
Frontiers in Oncology | www.frontiersin.org

Edited by:
Hubing Shi,

Sichuan University, China

Reviewed by:
Zhong-Yi Dong,

Southern Medical University, China
Jelena Stojsic,

University of Belgrade, Serbia

*Correspondence:
Mei Li

13862901258@163.com
Honggang Ke

khg1220@163.com

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Thoracic Oncology,
a section of the journal
Frontiers in Oncology

Received: 09 February 2021
Accepted: 27 April 2021
Published: 27 May 2021

Citation:
Wang X, Wu B, Yan Z, Wang G,

Chen S, Zeng J, Tao F, Xu B, Ke H and
Li M (2021) Association of PTPRD/
PTPRT Mutation With Better Clinical

Outcomes in NSCLC Patients Treated
With Immune Checkpoint Blockades.

Front. Oncol. 11:650122.
doi: 10.3389/fonc.2021.650122

ORIGINAL RESEARCH
published: 27 May 2021

doi: 10.3389/fonc.2021.650122
Association of PTPRD/PTPRT
Mutation With Better Clinical
Outcomes in NSCLC Patients
Treated With Immune
Checkpoint Blockades
Xiaoyan Wang1†, Bingchen Wu2†, Zhengqing Yan3†, Guoqiang Wang3, Shiqing Chen3,
Jian Zeng4, Feng Tao5, Bichun Xu6, Honggang Ke7* and Mei Li8*

1 Department of Respiratory Medicine, Affiliated Hospital of Nantong University, Nantong, China, 2 Department of Oncology,
Hospital of Chinese Medicine of Changxing County, Huzhou, China, 3 The Medical Department, 3D Medicines Inc.,
Shanghai, China, 4 Department of Thoracic Surgery, Zhejiang Cancer Hospital, University of Chinese Academy of Sciences,
Hangzhou, China, 5 Department of Respiratory Medicine, The Affiliated Hospital of Jiaxing University, Jiaxing, China,
6 Department of Radiotherapy, Second Affiliated Hospital of Soochow University, Suzhou, China, 7 Department of
Cardiothoracic Surgery, Affiliated Hospital of Nantong University, Nantong, China, 8 Department of Medical Oncology,
Affiliated Hospital of Nantong University, Nantong, China

The common gamma receptor–dependent cytokines and their JAK-STAT pathways play
important roles in T cell immunity and have been demonstrated to be related with
response to immune checkpoint blockades (ICBs). PTPRD and PTPRT are
phosphatases involved in JAK-STAT pathway. However, their clinical significance for
non-small cell lung cancer (NSCLC) treated with ICBs is still unclear. Genomic and survival
data of NSCLC patients administrated with anti–PD-1/PD-L1 or anti–CTLA-4 antibodies
(Rizvi2015; Hellmann2018; Rizvi2018 Samstein2019) were retrieved from publicly
accessible data. Genomic, survival and mRNA data of 1007 patients with NSCLC were
obtained from The Cancer Genome Atlas (TCGA). PTPRD/PTPRT mutation was
significantly associated with better progression-free survival (PFS) in three independent
Rizvi2015, Hellmann2018 and Rizvi2018 cohorts. The median PFS for PTPRD/PTPRT
mutant-type vs. wild-type NSCLC patients were not reached vs. 6.3 months (Rizvi2015,
HR = 0.16; 95% CI, 0.02-1.17; P=0.03), 24.0 vs. 5.4 months (Hellmann2018, HR, 0.49;
95% CI, 0.26-0.94; P=0.03), 5.6 vs. 3.0 months (Rizvi2018, HR = 0.64; 95% CI, 0.44-
0.92; P=0.01) and 6.8 vs. 3.5 months (Pooled cohort, HR, 0.54; 95% CI, 0.39-0.73;
P<0.0001) respectively. PTPRD/PTPRTmutation was an independent predictive factor for
PFS in pooled cohort (P = 0.01). Additionally, PTPRD/PTPRT mutation associated with
better overall survival (OS) in Samstein2019 cohort (19 vs. 10 months, P=0.03). While
similar clinical benefits were not observed in patients without ICBs treatment (TCGA
cohort, P=0.78). In the further exploratory analysis, PTPRD/PTPRT mutation was
significantly associated with increased tumor mutation burden and higher mRNA
expression of JAK1 and STAT1. Gene Set Enrichment Analysis revealed prominent
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enrichment of signatures related to antigen processing and presentation in patients with
PTPRD/PTPRT mutation. This work suggested that PTPRD/PTPRT mutation might be a
potential positive predictor for ICBs in NSCLC. These results need to be further confirmed
in future.
Keywords: PTPRD, PTPRT, JAK-STAT, immune checkpoint blockades, non-small cell lung cancer
INTRODUCTION

Lung cancer is the leading cause of cancer death worldwide with
1.6 million deaths per year (1). Approximately 85% of cases are
non-small cell lung cancer (NSCLC), of which lung
adenocarcinoma (LUAD) and lung squamous cell carcinoma
(LUSC) are the common histological subtypes (2). With
development of molecular diagnosis, tyrosine kinase inhibitors
(TKIs) have become the standard therapy for NSCLC patients
harboring EGFR or ALK alterations over the past two decades
and brought great clinical benefit for NSCLC patients. However,
as for patients without driver oncogenic gene, the improvement
in survival was minimal before the appearance of immune
checkpoint blockades (ICBs).

ICBs have demonstrated significant clinical benefit in NSCLC
patients, including antibodies targeting programmed death
receptor-1 (PD-1), its ligand (PD-L1) and cytotoxic T-
lymphocyte antigen-4 (CTLA-4). Unfortunately, only a subset
of patients could respond to current immunotherapy strategies.
In order to increase the response rate to ICBs, identifying the
patients who can benefit from ICBs and developing novel
potential strategies are two common methods. Encouragingly,
several biomarkers have been proposed as distinct positive
predictor for ICBs therapy, such as MSI-H, PD-L1 expression
(3, 4), tumor mutation burden (TMB) (5, 6), and the intensity of
CD8+ T cell infiltrates (7). Additionally, several genomic
alterations had been found to be correlated with the clinical
outcomes in NSCLC patients who received ICBs. Dong et al.
reported that TP53 and KRAS mutations in NSCLC were
associated with the increased PD-L1 expression and activated
T-effector and interferon-g signature (8). Zhang et al. uncovered
significant correlation between North1/2/3 mutation and better
efficacy of ICBs (9). On the contrary, some negative predictors
for ICBs therapy, including JAK1/2, MDM2/4 and EGFR
alternations were also reported in previous works (10, 11).
Currently, exploring the role of gene alternations in the
NSCLC patients who received ICBs remains valuable for
precision therapies.

