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Background: Kirsten rat sarcoma viral oncogene homolog (KRAS) is one of the most frequently mutated
oncogenes in non-small cell lung cancer (NSCLC). The administration of immunotherapy has demonstrated
significant efficacy in prolonging the overall survival of patients with KRAS mutation in recent years.
However, the efficacy of immunotherapy in KRAS mutant NSCLC is variable. Analysis of T cell receptor
(TCR) repertoire may contribute to a better understanding of the mechanisms behind such differential
outcomes.

Methods: A total of 47 patients with KRAS mutant NSCLC were enrolled in this study. Deep sequencing

of the TCR B chain complementarity-determining regions in tumor tissue and paired peripheral blood
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specimens was conducted. Comprehensive analysis of TCR repertoire metrics was performed with different
KRAS mutation subtypes and concomitant mutations. Moreover, the associations between TCR repertoire
metrics and tumor mutation burden (TMB), as well as programmed death-ligand 1 were explored,
respectively.

Results: TCR repertoire metrics, including Shannon index, Clonality, and Morisita index (MOI), showed
no significant differences among different KRAS mutation subtypes. The similar results were observed
between patients with tumor protein p53 (7P53) mutation and those with wild-type TP53. In contrast,
although no significant differences were found in Shannon index and Clonality, patients with KRAS/serine/
threonine kinase 11 (STKII) comutation showed a significantly higher MOI compared to their STKII wild-
type counterparts (P=0.012). In addition, TCR repertoire metrics were neither associated with TMB nor
programmed death-ligand 1 expression in KRAS mutant NSCLC.

Conclusions: This retrospective study comprehensively described the TCR repertoire in KRAS mutant
NSCLC. A higher MOI represented more overlap of the TCR repertoire between tumor tissue and paired
peripheral blood, indicating distinctive immunological features in NSCLC with KRAS/STKI1 comutation.
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Introduction

Lung cancer is the most common cause of cancer-related
death, and the discovery of driver mutations has led to a
dramatic paradigm shift in its treatment strategy (1). The
Kirsten rat sarcoma viral oncogene homolog (KRAS) serves
as one of the most frequent driver mutations identified in
non-small cell lung cancer (NSCLC), and previous studies
have found considerable differences in the frequency of
KRAS mutation between Eastern and Western patients
(2,3). Mechanistically, KRAS mutation could lead to
aberrant activation of the phosphoinositide 3-kinase (PI3K)
and mitogen-activated protein kinase (MAPK) signaling
pathways, and result in aggressive tumor growth and
metastasis (4).

Patients with KRAS mutant NSCLC generally have
shortened survival time when treated with conventional
antitumor therapies compared to patients with wild-
type KRAS (5). Despite various therapeutic attempts,
KRAS-mutant NSCLC responds poorly to cytotoxic
chemotherapy, and no clear efficacy differences are seen
between various chemotherapy regimens. Therefore,
numerous novel potential therapeutic agents and treatment
strategies have been developed to prolong the survival of
patients with KRAS-mutant NSCLC. Targeting KRAS
mutations directly is a great challenge and has long been a
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focus of research in NSCLC. Unlike the epidermal growth
factor receptor (EGFR), KRAS is considered undruggable
due to its small size, relatively smooth surface, and high
affinity towards abundant guanosine triphosphate (6). With
the recent development of KRAS-targeted inhibitors such
as sotorasib and adagrasib, there is light on the horizon for
one specific subtype, KRAS G12C mutation (7-9). However,
all patients included in these studies were receiving KRAS
G12C inhibitors as second-line or later treatment, and the
majority had previously received immunotherapy during
the course of treatment (7). Furthermore, effective KRAS
targeted therapies have not been developed for patients
with NSCLC harboring the KRAS non-G12C mutation
subtypes.

Recently, the advent of new treatment modalities by
using immune checkpoint inhibitors (ICIs) with or without
chemotherapy in the front-line setting has completely
revolutionized the therapeutic landscape in advanced
NSCLC (10,11). Many studies have suggested KRAS
mutation could contribute to immune escape by inducing the
upregulation of programmed cell death-ligand 1 (PD-L1)
expression, indicating the prospect of applying ICIs to
KRAS mutant NSCLC (12,13). A recent study has shown
NSCLC patients harboring KRAS mutation had a better
prognosis and long-term survival upon immunotherapy

than those with wild-type KRAS (14).
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However, this conclusion may not apply to all KRAS
mutant NSCLC. Patients with KRAS mutation actually
represent a quite heterogeneous population, and different
subtypes may trigger distinct downstream signaling
pathways and lead to differential responses to antitumor
therapies (15). The presence of concomitant mutations
such as tumor protein p53 (TP53) and serine/threonine
kinase 11 (STKI11I) has also been found to be associated
with the therapeutic efficacy of immunotherapy (16,17).
Emerging evidence has suggested tumor gene mutations
can modulate the overall tumor immune landscape, which
may account for the diverse efficacy of ICIs among patients
with different KRAS mutant NSCLC (18-20). However, the
specific immunological features of different KRAS mutation
subtypes and concomitant mutations in NSCLC remain
unclear.

T cells are the major component of adaptive immunity
against tumor cells, and the T cell receptor (TCR)
repertoire plays an important role in recognizing and
interacting with various tumor antigens (21). The diversity
of TCR is mainly determined by the highly variable
complementarity determining region 3 (CDR3), and TCR
sequencing provides the opportunity to comprehensively
assess the activation status of T cells (22,23). Some studies
have suggested several TCR repertoire metrics can be used
to predict the efficacy of ICIs, and the dynamic changes
in circulating TCR repertoire metrics before and after
treatment are associated with the long-term prognosis of
patients with NSCLC (24-26). Therefore, comprehensive
analysis of the TCR repertoire would help us understand
the heterogeneity of KRAS mutations and distinct
immunological features in patients with KRAS mutant
NSCLC. Meanwhile, TCR repertoire may give additional
insight into the underlying mechanisms of differences in
the therapeutic efficacy of immunotherapy. We present the
following article in accordance with the MDAR reporting
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tler-22-629/rc).

