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Abstract
Background  One-year of immune checkpoint inhibitor (ICI) treatment after concurrent chemoradiation (CCRT) in 
unresectable stage III non-small cell lung cancer (NSCLC) is a standard of care. The precise predictive biomarkers are 
under investigations either immunological markers or clinical characteristics. Here, we explored immune repertoire of 
T cell receptor β-chain (TCRβ) during ICI treatment.

Methods  During August 2019 and September 2021, stage III NSCLC, post CCRT patients from Ramathibodi Hospital 
was enrolled. All patients were treated by durvalumab after CCRT. Blood samples were collected together with 
clinical data and tumor assessment every 3–4 months until disease progression or discontinuation of treatment due 
to adverse events. CDR3 region and TCRΒ polymorphisms was explored by RNA sequencing using Next-Generation 
Sequencing (NGS) TCR beta short-read assay. Bioinformatic analysis was performed to analyze clonal diversity, TCR 
convergence frequency and the Shannon diversity from each timepoint. Immune repertoire and clinical correlation 
were explored using Spearman’s correlation and Pearson’s correlation. RStudio software version 2021 build 372 was 
used for analyses. A significance level was at P < 0.05.

Results  Forty-four blood samples from 12 patients were analyzed. Mean duration of durvalumab treatment was 
284 days. After durvalumab treatment, increasing of TCR convergence frequency was found compared to baseline 
(R = 0.36). Interestingly, it was also significantly higher in non-progressive disease (non-PD) patients compared with 
progressive disease (PD) patients (P = 0.011). Furthermore, Shannon diversity was higher increasing in PD patients 
compared with non-PD patients. Taken together, our study found that increasing of TCR convergence with less 
T-cell diversity in non-PD patients probably demonstrated a T cell-specific clonal expansion response to durvalumab 
treatment in this population.
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Background
More than half of patients with non-small cell lung can-
cer (NSCLC) in Thailand present with locally advanced 
or metastasis disease [1, 2]. Before the immunother-
apy era, the standard treatment for unresectable stage 
III NSCLC was definitive concurrent chemoradiation 
(CCRT) with platinum-based doublet chemotherapy [3]. 
However, median progression-free survival (PFS) among 
patients who had received CCRT was approximately 8 
months, with a very high 5-year recurrence rate of 76%, 
and only 15% of patients were alive at 5 years [4, 5]. 

Durvalumab is a selective, high-affinity, human IgG1 
monoclonal antibody that blocks programmed death 
ligand 1 (PD-L1) binding to programmed death 1 (PD-1) 
and CD80, allowing T cells to recognize and kill tumor 
cells [6–8]. The PACIFIC study demonstrated signifi-
cantly longer PFS and overall survival (OS) with consoli-
dation of durvalumab after definitive CCRT regarding 
PD-L1 expression in stage III unresectable disease. Cur-
rently, this approach is the standard of care [9]. However, 
because of the high cost of immunotherapy, definitive 
CCRT remains the standard of care in many developing 
countries including Thailand. Thus, exploring effective 
predictive biomarkers and understanding the mechanism 
that drives the interaction between immunotherapy and 
CCRT warrants further investigation.

The diversity of T and B cells in terms of their recep-
tor repertoire provides broad protection against a vast 
diversity of pathogens including cancer cells. Diversity 
is a measure of the number of unique T cell receptors or 
TCRs (richness) and their similarity in frequency [10, 11]. 
Targeted sequencing of the highly variable complemen-
tarity determining region 3 (CDR3) of the beta chain of 
the T cell receptor (TCRβ) can be used to identify T cell 
clones, their frequency, and the existence of antigenic 
responses within a repertoire [12]. Several studies sug-
gested that patients with greater T cell clonal expansion 
(clonality), a characteristic of antigenic responses, exhib-
ited improved clinical responses to immune checkpoint 
inhibitors (ICIs) in melanoma [13, 14]. Recent studies 
investigated protective immune responses in the lung by 
defining the role of neutrophils, antigen-presenting cells, 
and T cells [15, 16]. However, we still have limited knowl-
edge of T cell repertoire attribution and the correlation 
with patient outcomes. Understanding specific T cell 
responses to immunotherapy treatment in NSCLC may 
help us to predict therapeutic efficacy and select patients 
that are most likely to benefit from ICI therapy [17, 18]. 

