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Immunotherapy has opened new avenues of treatment for patients with advanced non-small cell lung 
cancer (NSCLC) without previous hope of survival. Unfortunately, only a small percentage of patients 
benefit from it and there is not an effective biomarker to predict patients’ response. Since T cells 
are key effectors of antitumor immunity, T cell receptor (TCR) has emerged as a potential predictive 
biomarker. Here, we evaluated the potential of baseline TCR repertoire, as a predictive biomarker in 
advanced NSCLC patients treated with pembrolizumab at first-line. After obtaining peripheral blood 
and tissue samples at baseline, next-generation sequencing targeting TCRβ/γ was performed. We 
found an uneven tumor-infiltrating TCRβ repertoire, and the use of various tumor-infiltrating and 
circulating TRBV/J genes were able of predicting the immunotherapy response. Our results support the 
potential of evaluating tissue and circulating TCRβ repertoire prior to pembrolizumab, revealing it as a 
promising immunotherapy response biomarker in NSCLC patients.
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Lung cancer represents the most common and deadliest cancer worldwide1. It can be classified into small cell lung 
cancer (SCLC) and non-small cell lung cancer (NSCLC), with the latter accounting for 85% of cases2,3. NSCLC is 
a highly heterogeneous disease with nonspecific symptoms, often leading to a late diagnosis at advanced stages 
(III-IV), where surgery is not feasible, and the patient’s survival becomes greatly compromised2–4.

Nowadays, targeted therapy against actionable mutations represents the standard treatment for molecularly 
defined populations2,3. Unfortunately, only 25% of patients carry any of these mutations2. Immunotherapy with 
Immune Checkpoint Inhibitors (ICIs) has been established as the standard treatment for patients with advanced 
NSCLC who do not have actionable mutations, either as monotherapy or in combination with chemotherapy, 
leading to a 5  year survival rate up to 20%2,5,6. Unfortunately, only a small percentage of patients (20–40%) 
benefit from it2,5,6. Its high cost, the limited time for therapy decision-making, and the possibility of developing 
autoimmune-related side effects underscore the importance of identifying those patients who can truly benefit 
from the treatment2,5,6.

PD1/PD-L1 immunostaining is the only approved predictive biomarker for immunotherapy response2,5–7. 
However, its reproducibility has been limited by the heterogeneity of results obtained in subsequent studies, 
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largely due to lack of standardization2,5–7. Over time, other alternatives such as tumor mutational burden 
(TMB)2,5–7, tumor-infiltrating lymphocytes (TILs)2,7 and other molecular characteristics have been proposed5–7, 
but none have been able to reliably predict patient response in the real clinical practice2,5–7.

Cytotoxic T cells play a key role by recognizing cancer cell-specific antigens, known as neoantigens, and 
killing cancer cells through their T cell receptors (TCRs)7. TCR is composed of an α and a β chain in Tαβ cells 
(95%) or by a γ and a δ chain in Tγδ cells (5%)7–10. Its synthesis occurs through a somatic, stochastic, and 
imprecise recombination of various non-contiguous homologous gene sets during T cell differentiation in the 
thymus10. Each chain consists of a variable and a constant region. The variable region of the α and γ chains results 
from recombination between the V and J genes, while β and δ chains results from recombination between the 
V, D, and J genes. The result of this V(D)J recombination creates a variable domain that is transcribed and joins 
one of the constant genes (C), resulting in a functional chain7–10. Each chain contains three hypervariable loops 
(CDR1, CDR2, and CDR3) in its structure, with CDR3 mediating peptide recognition and thus determining 
TCR specificity10. CDR3 is encoded by V(D)J genes and undergoes a series of random nucleotide insertions and 
deletions (N) during recombination at gene junctions (VN(D)NJ). This entire process ensures the creation of a 
vast array of unique TCRs capable of recognizing a wide range of antigens7–10.