Common gamma receptor–dependent cytokines and their
JAK-STAT pathways play important roles in T cell immunity
(12). It was reported that IFNg/STAT1/STAT3 signaling axis
related to the upregulation expression of PD-L1 in lung tumors
(13). Additionally, STAT1 activation could trigger IRF-1
expression and subsequent initiated MHC class I antigen
presentation-associated gene expression (14). Noted that
protein tyrosine phosphatase receptor type D or T (PTPRD or
PTPRT) are two of receptor-protein tyrosine phosphatases (R-
PTPs) in NSCLC, which were reported as the mediator of JAK-
2

STAT signal pathway (15, 16). However, to our best knowledge,
the clinical significance of PTPRD and PTPRT alterations for
NSCLC treated with ICBs is still unclear. In the present work, we
aimed to explore the relationship between PTPRD/PTPRT
mutation and clinical outcomes of ICBs in NSCLC patients.
MATERIALS AND METHODS

Patients
Genomic and clinical data of NSCLC patients administrated with
anti–PD-(L)1 or anti–CTLA-4 antibodies [Rizvi2015 (17),
Hellmann2018 (18), Rizvi2018 (19) and Samstein 2019 (6)]
were retrieved from publicly accessible data. The genomic,
survival and mRNA data of 1226 patients with NSCLC were
obtained from TCGA (www.cbioportal.org). As for the
3Dmed_NSCLC cohort, 1224 NSCLC patients were included
from 22nd October 2019 to 15th April 2020 to explore the PTPRD
and PTPRT mutation profiles in Chinese population. Their
pathological diagnosis of the specimens was confirmed by
hematoxylin and eosin (H&E) staining and the tumor tissue
suffered to 733 cancer gene panel sequencing (3DMedicines Inc.,
Shanghai). All human sample collection and usage were in
accordance with the principles of the Declaration of Helsinki
and approved by Affiliated Hospital of Nantong University. All
participated patients provided written consents.

Study Design
Any mutation including nonsense, frameshift and missense
mutation in PTPRD or PTPRT was defined as PTPRD/PTPRT
mutation. PTPRD/PTPRT wild-type suggested that both PTPRD
and PTPRT were wild-type. TMB-high group was defined as
TMB ≥ median. The primary outcome was progression-free
survival (PFS), which was calculated from the date of first
immunotherapy administration to disease progression. The
secondary outcome was overall survival (OS), which was
calculated from the date of first immunotherapy administrated
until death due to any cause. We explored the association
between PTPRD/PRPRT mutation and PFS or OS using
univariable and multivariable regression analysis.

Statistical Analyses
Data analyses were performed using SPSS 20.0 (SPSS Inc.,
Chicago, IL). Survival description was illustrated by the
Kaplan-Meier curves with P value determined by a log-rank
test. Hazard’s ratio (HR) was determined through a cox
proportional hazards regression model. The associations
between PFS and various variables were examined by
May 2021 | Volume 11 | Article 650122
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univariable and multivariable regression analysis. Continuous
variables were compared by Mann-Whitney U test. False
discovery rate (FDR) was used to adjust mRNA expression.
Gene set enrichment analysis (GSEA) was used to determine
potentially relevant gene expression signatures between patients
harboring mutant-type or wild-type PTPRD/PTPRT. The java
GSEA Desktop Application (GSEA 4.0.1) was downloaded from
http://software.broadinstitute.org/gsea/index.jsp. The
normalized enrichment score (NES) is the primary statistic for
examining gene set enrichment results. The nominal P value
estimates the statistical significance of the enrichment score. All
reported P values were two-tailed, and P <0.05 or FDR <0.05 is
considered statistically significant.
RESULTS

Association Between PTPRD/PTPRT
Mutation and Better PFS in NSCLC
Patients Who Received ICBs Therapy
From Three Independent Cohorts
The detailed baseline characteristics of NSCLC patients in three
independent cohorts (Rizvi2015; Hellmann2018 and Rizvi2018)
were summarized in Table 1. (1) The Rizvi2015 cohort contains
34 advanced NSCLC patients and their tumor tissues were
subjected to whole-exome sequencing (WES). (2) The
Hellmann2018 cohort contains 75 patients with NSCLC as part
of the CheckMate-012 study and WES was performed on tumor
tissues. (3) The Rizvi2018 cohort contains 240 patients with
advanced NSCLC and their tumor tissues were profiled with
MSK-IMPACT gene panels (341-gene, 410-gene or 468-gene
Frontiers in Oncology | www.frontiersin.org 3
panel). All the three gene panels included PTPRD and PTPRT
genes. In the pooled cohort, 349 advanced NSCLC patients were
included. The overall frequency of PTPRD/PTPRT mutation in
Rizvi2015, Hellmann2018, Rizvi2018 and pooled cohorts were
15%, 31%, 20% and 21% respectively.

The association between PTPRD/PTPRT mutation and PFS
was analyzed in Rizvi2015, Hellmann2018, Rizvi2018 and pooled
cohort respectively. As shown in Figure 1, PTPRD/PTPRT
mutation was significantly associated with better PFS. The
median PFS for PTPRD/PTPRT mutant-type vs. wild-type
NSCLC patients were not reached vs. 6.3 months in Rizvi2015
cohort (HR = 0.16; 95% CI, 0.02-1.17; P=0.03), 24 vs. 5.4 months
(HR, 0.49; 95% CI, 0.26-0.94; P=0.03) in Hellmann2018 cohort,
5.6 vs. 3.0 months (HR = 0.64; 95% CI, 0.44-0.92; P=0.01) in
Rizvi2018 cohort and 6.8 vs. 3.5 months (HR, 0.54; 95% CI, 0.39-
0.73; P<0.0001) in the pooled cohort respectively.