Methods
Patient coborts and study design

A total of 47 patients with KRAS mutant NSCLC were
enrolled in this retrospective study from February 2017
to October 2020 at the Department of Thoracic Surgery,
Peking Union Medical College Hospital (Beijing, China).
All patients were treated initially and had not received
any antitumor therapy prior to sampling, and those with
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autoimmune disease were excluded from the study. This
study was conducted following the Declaration of Helsinki
(as revised in 2013) and approved by the ethics committee
of Peking Union Medical College Hospital (No. S-K1670).
Written informed consent for the acquisition of blood and
tumor tissue was obtained from all participants. Tumor
staging was evaluated based on the 8th edition of the
American Joint Committee on Cancer (AJCC-8) TNM
staging system for lung cancer.

Targeted next-generation sequencing

Genetic analysis was conducted as previously described (27).
Briefly, the DNA from formalin-fixed, paraffin-embedded
specimens (FFPE) and peripheral blood cell (PBC) was
isolated using a DNeasy Blood & Tissue Kit and QIAamp
DNA Blood Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. The libraries
were sequenced on a Gene+ Seq-2000 sequencing system
(GenePlus-Suzhou, Suzhou, China) or NextSeq CN 500
system (Illumina, San Diego, CA, USA) after hybridization
to custom-designed biotinylated oligonucleotide probes
(Roche NimbleGen, Madison, WI, USA) targeting 1,021
genes.

After removal of terminal adaptor sequences and low-
quality reads, the remaining reads were mapped to the
reference human genome (hgl9) and aligned using the
Burrows-Wheel Aligner (version 0.7.12-r1039) with default
parameters. GATK (3.4-46-gbc02625) and MuTect2 (1.1.4)
were used to call somatic single nucleotide variants (SNVs)
and small insertions and deletions (InDels). Contra (2.0.8)
was used to identify copy number variations, and structural
variants (SVs) were detected using NCsv (in-house algorithm
0.2.3). All candidate variants were manually confirmed using
the integrative genomics viewer browser, and were filtered to
exclude clonal hematopoietic mutations, germline mutations
in dbSNP, as well as variants that occur at a population
frequency of >1% in the Exome Sequencing Project.

Tumor mutation burden (TMB) and PD-L1 expression
evaluation

The TMB was defined as the number of somatic
nonsynonymous mutations (single-nucleotide variants and
small insertions/deletions) per mega-base in the coding
region (with VAF >0.03 for tissue) (28). Tumor PD-L1
expression was assessed using immunohistochemistry

with the PD-L1 ITHC 22C3 pharmDx assay (Agilent
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Technologies, Santa Clara, CA, USA). The percentage of
tumor cells showing complete or partial membrane PD-L1
staining at any intensity was used to calculate the PD-L1
tumor proportion score (TPS).

TCR sequencing and assessment of the TCR repertoire

TCR sequencing was conducted as previously described
and detailed below (29). The CDR3 region of the
TCR B chain was inclusively and semi-quantitatively
amplified by multiplex polymerase chain reaction (PCR),
including PCR1 and PCR2. To amplify all possible V(D)]
combinations, a set of 32 V forward and 13 ] reverse primers
were used to perform multiplex PCR1 assays, and PCR2
universal primers were used in the second round of PCR.
Sequencing libraries were loaded onto an Illumina HiSeq X
ten system, and 151-bp-length reads were obtained. The
CDRS3 region was identified according to the International
ImMunoGeneTics (IMGT) collaboration, beginning with
the second cysteine of the V region and ending with the
conserved phenylalanine of the J region (30). The CDR3
sequences were identified and assigned using the MiXCR
software package (31).

To comprehensively analyze the TCR repertoire of
patients with KRAS mutation, we measured the Shannon
index to assess the diversity and the Clonality value to
estimate the clonality of the TCR repertoire. The Morisita
index (MO]) is considered to be able to reflect overlap of the
TCR repertoire between tumor tissue and paired PBC (32).
The specific definitions of TCR repertoire metrics are listed
below. As previously reported, Shannon index (Shannon’s
entropy) is defined as:

Shannon index = —IZV: piln pi (1]
i=1
where pi is the proportion of sequence i relative to the total
N sequences (33,34). A larger Shannon index reflects a more
diverse distribution of the CDR3 sequences. T'CR Clonality
is further calculated as 1 — (Shannon index/In K), where K
is the number of productive unique sequences. Its value
ranges from 0 to 1, where values near 0 indicate a very even
distribution of the frequency of different clones (polyclonal)
and those approaching 1 indicate a distinct asymmetric
distribution in which a few activated clones present at high
frequencies (monoclonal) (33,35). Taking into account both
the specific T-cell rearrangements and their respective
frequencies, MOI could be utilized to measure the degree
of overlap and similarity in TCR repertoires between
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tumor tissue and paired PBC. It takes on the same range of
values as Clonality, where 1 represents an identical TCR
repertoire and O represents a completely different TCR
repertoire (35,36).

Statistical analysis

Continuous variables were described using means and
standard deviation, and categorical variables were reported
with number and percentage. For two-group comparison,
two-tailed student #-test or Mann-Whitney U test was
performed, as appropriate. For multiple group comparisons,
one-way analysis of variance (ANOVA) or Kruskal-Wallis
test with Bonferroni correction was employed. Categorical
variables were analyzed using the Chi-squared test or
Fisher’s exact test. Statistical tests were two-sided, and
P values less than 0.05 (P<0.05) were considered significant.
All data were analyzed using R software version 4.0.2.

Results
Characteristics of the patient population

Characteristics of the 47 NSCLC patients with KRAS
mutation are displayed in 7able 1 and Figure 1A. Their
median age was 60 (range, 35-77) years and 21 (44.7%)
patients were younger than 60 years. Of these, 24 (51.1%)
were male, and 20 (42.6%) were former or current smokers.
Across the entire cohort, the vast majority had lung
adenocarcinoma (n=46, 97.9%), and only one patient had
lung squamous cell carcinoma. According to the 8th AJCC
TNM staging system, 66.0% (n=31) of patients were at
stage I, 4.3% (n=2) at stage 11, 10.6% (n=5) at stage III, and
19.1% (n=9) at stage IV.

TMB data was available for 44 patients (93.6%). Using
a cut-off value of 10 mut/Mb, 34 (72.3%) patients were
TMB-low (<10 mut/Mb) and 10 (21.3%) were TMB-
high (>10 mut/Mb). Patients with TMB-high were more
likely to be male (90.0% wvs. 35.3%; P=0.0033) and have
a smoking history (90.0% vs. 26.5%; P=0.0005). Other
characteristics including age, tumor stage, histology, and
PD-L1 expression, were not significantly different between
the TMB-high group and TMB-low group.

