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Abstract
Background  The efficacy of immune checkpoint inhibitors (ICIs) in non-small cell lung cancer (NSCLC) patients 
harboring neurotrophin receptor kinase (NTRK) family mutations remains obscure.

Methods  The Zehir cohort from cBioPortal was used to analyze the mutations (MT) frequency of NTRK family in 
patients with NSCLC, and their correlation with clinical characteristics and patient survival. The influence of NTRK MT 
on ICIs efficacy was evaluated in ICIs-treated patients from Samstein cohort and further validated by use of data from 
OAK/POPLAR cohort.

Results  In the Zehir cohort, a significant difference was observed in median overall survival (mOS) between patients 
with NTRK MT and wild-type (WT) (mOS: 18.97 vs. 21.27 months, HR = 1.34, 95%CI 1.00-1.78; log-rank P = 0.047). In 
Samstein cohort, the mOS of NTRK mutant patients receiving ICIs has improved compared to WT patients (mOS: 21.00 
vs. 11.00 months, log-rank P = 0.103). Notably, in subgroup analysis, ICIs significantly prolonged mOS in patients with 
NTRK3 MT than in WT patients (mOS: not available vs. 11.00 months, HR = 0.36, 95%CI 0.16–0.81; log-rank P = 0.009). 
Identical mOS between NTRK MT and WT patients receiving ICIs treatment (mOS: 13.24 vs. 13.50 months, log-rank 
P = 0.775) was observed in OAK/POPLAR cohort. Moreover, a similar programmed death ligand 1 (PD-L1) expression, 
but higher tumor mutational burden (TMB), blood TMB (bTMB) and enriched anti-tumor immunity were observed in 
NTRK MT compared to WT (P < 0.05).

Conclusion  Taking high TMB or bTMB into consideration, patients with NTRK mutant NSCLC could benefit from ICIs 
treatment.
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Introduction
Lung cancer remains the leading cause of cancer-related 
deaths worldwide, with non-small cell lung cancer 
(NSCLC) being the predominant pathological subtype, 
accounting for more than 85% [1, 2]. The majority of 
patients diagnosed with NSCLC are at an advanced stage, 
and the therapeutic paradigm for advanced NSCLC 
has evolved substantially over the last decade. Nota-
bly, mounting clinical trials demonstrate that immune 
checkpoint inhibitors (ICIs), specifically those target-
ing programmed death 1 (PD-1) and programmed death 
ligand 1 (PD-L1), have significantly increased the survival 
of patients with metastatic NSCLC, boosting the 5-year 
survival rate from less than 5% historically to approxi-
mately 30% presently for treatment-naïve patients [3, 4].

While it has been proven that ICIs are beneficial in 
patients without driver mutations, their efficacy in 
patients with driver mutations such as EGFR, ALK, or 
ROS1, is poor [5–7]. Two meta-analyses of clinical trials 
comparing anti-PD-1 or anti-PD-L1 to docetaxel demon-
strated that patients with EGFR mutant NSCLC did not 
benefit from ICIs treatment as their wild-type counter-
parts [8, 9]. Additionally, results from the prospective 
trial showed none of the patients with EGFR mutation 
responded to first-line treatment with anti-PD-1 anti-
body pembrolizumab [10]. Relatively, low PD-L1 expres-
sion, reduced infiltration of CD8+ T lymphocytes and 
decreased immunogenicity in EGFR mutant NSCLC 
may be the potential mechanisms of poor response to 
ICIs [11, 12]. Likewise, no or minimal objective response 
was observed among ALK positive patients treated with 
ICIs [13]. Consequently, EGFR mutant or ALK positive 
NSCLC patients were excluded from most large clinical 
trials involving ICIs.

However, a subset of patients with NSCLC harbor-
ing driver mutations do respond to ICIs and experience 
prolonged survival, such as uncommon EGFR mutation 
[14]. Moreover, NSCLC patients with KRAS or BRAF 
mutations obtained an increased benefit from ICIs [15]. 
Superior survival benefit was also found in MET-altered 
patients compared to MET-unaltered patients subject 
to immunotherapy [16]. Therefore, ICIs efficacy varies 
according to different driver mutations, elucidating the 
association between driver mutation and ICIs respon-
siveness is crucial for therapeutic options in NSCLC, 
particularly in patients who initially respond poorly to 
targeted therapy or who have developed resistance to tar-
geted therapy.