The association between PTPRD mutation and PFS was also
explored in Rizvi2015, Hellmann2018, Rizvi2018 and pooled
cohorts respectively. The corresponding results were shown in
Figure 2 respectively. In Rizvi2015 cohort, the median PFS in
PTPRD mutant-type vs. wild-type NSCLC patients were not
reached vs. 6.5 months (P=0.23). Although statistical
significance was not obtained, PTPRD mutation tend to
achieve longer PFS. In Hellmann2018 cohort, similar results
also were observed, but with a marginal statistical significance.
The median PFS in PTPRD mutant-type vs. wild-type NSCLC
patients were not reached vs. 6.5 months (P=0.05). In Rizvi2018
cohort, PTPRD mutation were significantly associated with
better PFS, and the median PFS in PTPRD mutant-type vs.
wild-type NSCLC patients were 5.6 months vs. 3.1 months
(P=0.04). In pooled cohort, significant association between
PTPRD mutation and better PFS was also observed. The
TABLE 1 | Baseline characteristics of NSCLC patients in Rizvi2015, Hellmann2018, Rizvi2018 and pooled cohorts.

Characteristics Rizvi2015 Hellmann2018 Rizvi2018 Pooled Cohort

Total n 34 75 240 349
Age, median (range) 62.5 (41-80) 66 (42-87) 66 (22-92) 65 (22-92)
Sex
Male 16 (47%) 37 (49%) 118 (49%) 171 (49%)
Female 18 (53%) 38 (51%) 122 (51%) 178 (51%)
Cancer type n (%)
Adenocarcinoma 34 (100%) 59 (79%) 186 (78%) 279 (80%)
Squamous 0 (0%) 16 (21%) 34 (14%) 50 (14%)
Others 0 (0%) 0 (%) 20 (8%) 20 (6%)
Agent
PD-(L)1 34 (100%) 0 (0%) 206(86%) 240 (0%)
PD-(L)1+CTLA-4 0 (0%) 75 (100%) 34(14%) 109 (100%)
Smoking history, n (%)
Current/former 28 (82%) 60 (80%) 193 (80%) 281 (80%)
Never 6 (18%) 15 (20%) 47 (20%) 68 (20%)
PDL1_expression
≥1% 24 (70%) 45 (60%) 43 (18%) 112 (32%)
0% 6 (18%) 25 (33%) 41 (17%) 72 (21%)
Unknown 4 (12%) 5 (7%) 156 (65%) 165 (47%)
Gene, n (%)
PTPRD mutation 3 (9%) 16 (21%) 30 (13%) 49 (14%)
PTPRT mutation 2 (6%) 9 (12%) 23 (10%) 34 (10%)
PTPRD/PTPRT mutation 5 (15%) 22 (29%) 47 (20%) 74 (21%)
PTPRD/PTPRT wild-type 29 (85%) 53 (71%) 193 (80%) 275 (79%)
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A B

C D

FIGURE 2 | Association between PTPRD mutation and PFS in (A) Rizvi2015, (B) Hellmann2018, (C) Rizvi2018 and (D) pooled cohorts.
A B

C D

FIGURE 1 | Association between PTPRD/PTPRT mutation and PFS. Kaplan-Meier survival curves of PFS comparing NSCLC patients with PTPRD/PTPRT mutant-type
and wild-type in of (A) Rizvi2015, (B) Hellmann2018, (C) Rizvi2018 and (D) pooled cohorts respectively. PTPRD/PTPRT mutation: D/T_Mut; PTPRD/PTPRT wild-type:
D/T_Wt.
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median PFS in PTPRD mutant-type vs. wild-type NSCLC
patients were 6.6 months vs. 3.6 months (P=0.001).

In addition, the influences of PTPRT mutation on PFS were
also explored in Rizvi2015, Hellmann2018, Rizvi2018 and pooled
cohorts respectively and the corresponding results were shown in
Figure 3. In Rizvi2015 cohort, the median PFS in PTPRT
mutant-type vs. wild-type NSCLC patients were not reached vs.
6.3 months respectively, with no statistically significant
difference (P=0.10). In Hellmann2018 cohort similar results
were also observed, but with a marginal statistical significance.
The median PFS in PTPRT mutant-type vs. wild-type NSCLC
patients were 24.0 months vs. 6.5 months (P=0.06). In Rizvi2018
cohort, PTPRT mutations were significantly associated with
better PFS. The median PFS in PTPRT mutant-type vs. wild-
type NSCLC patients was 6.0 months vs. 3.1 months (P=0.03). In
pooled cohort, a significant association between PTPRT
mutation and better PFS was also observed. The median PFS
in PTPRT mutant-type vs. wild-type NSCLC patients were 9.2
months vs. 3.6 months (P=0.001).

The univariable and multivariable regression analysis of PFS
the in Rizvi2015, Hellmann2018 and Rizvi2018 cohorts were
summarized in Table 2. Several confounding factors were
analyzed, including the age, sex and lines of therapy, PD-L1,
TMB, smoker status, and PTPRD/PTPRT mutation. The
multivariable analysis showed that PTPRD/PTPRT mutation
was not significant associated with PFS in Rizvi2015 and
Hellmann2018 cohort (HR 0.23, 95% CI, 0.03-2.04, p=0.18 and
HR 0.59, 95% CI, 0.24-1.47, p=0.25, respectively). However, the
multivariable analysis suggested that PTPRD/PTPRT mutation
was an independent predictive factor for PFS in Rizvi2018 cohort
(0.43, 95% CI, 0.20-0.92, p=0.03). The different outcomes between
these independent cohorts might be due to the different size of
Frontiers in Oncology | www.frontiersin.org 5
patients. The deviation might exist in the conclusion of small
cohorts (Rizvi2015, N=34 andHellmann2018, N=75). In contrast,
240 NSCLC was included in the Rizvi2018 cohort. To further
explore the influence of confounding factors on PFS, the
univariable and multivariable regression analysis of PFS were
also performed in pooled cohort. Notably, in the pooled cohort,
the age (≥65 vs. <65 y), sex (male vs. female) and lines of therapy
(lines of therapy ≥3 vs. <3), were not associated with PFS, no
matter the univariable or multivariable regression analysis. In
contrast, PD-L1, TMB, smoker status and PTPRD/PTPRT
mutation were significantly associated with better PFS benefits.
In the univariable analysis, PD-L1 status ≥1% vs. <1%, HR 0.60,
95%CI, 0.43-0.84, P =0.003; TMB≥median vs. <median, HR 0.56,
95% CI, 0.44-0.72, P <0.001; Current or former vs. never smoker,
HR 0.70, 95% CI, 0.52-0.93; P =0.01; PTPRD/PTPRTmutant-type
vs. wild-type, HR 0.54, 95% CI, 0.39-0.73, p <0.001. In the
multivariable analysis, PD-L1 status ≥1% vs. <1%, HR 0.67,
95% CI, 0.47-0.96, P =0.03; TMB≥ median vs. <median, HR
0.62, 95% CI, 0.42-0.92, P =0.02; Current or former vs. never
smoker, HR 0.63, 95% CI, 0.41-0.97; P =0.04; PTPRD/PTPRT
mutant-type vs. wild-type, HR 0.52, 95% CI, 0.31-0.87, p=0.01.
Association Between PTPRD/PTPRT
Mutation and Better OS Benefit in NSCLC
Patients Who Received ICBs Therapy
To explore whether PTPRD/PTPRT mutation is a predictive or
prognostic biomarker for NSCLC, we retrieved the OS data from
the Samstein2019 cohort and the Cancer Genome Atlas (TCGA)
respectively. Samstein2019 cohort contains 350 advanced NSCLC
patients treated with anti-PD- (L)1 monotherapy or combined
therapy, and their tumor tissues were profiled with MSK-
A B