In this study, we investigated immune repertoire pro-
files and the association of TCRβ clonal expansion with 
treatment response in stage III unresectable NSCLC.

Methods
Patients and study design
This was a cross-sectional study. The inclusion criteria 
included patients with histologically confirmed stage III 
NSCLC according to the 8th edition of the American 
Joint Committee on Cancer (8th AJCC) staging, who 
were aged 18 years or older and diagnosed at Ramat-
hibodi Hospital between August 2019 and September 
2021. Cut-off survival follow-up was in September 2022. 
Eligible patients had no disease progression after receiv-
ing definitive CCRT and received consolidation treat-
ment with durvalumab every 2 weeks for 1 year. Patients 
with allergies or contraindications to durvalumab were 
excluded. Blood samples were collected at baseline or 
within 2 months from starting durvalumab and then 
every 3–4 months during the treatment, and clinical 
status was gathered corresponding to changes in TCRβ 
polymorphisms at each timepoint (Fig.  1) until disease 
progression. Computed tomography scans were per-
formed every 3–4 months to monitor disease status 
until disease progression or discontinuation of treat-
ment due to toxicity. Treatment response was evaluated 
by the investigator according to the Response Evalua-
tion Criteria in Solid Tumors (RECIST) criteria version 
1.1. The experimental protocol was approved by the 
Human Research Ethics Committee of Ramathibodi 
Hospital, Mahidol University, Bangkok, Thailand (Insti-
tutional Review Board number COA. MURA2019/730). 
All methods were performed in accordance with relevant 
guidelines and local regulations.

Next generation sequencing
Buffy coat (from peripheral blood), DNA, and RNA were 
extracted and amplified from blood samples by poly-
merase chain reaction technique with specific primers to 
generate the TCR library. High throughput sequencing 
generated TCR sequencing data that could be analyzed 
with bioinformatics tools based on different research 
objectives.

RNA extraction was performed from peripheral blood 
mononuclear cells using the MagMAX mirVana total 
RNA isolation kit (Thermo Fisher Scientific, Waltham, 
MA, USA). The RNA concentration was determined 
using the Qubit™ Fluorometer technique by Qubit™ RNA 

Conclusions  TCRβ repertoire is the potential biomarker for predicting durvalumab treatment response in post CCRT 
stage III NSCLC patients. However, a larger cohort with long-read assay should be explored.
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HS Assay Kit, then NGS was run using the Oncomine™ 
TCR Beta‑SR Panel on the Ion AmpliSeq™ according to 
the manufacturer’s instructions. Clonal diversity assess-
ment and bioinformatic analyses were completed using 
Ion Reporter software as per the manufacturer’s instruc-
tions (Thermo Fisher Scientific, Waltham, MA, USA).

Statistical analysis
Baseline characteristics, tumor characteristics, clinical 
outcomes, and adverse events were reported as descrip-
tive statistics. Normality of data was assessed using the 
Shapiro-Wilk test. Based on distribution results, para-
metric tests (Pearson’s correlation) were used for nor-
mally distributed data, while non-parametric tests 
(Spearman’s correlation) were applied for non-normally 
distributed data.

Disease progression was defined as unequivocal pro-
gression of existing non-target lesions, progression in 
target lesions of 20%, or more new lesions according to 
the RECIST criteria version 1.1.

Shannon diversity was explored in each patient and 
in all pooled samples correlated to disease status using 
Pearson correlation. The Shannon diversity index mea-
sured the diversity among TCR clones: greater Shannon 
diversity indicated greater diversity of TCR clones. TCR 
convergence is defined as the aggregate frequency of 
TCR clones sharing a CDR3 and variable genes. Mean-
while, evenness indicates the commonness of TCR 
clones. R Studio software version 2021 build 372 was 
used for downstream analyses. Changes in TCR con-
vergence ratio, and evenness were calculated and com-
pared between the non-PD and PD groups using the 

Spearman’s correlation. P-values of < 0.05 were consid-
ered statistically significant.

