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ABSTRACT
CKLF-like MARVEL transmembrane domain containing 6 (CMTM6) plays a crucial role in the stability of the
programmed death-ligand 1 (PD-L1). However, there has been no previous study of CMTM6 in non-small
cell lung cancer (NSCLC) and its association with PD-L1 has not been confirmed. The aim of this study was
to investigate the expression of CMTM6 and PD-L1 and to confirm their predictive roles for anti-PD-1
therapy in non-small cell lung cancer. CMTM6 and PD-L1 immunohistochemical expressions were eval-
uated in 35 advanced, treatment-refractory NSCLC patients who received PD-1 inhibitor therapy. The
correlation between CMTM6 and PD-L1 expression was also determined based on immunohistochemistry
and RNA-sequencing data obtained from The Cancer Genome Atlas (TCGA) database. CMTM6 expression
was positively correlated with PD-L1 expression in immunohistochemical data (Pearson’s r = 0.342 and p
= .044). A positive correlation was also identified in the mRNA expression data. Using receiver operating
characteristic curves, the levels of CMTM6 and PD-L1 expression which provided the best distinguishing
point between responder versus non-responder to PD-1 inhibitors were 70 and 75 H-scores, respectively.
The patients in the PD-1 inhibitor responder group had higher CMTM6 expressions in univariate logistic
regression analysis (odds ratio (OR) = 5.333, p = .037). However, PD-L1 expression was not associated with
response to PD-1 inhibitor (p = .288). In multivariate analysis, CMTM6 was also found to be an independent
predictor of the response to PD-1 inhibitors (OR = 6.226, p = .032). CMTM6 expression can be a promising
predictor useful for therapeutic decision-making regarding PD-1 inhibitors.
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Introduction

In the field of lung cancer, monoclonal antibodies targeting
the programmed death 1 (PD-1) receptor and its ligand (PD-
L1) have demonstrated clinical responses and survival
improvement and the PD-1 inhibitors, nivolumab and pem-
brolizumab, have been approved by the FDA for the treat-
ment of advanced non-small cell lung cancer (NSCLC).1–3

Despite the impressive treatment outcomes for PD-1/PD-L1
inhibitors in NSCLC, it is noteworthy that only 15–20% of
patients respond to the therapy. Previous results have high-
lighted the need for better predictive biomarkers.4

Although high PD-L1 expression has been associated with
higher objective response rates to PD-1/PD-L1 inhibitors,1,5

conflicting results have also been reported. Durable responses
to PD-1/PD-L1 inhibitors have been reported in NSCLC
patients with low or no PD-L1 expression.6,7 Various predic-
tors, including tumor-infiltrating lymphocytes,8 tumor muta-
tional burden,9 and immune-related gene signatures,10 have
been reported to supplement the predictive role of PD-L1,
however, the predictors have not been validated yet.

More recently, two studies showed that CKLF-like
MARVEL transmembrane domain containing 6 (CMTM6)
was identified as an important regulator of the PD-L1
protein.11,12 Inhibition of CMTM6 expression resulted in

impaired PD-L1 protein expression in all human tumor cell
types, including lung cancer.12 The depletion of CMTM6
greatly reduced the inhibition of tumor-specific T cell activity
in vitro and in vivo.11 PD-L1 relies on the CMTM6 to effi-
ciently inhibit T cells and these researches on CMTM6 pro-
vide a new way of blocking the PD-L1 pathway. However,
there has been no previous study of CMTM6 in lung cancer
and its association with PD-L1 has not been confirmed.

The present work was conducted to determine whether
CMTM6 affected the response to anti-PD-1 therapy in
NSCLC patients. In addition, correlation analyses of
CMTM6 and PD-L1 were performed on immunohistochem-
istry and web-based mRNA expression data.

Results

Patient demographics

The demographic data of patients included in this study are
reported in Table 1. Although most samples were pulmonary
specimens, three samples were obtained from metastatic
lesions (two from soft tissue and one from a lymph node).
Nineteen patients (54.3%) received pembrolizumab and 16
patients (45.7%) received nivolumab. In our study, all patients
were treated with anti-PD-1 as a second-or-higher line of
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treatment because they were refractory to conventional che-
motherapy, radiation therapy, and targeted therapy. Nineteen
patients (54.3%) were sorted into the responder group, while
16 patients (45.7%) were classified into the non-responder
group. Four EGFR-mutated patients were treated with tyro-
sine kinase inhibitor therapy before PD-1 blockade therapy.
There was no ALK-rearranged patient.