C D

FIGURE 3 | Association between PTPRT mutation and PFS in (A) Rizvi2015, (B) Hellmann2018, (C) Rizvi2018 and (D) pooled cohorts.
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IMPACT gene panels (341-gene or 410-gene panel). Forty-three
(12%) patients harbored PTPRD mutation and thirty-five (10%)
patients harbored PTPRT mutation. Eleven (3%) patients carried
both PTPRD and PTPRT mutation. The overall frequency of
Frontiers in Oncology | www.frontiersin.org 6
PTPRD/PTPRT mutation was 19% (Table S1). Noted that 206
patients in Samstein2019 cohort were also contained in the
Rizvi2018 cohort. Figure 4A showed that a significant OS
benefit was observed in NSCLC patients with PTPRD/PTPRT
A B

FIGURE 4 | Association between PTPRD/PTPRT mutation and OS in (A) Samstein2019 and (B) TCGA cohorts.
TABLE 2 | Univariable and multivariable analyses of progression-free survival.

Rizvi2015
Parameter Univariable Analysis Multivariable Analysis

HR (95%CI) P value HR (95%CI) P value

Age ≥65 vs. <65 y 0.82 (0.33-2.01) 0.66 1.05 (0.33-3.38) 0.93
Male vs. female 1.75 (0.75-4.07) 0.20 1.09 (0.36-3.36) 0.88
Current or former vs. never smoker 0.60 (0.22-1.64) 0.32 0.67 (0.16-2.91) 0.60
TMB≥median vs. <median 0.21 (0.08-0.55) 0.002 0.20 (0.06-0.67) 0.01
PD-L1 status ≥1% vs. <1% 0.38 (0.14-1.01) 0.05 0.98 (0.33-2.98) 0.98
PTPRD/PTPRT mutant vs. wild 0.16 (0.02-1.17) 0.07 0.23 (0.03-2.04) 0.18
Lines of therapy ≥3 vs. <3 1.24 (0.53-2.91) 0.62 1.79 (0.46-6.93) 0.40
Hellmann2018
Parameter Univariable Analysis Multivariable Analysis

HR (95%CI) P value HR (95%CI) P value
Age ≥65 vs. <65 y 0.89 (0.51-1.55) 0.67 0.71 (0.37-1.36) 0.31
Male vs. female 1.03 (0.59-1.80) 0.92 1.03 (0.55-1.91) 0.94
Current or former vs. never smoker 0.70 (0.36-1.36) 0.29 0.78 (0.37-1.64) 0.51
TMB≥median vs. <median 0.49 (0.28-0.87) 0.02 0.59 (0.28-1.22) 0.16
PD-L1 status ≥1% vs. <1% 0.86 (0.47-1.59) 0.63 1.04 (0.52-2.07) 0.92
PTPRD/PTPRT mutant vs. wild 0.47 (0.24-0.92) 0.03 0.59 (0.24-1.47) 0.25
Rizvi2018
Parameter Univariable Analysis Multivariable Analysis

HR (95%CI) P value HR (95%CI) P value
Age ≥65 vs. <65 y 1.14 (0.86-1.52) 0.35 1.12 (0.69-1.81) 0.66
Male vs. female 1.09 (0.83-1.44) 0.54 0.88 (0.53-1.44) 0.60
Current or former vs. never smoker 0.69 (0.49-0.97) 0.03 0.59 (0.30-1.17) 0.13
TMB≥median vs. <median 0.65 (0.49-0.86) 0.003 0.94 (0.52-1.69) 0.84
PD-L1 status ≥1% vs. <1% 0.58 (0.36-0.92) 0.02 0.52 (0.31-0.88) 0.01
PTPRD/PTPRT mutant vs. wild 0.64 (0.44-0.92) 0.02 0.43 (0.20-0.92) 0.03
Lines of therapy ≥3 vs. <3 1.37 (1.00-1.88) 0.05 1.25 (0.70-2.20) 0.45
All NSCLC in pooled cohort

Parameter Univariable Analysis Multivariable Analysis
HR (95%CI) P value HR (95%CI) P value