Results
Baseline characteristics
A total of 15 patients diagnosed with unresectable stage 
III NSCLC and who received treatment with definitive 
CCRT followed by durvalumab as consolidation therapy 
were included in this study. Two out of 15 patients had 
inadequate buffy coat for NGS analysis. One patient was 
excluded because of necrotizing fasciitis during dur-
valumab treatment, which interfered with the immune 
repertoire interpretation. Ultimately, 12 patients were 
included in the study, with a total of 44 samples collected 
and analyzed through pooled analysis. The baseline char-
acteristics are listed in Table 1. Most patients were male 
(83.3%), with a median age of 68 years, and were mainly 
current smokers (41.7%) with ECOG 0–1 (91.7%), clinical 
T3–4 (66.6%), and clinical N2 disease (66.7%). The preva-
lence of stage IIIA, IIIB, and IIIC disease was 25%, 66.7%, 
and 8.3%, respectively. Adenocarcinoma was the most 
frequently detected cell type (58.4%), while squamous 
cell carcinoma was identified in only 8.3% of patients. 
Most patients received concurrent CCRT with weekly 
carboplatin and paclitaxel (91.7%). During durvalumab 
treatment, one patient developed immune-related pneu-
monitis grade 3 and one patient developed immune-
related hepatitis grade 3, which were improved with drug 
interruption and steroid treatment. At the time of data 
cut-off on September 30, 2022, the median follow-up 
time was 25.5 months (range, 12–44 months), 5 out of 12 
patients (42%) had disease progression, and 7 out of 12 
patients were still alive without disease progression.

Fig. 1  Blood sample collection schedule
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Dynamic changes in immune repertoire and clinical 
correlations pre- and post-durvalumab treatment
We conducted analyses of the immune repertoire and its 
clinical correlations both before and after durvalumab 
treatment. To assess the dynamic changes in the immune 
repertoire and its clinical correlations, it was necessary 
to compare baseline immune repertoire profiles with 
those obtained after the completion of durvalumab treat-
ment. Consequently, two out of seven patients in the 
non-progressive disease (non-PD) group were excluded 
due to the absence of baseline immune repertoire profil-
ing. In the progressive disease (PD) group, three out of 

five patients were excluded from the subset analysis: one 
lacked baseline immune repertoire data due to enroll-
ment during the COVID-19 pandemic, one developed 
brain metastases and subsequently died, and one experi-
enced pneumonitis and death without immune repertoire 
data following durvalumab treatment. Therefore, a total 
of seven patients were included in the subset analysis of 
dynamic changes in the immune repertoire and its clini-
cal correlations before and after durvalumab treatment.

Changes in Shannon diversity in non-PD patients and 
PD patients were + 0.738 and + 3.132, respectively. The 
non-PD group exhibited a smaller increase in Shannon 
diversity, with p-value of 0.381, suggesting a less diverse 
T cell population compared to the PD group. In con-
trast, the evenness of T cell clones decreased by − 0.155 
in the non-PD group, while it increased by approxi-
mately + 0.149 in the PD group (Table  2). The higher 
evenness observed in the PD group indicates a less spe-
cific T cell clonal response to immune checkpoint inhibi-
tors (ICIs).

TCR convergence was calculated as the aggregate fre-
quency of sharing a variable gene and CDR3 amino acid 
sequence with at least one other identified clone in the 
same sample. Although TCR convergence has limitations 
in its interpretation due to the varying number of TCR 
clones across individual samples, we used the TCR con-
vergence ratio, defined as the TCR convergence number 
divided by the total TCR clones in the same sample. The 
TCR convergence ratio in the non-PD group decreased 
(− 0.197) while it increased by approximately 0.254 in 
the PD group. This showed a less diverse TCR clonal 
response to durvalumab treatment in the PD group.