The neurotrophin receptor kinase (NTRK) genes fam-
ily NTRK1, NTRK2 and NTRK3 encode tropomyosin 
receptor kinases TRKA, TRKB, TRKC, respectively [17]. 
NTRK fusion mutations are oncogenic drivers that have 
been identified in a variety of cancers including lung can-
cer [18]. A number of clinical trials demonstrated that 

TRK inhibitors (larotrectinib or entrectinib) have supe-
rior therapeutic effect compared with chemotherapy in 
advanced NSCLC patients with NTRK-positive muta-
tions regardless of tumor type, fusion type and age, with 
a median progression-free survival (PFS) of 11.2 to 25.8 
months [19, 20]. Therefore, TRK inhibitors are currently 
the first-line standard treatment for these patients [21, 
22]. However, acquired resistance to TRK inhibitors is 
inevitable and innovative therapeutic strategies after-
wards still remain an unresolved issue [23]. Whether 
ICIs can be used as a treatment option in patients with 
NSCLC harboring NTRK mutations have not been 
clarified.

In this study, we firstly analyzed the characteristics and 
survival of NSCLC patients with NTRK family muta-
tions. Moreover, the association between NTRK fam-
ily mutations and ICIs efficacy was investigated using 
an ICI-treated patient cohort and further validated by 
another cohort. Mechanically, we explored the difference 
of PD-L1 expression, tumor mutational burden (TMB), 
blood TMB (bTMB) and immune-related signatures 
between NTRK mutated and NTRK wild-type (WT) 
NSCLC patients.

Patients and methods
Data sources
Next-generation sequencing data of 1567 NSCLC 
patients (Zehir cohort) was obtained through cBioPor-
tal for Cancer Genomics (https://www.cbioportal.org/) 
[24]. One available immunotherapy cohort (Samstein 
cohort) [25] with 350 NSCLC patients who received 
ICIs treatment at the Memorial Sloan Kettering Cancer 
Center (MSKCC) and another immunotherapy cohort 
(OAK/POPLAR cohort) with 569 NSCLC patients who 
underwent atezolizumab from OAK and POPLAR [26] 
were included in this study. Detailed information for each 
cohort was shown in Table 1. Whole-exome sequencing 
(WES) data and RNA-seq data of lung adenocarcinoma 
(LUAD) and lung squamous cell carcinoma (LUSC) were 
downloaded from The Cancer Genome Atlas (TCGA) 
(https://portal.gdc.cancer.gov/).

PD-L1 expression analysis
The detection method of PD-L1 was described in the 
previously published literature [27]. Specifically, the 
PD-L1 expression was detected by Ventana SP142 PD-L1 
immunohistochemistry (IHC). The PD-L1 expression in 
tumor cells (TC) or tumor-infiltrating cells (IC) was clas-
sified by an IHC-scoring convention. PD-L1 scoring for 
both TC and IC was as follows: TC0/IC0 was defined as 
< 1% PD-L1 expression on TC or IC. TC1/2 or IC1/2 was 
defined as ≥ 1% and < 50% PD-L1 expression on TC or IC; 
TC3/IC3 was defined as ≥ 50% PD-L1 expression on TC 
or IC.

https://www.cbioportal.org/
https://portal.gdc.cancer.gov/
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Gene mutation and TMB analyses
The gene alteration frequency and co-occurrence genes 
were analyzed by cBioportal database. Mutation profiles 
were assessed by next-generation sequencing in Zehir 
cohort and by WES in TCGA cohort. TMB was defined 
as total number of nonsynonymous somatic, somatic 
gene coding errors, base substitution, gene insertion or 
deletion errors detected per million bases [28]. Further-
more, as previous literature described, the data of bTMB 
from OAK/POPLAR cohort between patients with 
NTRK MT and WT was compared [26].

Immune-related signature analysis
To investigate the association between NTRK family 
mutations and immune-related signatures, we evaluated 
tumor infiltrating leukocytes and immune related genes 
using the TCGA cohort. The differences in composition 
of immune cell infiltrates between NTRK MT and WT 
were analyzed using the analytical CIBERSORT platform 

(https://cibersort.stanford.edu/) [29]. TIMER database 
was further used to validate the correlation between 
NTRK MT and immune infiltrates [30]. Furthermore, as 
reported in previous studies [31], the association between 
cytolytic activity (GZMA, PRF1), immune checkpoint 
(CD274, CTLA4, IDO1, PDCD1LG2, LAG3, PDCD1, 
HAVCR2 and TIGIT), chemokine (CXCL9, CXCL10 and 
CCR5) and NTRK MT was analyzed in NSCLC patients 
from the TCGA cohort.