Age ≥65 vs. <65 y 1.06 (0.83-1.35) 0.64 0.95 (0.67-1.35) 0.78
Male vs. female 1.13 (0.89-1.44) 0.31 1.00 (0.71-1.41) 0.99
Current or former vs. never smoker 0.70 (0.52-0.93) 0.01 0.63 (0.41-0.97) 0.04
TMB≥median vs. <median 0.56 (0.44-0.72) <0.001 0.62 (0.42-0.92) 0.02
PD-L1 status ≥1% vs. <1% 0.60 (0.43-0.84) 0.003 0.67 (0.47-0.96) 0.03
PTPRD/PTPRT mutant vs. wild 0.54 (0.39-0.73) <0.001 0.52 (0.31-0.87) 0.01
lines of therapy ≥3 vs. <3 0.88 (0.69-1.12) 0.30 0.80 (0.56-1.13) 0.21
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mutant-type compared to that with PTPRD/PTPRT wild-type
in Samstein2019 cohort. The median OS in PTPRD/PTPRT
mutant-type vs. wild-type NSCLC patients were 19 months vs.
10 months (P=0.03). As for PTPRD alone, the median OS in
PTPRD mutant-type vs. wild-type NSCLC patients were 21
months vs. 11 months (P=0.01, Figure S1A). As for PTPRT
alone, the median OS in PTPRT mutant-type vs. wild-type
NSCLC patients were 19 months vs. 11 months (P=0.17, Figure
S1B). The results of univariable and multivariable analysis in
Samstein2019 cohort were summarized in Table S2. PTPRD/
PTPRT mutation was significantly associated with better OS
benefits in the univariable analysis (HR 0.66, 95% CI, 0.45-0.96,
P =0.03) and in the multivariable analysis (HR 0.52, 95% CI, 0.31-
0.87, P =0.045).

In contrast, for NSCLC patients who do not receive ICBs
treatment (TCGA cohort), PTPRD/PTPRT mutation was not
associated with a better OS benefit (Figure 4B). In TCGA, the
PTPRD or PTPRT incidences are 13.7% and 10.7% in NSCLC
respectively. The median OS in PTPRD/PTPRT mutant-type vs.
wild-type NSCLC patients were 47.4 months vs. 53.3 months
(P=0.78). As for PTPRD, the median OS in PTPRD mutant-type
vs. wild-type NSCLC patients were 50.5 months vs. 54.1 months
(P=0.67, Figure S1C). As for PTPRT, the median OS in PTPRT
mutant-type vs. PTPRT wild-type NSCLC patients were 38.9
months vs. 54.1 months (P=0.22, Figure S1D). These results
suggested that PTPRD/PTPRT mutation was a potential positive
predictor for clinical benefit of anti-PD-(L)1 therapy in NSCLC
instead of a prognosis factor for NSCLC.
Frontiers in Oncology | www.frontiersin.org 7
Impact of PTPRD/PTPRT Mutation on
TMB or Immune-Related Gene Signatures
To further understand the underlying mechanism of the
association between PTPRD/PTPRT mutation and better clinical
outcomes in NSCLC patients who received ICBs therapy, the
impact of PTPRD/PTPRT mutation on TMB or immune-related
gene signatures was explored. Figures 5A–D demonstrated that
PTPRD/PTPRT mutation was associated with higher TMB in
Rizvi2015, Hellmann2018, Rizvi2018 and TCGA cohorts
(P<0.0001). We then analyzed the mRNA data from TCGA to
compare mRNA expression of immune related genes between
PTPRD/PTPRT mutant-type and wild-type NSCLC patients. The
list of immune-related genes in Table S3 was analyzed in this
work. As shown in Figure S2 and Figures 5E, F, the mRNA
expressions of JAK1 and STAT1 were higher in PTPRD/PTPRT
mutant-type than wild-type NSCLC patients (p < 0.05). What’s
more, GSEA was performed on gene sets in the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database.
Figure 5G revealed enrichment of genes involved in antigen
processing and presentation pathways were significantly
enriched in NSCLC with PTPRD/PTPRT mutation (NES=2.35;
FDR< 0.001).

Mutational Profiles of PTPRD or PTPRT in
Chinese NSCLC 3DMed Cohort
To investigate the mutational profiles of PTPRD or PTPRT in
Chinese NSCLC population, a total of 1224 cases of Chinese
NSCLC who have undergone 733 cancer gene-panel via next-
A B

E F G

C D

FIGURE 5 | Possible mechanism of the association of PTPRD/PTPRT mutation and better clinical outcomes of ICBs therapy. (A–D) Comparison of tumor mutational
burden between PTPRD/PTPRT mutant-type and wild-type NSCLC patients in Rizvi2015, Hellmann2018, Rizvi2018 and TCGA cohorts respectively.
(E, F) Comparing of mRNA expression of JAK1 and STAT1 between PTPRD/PTPRT mutant-type and wild-type NSCLC patients. (G) GSEA reveals prominent
enrichment of signatures related to antigen processing and presentation in NSCLC patients with PTPRD/PTPRT mutation. PTPRD/PTPRT mutation: D/T_Mut;
PTPRD/PTPRT wild-type: D/T_Wt.
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generation sequencing (NGS) were included in this study, including
886 patients with lung adenocarcinoma and 188 patients with lung
squamous cell carcinoma (Table S4). There were 768 male and 456
female patients. Themedian age was 63 (range 22-91). A total of 112
(9.2%) NSCLC patients with PTPRD/PTPRT mutation were
identified. The incidences of patients with PTPRD or PTPRT
mutation were 5.4% (N=66) and 4.7% (N=57) respectively, which
was significantly lower than that of TCGA cohort (PTPRD: 5.4% vs
13.7%, p <0.0001; PTPRT: 4.7% vs 10.7%, p <0.0001). Such
difference might result from the population. Figure S3 described
the graphical distribution of PTPRD and PTPRT mutation sites in
Chinese NSCLC patients. No clear hotspot mutations and mutated
codons were spread throughout PTPRD and PTPRT, including the
phosphatase and extracellular domains, which was consistent with
previous work (20).
DISCUSSION

In this work, PTPRD/PTPRT mutation was firstly identified as
positive factor for better clinical benefit in NSCLC patients who
received ICBs treatment. While no clinical benefits of OS were
achieved in patients who do not receive ICBs treatment (TCGA
cohort). Moreover, univariable and multivariable analysis further
confirmed that PTPRD/PTPRT mutation was an independent
positive predictor in pooled cohort. In the exploratory analysis,
higher TMB and increased expression of genes related to JAK-
STAT pathway activation served as potential mechanism
underlying the predictive value of PTPRD/PTPRT mutation in
NSCLC population. GSEA also revealed prominent enrichment
of signatures related to antigen processing and presentation in
patients with PTPRD/PTPRT mutation. Such results suggested
that PTPRD/PTPRT mutation might be a potential positive
predictor of NSCLC patients treated with ICBs.