Given that the majority of the included patients in this
study have operable, early-stage disease at presentation,
PD-L1 expression was determined in 14 of the 47 patients.
Among them, eight patients had positive PD-L1 expression,
and six had negative PD-L1 expression, considering
1% as the cut-off. Moreover, no significant correlations
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Table 1 Patient characteristics

Characteristic Patients (N=47)

Age (years), n (%)

<60 21 (44.7)

>60 26 (55.3)
Sex, n (%)

Male 24 (51.1)

Female 23 (48.9)

Smoking history, n (%)
Ever 20 (42.6)
Never 27 (57.4)

Tumor stage, n (%)

I 31 (66.0)

I 2 (4.3

M 5(10.6)

[\ 9(19.1)
Histology, n (%)

Adenocarcinoma 46 (97.9)

Squamous cell carcinoma 1@2.1)
TMB, n (%)

<10 34 (72.3)

>10 10 (21.3)
Unknown 3(6.4)
PD-L1, n (%)

<1% 8(17.0)

>1% 6(12.8)

Unknown 33 (70.2)

TMB, tumor mutation burden; PD-L1, programmed cell death-
ligand 1.

were found between PD-L1 expression and other clinical
characteristics.

Correlation between clinical and molecular features and
KRAS mutation status

Typical frequencies of distinct KRAS mutation subtypes
are shown in Figure 1B. Most mutations (n=41, 87.2%)
caused a change in the amino acid residue at codon 12
(G12X), and the most common KRAS mutation subtype

© Translational Lung Cancer Research. All rights reserved.

Wang et al. TCR repertoire in KRAS mutant NSCLC

was G12C (n=15), followed by G12D (n=10), G12V (n=10),
G12A (n=5), and G12S (n=1). Considering the specific
subtype G12C is of particular clinical significance for
KRAS targeted therapy, we divided patients into two groups
according to their mutation subtypes. Patients with KRAS
G12C mutation were included in the G12C cohort, and
others with KRAS non-G12C mutations were included in
the non-G12C cohort. A higher percentage of patients with
a smoking history was observed in the G12C cohort than in
the non-G12C cohort (66.7% vs. 31.3%; P=0.0299), while
there were no significant differences in age, sex, tumor
stage, or histology between these two cohorts.

The distribution of KRAS concomitant mutations
is presented in Figure 1C, and the four most common
concomitant mutations were TP53 (n=16, 36.7%), STK11
(n=8, 16.3%), fat atypical cadherin 2 (FAT2) (n=6, 12.2%),
and RINA binding motif protein 10 (RBM10) (n=6, 12.2%).
Among these genes, TP53, STK11, and KEAPI have been
reported to be the most common and clinically significant
concomitant mutations (16). Given there were only two
patients with KEAPI mutation in our cohort, we focused
our analysis on 7P53 and STKII mutations. We classified
TP53 and STKI1 variants according to a five-category
somatic variant classification system and found four and
twelve TP53 variants were classified as class 1 and class 2
mutations respectively, and 6 and 2 STKI1 variants were
classified as class 1 and class 5 mutations respectively (37).
To determine whether these variants are oncogenic/loss
of function mutations, we undertook a comprehensive
analysis by manually navigating COSMIC, ClinVar, and
OncoKB databases. Oncogenic/likely oncogenic variants
were determined as oncogenic/likely oncogenic reported
by at least one database, and not reported variants were
classified as variants not reported by any of the three
databases. The results indicated that 15 and 1 TP53 variants
were classified as oncogenic and likely oncogenic mutations
respectively, and 6 and 2 STKI1 variants were classified as
oncogenic and not reported mutations respectively. Patients
harboring TP53 or STKI11 mutations were more likely to be
male (P=0.0305; P=0.004) and former or current smokers
(P=0.0134; P=0.0071). In comparison with patients with
early-stage (stage I and II) NSCLC, STKI1 mutation was
more frequently observed in those with advanced (stage III
and IV) disease (P=0.0054).

We subsequently analyzed the relationship between
KRAS mutation subtypes and the two most heavily
studied biomarkers for immunotherapy, TMB and PD-L1
expression. The Kruskal-Wallis test indicated no significant
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Figure 1 Overall clinical and molecular features of patients with KRAS mutant NSCLC. The mutation spectrum and corresponding clinical

and molecular features for each patient. (A) Each row represents an individual characteristic, and each column represents an individual

patient; (B) pie chart depicts the proportion of each KRAS mutation subtype; (C) bar diagram shows the four most common KRAS

concomitant mutations. TMB, tumor mutation burden; PD-L1, programmed cell death-ligand 1; KRAS, Kirsten rat sarcoma viral oncogene
homolog; TP53, tumor protein p53; STKI1, serine/threonine kinase 11; F4T?2, fat atypical cadherin 2; RBM10, RNA binding motif protein

10; LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; NSCLC, non-small cell lung cancer.

difference in TMB value between the four different
subtypes of KRAS mutation (Figure 2A4). Similarly, no
significant differences in TMB value and PD-L1 expression
were observed between the G12C and non-G12C cohort
(Figure 2B,2C).

To evaluate potential relationships between KRAS
concomitant mutations and the efficacy of immunotherapy,
we also analyzed their association with TMB and PD-L1
expression. It was shown that the presence of TP53
mutation was associated with higher TMB compared to
the TP53 wild-type counterparts (P=0.0064, Figure 2D).
Likewise, patients with STKI1 mutation displayed higher
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TMB compared to those with wild-type STKI1 (P=0.0053,
Figure 2E). Significant correlations between PD-L1
expression with TP53 or STKI1 were not seen (P=1,
Figure 2F,2@G), which may be explained by the overall
limited number of patients tested for PD-L1 expression.

TCR repertoire metvics and their associations with KRAS
mutation status

TCR sequencing was performed on 47 tumors and 37 PBC
specimens from 47 patients included in our cohort. The
Shannon index in tumor and PBC ranged from 2.6909
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to 7.8073 (median, 6.3522) and 2.823 to 9.4832 (median,
7.3313), respectively. Median values of Clonality in tumor and
PBC were 0.157 (range, 0.0642-0.526) and 0.1959 (range,
0.0613-0.6382), respectively. The range of MOI values was
from 0.002 to 0.7591, and the median MOI was 0.0936. We
subsequently evaluated the potential association between
TCR repertoire metrics and clinical features, and the results
indicated T'CR repertoire metrics were independent of age,
sex, smoking history, and tumor stage (Figures S1-54).