Dynamic changes in immune repertoire and clinical 
correlation from first-dose durvalumab until data cut-off
Longitudinal dynamic changes in the immune reper-
toire from first-dose durvalumab until data cut-off were 

Table 1  Demographic and clinical characteristics
Characteristic Proportion n = 12 (%)
Median age at diagnosis, years (range) 68 (47–77)
Male sex, no. (%) 10 (83.3)
Smoking status, no. (%)
–Current smoking 5 (41.7)
–Former smoking 4 (33.3)
–Never smoked 3 (25)
Histological type, no. (%)
–Adenocarcinoma 7 (58.4)
–Squamous cell carcinoma 1 (8.3)
–Non-small cell carcinoma, NOS 4 (33.3)
Tumor stage, no. (%)
–T1 1 (8.3)
–T2a 2 (16.8)
–T2b 1 (8.3)
–T3 4 (33.3)
–T4 4 (33.3)
Nodal stage, no. (%)
–N0 1 (8.3)
–N1 1 (8.3)
–N2 8 (66.7)
–N3 2 (16.7)
Clinical staging, no. (%)
–IIIA 3 (25)
–IIIB 8 (66.7)
–IIIC 1 (8.3)
ECOG performance status, no. (%)
–0 3 (25)
–I 8 (66.7)
–II 1 (8.3)
CCRT regimen, no. (%)
–Carboplatin and paclitaxel 11 (91.7)
–Cisplatin and etoposide 1 (8.3)
Disease progression at 3 years
–No 7 (58.3)
–Yes 5 (41.7)
Immune-related adverse events, no. (%)
–Pneumonitis 1 (8.3)
–Hepatitis 1 (8.3)
ECOG: Eastern Cooperative Oncology Group, CCRT: concurrent 
chemoradiotherapy

Table 2  Median duration of ICI therapy and changing immune 
repertoire according to disease status the non-PD group 
exhibited a smaller increase in Shannon diversity, with p-value of 
0.381, higher evenness observed in the PD group indicates a less 
specific T cell clonal response to immune checkpoint inhibitors

Non-PD group
N = 5

PD group
N = 2

P-
value

Median duration of ICI 
therapy, months (range)

15 (3.1–18) 12.35 (2.3–18) 0.040

Median change in im-
mune repertoire (range)
Shannon diversity + 0.738 

(-1.744–4.272)
+ 3.132 
(1.414–4.850)

0.381

Evenness -0.155 
(− 0.305–0.066)

+ 0.149 
(0.061–0.238)

0.191

TCR convergence ratio −0.197 
(− 0.206–0.602)

+ 0.254 
(0–0.508)

0.952
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observed in our study in every patient while receiving 
immunotherapy. These change in the immune repertoire 
profiles can be categorized into four groups according 
to the completeness of treatment (1 year of durvalumab 
treatment) and disease status at the data cut-off date 
(Table 3, Supplement Table 1 and supplement Fig. 1):

1.	 Complete treatment without disease progression. 
This group of patients (5/12) had a long median 
follow-up period of 21 months, and the results 
showed that the trends of Shannon diversity 
were increased while the trends of evenness 
were decreased in each patient. This probably 
indicated that the immune response was adapting 
tumor neoantigen-specific TCR clones from prior 
durvalumab treatment, corresponding with an 
increased TCR convergence ratio.

2.	 Complete treatment with disease progression. Only 
one patient was classified in this group with a median 
follow-up time of 12 months. Shannon diversity and 
evenness were increased, which probably indicated 
that there was no specific immune response to 
tumor neoantigens, as well as no change in TCR 
convergence ratio over time.

3.	 Incomplete treatment without disease progression. 
There were two patients in this group with a median 
follow-up time of 7.5 months. The treatments for 
these two patients were stopped early because 

of acute kidney injury and severe hepatitis. We 
also found increased Shannon diversity and TCR 
convergence and decreased evenness, as seen in the 
complete treatment without disease progression 
group. This finding probably indicated that even 
a short exposure time to ICIs can lead to durable 
immunological responses in some patients.