Protein tyrosine phosphorylation is an important signaling event
involved in a wide range of physiological processes in tumor
development, whose level is balanced by antagonistic activities of
protein tyrosine kinases and protein tyrosine phosphatases (PTPs)
(21, 22). The classical PTPs are usually divided into two large groups
according to their overall structure, including cytoplasmic non-
receptor-type PTPs (NR-PTPs) and transmembrane R-PTPs.
Noted that R-PTPs contain PTP domains and extracellular
domains, which have intrinsic ability to transduce signals across the
cell membrane (23). R-PTPs could not only antagonize tyrosine
kinases but also engage extracellular ligands (24). Among R-PTPs,
PTPRD and PTPRT belong to type IIa and IIb R-PTPs, respectively.
PTPRD or PTPRT are identified as tumor suppressor, which is
frequently inactivated and mutated in various human cancers. (25–
30) For example, the reduced expression of PTPRD correlated with
poor prognosis in gastric adenocarcinoma (31). Hsu et al. reported
that deleterious mutations of PTPRT and PTPRD was significantly
associated with bevacizumab resistance inmetastatic colorectal cancer
patients (16). Another study suggested that missense mutations in the
catalytic domain of PTPRT or PTPRDwere implicated in reducing its
phosphatase activity, and mutations in the extracellular domain
impair its function in cell adhesion (32, 33). Recently, Li et al.
Frontiers in Oncology | www.frontiersin.org 8
analyzed 2129 pan-cancer patients treated with ICBs, whose cancer
genomic data are from the cBioPortal database (34). Compared with
PTPRT wild-type, PTPRT nonsynonymous mutations were
associated with better OS in melanoma (N=596) and in pan-cancer
(N=2129), and was associated with better PFS in NSCLC (N=510). In
the present work, we supposed that the association between PTPRD/
PTPRT nonsynonymous mutation and good clinical outcomes of
ICBs in NSCLC may partially on account of the up-regulation of
JAK1 and STAT1mRNA expression, which subsequently control the
expression of chemokines with potent chemoattractant effect on
T cells.

To our best knowledge, this is the first work to explore the
relationship between PTPRD/PTPRTmutation and ICBs treatment
in NSCLC patients. In view of the intrinsic property of retrospective
study, several limitations exist in the present work. This analysis was
based on public cohorts of NSCLC patients who underwentWES or
multi-gene panel sequencing, which may yield selection bias. The
possible mechanism of the association of PTPRD/PTPRT mutation
and clinical outcomes of ICBs was performed in TCGA cohort. The
application of these conclusions in the present study might be
restricted by the limited quantity of patients. Such results should be
confirmed in large cohorts.
CONCLUSION

Taken together, our results suggested that, in NSCLC patients
receiving ICBs, PTPRD/PTPRT mutation was associated with
better PFS and OS by increasing TMB and immune-related gene
signatures. PTPRD/PTPRT mutation might be an important
component of the immunogenetic landscape and should be
integrated into predictive biomarker panels for ICBs therapy. In
view of the intrinsic property of retrospective study, such
conclusions should be validated in future prospective clinical trials.
DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.
ETHICS STATEMENT

All human sample collection and usage were in accordance with
the principles of the Declaration of Helsinki and approved by
Affiliated Hospital of Nantong University. This study was
approved by the Ethics Committee of Affiliated Hospital of
Nantong University(2019-K065). All participated patients
provided written consents.
AUTHOR CONTRIBUTIONS

HK, ML, XW, and BW designed and performed the experiments,
prepared the figures and decided to publish. JZ, FT, and BX
May 2021 | Volume 11 | Article 650122

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. Immunotherapy for NSCLC
collected clinical data. ZY and GW analyzed the clinical and
TCGA data. ZY and SC prepared the manuscript. All authors
contributed to the article and approved the submitted version.
ACKNOWLEDGMENTS

ZY, GW, and SC are employees of 3D Medicines Inc.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
650122/full#supplementary-material
Frontiers in Oncology | www.frontiersin.org 9
Supplementary Figure 1 | Association between (A) PTPRD or (B) PTPRT
mutation and OS in Samstein 2019 cohort respectively. Association between (C)
PTPRD or (D) PTPRT mutation and OS in TCGA cohort respectively.

Supplementary Figure 2 | Heatmap depicting the mRNA expression of immune-
related genes between PTPRD/PTPRTmutant-type and wild-type NSCLC patients.

Supplementary Figure 3 | Graphical distribution of (A) PTPRD and (B) PTPRT
mutations in Chinese 3Dmed_NSCLC cohort.

Supplementary Table 1 | Baseline characteristics of Samstein 2019.

Supplementary Table 2 | Univariable and multivariable analysis of OS in
Samstein 2019.

Supplementary Table 3 | The list of immune-related genes analyzed in the work.

Supplementary Table 4 | Baseline characteristics of 3DMed NSCLC cohort.
REFERENCES

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global
Cancer Statistics, 2012. CA: Cancer J Clin (2015) 65(2):87–108. doi: 10.3322/
caac.21262

2. Herbst RS, Morgensztern D, Boshoff C. The Biology andManagement of non-
Small Cell Lung Cancer. Nature (2018) 553(7689):446–54. doi: 10.1038/
nature25183

3. Herbst RS, Baas P, Kim D-W, Felip E, Pérez-Gracia JL, Han J-Y, et al.
Pembrolizumab Versus Docetaxel for Previously Treated, PD-L1-Positive,
Advanced Non-Small-Cell Lung Cancer (KEYNOTE-010): A Randomised
Controlled Trial. The Lancet (2016) 387(10027):1540–50. doi: 10.1016/s0140-
6736(15)01281-7

4. Mok TSK, Wu Y-L, Kudaba I, Kowalski DM, Cho BC, Turna HZ, et al.
Pembrolizumab Versus Chemotherapy for Previously Untreated, PD-L1-
expressing, Locally Advanced or Metastatic non-Small-Cell Lung Cancer
(KEYNOTE-042): A Randomised, Open-Label, Controlled, Phase 3 Trial.
Lancet (2019) 393(10183):1819–30. doi: 10.1016/s0140-6736(18)32409-7

5. Wang Z, Duan J, Cai S, Han M, Dong H, Zhao J, et al. Assessment of Blood
Tumor Mutational Burden as a Potential Biomarker for Immunotherapy in
Patients With Non-Small Cell Lung Cancer With Use of a Next-Generation
Sequencing Cancer Gene Panel. JAMA Oncol (2019) 5(5):696–702. doi:
10.1001/jamaoncol.2018.7098

