high expression of CD163 gene
tended to have poor prognosis, although the difference was
not statistically significant. We also analyzed prognostic
relevance of IL10 and TGFB gene expressions. Tregs
produce these inhibitory molecules. IL10 is also produced
by M2 macrophages as well as Th2 CD4" T cells and
Tregs. While high expression of TGFB was not associated
with poor prognosis [HR =0.71 [0.47-1.07], P=0.10], high
IL10 expression was associated with significantly poor
prognosis [HR =1.59 (1.04-2.44), P=0.033]. These results
indicated that high CCR4 expression may partly reflect
immune suppressive microenvironment due to not only
Tregs but Th2/M2 responses and thus associated with poor
prognosis.

Characteristics of the patients whose tumors were available
for the TMA assay

"To validate the association between CCR4 expression and
prognosis, and to gain further insight into CCR4 expression
at the protein level in the tumor microenvironment, we
created TMAs of lung adenocarcinoma using locally
resected specimens. To control for confounding factors,
the cohort was restricted to patients with adenocarcinomas
up to 3 cm in size resected by lobectomy with curative
intent. AIS and MIA were excluded, and finally 180
tumor samples met these inclusion criteria and were used
in this analysis. Patients’ characteristics are shown in
Table 2. Eighty three patients were male and 97 female;
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Table 2 Characteristics of the patients and the density of tumor-

infiltrating lymphocytes
Variables n  TILs (/mm? CC(/F::;T]I)I Ls
Age (years)
>65 106 2,072+746 415+155
<65 74 2,223+916 406+142
P value 0.24 0.69
Gender
Male 83 2,078+834 429+140
Female 97  2,182+811 395+155
P value 0.40 0.12
Smoking history
Ever 87  2,081+854 428+150
Never 93  2,184+790 395+147
P value 0.40 0.14
Histological subtypes®
Lepidic predominant 103 2,072+723 398+142
Non-lepidic predominant® 77  2,217+935 428+158
P value 0.26 0.18
Tumor size (cm)
>2 65 2,182+804 448+158
<2 115  2,107+833 390+140
P value 0.55 0.017
Nodal involvement
Yes 16 2,318+715 499+198
No 164 2,116+831 402+141
P value 0.30 0.075
Recurrence
Yes 25  2,065+813 477+167
No 155 2,145+825 400+144
P value 0.65 0.039

¢, adenocarcinoma in situ and minimally invasive adenocarcinoma
were not included in the study; °, non-lepidic predominant
subtypes: acinar, 39; papillary, 14; solid, 20; mucinous, 3; colloid,
1. TIL, tumor-infiltrating lymphocytes.
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Figure 2 Representative immunohistochemical findings for CCR4
expression by tumor-infiltrating lymphocytes. Representative
micrographs of a tumor with higher density of CCR4" tumor-
infiltrating lymphocytes are shown. Scale bar denotes 500 pm for

low magnification and 200 pm for high magnification (inset).

87 had a history of cigarette smoking, 66 (75.9%) of
which were men. One-hundred and three patients
had tumors of a predominantly lepidic histological
subtype, with the remaining 77 predominantly non-
lepidic (39 acinar, 20 solid, 14 papillary, 3 mucinous,
and 1 colloid). Tumor size was >2 cm (pT1b according
to the 7" edition of TNM staging) in 65 and <2 cm
(pT1a)in 115. Pathological N stages were NO in 164, N1 in
6 and N2 in 10 patients. Median follow-up after surgery was
74 months (range, 1-146 months), during which 25 patients
suffered recurrence. Five-year OS of the study cohort was
90.6% and RFS was 82.1%.

Representative immunostaining for CCR4 is shown
in Figure 2. The mean values of CCR4" TILs and total
TIL densities were 411+149/mm” and 2,134+821/mm’,
respectively. CD8-, CD4-, and Foxp3-positive TIL densities
were 615+390/mm’, 1,170+758/mm’, and 323+209/mm’,
respectively. The total TIL density was not significantly
different according to clinicopathological variables, but the
density of CCR4" TILs was significantly higher in tumors
>2 cm in size (P=0.017). CCR4" TIL density was also higher
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Table 3 Univariate analysis of recurrence-free survival and overall survival

Variables

Overall survival

Recurrence-free survival

HR (95% Cl)