4.	 Incomplete treatment with disease progression. 
There were four patients in this group with a median 
follow-up time of 5 months. Durvalumab treatment 
was stopped because of disease progression. The data 
might be difficult to interpret because some patients 
had just one sample before disease progression, but 
we can still observe the trend in changing immune 
repertoire profiles. Shannon diversity and TCR 
convergence ratio were increased while evenness 
decreased, indicating no specific immune response 
to durvalumab treatment.

We also performed a pooled samples analysis in all 
patients to explore the trend of TCR convergence fre-
quency. Overall, over a longer follow-up period, TCR 
convergence frequency was higher after receiving dur-
valumab (R = 0.39) and was significantly higher in non-PD 
patients compared with PD patients (P = 0.0052) (Fig. 2). 
Increased TCR convergence represented a T-cell spe-
cific clonal expansion response to durvalumab treatment 
in non-PD patients. We identified a pattern difference 

Table 3  The immune repertoire profiles based on treatment and patterns of clinical response
Demographic 
data

Durvalumab data Changing of immune repertoire

No. Sex/
age

Stage Total cycle Dose (mg) Stoppage reason Shannon diversity Evenness TCR convergence ratio

Complete treatment with non-PD
2 M 61 3 A 25 500 Complete + 2.096 −0.201 + 0.394%
3 M 51 3B 28 800 Complete + 8.746 + 0.132 + 1.540%
6 M 59 3B 25 640 Complete + 3.160 −0.162 + 0.152%
7 F 59 3 A 26 800 Complete + 6.670 −0.073 + 1.224%
11 M 69 3B 26 500 Complete + 4.272 −0.180 −0.583%
Complete treatment with PD
1 M 70 3B 25 700 PD (liver) + 1.414 + 0.242 0.000
Incomplete treatment with non-PD
5 M 66 3B 10 690 Non-PD (AKI) + 0.620 -0.416 + 0.650%
13 F 76 3B 1 530 irAE

(hepatitis gr 3)
NA NA NA

Incomplete treatment with PD
8 M 75 3B 5 600 PD 

(LN, pleura, brain)
NA NA NA

9 M 47 3 C 1 1000 irAE 
(pneumonitis gr 3)

+ 0.850 + 0.061 + 0.500%

14 M 77 3 A 12 600 PD
(local recurrence LUL)

+ 0.918 -0.020 + 0.184%

15 M 72 3B 1 450 Dead from infection (pneumonitis) NA NA NA
M: Male, F: Female, LN: Lymph nodes, AKI: Acute kidney injury, irAE: immune related adverse event, gr: grade, LUL: Left upper lobe of lung, TCR: T cell receptor, PD: 
Progressive disease, NA: Not applicable



Page 6 of 10Iemwimangsa et al. BMC Cancer          (2025) 25:333 

in changing immune repertoire in patients between the 
PD and non-PD groups, and Shannon diversity in each 
patient was increased and persistent in the non-PD 
group, indicating greater diversity in the TCR response 
to treatment. The evenness of the non-PD group tended 
to decrease more compared with the PD group, show-
ing more diversity in TCR changes during durvalumab 
treatment. We also found that the TCR convergence ratio 
increased in the non-PD group, which can be explained 
by the specific clonal expansion response to tumor neo-
antigens (Fig. 3).

Case demonstration
Patient with disease progression
Case #1 (patient number 9)  A 47-year-old male heavy 
smoker was diagnosed with cT4N3M0 squamous cell 
lung cancer. He stopped durvalumab after one cycle of 
treatment because of grade 3 pneumonitis and had a local 
recurrence of lung cancer within 1 year. We monitored 
the frequency of CDR3, which determined different T cell 
clone specificities and distinguished them from differ-
ences in amino acid sequences at the time of starting dur-

valumab and 6 and 12 months after stopping durvalumab. 
Before the patient received durvalumab, some amino acid 
sequences were higher compared with others. However, 
after durvalumab was started and stopped after the first 
cycle, the variations in CDR3 frequency were lost during 
the follow-up period (Fig.  4). The less clonal-specific T 
cells in this patient referred to an increase in both Shan-
non diversity and evenness, which correlated with disease 
progression at 10 months after stopping durvalumab.