Statistical analysis
The chi-squared test was used to perform the asso-
ciation between clinical variables and NTRK MT. The 
nonparametric test was used to analyze TMB, bTMB dif-
ference between NTRK MT and WT. The Wilcoxon test 
was used to conduct statistical analysis of comparisons 
between two groups. The Kaplan-Meier curves and log-
rank test were conducted to perform survival analysis. 
Pearson chi-square analysis was performed to evaluate 

Table 1  The detailed information of each cohort in this study
Characteristic Zehir Cohort

N = 1567
Samstein Cohort
N = 350

OAK/POPLAR cohort
N = 569

Age (median) 67 (range, 31–90) 63 (range, 33–82)

  < 65 NA 143 (40.9%) 322 (56.6%)

  ≥ 65 NA 207 (59.1%) 247 (43.4%)

Gender
  Female 886 (56.5%) 180 (51.4%) 215 (37.8%)

  Male 681(43.5%) 170 (48.6%) 354 (62.2%)

Smoking status
  Prev/Current 972 (62.0%) NA 458 (80.5%)

  Never 334 (21.3%) NA 111 (19.5%)

  Unknown 261 (16.7%)

Histology
  LUAD 1268 (80.9%) 271 (77.4%)

  Non-squamous 408 (71.7%)

  LUSC 123 (8.1%) 45 (12.9%) 161 (28.3%)

  Others 176 (11.2%) 34 (9.7%)

Treatment type
  PD1/PD-L1 NA 329 (94.0%) 569 (100.0%)

  Combination NA 21 (6.0%)

PD-L1 expression
TC0 and IC0 NA NA 180 (31.6%)

TC1/2/3or IC1/2/3 NA NA 241 (42.4%)

Unknown 4 (0.7%)

TMB 1567 (100.0%) 350 (100%) NA

bTMB NA NA 429 (75.4%)

Gene mutation
  NTRK1 MT 55 (3.5%) 13 (3.7%) 8 (1.4%)

  NTRK2 MT 23 (1.5%) 9 (2.6%) 14 (2.5%)

  NTRK3 MT 79 (5.0%) 20 (5.7%) 40 (7.0%)

  NTRK MT 148 (9.4%) 38 (10.9%) 58 (10.2%)

  NTRK WT 1419 (90.6%) 312 (89.1%) 511 (89.8%)

Overall Survival 1443 (92.1%) 350 (100.0%) 569 (100.0%)
NA: not available; MT: mutation; WT: wild-type; LUAD: lung adenocarcinoma; LUSC: Lung squamous cell carcinoma

https://cibersort.stanford.edu/
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the difference in PD-L1 expression between NTRK MT 
and NTRK WT. The R version 4.1.2 and Graphpad prism 
8.0 were used to perform all analyses. A P-value < 0.05 
was considered statistically significant.

Results
NTRK mutation frequencies and correlation with clinical 
variables and prognosis of patients with NSCLC
The prevalence of NTRK family mutations was evalu-
ated in patients with NSCLC from Zehir cohort. Of all 
1567 patients, there were 55 cases (3.5%) with NTRK1 
mutation, 23 cases (1.5%) with NTRK2 mutation, and 79 
cases (5.0%) with NTRK3 mutation (Table 1). As shown 
in Fig.  1A, the waterfall depicted the association of the 
NTRK mutation spectrum in NSCLC with multiple vari-
ables, including smoking history, gender and survival. In 
detail, more previous/current smokers were found in the 
NTRK MT group compared with the NTRK WT group 
(P < 0.001) while there is no difference in NTRK muta-
tion frequency between males and females (Fig. 1B). Fur-
thermore, survival analysis was performed utilizing 1443 
individuals with precise survival information from this 
cohort based on their NTRK mutation status. Surgery, 
chemotherapy, targeted therapy, and/or immunotherapy 
were the principal treatments for these individuals. Nota-
bly, the survival of patients with NTRK MT was worse to 
that of WT patients (mOS, MT vs. WT: 18.97 vs. 21.27 
months, HR = 1.34, 95%CI 1.00-1.78; log-rank P = 0.047) 
(Fig. 1C). Furthermore, the relationship between NTRK 
MT subtypes and survival was analyzed. The results 
showed compared with WT patients, patients with 
NTRK1 MT (mOS, MT vs. WT: 12.89 vs. 21.17 months, 
HR = 1.59, 95%CI 1.02–2.46; log-rank P = 0.038) or 
NTRK2 MT (mOS, MT vs. WT: 14.00 vs. 21.17 months, 
HR = 1.82, 95%CI 1.00-3.32; log-rank P = 0.046) had a sig-
nificantly worse OS (Fig. 1D-E). However, no significant 
difference in survival was observed between patients 
with NTRK3 MT and NTRK3 WT patients (mOS, MT 
vs. WT: 20.64 vs. 21.04 months, HR = 1.01, 95%CI 0.67–
1.52; log-rank P = 0.962) (Fig.  1F). These findings sug-
gested that patients with NTRK family mutations had 
worse prognosis compared to WT patients if not defining 
specific treatments.