Correlation between CMTM6 and PD-L1 in
immunohistochemistry and mrna expression

We performed correlation analyses between CMTM6 and PD-
L1 expression in the immunohistochemical data. CMTM6 and
PD-L1 immunohistochemical data showed normal distributions
(Kolmogorov-Smirnov test p = .117 and p = .642, respectively).

Therefore, we used Pearson’s correlation coefficient for the
analysis. CMTM6 immunohistochemical expression was posi-
tively correlated with PD-L1 immunohistochemical expression
(Pearson’s r = 0.342 and p = .044, Figure 1A). Next, we per-
formed correlation analyses between CMTM6 and PD-L1
expression in the mRNA data. CMTM6 and PD-L1 mRNA
expression were not normally distributed in adenocarcinoma
and squamous cell carcinomas (Kolmogorov-Smirnov test p
< .001 for CMTM6 and PD-L1 mRNA expression in adenocar-
cinoma and squamous cell carcinoma). Therefore, we used
Spearman’s correlation coefficient for the analysis. CMTM6
mRNA expression was positively correlated with PD-L1
mRNA expression in adenocarcinoma and squamous cell carci-
noma (Spearman’s rho = 0.21 and p < .001, Figure 1B; and
Spearman’s rho = 0.13 and p = .005, Figure 1C).

We performed correlation analyses between CMTM6 and PD-
L1 mRNA expression in other type carcinomas using TCGA,
PanCancer Atlas data. In 28 solid tumors, 18 solid tumors showed
a significant positive correlation between CMTM6 and PD-L1
mRNA expression (Supplementary Table 1).

Associations between CMTM6, PD-L1, clinicopathologic
parameters, and response to PD-1 inhibitors

ROC curves for CMTM6 or PD-L1 according to PD-1 inhi-
bitor responses were generated to determine the appropriate
cutoff values. The area under the curve was 0.715 for
CMTM6 at a CMTM6 value of 70, corresponding to the
maximum joint sensitivity and specificity on the ROC
curve (84% sensitivity and 50% specificity, Figure 2A). The
area under the curve was 0.618 for PD-L1 at a PD-L1 value
of 75, corresponding to the maximum joint sensitivity and
specificity on the ROC curve (79% sensitivity and 38% spe-
cificity, Figure 2B).

We analyzed the effects of CMTM6, PD-L1, and clinico-
pathologic factors on the response to PD-1 inhibitors. In
univariate analysis, CMTM6 was found to be a predictor of
the response to PD-1 inhibitors. (p = .037, odds ratio
(OR) = 5.333, Table 2). However, PD-L1 and clinicopatho-
logic factors were not predictors of the response to PD-1
inhibitors. Age and sex were clinically important variables,

Table 1. Demographic and clinical characteristics of patients.

Variable Number (%)

Age, median (range) (years) 67 (40–85)
Male sex 28 (80.0%)
Smoking history 20 (69.0%)
Histologic subtype

Adenocarcinoma 15 (42.9%)
Squamous cell carcinoma 12 (34.3%)
Pleomorphic carcinoma 4 (11.4%)
NSCLC, NOS 4 (11.4%)

Clinical stage at diagnosis
III 9 (25.7%)
IV 26 (74.3%)

Genetic alteration status
EGFR-mutated 4 (11.4%)
ALK-rearranged 0 (0%)
Wild type 31 (88.6%)

Type of PD-1 blockade
Nivolumab 16 (45.7%)
Pembrolizumab 19 (54.3%)

PD-L1 expression
Low (< H-score 75) 10 (28.6%)
High (≥ H-score 75) 25 (71.4%)

Response to PD-1 blockade
Responder 19 (54.3%)
Non-responder 16 (45.7%)

Smoking history was collected for 29 patients.
EGFR test was performed in 28 patients.
ALK test was performed in 31 patients.
Abbreviations: epidermal growth factor receptor; EGFR, non-small-cell lung
cancer-not otherwise specified; NSCLC, NOS, programmed cell death protein
1, PD-1; programmed death-ligand 1, PD-L1.