Patient without disease progression
Case #2 (patient number 2)  A 61-year-old male heavy 
smoker was diagnosed with cT2aN2M0 lung adenocarci-
noma. He had completed 1 year of durvalumab treatment, 
and he had no evidence of disease progression at the cut-
off date. Changes in TCRβ polymorphisms at each time-
point showed a specific clone of T cells with an amino acid 
in the CDR3 region of “ASSQDRRDNQPQH” (brown 
line) that increased 8 months after starting durvalumab 
and continued to increase even after the completion of 
durvalumab for 8 months (Fig.  5). Moreover, the CDR3 

Fig. 3  Changes in immune repertoire profiles during immunotherapy treatment between patients with progressive disease (red color) and non-progres-
sive disease (green color). (A) Shannon diversity, (B) evenness, and (C) TCR convergence ratio. TCR: T cell receptor

 

Fig. 2  Treatment scatterplot indicating the relationship between the PD and non-PD groups and dynamic changes in TCR convergence frequency ac-
cording to treatment response by using the analysis Spearman correlation. PD: Progressive disease, TCR: T cell receptor
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region of TCRβ also showed an amino acid sequence of 
“ASSQDRAVGQPQH” (deep blue line) that increased in 
the same trend. However, both slightly decreased after 
completing 12 months of durvalumab. While there was 
only a small difference in the amino acid between them 
(ASSQDRRDNQPQH vs. ASSQDRAVGQPQH), these T 
cell clones showed an immune repertoire response against 
cancer neoantigens.

Case #3 (patient number 6)  A 59-year-old female former 
light smoker was diagnosed with cT4N2M0 NSCLC. She 
completed 1 year of durvalumab treatment without treat-

ment interruption. The CDR3 region of TCRβ showed an 
amino acid sequence of “ASSYGDTQY” (blue line) (Fig. 6) 
that was sustainably high before durvalumab initiation 
and that maintained a higher frequency compared with 
others during and even after completing durvalumab 
treatment for more than 1 year. This finding demonstrated 
the long immune response to tumor neoantigens prior to 
durvalumab and the long specific T-cell clone response to 
immunotherapy in responding patients.

Fig. 5  Case study 2 with non-progressive disease showing the trend in CDR3 amino acid sequence frequencies changing over time with durvalumab 
treatment. CDR3: complementarity determining region 3

 

Fig. 4  Case study 1 with progressive disease showing the trend in CDR3 amino acid sequence frequencies changing over time with durvalumab treat-
ment. CDR3: complementarity determining region 3
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Discussion
This prospective study of the TCRβ short-read assay, 
which identified CDR3 region TCRβ polymorphisms in 
patients with stage III unresectable NSCLC treated with 
definitive CCRT followed by 1 year of durvalumab treat-
ment, demonstrated dynamic changes in immune reper-
toire profiles between non-PD patients and PD patients. 
These included the trend in increasing levels of Shannon 
diversity value in the non-PD group compared with the 
PD group, together with the trend in decreased even-
ness of T cell clones in non-PD patients. These results 
suggested the development of specific T cell clones after 
the use of ICIs in responding patients. Moreover, TCRβ 
convergence frequency was higher after receiving dur-
valumab (R = 0.36) and was significantly higher in non-PD 
patients compared with PD patients in a pooled samples 
analysis. Increased TCRβ convergence represented a T 
cell-specific clonal expansion response to durvalumab 
treatment in non-PD patients.

Previous studies have reported varying results for TCR 
analyses in different tissue or blood samples and can-
cer types. Prospective studies in patients with advanced 
NSCLC have suggested that an increase in the percent-
age of TCR frequency increases the likelihood of more 
tumor-specific T cells that can control tumor prolifera-
tion [19] and a decrease in diversity is observed when a 
subset of TCR clones expand and dominate, which has 
been correlated with treatment response in some studies 
using ICIs as a monotherapy [20]. The blockade of PD-L1 
enables more antigen-specific T cell clones to survive 
apoptosis, resulting in a decrease in T cell diversity. The 
interpretation of the TCR analysis is further complicated 

by the fact that both high and low diversity in tumor tis-
sue or blood TCR repertoires can be associated with 
better prognosis. Studies on the dynamic changes of the 
TCR repertoire have also reached conflicting conclusions 
[21, 22]. These inconsistencies highlight the need for fur-
ther precise studies on the peripheral TCR repertoire.