6. Samstein RM, Lee CH, Shoushtari AN, HellmannMD, Shen R, Janjigian YY, et al.
Tumor Mutational Load Predicts Survival After Immunotherapy Across Multiple
Cancer Types. Nat Genet (2019) 51(2):202–6. doi: 10.1038/s41588-018-0312-8

7. Sanmamed MF, Chen L. A Paradigm Shift in Cancer Immunotherapy: From
Enhancement to Normalization. Cell (2018) 175(2):313–26. doi: 10.1016/
j.cell.2018.09.035

8. Dong ZY, ZhongWZ, Zhang XC, Su J, Xie Z, Liu SY, et al. Potential Predictive
Value of TP53 and KRAS Mutation Status for Response to PD-1 Blockade
Immunotherapy in Lung Adenocarcinoma. Clin Cancer Res (2017) 23
(12):3012–24. doi: 10.1016/j.jtho.2016.11.504

9. Zhang K, Hong X, Song Z, Xu Y, Li C, Wang G, et al. Identification of
Deleterious Notch Mutation as Novel Predictor to Efficacious
Immunotherapy in NSCLC. Clin Cancer Res (2020) 26(14):3649–61. doi:
10.1158/1078-0432.CCR-19-3976

10. Shin DS, Zaretsky JM, Escuin-Ordinas H, Garcia-Diaz A, Hu-Lieskovan S,
Kalbasi A, et al. Primary Resistance to PD-1 Blockade Mediated by JAK1/2
Mutations. Cancer Discovery (2017) 7(2):188–201. doi: 10.1158/2159-
8290.CD-16-1223

11. Kato S, Goodman A, Walavalkar V, Barkauskas DA, Sharabi A, Kurzrock R.
Hyperprogressors After Immunotherapy: Analysis of Genomic Alterations
Associated With Accelerated Growth Rate. Clin Cancer Res (2017) 23
(15):4242–50. doi: 10.1158/1078-0432.CCR-16-3133

12. Waldmann TA, Chen J. Disorders of the JAK/STAT Pathway in T Cell
Lymphoma Pathogenesis: Implications for Immunotherapy. Annu Rev
Immunol (2017) 35:533–50. doi: 10.1146/annurev-immunol-110416-120628
13. Narayanapillai SC, Han YH, Song JM, Kebede ME, Upadhyaya P, Kassie F.
Modulation of the PD-1/PD-L1 Immune Checkpoint Axis During
Inflammation-Associated Lung Tumorigenesis. Carcinogenesis (2020) 41
(11):1518–28. doi: 10.1093/carcin/bgaa059

14. Zhou F. Molecular Mechanisms of IFN-gamma to Up-Regulate MHC Class I
Antigen Processing and Presentation. Int Rev Immunol (2009) 28(3-4):239–
60. doi: 10.1080/08830180902978120

15. Xu D, Qu CK. Protein Tyrosine Phosphatases in the JAK/STAT Pathway.
Front Biosci (2008) 13:4925–32. doi: 10.2741/3051

16. Hsu H-C, Lapke N, Chen S-J, Lu Y-J, Jhou R-S, Yeh C-Y, et al. PTPRT and
PTPRD Deleterious Mutations and Deletion Predict Bevacizumab Resistance
in Metastatic Colorectal Cancer Patients. Cancers (2018) 10(9). doi: 10.3390/
cancers10090314

17. Rizvi NA, Hellmann MD, Snyder A, Kvistborg P, Makarov V, Havel JJ, et al.
Cancer Immunology. Mutational Landscape Determines Sensitivity to PD-1
Blockade in non-Small Cell Lung Cancer. Science (2015) 348(6230):124–8.
doi: 10.1126/science.aaa1348.

18. Hellmann MD, Nathanson T, Rizvi H, Creelan BC, Sanchez-Vega F, Ahuja A,
et al. Genomic Features of Response to Combination Immunotherapy in
Patients With Advanced non-Small-Cell Lung Cancer. Cancer Cell (2018) 33
(5):843–52.e4. doi: 10.1016/j.ccell.2018.04.005

19. Rizvi H, Sanchez-Vega F, La K, Chatila W, Jonsson P, Halpenny D, et al.
Molecular Determinants of Response to Anti-Programmed Cell Death (PD)-1
and Anti-Programmed Death-Ligand 1 (Pd-L1) Blockade in Patients With
Non-Small-Cell Lung Cancer Profiled With Targeted Next-Generation
Sequencing. J Clin Oncol Off J Am Soc Clin Oncol (2018) 36(7):633–41. doi:
10.1200/jco.2017.75.3384

20. Mitchell KA, Nichols N, Tang W, Walling J, Stevenson H, Pineda M, et al.
Recurrent PTPRT/JAK2 Mutations in Lung Adenocarcinoma Among African
Americans. Nat Commun (2019) 10(1):5735. doi: 10.1038/s41467-019-13732-y

21. Yu DJRG. Receptor Type Protein Tyrosine Phosphatases in Cancer. Chin J
Cancer (2015) 34(2):61–9. doi: 10.5732/cjc.014.10146

22. Tonks NK. Protein Tyrosine Phosphatases: From Genes, to Function, to
Disease. Nat Rev Mol Cell Biol (2006) 7(11):833–46. doi: 10.1038/nrm2039

23. Senis YA, Barr AJ. Targeting Receptor-Type Protein Tyrosine Phosphatases
With Biotherapeutics: Is Outside-in Better Than Inside-Out?Molecules (2018)
23(3). doi: 10.3390/molecules23030569

24. Nikolaienko RM, Agyekum B, Bouyain S. Receptor Protein Tyrosine
Phosphatases and Cancer: New Insights From Structural Biology. Cell Adh
Migr (2012) 6(4):356–64. doi: 10.4161/cam.21242

25. Ortiz B, Fabius AW, Wu WH, Pedraza A, Brennan CW, Schultz N, et al. Loss
of the Tyrosine Phosphatase PTPRD Leads to Aberrant STAT3 Activation and
Promotes Gliomagenesis. Proc Natl Acad Sci U.S.A. (2014) 111(22):8149–54.
doi: 10.1073/pnas.1401952111