Age: =65 vs. <65 years

Male vs. female

Never smoker vs. ever smoker
Lepidic predominant vs. non-lepidic

Tumor size >2 vs. <2 cm

pN1, N2 vs. pNO
CD8 high vs. low
CD4 high vs. low
Foxp3 high vs. low
CCR4 high vs. low

2.72 (1.17-7.38)
4.57 (2.03-11.62)
0.40 (0.17-0.86)
0.29 (0.13-0.63)
2.03 (0.94-4.35)
5.58 (2.38-12.14)
0.64 (0.29-1.35)
1.49 (0.70-3.29)
0.95 (0.45-2.01)
2.31 (1.07-5.37)

P value HR (95% Cl) P value
0.024 2.13 (1.1-4.44) 0.027
0.0001 3.26 (1.73-6.5) 0.0002
0.019 0.36 (0.18-0.68) 0.0016
0.0013 0.18 (0.08-0.35) <0.0001
0.061 1.97 (1.06-3.62) 0.026
<0.0001 8.71 (4.43-16.36) <0.0001
0.24 0.83 (0.44-1.52) 0.54
0.3 1.27 (0.69-2.36) 0.44
0.9 0.56 (0.29-1.03) 0.065
0.034 2.39 (1.28-4.68) 0.006

HR, hazard ratio; ClI, confidence interval.

in tumors of patients suffering recurrence (P=0.039). These
results thus indicate that CCR4" lymphocyte infiltration
may be associated with tumor progression and hence poor
prognosis.

The density of CCR4" TILs is an independent prognostic

factor in lung adenocarcinoma

To control for confounding factors and to determine the
prognostic impact of CCR4" TILs, uni- and multivariate
analyses including each clinicopathological factor were
performed. By univariate analysis, age >65 years, male
gender, having ever smoked, predominant non-lepidic
histological subtype, and nodal involvement were significant
factors indicating poor prognosis for both OS and RFS
(Table 3). Tumor size >2 cm also associated with poor
prognosis for RFS. Although neither CD8", CD4", nor
Foxp3" TIL density was significantly associated with the
prognosis in the univariate analysis, high CCR4" TIL
density was significantly associated with worse prognosis
for both OS and RFS [OS, HR =2.31 (1.07-5.37), P=0.034;
RFS, HR =2.39 (1.28-4.68), P=0.006]. The Kaplan-
Meier survival curves for these 180 patients with lung
adenocarcinomas <3 cm stratified according to CCR4" TIL
density are shown in Figure 3.

By multivariate analysis, age >65 years [OS, HR =3.78
(1.60-10.44), P=0.0026; RFS, HR =2.85 (1.44-6.07),
P=0.0027], male gender [OS, HR =6.17 (2.55-17.03),
P<0.0001; RFS, HR =2.91 (1.49-6.02), P=0.0018], nodal
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involvement [OS, HR =6.19 (2.35-15.92), P<0.0001; REFS,
HR =7.30 (3.42-15.31), P<0.0001] and high CCR4" TIL
density [OS, HR =2.24 (1.01-5.34), P=0.049; RFS, HR
=2.20 (1.16-4.39), P=0.017] were identified as factors for
poor prognosis of both OS and RFS (7able 4). On the other
hand, high CD8" TIL density [OS, HR =0.19 (0.08-0.46),
P=0.0001; RFS, HR =0.28 (0.13-0.56), P=0.0002] and
predominantly lepidic subtype [RFS, HR =0.25 (0.11-0.54),
P=0.0004] were associated with a good prognosis.
Consistent with the results of the public database gene
expression analysis, Foxp3”™ TIL density was not identified
as a significant prognostic factor in the TMA assay.

Taken together, these results strongly suggest that
expression of CCR4 at both the gene and protein levels in
TILs from lung adenocarcinoma is associated with poor
prognosis. Higher expression of CCR4 may therefore mark
a tumor microenvironment associated with poor prognosis.