T cells use highly diverse TCRs to recognize tumor
antigens arising from genetic mutations and promote the
renewal and activation of adaptive antitumor immune
responses. Therefore, we were particularly interested
in exploring the relationship between TCR repertoire
metrics and the different KRAS mutation subtypes. Our
results suggested all TCR repertoire metrics including the
Shannon index, Clonality, and MOI showed no significant
differences among the major KRAS mutation subtypes
(Figure 3A4-3E). Similarly, no significant differences
between the G12C cohort and the non-G12C cohort were
observed (Figure 3F-37). These findings indicated NSCLC
harboring an identical major driver mutation might induce
a comparable degree of the breadth and strength of the T
cell immune response.

The impact of KRAS concomitant mutations on the
efficacy of ICIs has been widely reported in NSCLC. To
further explore the effect of these concomitant mutations on
the antitumor immune response, comparisons of differences
in the TCR repertoire metrics between patients with and
without specific concomitant mutations were performed.
The results showed patients with KRAS/TP53 comutation
had similar Shannon index, Clonality, and MOI with
those of wild-type TP53 (Figure 44-4E). We subsequently
performed the same analysis for STK11 mutant patients, and
again, both the Shannon index and Clonality did not differ
between patients with KRAS/STKI1 comutation and those
with wild-type STK11 (Figure 4F-41). Intriguingly, patients
with KRAS/STK11 comutation showed significantly higher
MOI compared to their STKI1 wild-type counterparts
(P=0.012, Figure 47). The higher MOI represented more
similarity between tumor tissue and paired peripheral
blood, indicating KRAS/STK11 comutation in NSCLC may

induce distinctive immunological features.
Relationship between TCR repertoive metrics and existing

biomarkers for immunotherapy

As PD-L1 expression and TMB are commonly used in
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clinical practice to further screen the dominant population
of immunotherapy, we further analyzed the relationship
between TMB, PD-L1 expression, and TCR repertoire
metrics. These findings demonstrated neither TMB, nor
PD-L1 expression were associated with TCR repertoire
metrics, including the Shannon index, Clonality, and
MOI (Figures S5,56). Therefore, we speculated TCR
repertoire metrics might provide a better understanding of
the immunological characteristics of patients with KRAS
mutation and should be considered complementary to TMB
and PD-L1 expression.

Discussion

ICIs have significantly improved the therapeutic landscape
of advanced NSCLC. Although both EGFR and KRAS
are frequently mutated driver genes, patients with KRAS
mutant NSCLC are more likely to benefit from ICIs
(38-40). Therefore, it is very important to reveal the
underlying immunological features to guide precision
medicine in KRAS mutant NSCLC. In the current study,
we applied high-throughput TCR sequencing of TCR
B genes on tumor tissue and paired PBC from patients
with KRAS mutant NSCLC. Our results revealed TCR
repertoire metrics including the Shannon index, Clonality,
and MOI showed no significant differences among major
KRAS mutation subtypes, and the presence of KRAS/
TP53 comutation did not affect TCR repertoire metrics.
However, patients with KRAS/STK11 comutation showed
significantly higher MOI compared to their STKI1I wild-
type counterparts. Moreover, neither TMB nor PD-L1
expression was associated with TCR repertoire metrics.
As far as we know, this is the first study evaluating the
characteristics of TCR repertoires in NSCLC patients
with different KRAS mutation subtypes and concomitant
mutations.

KRAS mutations in NSCLC are dominated by single-
base missense mutations and localized frequently at codon
12, codon 13, or codon 61 (2,41). It has been suggested
that they are heterogeneous in many respects, including
intrinsic guanosine triphosphatases activity, the affinity
of effectors, and different sensitivities to targeted therapy
(42,43). However, it remains unclear whether KRAS
mutation subtypes affect the efficacy of immunotherapy. In
our analysis, no significant differences in TCR repertoire
metrics including Shannon index, Clonality, and MOI
were found among the major KRAS mutation subtypes.
Likewise, TMB and PD-L1 expression were independent
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of KRAS mutation subtypes. Based on the above results,
we speculated patients with different KRAS mutation
subtypes may share similar overall immunological profiles
and obtain comparable benefits from ICIs. A retrospective
study suggested major KRAS mutation subtypes had no
effect on the long-term prognosis of patients with advanced
NSCLC who were treated with ICIs (44). Moreover, the
IMMUNOTARGET study retrospectively evaluated
the clinical efficacy of immunotherapy in 551 patients
with NSCLC harboring specific driver mutations. When
comparing KRAS G12C to other KRAS mutations or
KRAS G12D versus other KRAS mutations, progression-
free survival was not significantly different regarding KRAS
mutation subtypes (38).

A growing number of clinical studies have revealed KRAS
mutant NSCLC with different concomitant mutations could
display heterogeneous biological features, immune profiles,
and responses to ICIs (19). Of these concomitant mutations,
TP53 and STK11 are the most investigated and clinically
significant genes. Increasing evidence has suggested tumors
with KRAS/TP53 comutation were more likely to be PD-L1
positive and TMB-high (45). Moreover, KRAS/TP53
comutation showed remarkable effects on facilitating CD8"
T-cell infiltration and augmenting tumor immunogenicity,
which may contribute to a probable sensitivity to ICIs (46).
However, the associations of KRAS/TP53 comutation with
immunotherapy response in NSCLC remain controversial
in clinical practice, and inconsistent results have emerged
in different studies (17,45,47). We identified KRAS/TP53
comutation was correlated with higher TMB in this study,
consistent with a previous study (45). However, we did
not find TCR repertoire metrics to be correlated with the
KRAS/TPS53 comutation. The heterogeneity of the TP53
mutation and other mechanisms that inactivate the 7P53
pathway may contribute to those results (48,49).

Contrary to KRAS/TP53 comutation, co-occurring
KRAS/STKII mutation is associated with primary
resistance to ICIs and could even lead to hyperprogression
on immunotherapy (20,50,51). Tumors with KRAS/STKI11
comutation are commonly negative for PD-L1 expression
and contain abundant regulatory T cells instead of CD8"
T cells (42). Beyond this, Skoulidis ez /. identified that the
KRAS/STKI11 comutation was characterized by a “cold”
intratumoral immune microenvironment, despite harboring
an intermediate or high TMB (20). Similarly, we also found
that tumors with KRAS/STK11 comutation displayed higher
TMB than those with wild-type STK11. However, a higher
TMB often correlates with a more favorable prognosis of
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immunotherapy, indicating patients with KRAS/STKI1
comutation may possess unique immunological features (52).