Figure 1. Correlation analyses between the CMTM6 and PD-L1 expression. (A) Correlation between CMTM6 and PD-L1 immunohistochemical expression. (B)
Correlation between CMTM6 and PD-L1 mRNA expression in lung adenocarcinoma. (C) Correlation between CMTM6 and PD-L1 mRNA expression in lung squamous
cell carcinoma.
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therefore, they were included in the final multivariate ana-
lysis. In multivariate analysis, CMTM6 was also found to be
an independent predictor of the response to PD-1 inhibi-
tors (p = .032, OR = 6.226, Table 2). CMTM6 as contin-
uous value was also significant predictor of clinical
response to PD-1 blockade in univariate analysis (p = .02,
OR = 1.007). In multivariate analysis, CMTM6 as contin-
uous value was also a significant independent predictor (p
= .027, OR = 1.007).

Prognostic significance of CMTM6, PD-L1, and
clinicopathologic parameters

Responders to PD-1 inhibitors had a better overall survival
rate than non-responders to PD-1 inhibitors (p = .015)
(Figure 3A). Patients with high CMTM6 protein expression
had better overall survival than patients with low CMTM6
protein expression but were not statistically significant (p
= .349) (Figure 3B). High PD-L1 protein expression was
also correlated with better overall survival with borderline
statistical significance (p = .059) (Figure 3C).

Next, we combined CMTM6 and PD-L1 expression for
survival analysis. Patients with high expression of both
CMTM6 and PD-L1 expression had longer overall survival
than patients with high CMTM6 and low PD-L1 and
patients with low CMTM6 and high PD-L1 (p = .061)
(Figure 3D). Patients with high expression of both
CMTM6 and PD-L1 expression also had longer overall
survival than patients with low CMTM6 and low PD-L1
(p = .254) (Figure 3D). However, statistical significance was
not reached in the above analyzes.

Discussion

Our study made several novel findings. First, we found that
CMTM6 expression was an independent predictive factor of
PD-1 inhibitor response and reported the cutoff value for
CMTM6 expression to distinguish the responder and non-
responder groups. Second, CMTM6 expression was positively
correlated with PD-L1 expression in immunohistochemical
and mRNA expression data.

Intratumoral PD-L1 expression is regulated by multiple
mechanisms, including the phosphoinositide 3-kinase (PI3K)
and mitogen-activated protein kinase (MAPK) or Akt path-
ways, transcriptional factors signal transducer and activator of
transcription 3 (STAT3), hypoxia-inducible factor-1 (HIF1),
and nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-κB).13 PD-L1 expression on tumor cells is tran-
sient and expression disappears quickly. Tumor-associated
macrophages (TAM) or IFN-gamma help maintain PD-L1
expression.14 Intratumoral heterogeneity of PD-L1 expression
has been frequently observed in NSCLC.15 For these reasons,
tumors not expressing detectable levels of PD-L1 can also
respond to PD-1 inhibitors. Therefore, another predictor to
supplement PD-L1 is needed.

The novel chemokine-like factor (CKLF)-like Marvel
Transmembrane Domain-containing gene family (CMTM)
consists of 8 members (CMTM1-8).16 CMTM3 and CMTM5
are associated with tumorigenesis.17,18 CMTM6 is involved in
the DNA methylation of hepatocellular carcinoma19 and
CMTM6 overexpression is associated with prognosis in
glioma20 and hepatocellular carcinoma.21 Recently, two stu-
dies reported that CMTM6 regulated antitumor immunity by

Figure 2. Receiver operating characteristic (ROC) and area under the curve (AUC) for CMTM6 (A) and PD-L1 (B).

Table 2. Univariate and multivariate logistic regression analysis for predicting clinical response to PD-1 blockade.

Univariate analysis Multivariate analysis

covariate OR 95%CI P-value† OR 95%CI P-value†

Age (≥65 years vs.<65 years) 2.204 0.567–8.571 0.254 2.654 0.585–12.04 0.206
Sex (male vs. female) 1.788 0.106–2.999 0.499 0.443 0.069–2.854 0.392
Smoking history (+ vs. –) 1.875 0.382–9.197 0.438
Presence of EGFR mutation (+ vs. -) 0.200 0.018–2.225 0.190
Type of PD-1 blockade (Nivolumab vs.