Advancements in sequencing technologies and bioinformatics tools have enabled sensitive and precise 
characterization of TCR repertoire7,8. In recent years, various researches have suggested the potential use of 
the TCR repertoire as a biomarker for immunotherapy response, both for anti-CTLA4 and anti-PD-L1/PD1 
therapies in different types of cancer (such as melanoma, breast and liver), including NSCLC11–21. These analyses 
have yielded contradictory results but indicate a potential capacity for the TCR repertoire to be used as an 
immunotherapy response biomarker. Consequently, the main objective of this study is to evaluate the potential 
of the tumor-infiltrating and circulating TCRβ/γ repertoire at baseline as a biomarker for predicting the response 
to immunotherapy in a real cohort of advanced NSCLC patients treated with pembrolizumab in the first-line 
setting.

Materials and methods
Study design and sample collection
This study included 12 patients diagnosed with advanced (IIIA-IVB) NSCLC treated with pembrolizumab, 11 
of them in first-line, at Álvaro Cunqueiro Hospital in Vigo. The study, including the experimental protocols, 
was conducted with appropriate authorization from the Galician Regional Research Ethics Committee 
(2019/046) following the Helsinki Declaration of 1975 and all patients signed informed consent approving their 
participation. When available, both circulating and infiltrating TCR repertoire were analysed for each patient 
(n = 22). Patients were classified as responders (R: complete/partial response or stable disease for each patient) 
and non-responders (NR: tumor progression or not evaluable)22 according to the computed tomography scan at 
3 months. The most relevant clinicopathological characteristics are represented in Table 1. To examine tumor-
infiltrating TCR repertoire, formalin-fixed paraffin-embedded (FFPE) tumor tissues were obtained from all 
patients prior to immunotherapy. To analyse the circulating TCR repertoire, blood samples were drawn from 
10 patients before the first ICIs dose. Peripheral blood mononuclear cells (PBMCs) were isolated from blood 
samples by gradient density centrifugation using Ficoll® (Sigma-Aldrich) and cryopreserved until use. DNA was 
chosen over RNA for analysis due to its superior stability in FFPE samples.

DNA extraction
DNA from FFPE samples was extracted using the AllPrep® DNA/RNA FFPE Kit (QIAGEN) following the 
manufacturer’s instructions. DNA extraction from PBMCs was performed using the QIAamp® DNA Blood 
Mini Kit (QIAGEN) following the manufacturer’s instructions. DNA quantification was carried out using 
NanoDropTM 2000c Spectrophotometer (Thermo Fisher Scientific).

Library preparation and TCR sequencing
A total of 250 ng of genomic DNA was used to prepare the 22 libraries for TCR CDR3β/γ region sequencing 
following the Oncomine™ TCR Pan-Clonality Assay (Thermo Fisher Scientific). This targeted next-generation 
sequencing (NGS) assay has been specifically designed to sequence the FR3-J regions of the TCRβ and TCRγ 
chains. Libraries were pooled on an Ion 540 chip at 25 pmol/L and sequenced using an Ion GeneStudio S5 Plus 
Series (Thermo Fisher Scientific).

TCR sequencing data analysis
Raw sequencing data analysis was conducted using Ion Reporter version 5.20.2.0 (Thermo Fisher Scientific). 
Regarding quality control, off-target and unproductive reads were removed. Read classification is shown in Supp. 
File S1. Afterwards, the software reported the VDJ rearrangements and the main repertoire metrics, such as 
richness, convergence, diversity, and evenness. TCR richness represented the total number of clones, defined as 
unique TCRβ/γ nucleotide sequences. TCR convergence was determined as the aggregate frequency of clones, 
which shared a variable gene and CDR3 amino acid sequence. Diversity (Shannon’s diversity) and evenness 
(normalized Shannon’s diversity) were calculated using the equations (1 and 2), in which pi is the frequency of 
clone i for the sample with n unique clones. Evenness describes how evenly distributed is the TCR repertoire. It 
ranges from 0, meaning the repertoire is unbalanced by a reduced number of predominant clones, to 1, meaning 
the repertoire is balanced with similar frequencies of all the clones.