Sheng J et al. reported 12 patients with advanced stage 
NSCLC treated with atezolizumab explored the CDR3 
of TCRβ from patients’ peripheral blood mononuclear 
cells. The dynamic change in the immune repertoire of 
the response group showed increased evenness of the 
TCR repertoire after receiving atezolizumab compared 
with the non-response group, and after disease progres-
sion, the evenness index had clearly decreased. This 
result demonstrated the variety in T cell clones that 
increased after immunotherapy treatment in respond-
ing patients [19]. Another prospective study from Nor-
way [20] reported a decreased Shannon diversity index 
in responding patients with advanced-stage NSCLC who 
were treated with immunotherapy in combination with 
SBRT. This study observed greater TCR clone expansion 
in the responder group, which could be attributed more 
to the effects of radiotherapy than immunotherapy. The 
findings suggest that T cell responses may differ depend-
ing on the treatment modality. Furthermore, the radia-
tion-induced expansion of T cells may enhance the effects 
of immunotherapy, supporting the idea that a less diverse 
but more targeted immune response could be associated 
with favorable treatment outcomes in these patients. The 
reduction in Shannon diversity observed in the Norwe-
gian study might reflect a contraction of the immune 
repertoire as clonal expansion occurs in response to 

Fig. 6  Case study 3 with non-progressive disease showing the trend in CDR3 amino acid sequence frequencies changing over time with durvalumab 
treatment. CDR3: complementarity determining region 3
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treatment modalities, with some clonally expanded T 
cells more effectively targeting the tumor. Both results 
suggested two possible hypotheses. First, specific T cell 
clones respond to specific neoantigens. Second, tumor 
heterogeneity causes a variety of neoantigens to be pro-
duced after immunotherapy treatment, and also activates 
various T cell clones to attack each specific antigen. In 
addition, a Chinese study also reported a significantly 
higher level of TCR pool singleton frequency [19], which 
reflected the clonal proliferation of the TCR repertoire 
in the response group compared with the non-response 
group after immunotherapy treatment. A Spanish study 
of pembrolizumab monotherapy in advanced stage 
NSCLC also demonstrated increased TCR richness in the 
durable clinical benefit (DCB) group compared with the 
non-DCB group. These results were similar to our study 
and suggested that specific T cell clone frequency, even-
ness, and diversity of TCRβ during ICI treatment may be 
an important predictive biomarker for immunotherapy.

Limitation
Our study had several limitations. First, the small sam-
ple size was primarily due to the impact of the COVID-
19 pandemic during patient enrollment, which resulted 
in patients being unable to provide samples at every 
appointment, thereby limiting the statistical power of 
the study. Although we attempted to extend the follow-
up period, some of our patients experienced rapid clini-
cal deterioration and early mortality, which resulted in a 
shorter follow-up duration than initially planned. Despite 
these limitations, this pilot study aimed to demonstrate 
the concept of dynamic changes in the immune reper-
toire profile and their potential impact on clinical out-
comes. Second, all participants were recruited from a 
single institution, which may limit the generalizability of 
the findings to other populations. Lastly, the short-read 
sequencing technique had less specific region identifica-
tion on TCR compare to the long-read technique which 
may affect the accuracy of TCR characterization.

Conclusions
In conclusion, our study confirmed the hypothesis that 
ICIs result in more tumor antigens being presented to 
T cells and more surviving tumor-specific T cells during 
the ICI treatment. The peripheral blood TCRβ repertoire 
in stage III unresectable NSCLC correlated with several 
clinical characteristics and patient immune statuses. Fur-
thermore, dynamic changes in the TCR repertoire during 
immunotherapy may be useful predictive biomarkers for 
predicting response to ICI treatment. A larger cohort is 
needed to confirm this hypothesis.
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