TCR-sequencing results suggested MOI was higher
in patients with KRAS/STKII comutation, and we
speculated this may partially account for the poor
efficacy of ICIs in patients with that comutation. MOI
measures the overlap of TCR repertoires between tumor
tissue and paired peripheral blood. Chen ez 4/. recently
demonstrated MOI was higher in non-malignant nodules
or lung adenocarcinoma tissues with ground-glass opacity
components compared with lung adenocarcinoma tissues
with solid nodules (53). Therefore, higher MOI might
indicate a less active immune environment and lower
T-cell expansion in this subgroup. Intriguingly, Zhang
et al. performed TCR sequencing in patients receiving
neoadjuvant PD-1 blockade in the CheckMate 159 trial
and demonstrated that tumors with major pathological
responses were enriched with migratory T cell clones that
had peripherally expanded after treatment (54,55). Several
studies using single-cell TCR sequencing have revealed the
T cell response to immune checkpoint blockade relies on
recruitment of novel and distinct T cell clones delivered
from outside the tumor instead of reinvigoration of pre-
existing tumor-infiltrating lymphocytes (TILs) that may
have limited reinvigoration capacity (56,57). Our research
results differed slightly from those reported by Han
et al. (58). The TCR-based immunotherapy response index
established in their study, which reflected the overlap of
TCR repertoire between TILs and circulating PD-1"CD8"
T cells, showed significant positive correlations with the
efficacy of ICIs. The discrepant findings might be attributed
to two reasons. First, TCR-sequencing was performed in
total PBC rather than in the isolated PD-1"CD8" T cells in
our study. Second, most patients enrolled in our study were
diagnosed with operable early-stage NSCLC.

In addition to the MOI, several investigations have
focused on T'CR diversity and Clonality. Patients with
higher diversity before the initiation of immunotherapy
and more reduced TCR diversity after the first few
treatment cycles may experience better prognosis and
clinical outcomes (25,26). However, the trend in Clonality
was completely the opposite (59-61). In our cohort, no
significant differences in TCR diversity, and Clonality
correlated to mutation subtypes or concomitant mutations
were found, neither in the tumor nor in the blood. It
was reported that TCR diversity correlated well with the
efficacy of immunotherapy only in patients with EGFR and
ALK wild-type NSCLC, suggesting that the influence of
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the mutational landscape on tumor immune profiles cannot
be neglected (62).

The efficiency of currently available biomarkers to
select patients who are highly responsive to IClIs is still
unsatisfactory (63). Our preliminary studies demonstrated
TCR repertoire metrics were not associated with TMB
or PD-L1 expression. Currently, it is generally accepted
that TMB and PD-L1 are independent of each other,
and the combination of TMB and PD-L1 expression
could better predict the prognosis and response to ICIs in
NSCLC (64). Therefore, the addition of the TCR repertoire
might further improve the accuracy and effectiveness of the
prediction results, particularly in neoadjuvant and adjuvant
immunotherapy. Immunotherapy might be a promising
approach to potentially reduce recurrence rates and improve
survival based on the hypothesis that immune checkpoint
inhibitors acts indirectly through modulating the immune
system to promote immune recognition and eradicate
micrometastases. Results from Checkmate 816, NADIM
and IMpower 010 have indicated ICIs have clear utility in
resectable NSCLC (65-67). However, more reliable and
applicable biomarkers are required to determine the clinical
benefit versus their potential risk. The NADIM study has
shown that pretreatment tissue T'CR repertoire evenness
had better performance than TMB and PD-L1 expression
in the prediction of complete pathologic responses after
neoadjuvant chemoimmunotherapy (68). However, only 56
patients with resectable stage IIIA NSCLC were included,
and just a subset of patients underwent T cell receptor
sequencing. Thus, there is currently insufficient evidence
to draw definitive conclusions on the predictive capability
of TCR repertoire. More prospective clinical studies of
neoadjuvant immunotherapy are warranted. Moreover,
sampling at some specific time points to monitor dynamic
changes of TCR repertoire is of great importance for fully
evaluating its potential clinical applications.

There were some deficiencies in our study. First, the
retrospective nature and limited number of patients
potentially caused selection biases, and the results of this
study need to be further confirmed by multi-center clinical
trials. Second, the antigen-specific TCR repertoire was not
assessed in our study. Third, most patients enrolled in this
study were diagnosed with early-stage NSCLC and received
radical surgery without neoadjuvant or adjuvant treatment.
Therefore, prognostic information on immunotherapy was
unavailable, which limited our ability to do further analyses.
However, previous studies have focused on advanced
cancer rather than early-stage disease, indicating our study
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has a certain value in understanding characteristics of the
TCR repertoire and developing individualized therapeutic
strategies in KRAS mutant operable early-stage NSCLC.

Conclusions

Taken together, this study presented a comprehensive
analysis of the TCR repertoire in KRAS mutant NSCLC
for the first time. Our results suggested KRAS mutation
subtypes, along with KRAS/TP53 comutation, TMB, and
PD-L1 expression were not associated with TCR repertoire
metrics. The KRAS/STKI1 comutation showed significantly
higher MOI, indicating the distinctive immunological
features in this subset of patients. The TCR repertoire
could provide a new perspective on tumor immunity, and
more relevant studies are warranted to validate and further
explore its role in tumor immunotherapy.

Acknowledgments

The authors thank the patients and their families for
participation in the study. The authors also appreciate the
academic support from AME Lung Cancer Collaborative
Group.

Funding: 'This work was supported by the CAMS Innovation
Fund for Medical Sciences (CIFMS) (Nos. 2020-12M-
C&T-A-003, 2020-12M-C&T-B-011), Chinese Society of
Clinical Oncology (CSCO) fund (Nos. Y-MSD2020-0270,
Y-2019GENECAST-051, Y-2019AZMS-0452), Beijing
Health Promotion Association (No. BJHPA-FW-
XHKT-2020040400344), Ministry of Science and
Technology of the People’s Republic of China, Special
Data Service for Oncology, The National Population and
Health Scientific Data Sharing Platform (Nos. NCMI-
ABDO02-201809, NCMI-YF02N-201906), Wu Jieping
Medical Foundation Precision Treatment for Thoracic and
Abdominal Cancer Fund (No. 320.6750.19092-43), and
the National Key Research and Development Program of
China Grant (No. 2016YFC0901500).