	
Shannon′s diversity (H) = −

n∑
i=1

pi log (pi)� (1)
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	 Evenness (E) = H/log n� (2)

In addition, clones were classified according to their relative abundance in the repertoire, named total clonal 
space, for each sample. The clonal space was divided into the top 1%, top 3% and top 5%, so the top 1% clonal 
space is defined as the aggregate frequencies of the top 1% most frequent clones. All the variables were categorized 
as “high” or “low” based on their median value.

Statistical analysis
Statistical analyses were performed using R version 4.2.1 environment. Statistical significance was considered 
by an overall p < 0.05. TCR repertoire variables were correlated with clinical-pathological data (age, sex, tumor 
histology, PD1/PD-L1 expression, and smoking status), clinical response and survival. Overall-survival (OS) was 
defined as the time from treatment initiation to death or last follow-up, and progression-free survival (PFS) was 
defined as time from treatment initiation to progression or death (whichever is earlier), or last follow-up. Mann-
Whitney U test and Student’s t-test were used to study the relationship between TCR repertoire variables and 
clinical-pathological data and clinical response. Choice of appropriate test (Mann-Whitney or Student’s t) was 
based on normality (Shapiro-Wilk test) and variance homogeneity (Levene test). Spearman rank non-parametric 
test was used for variable correlations. Contingency table analyses when comparing clinical-pathological data 
with clinical response or clinical-pathological data with TCR repertoire variables were done using Fisher exact 
test. Kaplan-Meier survival analyses and Log-Rank test were used for time-dependent variables such as OS and 
PFS. For single-variables, receiver operating characteristics (ROC) curve analyses were performed to evaluate 
response prediction, and areas under the curve (AUC), sensitivity and specificity values were obtained. The 
Youden Index method was used to select the best cut-off values for all classification analyses23. Random Forest 
Analysis (number of trees = 1000) was used to build the combined predictive signatures performances. To 

Clinicopathologic characteristics Responders Non-responders Cohort

Tissue (N = 5) Blood (N = 4) Tissue (N = 7) Blood (N = 6) Tissue (N = 12) Blood (N = 10)

Age (years)

Median (range) 74 (71–81) 74.5 (71–81) 60 (43–71) 56.5 (43–71) 70.5 (43–81) 67.5 (43–81)

Sex

Male 4 3 5 5 9 8

Female 1 1 2 1 3 2

Smoking status

Smoker 2 1 4 3 6 4

Former smoker 3 3 2 2 5 5

Never smoker 0 0 1 1 1 1

Histology

Squamous 2 1 1 1 3 2

Adenocarcinoma 3 3 6 5 9 8

Stage

IIIA 0 0 1 0 1 0

IIIC 0 0 1 1 1 1

IVA 4 3 0 0 4 3

IVB 1 1 5 5 6 6

PD1/PD-L1

Positive 4 3 6 6 10 9

Negative 1 1 1 0 2 1

Response type

CR 0 0 0 0 0 0

PR 3 2 0 0 3 2

SD 2 2 0 0 2 2

PD 0 0 4 3 4 3

NE 0 0 3 3 3 3

PFS (days)

Median (range) 328 (116–952) 245 (116–952) 72 (3–148) 71 (4–148) 100 (4–952) 100 (4–952)

OS (days)

Median (range) 405 (126–952) 512 (126–952) 113 (4–364) 85.5 (4–364) 225 (4–952) 145.5 (4–952)

Table 1.  Clinicopathologic characteristics of patients. ADC: adenocarcinoma, CR: complete response, N: 
number of patients, NE: non-evaluable. PD: progressive disease, PFS: progression-free survival, PR: partial 
response, SCC: squamous cell carcinoma, SD: stable disease, OS: overall survival.
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enhance model diversity and reduce overfitting, the number of features sampled for splitting at each node was set 
to the square root of the total number of predictors. Model performance was evaluated by ROC curves derived 
by leave-one-out cross-validation (LOOCV) by iteratively training the model on all samples except one and 
testing on the excluded sample, in line with standard practice for a robust model estimation in small datasets24.

Results
Figure 1 provides a graphical overview of the study design and the analytical workflow with key results (Fig. 1).