Pembrolizumab)
1.157 0.304–4.404 0.831

PD-L1 (≥75 vs.<75) 2.250 0.504–10.05 0.288
CMTM6 (≥70 vs.<70) 5.333 1.104–25.76 0.037 6.226 1.175–32.99 0.032

Abbreviations: confidence interval; CI, epidermal growth factor receptor; EGFR, odd ratio; OR, programmed cell death protein 1, PD-1; programmed death-ligand 1, PD-L1
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maintaining the expression of PD-L1.11,12 Mezzadra et al.
reported that CMTM6 was associated with PD-L1 protein. It
reduced PD-L1 ubiquitination and increased its protein half-
life in a melanoma cell line.12 Burr et al. also reported that
CMTM6 coexisted with PD-L1 in the plasma membrane and
recycling endosomes, where it prevented PD-L1 lysosomal
degradation in a breast cancer cell line.11 CMTM6 depletion,
via the reduction of PD-L1, significantly promoted tumor-
specific T cell activity in vitro and in vivo.11 Furthermore,
inhibition of CMTM6 provided a survival benefit in a mouse
model of cancer.11 Since PD-L1 is a transient protein,
CMTM6 plays a critical role in the survival of PD-L1 because
it increases the stability of PD-L1.

Mamessier et al. reported that the group with CMTM6
high and PD-L1 high was associated with shorter overall
survival in mRNA expression data of pancreatic
adenocarcinomas.22 However, the group with CMTM6 high
and PD-L1 high showed better metastasis-free survival in
mRNA expression data of triple-negative primary breast
cancers.22 Our results also showed that the group with
CMTM6 high and PD-L1 high showed better overall survival.
Responders to PD-1 inhibitors were more likely to survive in
our results. Therefore, interaction between CMTM6 and PD-
L1 increases response to PD-1 inhibitors. Increased response
to PD-L1 inhibitors may contribute to improved survival.

In present study, 54.3% of the patients were in the responder
group. Our study’s response rate is somewhat higher than other
studies. Garon et al. reported that the objective response rate was

19.4% in all PD-L1-positive NSCLC treated with pembrolizumab
and the response rate was 45.2% in groups with ≥ 50% PD-L1
expression.1 Gettinger et al. revealed that the objective response
rate was 23% in all advanced NSCLC treated with Nivolumab.2 In
study of Gettinger et al, the objective response rate was 50% in
tumors with ≥ 50% PD-L1 expression. In our study, 71.4% of
patients showed high expression of PD-L1 (≥ H-score 75). High
PD-L1 expression rate may have affected the response rate.

This study had several limitations. First, our study was
a retrospective design and had a relatively small sample
size. Second, in logistic regression analyses, overfitting a model
is an important problem. To avoid overfitting our model, we
should perform validation tests with independent data.
However, our sample number was not enough to perform the
validation test. Another large scale validation test should be per-
formed to confirm our results. Third, three samples were obtained
from metastatic lesions. In these cases, CMTM6 expression in
primary tumors was not accurately reflected. Fourth, we used
CMTM6 immunohistochemical scoring to determine whether
CMTM6 affected the response to anti-PD-1 therapy in patients
with NSCLC. However, immunohistochemical methods have
weaknesses in standardization and reproducibility.23 We used
a fallopian tube as a positive control and an automated immuno-
histochemistry platform to improve reproducibility. We used
H-scores for immunohistochemical scoring. The H-score method
has been used as a standard for immunohistochemical scoring
and has been shown to be highly reproducible among
pathologists.24,25 Fifth, we did not include other potentially

Figure 3. Comparison of survival rates according to CMTM6 and PD-L1 expression. (A) Overall survival (OS) and the clinical response to PD-1 inhibitors. (B) OS and
CMTM6. (C) OS and PD-L1. (D) OS, CMTM6 and PD-L1.
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important predictors of response to PD-1 inhibitors including
tumor mutational burden,9 tumor-infiltrating lymphocytes8 and
the predictive expression signatures10 in multivariate logistic
analysis.

In conclusion, we examined CMTM6 and PD-L1 expression
in 35 pretreatment NSCLC samples from PD-1 inhibitor-
treated patients. High CMTM6 expression was identified as
an independent factor predicting the response to PD-1 inhibi-
tors. In addition, CMTM6 expression was positively correlated
with PD-L1 in immunohistochemical and mRNA expression
data. Based on our findings, CMTM6 expression might become
a promising predictor for therapeutic decision-making.