Discussion

In this study, the relevance of the expression of CCR4 in
lung adenocarcinoma has been investigated in two different
patient cohorts: (I) a discovery cohort from public databases
of CCR4 gene expression in tumors, and (II) a validation
cohort from surgically-resected patients’ specimens in
our institution analyzed for CCR4 protein expression
by TILs. The discovery cohort indicated that higher
than median CCR4 gene expression was associated with
a poorer prognosis, and our validation cohort confirmed

J Thorac Dis 2018;10(8):4741-4750
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Figure 3 Kaplan-Meier survival curves for 180 lung
adenocarcinoma patients stratified according to the density
of CCR4" lymphocyte infiltration. 180 patients with lung
adenocarcinomas <3 cm in size were divided into two groups,
higher or lower than the median density of CCR4" TILs. A high
density of CCR4" TILs was associated with a significantly worse
prognosis for both (A) overall survival [HR =2.31 (95% CI:
1.07-5.37), P=0.034] and (B) recurrence-free survival [HR =2.39
(1.28-4.68), P=0.006].

that a higher number of CCR4" TILs was related to poor
prognosis. Using multivariate analysis, in both cohorts,
higher expression of CCR4 in the tumor microenvironment
was indicated as an independent poor prognostic factor.
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Expression of CCR4 may reflect the existence of a tumor
microenvironment related to poor prognosis, and thus
evaluation of CCR4 expression may become a novel
biomarker for lung adenocarcinoma.

With the ever-increasing monetary cost of cancer
treatment including immunotherapy, there is an unmet
need to discover suitable biomarkers that will enable
selection of those patients most likely to benefit from
each immune-modulating agent and to develop novel
approaches to convert non-responders into responders
to these therapies. Because high CCR4 expression in
the tumor microenvironment may be a poor prognostic
factor, patients with high CCR4" lymphocyte infiltration
may be suitable candidates for anti-CCR4 antibody
treatment. Recent studies have shown promising results
using mogamulizumab, an anti-CCR4 antibody which
selectively depletes immunosuppressive effector Tregs
as well as CCR4" Th2 and Th17 cells from the tumor
microenvironment, and thus may improve immune
responses (11-13). Clinical trials of this anti-CCR4
antibody with or without other immune-modulating
agents including immune checkpoint blockade therapy
are currently underway in Japan (NCT01929486,
NCT02476123). However, these clinical studies are not
analyzing the influence of the pretreatment level of CCR4
expression. The present study provides evidence suggesting
that assessing pretreatment CCR4 expression would be a
useful marker for guiding clinical trials with anti-CCR4
mAb and potentially stratifying patients accordingly.

To reveal the underlying etiology between high CCR4
expression and poor prognosis, we additionally analyzed
prognostic relevance of gene expressions of CCR4 ligands
(CCL17 and CCL22), surface markers of M2 macrophages
(CD163 and CD204), and immunosuppressive cytokine
associated with Th2/M2 responses and Tregs (IL-10 and
TGFB) using public databases. High IL10 expression was
associated with significantly poor prognosis. High expression
of CD163 gene also tended to have poor prognosis,
although the difference was not statistically significant.
These results indicated that not only Tregs but Th2 CD4"
T cells and M2 macrophages are involved in the formation
of immunosuppressive tumor microenvironment. In this
study, CCR4 expression was better than other Th2/M2
markers for elucidating the association between intratumor
immunosuppressive condition and poor prognosis. Further
investigation is needed to reveal the underlying etiology
between high CCR4 expression and poor prognosis.

In the present study, not only CCR4 expression, but age,
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Table 4 Multivariate analysis of recurrence-free survival and overall survival

Overall survival

Recurrence-free survival

Variables

HR (95% Cl) P value HR (95% Cl) P value
Age =65 vs. <65 years 3.78 (1.60-10.44) 0.0026 2.85 (1.44-6.07) 0.0027
Male vs. female 6.17 (2.55-17.03) <0.0001 2.91 (1.49-6.02) 0.0018
Lepidic predominant vs. non-lepidic 0.45(0.17-1.12) 0.084 0.25 (0.11-0.54) 0.0004
pN1, N2 vs. pNO 6.19 (2.35-15.92) <0.0001 7.30 (3.42-15.31) <0.0001
CD8 high vs. low 0.19 (0.08-0.46) 0.0001 0.28 (0.13-0.56) 0.0002
CCR4 high vs. low 2.24 (1.01-5.34) 0.049 2.20 (1.16-4.39) 0.017

HR, hazard ratio; Cl, confidence interval.

male gender, predominantly non-lepidic subtype, nodal
involvement, and low CD8" TIL density were also found
to be independently associated with poorer prognosis.
"This result is consistent with recent studies, supporting the
generalizability of the present study (26-29), and adding
further factors to consider when stratifying patients for
tailor-made immunotherapies.