Footnote

Reporting Checklist: The authors have completed the MDAR
reporting checklist. Available at https://tlcr.amegroups.com/
article/view/10.21037/tler-22-629/rc

Data Sharing Statement: Available at https://tler.amegroups.
com/article/view/10.21037/tler-22-629/dss

Transl Lung Cancer Res 2022;11(9):1936-1950 | https://dx.doi.org/10.21037/tlcr-22-629


https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-629/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-629/rc
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-629/dss
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-629/dss

Translational Lung Cancer Research, Vol 11, No 9 September 2022

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://tlcr.amegroups.
com/article/view/10.21037/tler-22-629/coif). YX, MS,
and RC are current employees of Geneplus-Beijing Ltd.
AP receives honoraria for lectures from OverGroup,
AccMed, CongressLAB and Medica Editorial. AR declares
consulting fees form AstraZeneca, participation on advisory
board (Takeda), supporting for attending to meetings
from Thermofisher and BMS. The other authors have no
conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. This study was
conducted following the Declaration of Helsinki (as revised
in 2013) and approved by the ethics committee of Peking
Union Medical College Hospital (No. S-K1670). Written

informed consent was obtained from all participants.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Zheng R, Zhang S, Zeng H, et al. Cancer incidence and
mortality in China, 2016. J Nat Cancer Cent 2022;2:1-9.

2. Wood K, Hensing T, Malik R, et al. Prognostic and
Predictive Value in KRAS in Non-Small-Cell Lung
Cancer: A Review. JAMA Oncol 2016;2:805-12.

3. Dearden S, Stevens J, Wu YL, et al. Mutation incidence
and coincidence in non small-cell lung cancer: meta-
analyses by ethnicity and histology (mutMap). Ann Oncol
2013;24:2371-6.

4. Cancer Genome Atlas Research Network. Comprehensive
molecular profiling of lung adenocarcinoma. Nature
2014;511:543-50.

5. Romin M, Baraibar I, Lépez I, et al. KRAS oncogene in
non-small cell lung cancer: clinical perspectives on the
treatment of an old target. Mol Cancer 2018;17:33.

6. Zhu G, Pei L, Xia H, et al. Role of oncogenic KRAS in the

10.

11.

12.

13.

14.

15.

16.

17.

1947

prognosis, diagnosis and treatment of colorectal cancer.
Mol Cancer 2021;20:143.

Skoulidis F, Li BT, Dy GK, et al. Sotorasib for Lung
Cancers with KRAS p.G12C Mutation. N Engl ] Med
2021;384:2371-81.

Hallin J, Engstrom LD, Hargis L, et al. The KRASG12C
Inhibitor MRTX849 Provides Insight toward Therapeutic
Susceptibility of KRAS-Mutant Cancers in Mouse Models
and Patients. Cancer Discov 2020;10:54-71.

Ou ST, Janne PA, Leal TA, et al. First-in-Human Phase
I/IB Dose-Finding Study of Adagrasib (MRTX849) in
Patients With Advanced KRASG12C Solid Tumors
(KRYSTAL-1). J Clin Oncol 2022;40:2530-8.

Reck M, Rodriguez-Abreu D, Robinson AG, et al.
Five-Year Outcomes With Pembrolizumab Versus
Chemotherapy for Metastatic Non-Small-Cell Lung
Cancer With PD-L1 Tumor Proportion Score > 50. J Clin
Oncol 2021;39:2339-49.

Rodriguez-Abreu D, Powell SF, Hochmair MJ, et al.
Pemetrexed plus platinum with or without pembrolizamab
in patients with previously untreated metastatic
nonsquamous NSCLC: protocol-specified final analysis
from KEYNOTE-189. Ann Oncol 2021;32:881-95.

Chen N, Fang W, Lin Z, et al. KRAS mutation-induced
upregulation of PD-L1 mediates immune escape in human
lung adenocarcinoma. Cancer Immunol Immunother
2017;66:1175-87.

Mei P, Shilo K, Wei L, et al. Programmed cell death ligand
1 expression in cytologic and surgical non-small cell lung
carcinoma specimens from a single institution: Association
with clinicopathologic features and molecular alterations.
Cancer Cytopathol 2019;127:447-57.

Liu C, Zheng S, Jin R, et al. The superior efficacy of anti-
PD-1/PD-L1 immunotherapy in KRAS-mutant non-
small cell lung cancer that correlates with an inflammatory
phenotype and increased immunogenicity. Cancer Lett
2020;470:95-105.

Scheffler M, Thle MA, Hein R, et al. K-ras Mutation
Subtypes in NSCLC and Associated Co-occuring
Mutations in Other Oncogenic Pathways. ] Thorac Oncol
2019;14:606-16.

West HJ, McCleland M, Cappuzzo E et al. Clinical efficacy
of atezolizumab plus bevacizumab and chemotherapy in
KRAS-mutated non-small cell lung cancer with STK11,
KEAPI, or TP53 comutations: subgroup results from

the phase III IMpower150 trial. J Immunother Cancer
2022;10:¢003027.

Arbour KC, Jordan E, Kim HR, et al. Effects of Co-

© Translational Lung Cancer Research. All rights reserved. Transl Lung Cancer Res 2022;11(9):1936-1950 | https://dx.doi.org/10.21037/tlcr-22-629


https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-629/coif
https://tlcr.amegroups.com/article/view/10.21037/tlcr-22-629/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

1948

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

occurring Genomic Alterations on Outcomes in Patients
with KRAS-Mutant Non-Small Cell Lung Cancer. Clin
Cancer Res 2018;24:334-40.

Wellenstein MD, de Visser KE. Cancer-Cell-Intrinsic
Mechanisms Shaping the Tumor Immune Landscape.
Immunity 2018;48:399-416.

Skoulidis F, Byers LA, Diao L, et al. Co-occurring
genomic alterations define major subsets of KRAS-mutant
lung adenocarcinoma with distinct biology, immune
profiles, and therapeutic vulnerabilities. Cancer Discov
2015;5:860-77.

Skoulidis F, Goldberg ME, Greenawalt DM, et al.
STKI11/LKBI Mutations and PD-1 Inhibitor Resistance
in KRAS-Mutant Lung Adenocarcinoma. Cancer Discov
2018;8:822-35.

Rubtsova K, Scott-Browne JP, Crawford E et al. Many
different Vbeta CDR3s can reveal the inherent MHC
reactivity of germline-encoded TCR V regions. Proc Natl
Acad Sci U S A 2009;106:7951-6.

