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Background: Immune checkpoint inhibitors (ICIs) have significant clinical benefit for a subset of patients
with gastrointestinal cancers (GICs) including esophageal cancer, gastric cancer and colorectal cancer.
However, it is difficult to predict which patients will respond favorably to immune checkpoint blockade
therapy. Thus, this study was initiated to determine if peripheral T-cell receptor (TCR) repertoire profiling
could predict the clinical efficacy of anti-programmed death 1 (PD-1) treatment.

Methods: Blood samples from 31 patients with GICs were collected before anti-PD-1 antibody treatment
initiation. The clinical significance of the combinatorial diversity evenness of the TCR repertoire [the
diversity evenness 50 (DES50), with high values corresponding to less clonality and higher TCR diversity]
from peripheral blood mononuclear cells (PBMCs) was evaluated in all the enrolled patients. A highly
predictive nomogram was set up based on peripheral TCR repertoire profiling. The performance of the
nomogram was assessed by receiver operating characteristic (ROC) curve, concordance index (C-index), and
calibration curves, and decision curve analysis (DCA) was used to assess its clinical applicability.

Results: Compared to non-responders [progression disease (PD)], the DE50 scores were significantly
higher in responders [stable disease (SD) and partial response (PR)] (P=0.018). Patients with a high DE50
score showed better progression-free survival (PFS) than those with a low DE50 score (P=0.0022). The
multivariable Cox regression demonstrated that high DES50 and low platelet-lymphocyte ratio (PLR) were
significant independent predictors for better PFS when treated with anti-PD-1 antibody. Furthermore, a
highly predictive nomogram was set up based on peripheral TCR repertoire profiling. The area under the
curves (AUCs) of this system at 3-, 6- and 12-month PFS reached 0.825, 0.802, and 0.954, respectively. The
nomogram had a C-index of 0.768 [95% confidence interval (CI): 0.658-0.879]. Meanwhile, the calibration
curves also demonstrated the reliability and stability of the model.

Conclusions: High DES50 scores were predictive of a favorable response and longer PFS to anti-PD-1
treatment in GIC patients. The nomogram based on TCR repertoire profiling was a reliable and practical tool,

which could provide risk assessment and clinical decision-making for individualized treatment of patients.
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Introduction

Gastrointestinal cancers (GICs) including esophageal,
gastric, and colorectal cancers are common malignancies
which are often diagnosed at a late stage (1). The lack of
effective early diagnosis and treatment strategies of GIC
result in a poor prognosis. Currently, immunotherapy such
as anti-programmed death 1 (PD-1) antibody has gained
a significant value in the treatment of some GICs and has
been incorporated into treatment regimens (2). However, a
large number of patients do not respond to these treatment
approaches, and toxicity may be substantial. Thus, it is
of great significance to identify a biomarker to predict
patients who will respond to anti-PD-1 therapy and then
help optimizing patients’ stratification for the best possible
therapeutic outcome.

T-cell receptor (T'CR) is a surface molecule of T
cells that could specifically recognize antigens presented
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Key findings

* High diversity evenness 50 (DES50) scores were associated with better
responses to anti-programmed death 1 (PD-1) treatment and longer
progression-free survival (PES) in gastrointestinal cancer (GIC) patients.

* A nomogram based on T-cell receptor (T'CR) repertoire profiling
was developed to aid in risk assessment and guide clinical decision-
making for anti-PD-1 antibody treatment.

What is known and what is new?

* Immune checkpoint inhibitors have shown clinical benefits in a subset
of GIC patients, but predicting responses has been challenging.

* Peripheral TCR repertoire profiling could be a potential predictor
for clinical efficacy. A new, highly predictive nomogram based on
TCR repertoire profiling was introduced, showing promise in
predicting treatment outcomes.

What is the implication, and what should change now?

* TCR repertoire profiling, especially the DES50 scores, can be
an essential tool in predicting patient responses to anti-PD-1
treatment and PFS.