Impact of NTRK mutations on outcomes of patients treated 
with ICIs in Samstein cohort
The Samstein cohort, involving 350 advanced NSCLC 
patients treated with ICIs, was used to investigate the 
impact of NTRK MT on ICIs efficacy. The detailed base-
line characteristics were described in Table  1. In brief, 
this cohort was representative of advanced NSCLC 
patients with median age of 67 years (range, 31–90) and 
major proportion of LUAD (77.4%), in which 94.0% of 
patients received anti-PD-1/PD-L1 monotherapy and the 

rest underwent anti-PD-1/PD-L1 and anti-CTLA-4 com-
bination therapy. Among them, there were 13 cases with 
NTRK1 mutation (3.7%), 9 cases with NTRK2 mutation 
(2.6%), and 20 cases with NTRK3 mutation (5.7%).

As shown in Fig. 2A, the median OS for the 38 NTRK 
MT patients receiving ICIs was 21 months, whereas 
it was only 11 months for the 312 WT patients treated 
with ICIs. However, the difference in OS between NTRK 
MT and WT patients was not statistically significant 
(HR = 0.68, 95%CI 0.42–1.09; log-rank P = 0.103). TMB is 
strongly associated with immunogenicity and currently 
confirmed as a powerful biomarker for ICIs efficacy. 
However, TMB (cutoff = 10) did not identify the ICIs ben-
eficiaries of NSCLC patients with NTRK family muta-
tions (high-TMB group mOS, MT vs. WT: NA vs. 13.00 
months, HR = 0.58, 95%CI 0.29–1.15; log-rank P = 0.114; 
low-TMB group mOS, MT vs. WT: 10.00 vs. 10.00 
months, HR = 1.19, 95%CI 0.61–2.33; log-rank P = 0.608) 
in this cohort (Fig. 2B-C).

Next, subgroup survival analysis was performed to 
explore the impact of NTRK mutation subtype on the 
efficacy of ICIs. In both NTRK1 subgroup (mOS, MT 
vs. WT: 8.00 vs. 12.00 months, HR = 1.25, 95%CI 0.64–
2.44; log-rank P = 0.512) (Fig. 2D) and NTRK2 subgroup 
(mOS, MT vs. WT: 23.00 vs. 11.00 months, HR = 0.73, 
95%CI 0.30–1.77; log-rank P = 0.488) (Fig. 2E), there was 
no significant difference in survival between MT and 
WT. However, ICIs significantly prolonged OS in patients 
with NTRK3 MT compared to patients with WT (mOS: 
not available vs. 11.00 months, HR = 0.36, 95%CI 0.16–
0.81; log-rank P = 0.009) (Fig. 2F), indicating patients with 
NTRK3 could benefit more from ICIs treatment.

Furthermore, in TMB-high subgroup (> 10) analysis, no 
significant difference in survival was observed between 
patients with NTRK1 MT and WT (mOS: 14.00 vs. 
19.00 months, log-rank P = 0.373) (Fig.  2G), or between 
patients with NTRK2 MT and WT (mOS: NA vs. 15.00 
months, log-rank P = 0.169) (Fig. 2H). Notably, the mOS 
of patients with NTRK3 MT and high TMB was signifi-
cantly prolonged compared to that of WT patients (mOS: 
NA vs. 14.00 months, HR = 0.29, 95%CI 0.09–0.93; log-
rank P = 0.026) (Fig. 2I). However, in low-TMB subgroup 
(< 10), there was no significant difference in survival 
between NTRK1/2/3 MT and NTRK1/2/3 WT patients 
(Supplementary Fig. 1A-C). These results suggested that 
among patients subject to ICIs treatment in Samstein 
cohort, NTRK mutant patients’ survival was comparable 
to or superior to that of WT patients, particularly those 
with NTRK3 MT.