26. Lui VW, Peyser ND, Ng PK, Hritz J, Zeng Y, Lu Y, et al. Frequent Mutation of
Receptor Protein Tyrosine Phosphatases Provides a Mechanism for STAT3
Hyperactivation in Head and Neck Cancer. Proc Natl Acad Sci U.S.A. (2014)
111(3):1114–9. doi: 10.1073/pnas.1319551111
May 2021 | Volume 11 | Article 650122

https://www.frontiersin.org/articles/10.3389/fonc.2021.650122/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.650122/full#supplementary-material
https://doi.org/10.3322/caac.21262
https://doi.org/10.3322/caac.21262
https://doi.org/10.1038/nature25183
https://doi.org/10.1038/nature25183
https://doi.org/10.1016/s0140-6736(15)01281-7
https://doi.org/10.1016/s0140-6736(15)01281-7
https://doi.org/10.1016/s0140-6736(18)32409-7
https://doi.org/10.1001/jamaoncol.2018.7098
https://doi.org/10.1038/s41588-018-0312-8
https://doi.org/10.1016/j.cell.2018.09.035
https://doi.org/10.1016/j.cell.2018.09.035
https://doi.org/10.1016/j.jtho.2016.11.504
https://doi.org/10.1158/1078-0432.CCR-19-3976
https://doi.org/10.1158/2159-8290.CD-16-1223
https://doi.org/10.1158/2159-8290.CD-16-1223
https://doi.org/10.1158/1078-0432.CCR-16-3133
https://doi.org/10.1146/annurev-immunol-110416-120628
https://doi.org/10.1093/carcin/bgaa059
https://doi.org/10.1080/08830180902978120
https://doi.org/10.2741/3051
https://doi.org/10.3390/cancers10090314
https://doi.org/10.3390/cancers10090314
https://doi.org/10.1126/science.aaa1348
https://doi.org/10.1016/j.ccell.2018.04.005
https://doi.org/10.1200/jco.2017.75.3384
https://doi.org/10.1038/s41467-019-13732-y
https://doi.org/10.5732/cjc.014.10146
https://doi.org/10.1038/nrm2039
https://doi.org/10.3390/molecules23030569
https://doi.org/10.4161/cam.21242
https://doi.org/10.1073/pnas.1401952111
https://doi.org/10.1073/pnas.1319551111
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Wang et al. Immunotherapy for NSCLC
27. Zhang X, Guo A, Yu J, Possemato A, Chen Y, Zheng W, et al. Identification of
STAT3 as a Substrate of Receptor Protein Tyrosine Phosphatase T. Proc Natl Acad
Sci United States America (2007) 104:4060–4. doi: 10.1073/pnas.0611665104

28. Solomon DA, Kim JS, Cronin JC, Sibenaller Z, Ryken T, Rosenberg SA, et al.
Mutational Inactivation of PTPRD in Glioblastoma Multiforme and
Malignant Melanoma. Cancer Res (2008) 68(24):10300–6. doi: 10.1158/
0008-5472.CAN-08-3272

29. Ortiz B, White JR, Wu WH, Chan TA. Deletion of Ptprd and Cdkn2a
Cooperate to Accelerate Tumorigenesis. Oncotarget (2014) 5(16):6976–82.
doi: 10.18632/oncotarget.2106

30. Veeriah C Brennan S, Meng S, Singh B, Fagin JA, Solit DB, Paty PB, et al. The
Tyrosine Phosphatase PTPRD is a Tumor Suppressor That is Frequently
Inactivated and Mutated in Glioblastoma and Other Human Cancers. PNAS
(2009) 106(23)9435–40. doi: 10.1073/pnas.0900571106

31. Wang D, Wang L, Zhou J, Pan J, Qian W, Fu J, et al. Reduced Expression of
PTPRD Correlates With Poor Prognosis in Gastric Adenocarcinoma. PloS
One (2014) 9(11):e113754. doi: 10.1371/journal.pone.0113754

32. KimM, Morales LD, Jang IS, Cho YY, Kim DJ. Protein Tyrosine Phosphatases
as Potential Regulators of STAT3 Signaling. Int J Mol Sci (2018) 19(9):2708.
doi: 10.3390/ijms19092708
Frontiers in Oncology | www.frontiersin.org 10
33. Wang Z, Shen D, Parsons DW, Bardelli A, Sager J, Szabo S, et al. Mutational
Analysis of the Tyrosine Phosphatome in Colorectal Cancers. Science (2004)
304(5674):1164–6. doi: 10.1126/science.1096096

34. Li A, Lin D, Yu Y, Gu Y, Ou Q, Zhang W, et al. Association of PTPRT
Mutation With Survival of Immune Checkpoint Inhibitor in Patients With
Cancer. Ann Oncol (2019) 30:xi52. doi: 10.1093/annonc/mdz452.014

Conflict of Interest: ZY, GW and SC were employed by 3D Medicines Inc.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2021Wang, Wu, Yan,Wang, Chen, Zeng, Tao, Xu, Ke and Li. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
May 2021 | Volume 11 | Article 650122

https://doi.org/10.1073/pnas.0611665104
https://doi.org/10.1158/0008-5472.CAN-08-3272
https://doi.org/10.1158/0008-5472.CAN-08-3272
https://doi.org/10.18632/oncotarget.2106
https://doi.org/10.1073/pnas.0900571106
https://doi.org/10.1371/journal.pone.0113754
https://doi.org/10.3390/ijms19092708
https://doi.org/10.1126/science.1096096
https://doi.org/10.1093/annonc/mdz452.014
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Association of PTPRD/PTPRT Mutation With Better Clinical Outcomes in NSCLC Patients Treated With Immune Checkpoint Blockades
	Introduction
	Materials and Methods
	Patients
	Study Design
	Statistical Analyses

	Results
	Association Between PTPRD/PTPRT Mutation and Better PFS in NSCLC Patients Who Received ICBs Therapy From Three Independent Cohorts
	Association Between PTPRD/PTPRT Mutation and Better OS Benefit in NSCLC Patients Who Received ICBs Therapy
	Impact of PTPRD/PTPRT Mutation on TMB or Immune-Related Gene Signatures
	Mutational Profiles of PTPRD or PTPRT in Chinese NSCLC 3DMed Cohort

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