Pauken KE, Lagattuta KA, Lu BY, et al. TCR-sequencing
in cancer and autoimmunity: barcodes and beyond. Trends
Immunol 2022;43:180-94.

Joshi K, Milighetti M, Chain BM. Application of T cell
receptor (T'CR) repertoire analysis for the advancement of
cancer immunotherapy. Curr Opin Immunol 2022;74:1-8.
Wang J, Bie Z, Zhang Y, et al. Prognostic value of the
baseline circulating T cell receptor B chain diversity in
advanced lung cancer. Oncoimmunology 2021;10:1899609.
Valpione S, Mundra PA, Galvani E, et al. The T cell
receptor repertoire of tumor infiltrating T cells is
predictive and prognostic for cancer survival. Nat
Commun 2021;12:4098.

Han J, Duan ], Bai H, et al. TCR Repertoire Diversity

of Peripheral PD-1+CD8+ T Cells Predicts Clinical
Outcomes after Immunotherapy in Patients with
Non-Small Cell Lung Cancer. Cancer Immunol Res
2020;8:146-54.

Nong J, Gong Y, Guan Y, et al. Circulating tumor DNA
analysis depicts subclonal architecture and genomic
evolution of small cell lung cancer. Nat Commun
2018;9:3114.

Jia Q, Wu W, Wang Y, et al. Local mutational diversity
drives intratumoral immune heterogeneity in non-small
cell lung cancer. Nat Commun 2018;9:5361.

Yang H, Wang Y, Jia Z, et al. Characteristics of T-Cell
Receptor Repertoire and Correlation With EGFR
Mutations in All Stages of Lung Cancer. Front Oncol
2021;11:537735.

© Translational Lung Cancer Research. All rights reserved.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Wang et al. TCR repertoire in KRAS mutant NSCLC

Liu YY, Yang QF, Yang JS, et al. Characteristics and
prognostic significance of profiling the peripheral blood
T-cell receptor repertoire in patients with advanced lung
cancer. Int J Cancer 2019;145:1423-31.

Bolotin DA, Poslavsky S, Mitrophanov I, et al. MiXCR:
software for comprehensive adaptive immunity profiling.
Nat Methods 2015;12:380-1.

Dong N, Moreno-Manuel A, Calabuig-Farifias S, et

al. Characterization of Circulating T" Cell Receptor
Repertoire Provides Information about Clinical Outcome
after PD-1 Blockade in Advanced Non-Small Cell Lung
Cancer Patients. Cancers (Basel) 2021;13:2950.

Robins HS, Campregher PV, Srivastava SK, et al.
Comprehensive assessment of T-cell receptor beta-chain
diversity in alphabeta T cells. Blood 2009;114:4099-107.
Postow MA, Manuel M, Wong P, et al. Peripheral T cell
receptor diversity is associated with clinical outcomes
following ipilimumab treatment in metastatic melanoma. J
Immunother Cancer 2015;3:23.

Chen M, Chen R, Jin Y, et al. Cold and heterogeneous T
cell repertoire is associated with copy number aberrations
and loss of immune genes in small-cell lung cancer. Nat
Commun 2021;12:6655.

Reuben A, Gittelman R, Gao J, et al. TCR Repertoire
Intratumor Heterogeneity in Localized Lung
Adenocarcinomas: An Association with Predicted
Neoantigen Heterogeneity and Postsurgical Recurrence.
Cancer Discov 2017;7:1088-97.

Sukhai MA, Craddock KJ, Thomas M, et al. A
classification system for clinical relevance of somatic
variants identified in molecular profiling of cancer. Genet
Med 2016;18:128-36.

Mazieres J, Drilon A, Lusque A, et al. Immune
checkpoint inhibitors for patients with advanced

lung cancer and oncogenic driver alterations: results
from the IMMUNOTARGET registry. Ann Oncol
2019;30:1321-8.

Lee CK, Man J, Lord S, et al. Clinical and Molecular
Characteristics Associated With Survival Among Patients
Treated With Checkpoint Inhibitors for Advanced Non-
Small Cell Lung Carcinoma: A Systematic Review and
Meta-analysis. JAMA Oncol 2018;4:210-6.

Nakajima EC, Ren Y, Vallejo JJ, et al. Outcomes of first-
line immune checkpoint inhibitors with or without
chemotherapy according to KRAS mutational status and
PD-L1 expression in patients with advanced NSCLC:
FDA pooled analysis, J Clin Oncol 2022;40:abstr 9001.
Yang Y, Shen S, Sun Y, et al. The relationship between

Transl Lung Cancer Res 2022;11(9):1936-1950 | https://dx.doi.org/10.21037/tlcr-22-629



Translational Lung Cancer Research, Vol 11, No 9 September 2022

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

© Translational Lung Cancer Research. All rights reserved.

different subtypes of KRAS and PD-L1 & tumor mutation
burden (T'MB) based on next-generation sequencing
(NGS) detection in Chinese lung cancer patients. Transl
Lung Cancer Res 2022;11:213-23.

Huang L, Guo Z, Wang F, et al. KRAS mutation: from
undruggable to druggable in cancer. Signal Transduct
Target Ther 2021;6:386.

Zafra MP, Parsons MJ, Kim J, et al. An In Vivo Kras
Allelic Series Reveals Distinct Phenotypes of Common
Oncogenic Variants. Cancer Discov 2020;10:1654-71.
Jeanson A, Tomasini P, Souquet-Bressand M, et al. Efficacy
of Immune Checkpoint Inhibitors in KRAS-Mutant Non-
Small Cell Lung Cancer (NSCLC). ] Thorac Oncol
2019;14:1095-101.

Dong ZY, Zhong WZ, Zhang XC, 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;23:3012-24.
Tumeh PC, Harview CL, Yearley JH, et al. PD-1
blockade induces responses by inhibiting adaptive immune
resistance. Nature 2014;515:568-71.

Zhang F, Wang J, Xu Y, et al. Co-occurring genomic
alterations and immunotherapy efficacy in NSCLC. NPJ
Precis Oncol 2022;6:4.

Xu-Monette ZY, Wu L, Visco C, et al. Mutational profile
and prognostic significance of TP53 in diffuse large B-cell
lymphoma patients treated with R-CHOP: report from
an International DLBCL Rituximab-CHOP Consortium
Program Study. Blood 2012;120:3986-96.