Impact of NTRK mutations on outcomes of patients treated 
with ICIs in OAK/POPLAR cohort
To further validate the impact of NTRK family muta-
tions on ICIs efficacy, 569 NSCLC patients who received 
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Fig. 1  The characteristics of NTRK mutation in patients with non-small cell lung cancer (NSCLC). A: The mutation spectrum of NTRK mutation in NSCLC 
patients. B: The association between NTRK mutation and smoking history, sex. C: Survival analysis in NTRK altered and unaltered patients with NSCLC. D-F: 
Survival analysis in NTRK1/2/3 MT and WT patients with NSCLC.
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atezolizumab from OAK/POPLAR cohort were ana-
lyzed. In this cohort, the mutation rates of NTRK were 
1.4% (NTRK1), 2.5% (NTRK2) and 7.0% (NTRK3), and 
the detailed characteristics of patients were shown in 
Table 1. As shown in Fig. 3A, the survival curves for ICIs-
treated NSCLC patients with NTRK MT and WT were 
very identical and statistical analysis showed there was 
no difference between their mOS (mOS, MT vs. WT: 
13.24 vs. 13.50 months, HR = 1.05, 95%CI 0.75–1.47; log-
rank P = 0.775). When patients were stratified according 
to bTMB (cutoff = 10), there was also no significant differ-
ence in survival between individuals with NTRK MT and 
NTRK WT, whether in the low or high subgroup (low 
bTMB group, mOS, MT vs. WT: 9.92 vs. 14.23 months, 
P = 0.666; high-bTMB group, mOS, MT vs. WT: 15.93 
vs. 9.92 months, log-rank P = 0.077) (Fig. 3B-C), which is 
consistent with the results of Samstein cohort.

Next, subgroup survival analysis was performed based 
on NTRK mutation subtypes. Compared to WT patients, 
there was a tendency of prolonged mOS but not statis-
tically significant in NTRK1 MT patients (mOS, MT 
vs. WT: 21.42 vs. 13.31 months, log-rank P = 0.688) and 
NTRK2 MT patients (mOS, MT vs. WT: 18.46 vs. 13.31 
months, log-rank P = 0.752) (Fig.  3E-D), whereas the 
trend of OS benefit was not observed in patients with 
NTRK3 MT (mOS, MT vs. WT: 9.46 vs. 14.03 months, 
log-rank P = 0.201) (Fig.  3F). Additionally, the progres-
sion-free survival (PFS) was also analyzed and the results 
showed that the mPFS was comparable between NTRK 
MT and NTRK WT patients (all P > 0.05) (Supplemen-
tary Fig. 2A-C).

For further exploration, we conducted subgroup anal-
yses in patients with high bTMB and low bTMB (the 
cut-off = 10). In patients with high bTMB, no statistical 
difference was observed in patients with NTRK1 MT 

Fig. 2  Survival analysis for NTRK mutant patients received ICIs in Samstein cohort. A: Survival curves for patients with or without NTRK mutation receiving 
ICIs treatment. B: Survival curves of NSCLC patients in the TMB-high group. C: Survival curves of NSCLC patients in the TMB-low group. D-F: Survival curves 
for patients with or without NTRK1/2/3 mutation receiving ICIs treatment. G-I: Survival curves of subgroup analysis in NSCLC patients with high-TMB.
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(mOS, MT vs. WT: 21.42 vs. 10.61 months, log-rank 
P = 0.308) (Fig. 3G) and with NTRK2 MT (mOS, MT vs. 
WT: 15.93 vs. 10.61 months, log-rank P = 0.554) (Fig. 3H). 
Importantly, in high bTMB subgroup, significant OS pro-
longation was found in patients with NTRK3 MT com-
pared to those with NTRK3 WT (mOS: 17.31 vs. 9.92 
months, HR = 0.56, 95%CI 0.32-1.00; log-rank P = 0.045) 
(Fig. 3I). However, in patients with low bTMB, no signifi-
cant difference was found between NTRK1/2/3 MT and 
WT subgroups, which might be due to small size samples 
(Supplementary Fig.  3A-C). Moreover, we conducted 
subgroup analyses based on PD-L1 expression. How-
ever, no significant difference in survival was observed 
between NTRK family mutation and WT, regardless 
of with high PD-L1 expression or low expression (all 
P < 0.05) (Supplementary Fig. 4A-H). Taken together, the 
above findings indicated that patients with NTRK MT 
could benefit similarly or even more from ICIs treatment 

compared to patients with NTRK WT, while the efficacy 
of atezolizumab was not obvious in NTRK3 MT patients, 
which differed from the findings in Samstein cohort.

PD-L1 expression, TMB and bTMB across NTRK mutation 
subtypes from different cohorts
Using the data from the OAK cohort, the expression of 
PD-L1 was analyzed. No significant differences in the 
PD-L1 expression were observed between NTRK MT, 
NTRK1/2 MT patients and their WT counterparts 
(Fig. 4A-C). Intriguingly, patients with NTRK3 MT dis-
played higher level of PD-L1 expression (TC1/2/3 or 
IC1/2/3: 76.00%) than those those with NTRK3 WT 
(TC1/2/3 or IC1/2/3: 56.06%) (Fig. 4D).