Interestingly, in the present study, no association was
shown between FOXP3 expression and prognosis, although
by univariate analysis of RFS, higher Foxp3* TIL density
tended to be related to better rather than worse prognosis,
but this did not reach statistical significance. These results
are not consistent with some of recently published reports
on Treg associations (7,30). In addition, correlation between
CCR4" TIL density and Foxp3™ TIL density could not be
observed in the present study (Pearson’s R=0.07, P=0.35),
although correlation between CD4" TILs and CCR4" TILs
(R=0.35, P<0.0001), and CD4" TILs and Foxp3® TILs
(R=0.62, P<0.0001) were statistically significant. These
results may be at least partly explained by the analysis of
different functional subtypes of Tregs in the different studies
because these cells can be classified into three phenotypes:
CD45RAFoxp3'™ Tregs (naive Tregs), CD45RA Foxp3'™"
Tregs (non-effector Tregs) and CD45RA Foxp3"®" Tregs
(effector Tregs) (31). Among these subtypes, suppression
of cancer-immunity is mainly caused by effector
Tregs. It has been reported that CCR4 is expressed on
immunosuppressive effector Tregs (11,12), while Foxp3 is
expressed in all subtypes of Tregs. Considering the subtypes
of Tregs and according to staining conditions and cutoff
values, we may hypothesize that the number of CCR4"
TILs and Foxp3* TILs may not necessarily correlate, and

© Journal of Thoracic Disease. All rights reserved.
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the prognostic value of Foxp3 expression may differ. The
fact that the prognostic impact of Foxp3 expression is often
discussed in the context of the ratio of Foxp3 expression to
other markers (i.e., ratio to CD3 or CD4) also suggests the
difficulty of using Foxp3 expression as a reliable prognostic
biomarker. In fact, for example, in colon cancer, the
prognostic impact of Foxp3 Tregs is controversial, although
several studies have reported a relationship between better
prognosis and high Foxp3 expression, as we tended to see
here in adenocarcinoma patients (32,33).

There are several limitations to the present study. First,
potential confounding biases could not be completely avoided
due to the retrospective nature of both the public database
and the TMA analyses. In addition, clinicopathological data
and detailed treatment information were not available for all
of the patients in the public databases. Also, in the TMA assay,
the location of TILs within the tumor was not considered,
although this may be more important than their overall
numbers. Another limitation of the study is that the cohort
used for the TMA assay was limited to pathological T'1 tumors
(<3 cm). Although the analysis based on public database
included the patients in all stages, associations between
CCR#4" lymphocyte infiltration and prognosis in locally-
advanced cancer requires further investigation. Importantly,
well designed clinical trials are needed for the proof of
the concept that anti-CCR4 mAb may benefit the lung
adenocarcinoma patients with high CCR4 expression in the
tumor microenvironment. The method for assessing CCR4
expression (gene expression assay and/or IHC staining) also
needs to be optimized before embarking on clinical trials of
anti-CCR4 mAb targeting of tumors based on high CCR4

expression.

J Thorac Dis 2018;10(8):4741-4750
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Conclusions

Abundant CCR4" TILs and higher expression of the CCR4
gene were identified as poor prognostic factors in lung
adenocarcinoma. Patients with high CCR4 expression in
the tumor microenvironment may have a poorer prognosis
and thus may be suitable candidates for clinical trials of
anti-CCR4 mAb treatment.
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Supplementary

Table S1 Hazard ratios estimated by multivariate analyses of overall survival using publically-available databases

Gene symbol® Affymetrix Probe ID HR (95% CI)° P value
CCR4 208376_at 1.55 (1.03-2.35) 0.037
FOXP3 224211_at 0.85 (0.54-1.33) 0.47
CCL17 207900_at 0.92 (0.61-1.37) 0.67
CCL22 207861_at 1.34 (0.89-2.03) 0.17
CD163 215049_x_at 1.44 (0.96-2.17) 0.079
CD204 214770_at 0.91 (0.6-1.37) 0.64
IL10 207433_at 1.59 (1.04-2.44) 0.033
TGFB 203084_at 0.71 (0.47-1.07) 0.10

2, threshold was set at median of each gene expression, and lower expression was used as control; ® hazard ratio was obtained by
multivariate analysis using Cox proportional hazards modeling, including tumor stage, gender, smoking status, and each selected gene.

HR, hazard ratio; Cl, confidence interval.