Vousden KH, Prives C. P53 and prognosis: new insights
and further complexity. Cell 2005;120:7-10.

Kim Y, Kim CH, Lee HY, et al. Comprehensive Clinical
and Genetic Characterization of Hyperprogression Based
on Volumetry in Advanced Non-Small Cell Lung Cancer
Treated With Immune Checkpoint Inhibitor. ] Thorac
Oncol 2019;14:1608-18.

Pavan A, Bragadin AB, Calvetti L, et al. Role of next
generation sequencing-based liquid biopsy in advanced
non-small cell lung cancer patients treated with immune
checkpoint inhibitors: impact of STK11, KRAS and TP53
mutations and co-mutations on outcome. Transl Lung
Cancer Res 2021;10:202-20.

Aggarwal C, Thompson JC, Chien AL, et al. Baseline
Plasma Tumor Mutation Burden Predicts Response

to Pembrolizumab-based Therapy in Patients with
Metastatic Non-Small Cell Lung Cancer. Clin Cancer Res
2020;26:2354-61.

Chen K, Bai J, Reuben A, et al. Multiomics Analysis

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

1949

Reveals Distinct Immunogenomic Features of Lung
Cancer with Ground-Glass Opacity. Am J Respir Crit
Care Med 2021;204:1180-92.

Forde PM, Chaft JE, Smith KN, et al. Neoadjuvant PD-1
Blockade in Resectable Lung Cancer. N Engl ] Med
2018;378:1976-86.

Zhang ], Ji Z, Caushi JX, et al. Compartmental Analysis
of T-cell Clonal Dynamics as a Function of Pathologic
Response to Neoadjuvant PD-1 Blockade in Resectable
Non-Small Cell Lung Cancer. Clin Cancer Res
2020;26:1327-37.

Yost KE, Satpathy AT, Wells DK, et al. Clonal replacement
of tumor-specific T cells following PD-1 blockade. Nat
Med 2019;25:1251-9.

Wu TD, Madireddi S, de Almeida PE, et al. Peripheral

T cell expansion predicts tumour infiltration and clinical
response. Nature 2020;579:274-8.

Han J, Yu R, Duan J, et al. Weighting tumor-specific TCR
repertoires as a classifier to stratify the immunotherapy
delivery in non-small cell lung cancers. Sci Adv
2021;7:eabd6971.

Hopkins AC, Yarchoan M, Durham JN, et al. T cell
receptor repertoire features associated with survival in
immunotherapy-treated pancreatic ductal adenocarcinoma.
JCI Insight 2018;3:122092.

Roh W, Chen PL, Reuben A, et al. Integrated molecular
analysis of tumor biopsies on sequential CTLA-4 and
PD-1 blockade reveals markers of response and resistance.
Sci Transl Med 2017;9:eaah3560.

Snyder A, Nathanson T, Funt SA, et al. Contribution

of systemic and somatic factors to clinical response

and resistance to PD-L1 blockade in urothelial cancer:

An exploratory multi-omic analysis. PLoS Med
2017;14:e1002309.

Nakahara Y, Matsutani T, Igarashi Y, et al. Clinical
significance of peripheral TCR and BCR repertoire
diversity in EGFR/ALK wild-type NSCLC treated with
anti-PD-1 antibody. Cancer Immunol Immunother
2021;70:2881-92.

Gibney GT, Weiner LM, Atkins MB. Predictive
biomarkers for checkpoint inhibitor-based immunotherapy.
Lancet Oncol 2016;17:e542-51.

Rizvi H, Sanchez-Vega F, La K, 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 2018;36:633-41.

Transl Lung Cancer Res 2022;11(9):1936-1950 | https://dx.doi.org/10.21037/tlcr-22-629



1950 Wang et al. TCR repertoire in KRAS mutant NSCLC

65. Forde PM, Spicer J, Lu S, et al. Abstract CT003: after adjuvant chemotherapy in resected stage IB-
Nivolumab (NIVO) + platinum-doublet chemotherapy IITA non-small-cell lung cancer (IMpower010): a
(chemo) vs chemo as neoadjuvant treatment (tx) for randomised, multicentre, open-label, phase 3 trial. Lancet
resectable (IB-IITA) non-small cell lung cancer (NSCLC) 2021;398:1344-57.
in the phase 3 CheckMate 816 trial. Cancer Res 68. Casarrubios M, Cruz-Bermidez A, Nadal E, et al.
2021;81:abstr CT003. Pretreatment Tissue TCR Repertoire Evenness

66. Provencio M, Serna-Blasco R, Nadal E, et al. Overall Is Associated with Complete Pathologic Response
Survival and Biomarker Analysis of Neoadjuvant in Patients with NSCLC Receiving Neoadjuvant
Nivolumab Plus Chemotherapy in Operable Stage ITIA Chemoimmunotherapy. Clin Cancer Res 2021;27:5878-90.
Non-Small-Cell Lung Cancer (NADIM phase II trial). ]
Clin Oncol 2022;40:2924-33. (English Language Editor: B. Draper)

67. Felip E, Altorki N, Zhou C, et al. Adjuvant atezolizumab

Cite this article as: Wang Y, Peng L, Zhao M, Xiong Y, Xue
J, Li B, Huang Z, Liu X, Yang X, Song Y, Bing Z, Guo C,
Tian Z, Gao C, Cao L, Cao Z, Li ], Jiang X, Si X, Zhang L,
Li X, Zheng Z, Song M, Chen R, Lim WT, Pavan A, Romero
A, Liang N, Yang H, Li S. Comprehensive analysis of T cell
receptor repertoire in patients with KRAS mutant non-small
cell lung cancer. Transl Lung Cancer Res 2022;11(9):1936-
1950. doi: 10.21037/tlcr-22-629

© Translational Lung Cancer Research. All rights reserved. Transl Lung Cancer Res 2022;11(9):1936-1950 | https://dx.doi.org/10.21037/tlcr-22-629



Supplementary

P =0.3303
8
S
£
3
56
hel
£
c
[e]
c
54
%]
2
<60 260
P = 0.9389
0.6
©
o
o
S04
2z
s
c
o
Oo02
0.0
<60 > 60

10

Shannon index. blood
o

0.8

Morisita index (MOI)
I o
IS o

o
N

0.0

P =0.613

0

<60 260

P =0.8617

<60

260

0.6

0.4

Clonality. tumor

0.0

P =0.7081

<60 =260
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