Next, the association of NTRK mutation with bTMB, 
another important biomarker predicting immunother-
apy efficacy, was analyzed using OAK/POPLAR cohort. 
It was revealed that NTRK MT significantly correlated 

Fig. 3  Survival analysis for NTRK mutant patients received ICIs in OAK/ POPLAR cohorts. A: Survival curves for patients with or without NTRK mutation 
receiving ICIs treatment. B: Survival curves of NSCLC patients in the bTMB-low group. C: Survival curves of NSCLC patients in the bTMB-high group. D-F: 
Survival curves for patients with or without NTRK1/2/3 mutation receiving ICIs treatment. G-I: Survival curves of subgroup analysis in NSCLC patients with 
high-bTMB.
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with higher bTMB (P < 0.001) (Fig.  4E). Similar results 
were observed in the subgroup analysis, with significantly 
higher bTMB in NTRK1 MT, NTRK2 MT, and NTRK3 
MT patients than in NTRK1 WT, NTRK2 WT, and 
NTRK3 WT patients, respectively (all P < 0.05) (Fig. 4F-
H). In line with above the finding, a significantly higher 
TMB was observed in patients with NTRK MT compared 
with those with NTRK WT (P < 0.001) (Fig.  4I). Mean-
while, patients in subgroups of NTRK1 MT, NTRK2MT, 
and NTRK3 MT also had significantly higher TMB com-
pared to their WT counterparts (all P < 0.001) (Fig. 4J-L). 
Similar finding was obtained in the TCGA cohort (all 
P < 0.01) (Supplementary Fig.  5). Moreover, in Samstein 
cohort, higher TMB was also found in NTRK1 (median 
TMB: 15.66), NTRK2 (median TMB: 12.97) and NTRK3 
MT (median TMB: 19.57). These findings demonstrated 
that similar PD-L1 expression but higher TMB and 
bTMB was observed in NTRK mutant NSCLC.

Immune-related signature of NTRK mutation in TCGA 
cohort
It is well acknowledged that immune cells play a criti-
cal role in regulating the response to immunotherapy. 
Therefore, CIBERSORT was used to explore the relation-
ship between NTRK MT and of the level of infiltrating 
immune cells. Notably, a significantly higher infiltration 
of CD4+ memory-activated T cells (P = 0.044) and lower 
regulatory T cell (Tregs) (P = 0.016) were observed in 
NTRK MT NSCLC (Fig. 5A), while the rest of infiltrating 
immune cells were almost equivalent between NTRK MT 
and NTRK WT NSCLC (Fig. 5A). Similar analyses were 
further performed based on NTRK mutation subtypes. 
The result showed that naïve CD4 T cells (P < 0.01) were 
more abundant in NTRK1 and NTRK2 MT NSCLC, 
while the infiltration levels of other immune cells in 
NTRK1 MT or NTRK2 MT NSCLC were comparable 
with corresponding WT NSCLC (all P > 0.05) (Fig. 5B-C). 

Fig. 4  The association between NTRK mutation and PD-L1 expression, tumor mutational burden (TMB), blood TMB (bTMB). A-D: The association between 
NTRK, NTRK1, NTRK2, NTRK3 mutation and PD-L1 expression. E-H: The association between NTRK, NTRK1, NTRK2, NTRK3 mutation and bTMB levels (all 
P < 0.05). I-L: The association between NTRK, NTRK1, NTRK2, NTRK3 mutation and TMB levels (all P < 0.001)
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Moreover, there was an evident trend that naïve CD4 T 
cells (P = 0.051) and follicular helper T cells (P = 0.050) 
were more abundant in NTRK3 MT NSCLC, while the 
infiltration of Tregs (P = 0.009) was more enriched in 
NTRK3 WT NSCLC (Fig.  5D). Furthermore, TIMER 
database was used to validate the relationship between 
NTRK3 MT and the infiltration of immune cells. The 
results confirmed that NTRK3 MT was positively related 
to naïve CD8 T cells (P = 0.02) and negatively related to 
the infiltration of Tregs (P = 0.00034) (Supplementary 
Fig. 6A and B).