Materials and methods

Patients

We enrolled advanced non-small cell lung cancer patients treated
with PD-1 blockade therapy at our institution who had pretreat-
ment tumor tissue available for study and evaluated their drug
response from 2016 to 2018. A total of 35 patients with NSCLC
were consecutively collected. This retrospective study was
approved by the Institutional Review Board of Ajou University
School of Medicine. Informed consent was waived due to the
retrospective nature of the study. This study’s involvement with
human subjects complies with the Declaration of Helsinki.

Age, sex, smoking history, histologic subtype, clinical stage at
diagnosis, and genetic alteration status were obtained from the
medical records. Patients treated with PD-1 blockade therapy
were classified into the responder group (complete response,
partial response, or stable disease) or the non-responder group
(progression disease) according to RECIST criteria version 1.1.26

Immunohistochemical staining and scoring of CMTM6

All H&E slides were carefully reviewed by one pathologist
(YWK) to determine tumor subtype according to the 2015
World Health Organization Classification of Lung Tumors.27

Clinical TNM staging was recorded according to the eighth
edition of the TNM classification.

Immunohistochemical staining of CMTM6 was carried out
with a Benchmark XT automatic IHC staining device (Ventana
Medical Systems, Tucson, AZ, USA). The samples were incu-
bated with antibody against CMTM6 (dilution 1:200, polyclo-
nal, GeneTex, Irvine, CA, USA). We used fallopian tissue as
a positive control for CMTM6.28 CMTM6 expression was
identified in the membranous or cytoplasmic areas of the
fallopian tube and CMTM6 expression was not identified in
normal lung tissue (Supplementary Figure 1A and B).

The intensity of the CMTM6 was also evaluated on a four-
point intensity scale: 0 (no staining), 1 (faint staining = light
yellow), 2 (moderate staining = yellow-brown), and 3 (strong
staining = brown) (Figure 4A and 4B). Percentages (0–100%)
of cytoplasmic or membranous expression of CMTM6 were
also evaluated. We used the H-scores to interpret the CMTM6
stains.29 H-score = [1 × (% cells 1+) + 2 × (% cells 2+) + 3 ×
(% cells 3+)]. H-scores (0–300) were obtained by multiplying
the intensity by the percentage of positive cells.

Immunohistochemical staining and scoring of PD-L1

We performed 22C3 and/or SP263 assays before PD-1 inhi-
bitor treatment for all patients. Five of the 35 (14.3%)
specimens were tested for both SP263 and 22C3, 16
(45.7%) for only SP263, and 14 (40%) for only 22C3. The
SP263 assay was performed with the OptiView DAB
Immunohistochemical Detection Kit on a VENTANA
BenchMark ULTRA instrument and the 22C3 assay was
performed on the Dako Link-48 platform as recommended

Figure 4. CMTM6 or PD-L1 expression in non-small cell carcinoma. (A) Positive cytoplasmic or membranous CMTM6 expression in tumor cells. (B) Negative CMTM6
expression in tumor cells. (C) Positive membranous SP263 PD-L1 expression in tumor cells. (D) Negative SP263 PD-L1 expression in tumor cells. (E) Positive
membranous 22C3 PD-L1 expression in tumor cells. (F) Negative 22C3 PD-L1 expression in tumor cells.
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by the manufacturer30 (Figure 4C-F). We used H-scores to
interpret the PD-L1 stains.29 When both the 22C3 and
SP263 tests were performed, the mean value of the 22C3
and SP263 tests was used as the H-Score.

Web-based mrna profiling

The mRNA expression data of 510 lung adenocarcinoma
patients and 484 lung squamous cell carcinoma patients
were downloaded from The Cancer Genome Atlas (TCGA)
cBioportal (http://cbioportal.org).31

Statistical analyses

Categorical variables were compared using chi-squared tests. We
used Pearson’s correlation analysis to describe the correlation
between quantitative variables with a normal distribution. We
used Spearman’s correlation analysis to describe the correlation
between quantitative variables without a normal distribution. The
probability of clinical benefit from a PD-1 inhibitor based on
clinicopathologic variables was examined by univariate andmulti-
variate logistic regression analyses. The cutoff values for CMTM6
and PD-L1 were determined by receiver operating curve (ROC)
analysis. We defined overall survival as the interval between the
date that therapy started and the date of death from any cause or
the date of last follow-up. The overall survival difference between
the cohorts was assessed using the log-rank test. IBM SPSS
Statistics for Windows (Version 25.0. Armonk, NY) was used for
all analyses and a p-value of less than 0.05 was considered statis-
tically significant.
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