Age is associated with immunotherapy response and tumor-infiltrating evenness
This retrospective observational study included a total of 22 samples from 12 patients diagnosed with locally 
advanced or advanced NSCLC (IIIA-IVB) treated with pembrolizumab (Table 1). Both tissue FFPE (n = 12) and 
PBMCs (n = 10) samples were collected before treatment and were subjected to TCR sequencing. Among the 12 
patients, only two were PD1-PD-L1 negative. We obtained valid TCR data for all samples.

First, we evaluated the effect of immunotherapy response on patient prognosis. R had statistically significant 
longer PFS (p = 0.015) than NR (Supp. File S2A). We found the same trend regarding OS (p = 0.057) (Supp. File 
S2B). Interestingly, we detected an association between response and age, where R were statistically significant 
older than NR (p = 0.008) (Supp. File S3A), but not with the rest of clinicopathological characteristics. All R were 
above the median age of the cohort (70.5 years) (Supp. File S3B).

Second, we sought for possible associations between the clinicopathological characteristics and TCR 
repertoire characterization. We detected that squamous tumors presented statistically significant higher tumor-
infiltrating TCRβ convergence (p = 0.026) than adenocarcinomas (Supp. File S3C). Furthermore, we found an 
association between age and tumor-infiltrating evenness in both TCRβ and TCRγ, where younger patients (<71 
years old) had statistically significant higher tumor-infiltrating evenness than older patients (≥ 71 years old) (p = 
0.022 and p = 0.041, respectively) (Supp. File S3D-E). However, we verified that none of these clinicopathological 
characteristics have a relevant impact on our metrics regarding immunotherapy response prediction (Supp. File 
S4).

Tumor-infiltrating TCRβ evenness is associated with immunotherapy response and 
progression-free survival
With respect to FFPE tumor samples, we found that R had statistically significant lower tumor-infiltrating TCRβ 
evenness than NR (p = 0.044) (Fig. 2A). Thus, its ability of potentially predicting the response and survival of 
these patients was analysed. Tumor-infiltrating TCRβ evenness predicted response with an AUC of 0.86, where 
a tumor-infiltrating TCRβ evenness lower than 0.795 had a 60% sensitivity and 100% specificity of predicting 
response (Fig. 2B). Moreover, patients with low tumor-infiltrating TCRβ evenness (< 0.8441) had statistically 
significant longer PFS than patients with high (≥ 0.8441) tumor-infiltrating TCRβ evenness (p = 0.013) (Fig. 
2C). Similarly, we found the same trend regarding circulating TCRβ evenness (p = 0.139) (Fig. 2D). Despite 
not reaching the statistical significance, the same trends were found regarding TCRγ in both tissue and blood, 
respectively (p = 0.149 and p = 0.114), showing a lower evenness in R patients (Fig. 2E-F). It is worth to mention 
that R patients showed a tendency towards a higher tumor-infiltrating and circulating TCRβ top 3% and top 5% 
clonal space compared with NR patients (Supp. File S5A-D). Accordingly, TCRβ evenness and top 3% and 5% 
clonal space were always strongly negatively correlated both in tissue (R =  −0.81, p = 0.001; R =  −0.91, p < 0.001, 
respectively) and blood (R =  −0.99, p < 0.001; R =  −0.97, p < 0.001, respectively) (Supp. File S6).

Fig. 1.  Graphical summary of the study design and analytical workflow, including sample collection, analysis 
steps, and key results. AUC: Area Under the Curve, N: number of patients, *: statistically significance.
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Tumor-infiltrating and circulating TCRβ, TRBV and TRBJ genes usage is associated with 
immunotherapy response and progression-free survival
Next, we sought for any relation between TRBV/TRGV and TRBJ/TRGJ genes frequencies and the immunotherapy 
response. Regarding TCRγ, there was no association between TRGV and TRGJ genes frequency and clinical 
response, neither in tissue nor in blood. Interestingly, tumor-infiltrating TCRβ TRBV6.5, TRBV11.3 and TRBJ2.1 
frequencies were statistically significant lower in R than in NR (Supp. File S7; p = 0.011, p = 0.048 and p = 0.002, 
respectively). Moreover, circulating TCRβ TRBV5.3 frequency was statistically significant higher in R than in 
NR (p = 0.019), while TRBV27, TRBV28, TRBJ2.1 and TRBJ2.6 frequencies were statistically significant lower 
in R than in NR (p = 0.039, p = 0.029, p = 0.017, and p = 0.008, respectively), as shown in Supp. File S8. The 
distribution of TRBV and TRBJ gene frequencies across the cohort is provided in Supp. File S9.