The TCGA cohort was used to further investigate the 
differences in immune-related signature between patients 
with NTRK MT and WT NSCLC. The immune-related 
signatures exhibited similar levels (namely, immune-
checkpoint signatures) or displayed a higher inclination 

(GZMA, PRF1, CXCL9, CXCL10, and CCL5) in NTRK 
MT NSCLC in comparison to NTRK WT NSCLC. How-
ever, none of the aforementioned results achieved statis-
tical significance (Fig.  5E). Likewise, subgroup analysis 
was performed based on NTRK MT subtypes. Similar 
findings were obtained, with most immune-related sig-
natures in NTRK1 MT NSCLC being equivalent (CD274, 
CTLA4, IDO1, LAG3, TIGIT, and PDCD1) or even 
more abundant (GZMA, PRF1, CXCL9, and CXCL10) 
compared with those in NTRK1 WT NSCLC (Fig.  5F). 
Regarding NTRK2, most immune checkpoint signatures 
(CD274, CTLA4, IDO1, PDCD1LG2, LAG3, TIGIT, 
PDCD1, and HAVCR2) were mildly lower in NTRK MT 
NSCLC than in NTRK WT NSCLC (Fig.  5G). In terms 
of NTRK3, the cytolytic activity related genes (GZMA, 
PRF1) and chemokine related genes (CXCL9, CXCL10) 

Fig. 5  Immune-related signature in the NTRK mutation and wild type of the NSCLC patients from TCGA. A-C: Infiltration frequencies of 22 types of im-
mune cells in the NTRK, NTRK1, NTRK2, NTRK3 mutation and wild type. D-G: The expression of cytolytic activity related genes, immune checkpoint related 
genes and chemokine related genes in the NTRK, NTRK1, NTRK2, NTRK3 mutation and wild type of NSCLC patients from TCGA
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were more enriched in NTRK3 MT NSCLC (Fig.  5H). 
Collectively, the anti-tumor immunity in NTRK1/2/3 
MT NSCLC was enhanced in some aspect compared 
with their WT counterparts, especially in patients with 
NTRK3 MT.

Discussion
Oncogenic NTRK gene mutations have been identified 
in multiple types of cancers, including NSCLC [18, 32]. 
Though larotrectinib and entrectinib have shown con-
siderable efficacy in patients harboring NTRK fusions, 
acquired resistance to TRK inhibitors is inevitable 
[17, 23]. Moreover, not all NTRK family mutations are 
responsive to targeted therapy. A number of studies have 
demonstrated a negative correlation between specific 
driver mutations and ICIs efficacies [6, 33]. However, 
there is limited evidence whether patients with NTRK 
family mutations could benefit from ICI treatment. To 
the best of our knowledge, this was the first study to 
comprehensively investigate the correlation between 
NTRK family mutations and ICIs efficacy and explore 
its possible mechanisms using different cohorts. NSCLC 
patients with mutations of NTRK family and its three 
subtypes, NTRK1, NTRK2 and NTRK3, were analyzed, 
and it was discovered that the overall NTRK mutations 
or three subtypes were associated with comparable or 
longer patient OS with ICIs treatment compared to WT.

In a single-institution retrospective study by Dudnik. 
et al., the objective response rate was 50% in two NTRK 
mutant NSCLC patients treated with ICIs, and the 
median PFS and OS were not yet reached [34]. This find-
ing implied that ICIs could be beneficial in NTRK-mutant 
patients. In this study, our results demonstrated that the 
survival of NTRK mutant NSCLC patients treated with 
ICIs in Samstein cohort was comparable to or superior 
to that of WT patients, particularly those with NTRK3 
MT. A previous study exploring the relationship between 
driver mutation and ICIs efficacy in LUAD also revealed 
a strong association between NTRK3 mutation and ICIs 
benefit, which was consistent with our subgroup analy-
sis results [35]. The results from OAK/POPLAR cohort 
further validated the relationship between NTRK MT 
and ICI efficacy, and the overall results were similar to 
those of the Samstein cohort. These findings prove that 
NTRK MT has no significant impact on the efficacy of 
ICIs; while other mutations, such as EGFR and ALK, 
have shown a considerable detrimental effect on ICIs 
benefit and might even result in hyperprogressive disease 
[36, 37]. The discrepancy in the impact of NTRK3 MT on 
ICIs efficacy across two immunotherapy cohorts might 
be due to the differences in patient characteristics, espe-
cially the expressions of important ICIs biomarkers, such 
as TMB and PD-L1 expression.

A number of clinical studies have revealed that patients 
with high TMB have greater response rate and better sur-
vival following ICI treatment [38–40]. TMB, rather than 
PD-L1 expression, was proven to be a more effective bio-
marker for predicting response to ICIs in EGFR mutant 
NSCLC [41]. Therefore, we investigated the efficacy of 
ICIs in NTRK mutant patients with high TMB or bTMB 
level (> 10). In NTRK1/2 mutant NSCLC with high TMB 
or bTMB, a similar or longer median OS was observed 
compared with NTRK1/2 WT. Remarkably, in TMB or 
bTMB high subgroup, the median OS of patients with 
NTRK3 MT was superior to that of WT patients, which 
might be due to that NTRK3 mutant patients had higher 
TMB or bTMB than patients with NTRK1/2 mutations.