Then, we analysed their ability of potentially predict the PFS and the immunotherapy response in these 
patients. Patients with low tumor-infiltrating TCRβ TRBV11.3 frequency presented statistically significant longer 
PFS than patients with high frequency (p = 0.002) (Fig. 3A). Tumor-infiltrating TCRβ TRBV11.3 frequency 
predicted response with an AUC of 0.86, where a lower frequency than 0.0057 had an 80% sensitivity and 85.7% 
specificity predicting response (Fig. 3B). In the same line, patients with low tumor-infiltrating TCRβ TRBJ2.1 
frequency had longer PFS than patients with high frequency, although not reaching the statistical significance (p 
= 0.051) (Fig. 3C). Tumor-infiltrating TCRβ TRBJ2.1 frequency predicted response with an AUC of 0.94, where a 
lower frequency than 0.0460 had 100% sensitivity and 85.7% specificity predicting response (Fig. 3D). Moreover, 
patients with low circulating TCRβ TRBJ2.6 frequency had statistically significant longer PFS than patients with 
high frequency (p = 0.003) (Fig. 3E). Circulating TCRβ TRBJ2.6 frequency predicted response with an AUC of 
1.00, where a frequency cut-off < 0.0055 had an 100% sensitivity and 100% specificity predicting response (Fig. 
3F).

Combined TCRβ signatures to predict response
Although some of these TRBV/TRBJ genes did not reach the statistical significance in predicting PFS (Supp. File 
S10), they were able to accurately predict the clinical response (Supp. File S11). Thus, we decided to develop two 
Random Forest predictive signatures that combine the previously described tumor-infiltrating and thecirculating 
TCRβ variables associated with clinical response. For the tissue predictive signature, we included the variables 
evenness, TRBV6.5, TRBV11.3, and TRBJ2.1. This Random Forest signature was able to predict clinical response 
with an AUC of 0.83. A positive result from this signature (random forest-derived probability of being classified 
as responder > 0.230) had a sensitivity of 100% and a specificity of 71.4% in predicting response (Fig. 4A). In 
contrast, the predictive signature for blood samples included the variables TRBV5.3, TRBV27, TRBV28, TRBJ2.1, 
and TRBJ2.6. The circulating signature demonstrated a predictive ability with an AUC of 0.92. In this case, a 
positive result (derived probability > 0.641) had a sensitivity of 75% and a specificity of 100% in predicting 
response (Fig. 4B).

Discussion
ICIs represent the standard treatment for advanced NSCLC patients who lack of actionable mutations and cannot 
undergo surgery. Despite ICIs have significantly improved both life expectancy and quality of life for patients 
who benefit from it, the response rate remains low (20–40%), and there are no reliable predictive response 
biomarkers2,5,6. Recently, the study of the TCR repertoire has emerged as a potential predictive biomarker for 
immunotherapy response in various types of cancer but with still uncertain results11–21.

To the best of our knowledge, this is the first study sequencing the tumor-infiltrating and circulating 
TCRβ/γ repertoire at baseline in advanced NSCLC patients treated with checkpoint inhibition at first-line. Most 
researches regarding the TCR repertoire have focused solely on Tαβ cells11,14,15,17–21, with very few analysing 
the Tγδ cells, especially in solid tumors12,13. Although the mechanism of action of Tγδ cells is still not precisely 
known, it has been shown that they can play an important role in antitumor response in both systemic and local 
immunosurveillance8,9,12,13,16. For this reason, we decided to include also the γ chain. Moreover, many researches 
have analysed the TCR repertoire dynamics before and after treatment14,15,17,21, providing valuable insights into 
the mechanisms behind the antitumor response reactivation. However, most advanced NSCLC patients do not 
survive long enough to start a second-line therapy. Thus, the study of the TCR repertoire as a biomarker for 
ICIs response should be applicable before the first-line treatment to have a real impact in diary clinical practice.

We focused on the TCR repertoire at baseline, including both circulating and infiltrating profiles from 
advanced NSCLC patients treated with pembrolizumab at first-line. Our results confirmed that R achieved 
greater PFS, with the same trend observed for OS. Interestingly, we found that R were older than NR. On the 
contrary, a previous comprehensive comparative analysis using a cohort of anti-PD1-treated patients with renal 
cell carcinoma identified no statistically significant difference in PFS or OS with age 25. Due the limited numbers 
of older patients treated with ICIs available for their analyses, there is a need for further investigation of this 
subject in other cancer types, including NSCLC25. We also found older patients had a lower TCRβ/γ evenness 
in tissue but not in blood. In concordance, Erbe et al. reported a decrease in tissue TCR evenness with age in 
patients with adenocarcinoma25. Moreover, Dong et al. did not find such an association regarding circulating 
evenness either15. Our findings support that while TCRβ variables may be influenced by age, they still possess 
individual predictive capacity. Indeed, the accuracy of the combined signatures in predicting response is equal 
(blood) or higher (tissue) when age is excluded. However, these findings must be carefully considered, since 
the observed increase in TCR clonality with age may limit its predictive effectiveness in older patients26. In any 
case, larger studies are also needed to definitively evaluate how other comorbidities could affect to this evenness.

According to the histological classification and the TCR repertoire, previous studies showed contradictory 
associations. For instance, some analysis described how patients with squamous cell carcinomas had lower tumor-
infiltrating TCRβ evenness11,20, clonal richness20 or diversity11 compared to patients with adenocarcinoma, 

Scientific Reports |        (2025) 15:40914 5| https://doi.org/10.1038/s41598-025-21612-3

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


while others did not find any association between histology and any TCR repertoire metric14,15. In contrast, 
we observed squamous had higher tumor-infiltrating TCRβ convergence than adenocarcinomas, although our 
cohort contained only three patients with squamous cell carcinomas, so additional validation in larger cohorts 
will be needed to confirm these findings.

Our results showed that R exhibited low tumor-infiltrating TCRβ evenness at baseline, and this could 
predict a longer PFS. The association between low tumor-infiltrating TCRβ evenness and treatment response 
could be explained by the clonal expansion of specific T cell clones mediating the anti-tumor effect. In other 
words, certain T cell clones might have recognized tumor-expressed neoantigens but were unable to effectively 
eliminate the cancer cells until the initiation of immunotherapy in R. Thus, TCRβ evenness could potentially 
serve as a baseline biomarker for predicting response to immunotherapy. Concordant findings were found 
in clear cell renal cell carcinoma, where R were observed to have lower tumor-infiltrating TCRβ evenness at 
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baseline21. Moreover, Casarrubios et al. reported a high tumor-infiltrating TCRβ top 1% clonal space and a 
low evenness at baseline were involved in a pro-inflammatory tumor microenvironment associated with 
the complete pathological response of partially advanced NSCLC patients treated with neoadjuvant chemo-
immunotherapy17. Additionally, they described how these same top 1% clones expanded in peripheral blood 
after treatment, suggesting a possible role of systemic immunosurveillance in preventing relapse.

We also found that some TCRβ genes were associated with the immunotherapy response either regarding 
tissue or blood. Interestingly, R had a higher circulating TCRβ TRBV5.3 than NR. The association between 
treatment response and a higher circulating TCRβ TRBV5-3 frequency might be due to certain tumor 
neoantigens exhibiting high affinity for TCR sequences encoded by this gene. This could enhance tumor cell 
recognition and elimination, thereby promoting the clonal expansion of specific T cells harbouring this gene and 
ultimately mediating the anti-tumor response. Besides, tumor-infiltrating TRBV11.3 and circulating TRBJ2.6 
also predicted PFS. Similarly, Dong et al. reported a circulating TCRβ low TRBV6.5 and high TRBV20.1 at 
baseline showed a longer PFS and OS15. Plus, TRBV20.1 has been reported previously as one of the most used 
TCRβ V-gene in tumor-infiltrating T cells in several solid27. Therefore, it seems the TRBV/J gene usage is also 
being able of predicting the response both in tissue and blood. However, it is not clear which genes are more 
decisive, if there are ones.