Indeed, in our study, we found that PD-L1 expression 
was not closely related to the ICIs efficacy in patients 
with NTRK MT. Likewise, a prior study reported a lack 
of response in PD-L1 positive or high, EGFR mutant 
patients administered with pembrolizumab [10]. More-
over, in ALK-positive NSCLC, elevated PD-L1 expres-
sion did not correlate with improved clinical benefit with 
ICIs [42, 43]. These results indicated that PD-L1 expres-
sion might not be a suitable biomarker for ICIs benefit 
in NSCLC with driver mutations. Additionally, other 
crucial factors also affect ICIs efficacy, most notably the 
key compositions of the tumor microenvironment (TME) 
[44].

The TME influence response and resistance to ICIs by 
its various components, including T cells, myeloid lineage 
cells, and cytokines and chemokines [45]. Notably, it has 
been shown that the majority of cancers harboring driver 
mutations are associated with an immunosuppressive 
microenvironment [11]. For example, tumor-infiltrat-
ing lymphocytes were dramatically reduced in EGFR-
mutated lung cancer [12]; whereas CD8 + T cells were 
either absent or functionally impaired in ALK-positive 
lung cancer [11, 46]. In our analysis, the infiltration level 
of anti-tumor immune cells, particularly CD8 + T cells, 
was not significantly reduced in NTRK mutant patients. 
Memory T cells can optimize strategies for immuno-
therapy against cancer. CD4 memory activated T cells 
have been reported to increase in number and differen-
tiate into certain CD4 + T cell subpopulations targeting 
specific pathogens after secondary antigen stimulation 
[47]. Deep analysis of the activation and regulation of 
memory T cells has the potential to significantly improve 
infection vaccines, cancer immunotherapies, and auto-
immune therapies [48]. By inhibiting antitumor immu-
nity, Tregs are widely known to play a crucial role in 
tumor progression [49]. Our findings revealed that 
NTRK MT patients had a significantly higher infiltra-
tion of CD4+ memory-activated T cells and lower infil-
tration of Tregs. Additionally, patients with NTRK1/2 
had higher infiltration of naïve CD4 + T cells compared 
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with their WT counterparts. After antigen stimulation, 
naïve CD4 + T cells proliferate and differentiate into a 
variety of subpopulations that play vital roles in adaptive 
immunity. Moreover, patients with NTRK3 MT showed 
an increased follicular helper T cell and decreased Tregs 
infiltration. The abundance of follicular helper T cells 
has been reported to be associated with better prognosis 
of lung cancer [50]. In addition, NTRK mutant NSCLC 
patients exhibited increased expression of cytolytic 
activity markers (GZMA, PRF1), immunological check-
points (CD274), and chemokines (CXCL9, CXCL10). 
Taken together, these findings may explain in part why 
patients with NTRK mutation, especially NTRK3, would 
benefit more from ICIs treatment. Further mechanical 
researches involving NTRK family mutation and TME 
are required to elucidate how NTRK modulates response 
to ICIs.

The present study had some limitations. Firstly, the 
methodology and retrospective setting of this study 
might introduce multiple biases. Secondly, due to the 
low frequency of NTRK mutations, fewer NTRK mutant 
patients were treated with ICIs, which may also lead to 
bias. Thus, further research with larger sample size is 
needed to validate these findings. Thirdly, due to the limi-
tation of data sources, the exact gene fusion information 
for NTRK could not be obtained, which was not com-
pletely consistent with the NTRK fusion-positive patients 
treated with targeted TKIs in clinical practice. However, 
our results of NTRK mutant populations included NTRK 
fusion-positive patients. Therefore, our study would offer 
insight on whether patients with NTRK mutations can 
benefit from ICIs and implies that they get it on a par 
with or more than WT patients. Additionally, to conduct 
further in vitro and in vivo studies to validate the role of 
NTRK mutations in ICI effectiveness is necessary in the 
future.

Conclusions
In summary, we comprehensively investigate the efficacy 
of ICIs treatment in NSCLC patients harboring NTRK 
MT across two immunotherapy cohorts. Our study was 
the one of first reports that provided evidence for the 
application of ICIs in NSCLC patients with NTRK family 
mutations. According to our analyses, NSCLC patients 
with NTRK MT demonstrated a comparatively extended 
OS compared to those with NTRK WT, especially when 
taking high TMB or bTMB into consideration. These 
findings may provide clinicians with hints that NTRK 
MT patients could potentially derive similar benefits 
from ICIs as WT individuals, in contrast to patients with 
other gene mutations, such as EGFR mutation.
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