Consequently, we decided to combine all the variables associated with response in both a tumor-infiltrating 
and a circulating predictive signature using a Random Forest classifier. Although both tissue and blood predictive 
signatures demonstrated high accuracy, they performed differently in terms of sensitivity and specificity. The 
tissue-based model achieved 100% sensitivity and 71.4% specificity with an AUC of 0.83, meaning that it would 
correctly identify all R and thus ensure that all patients who could benefit from ICIs treatment receive it. However, 
it would also misclassify approximately 28.6% of NR, potentially leading to unnecessary treatment in these 
patients. On the other hand, the blood-based model showed 75% sensitivity and 100% specificity with an AUC 
of 0.92, implying that any NR would receive ICIs, but 25% of potential R would be missed and left untreated. 
From a clinical perspective, we believe that the tissue model is more advantageous, as it prioritizes treating all 
patients who have the potential to benefit from ICIs, ensuring that all likely R are treated with ICIs. However, 
it is necessary to highlight the potential of identifying potential biomarkers in blood in advanced lung cancer, 
whose typically small lung tumor biopsies may fail to capture the high intratumoral heterogeneity6. Additionally, 
finding minimally invasive circulating biomarkers that are easily measurable throughout therapy would facilitate 
their implementation in daily clinical practice, as the number of recent studies has demonstrated14,15,18.

Regarding TCRγ, we detected the same trend found in TCRβ repertoire without reaching the statistical 
significance, where R had a lower tumor-infiltrating and circulating TCRγ evenness at baseline than NR. 
However, we did not find association between TCR variables or V/J genes usage and immunotherapy response. 
Although a high number of distinct TCRγδ can theoretically be generated, certain rearrangements and chain 
pairings are substantially over-represented, biasing V(D)J recombination and the selection of functional 
clones8. This leads to various oligoclonal populations predominating in the circulation and in different tissues. 
Furthermore, there is minimal knowledge reported to date regarding the TCRγ repertoire as an immunotherapy 
response biomarker12,13, so further validation will be necessary to verify these findings and draw more definitive 
conclusions.

In summary, our study suggests a potential of TCRβ repertoire for predicting response to pembrolizumab 
in advance NSCLC. We have preliminary identified various tumor-infiltrating and circulating TCRβ variables 
at baseline that correlate with response and progression-free survival. However, given the exploratory nature of 
this retrospective observational study due to the small cohort size, further research is needed to validate these 
findings in larger, more diverse populations and to establish causal relationships.

Fig. 2.  TCRβ/γ evenness as a predictor of clinical response and patient survival. (A) Responders (R) have 
statistically significant lower tumor-infiltrating TCRβ evenness than non-responders (NR) (p = 0.044). P was 
obtained using Student’s t test. (B) Tumor-infiltrating TCRβ evenness predicts response with an AUC of 0.86. 
A lower tumor-infiltrating TCRβ evenness than 0.795 have a 60% sensitivity and 100% specificity predicting 
response. (C) Patients with low tumor-infiltrating TCRβ evenness have statistically significant longer PFS than 
patients with high tumor-infiltrating TCRβ evenness (p = 0.013). P was obtained using Log-Rank test. (D) 
R have a non-statistically significant lower circulating TCRβ evenness than NR (p = 0.139). P was obtained 
using Student’s t test. (E) R have a non-statistically significant lower tumor-infiltrating TCRγ evenness than 
NR (p = 0.149). P-value was obtained using Mann-Whitney test. (F) R have a non-statistically significant lower 
circulating TCRγ evenness than NR (p = 0.114). P was obtained using Mann-Whitney test. AUC: Area Under 
the Curve, N: number of patients, NE: non-evaluable, PD: progressive disease, PFS: progression-free survival, 
PR: partial response, SD: stable disease, *: statistical significance.

◂
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