* Given the association between high DE50 scores and good survival,
clinicians could monitor DE50 scores to direct future immunotherapy.
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by the major histocompatibility complex (MHC) and
mediate immune response (3). It is a heterodimer, the
majority (~95%) of which consists of an a-chain and a
B-chain in human (4). The complimentary determining
region 3 (CDR3) of TCRp chain is the highly variable
component of TCRs and is critical for the specificity
of each T cell clone for antigen recognition (5). CDR3
polymorphisms generated by random rearrangements of the
variable (V), diversity (D), and joining (J) gene segments,
determines T'CR diversity. Random insertion or deletion
of non-template nucleotides in V-D and D-] junction
regions during rearrangement increase TCR diversity.
Theoretically, the ability of the immune responses to a
variety of different antigens depends on a large repertoire of
unique TCR.

Several studies have shown that T'CR repertoire diversity
plays an important role in tumor immunity (6-9). Analysis
of TCR repertoire profiling can be used to reflect the
immune responses for some patients and may help predict
the clinical outcomes of anti-PD-1 therapy. In this study,
we used the Oncomine TCR Beta-LR Assay to detect
the possible V-J rearrangement in the CDR3 region of
the TCRp chain in peripheral blood samples from GIC
patients. We showed that patients with a high diversity
evenness 50 (DE50) score could benefit from anti-PD-1
treatment. These findings would help to characterize the
TCR repertoire profiling in the tumor microenvironment
in GICs. Furthermore, we suggested that the quantification
of TCR repertoire diversity in the peripheral blood,
prior to treatment initiation, could represent a predictive
biomarker to guide the use of immunotherapies to the
most appropriate GIC patients. We present this article in
accordance with the TRIPOD reporting checklist (available
at https://tgh.amegroups.com/article/view/10.21037/tgh-
23-61/rc).

Methods
Patients

Peripheral blood samples were obtained from a total of
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31 GICs patients between April 2019 and January 2021
at Zhongshan Hospital in this single-center retrospective
study, including esophageal cancer patients (n=7), gastric
cancer patients (n=20) and colorectal cancer patients
(n=4). The study enrolled GIC patients with histologically
confirmed unresectable disease or metastatic disease.
Patients included in the study ranged from 19 to 80 years
of age with Eastern Cooperative Oncology Group (ECOG)
performance status of 0-2. Patients who had previously
received immunotherapy were excluded. All patients were
followed up and the median duration of patient follow-
up was 11.9 months at the data cutoff of June 23th, 2021.
Peripheral blood was collected and laboratory indices,
including carcinoembryonic antigen (CEA) levels,
neutrophil, platelet, lymphocyte and leukocyte counts were
recorded within 7 days prior to the beginning of the first
cycle of anti-PD-1 treatment. All subjects were recruited
from the Fudan University Shanghai Cancer Center and
proved by pathologic examination. Cross-sectional imaging
of the chest, abdomen, and pelvis was obtained every three
cycles. The objective response rate (ORR) and progression-
free survival (PFS) were evaluated independently by
physicians and two experienced radiologists according to
immune-related response evaluation criteria in solid tumors
(irRECIST) for each patient.

Peripheral blood mononuclear cells (PBMCs) were
isolated by density gradient centrifugation using Ficoll-
PaqueTM PLUS (GE Healthcare, NY, USA; Cat. No. 17-
1440-03). The fresh PBMCs were lysed with Lysis buffer
using the MagMAX™ mirVana™ Total RNA Isolation
Kit (Thermo Fisher Scientific, Waltham, USA; Cat.
No. A27828) and stored at —80 °C until further use. This
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013) and approved by Ethics
Committee of Zhongshan Hospital Affiliated to Fudan
University (approval number: B2018-219). All patients
signed the written informed consents before participation.

TCRp sequencing

For the Ion Torrent-based approach, ribonucleic acid
(RNA) was extracted from PBMC using the MagMAX™
mirVana™ Total RNA Isolation Kit (Thermo Fisher
Scientific Cat. No. A27828). Purified RNA samples were
quantified using Qubit RNA HS Assay Kit (Thermo Fisher
Scientific Cat. No. Q32852). The Agilent 2100 Bioanalyzer
and Agilent RNA 6000 Nano Kit were used to quantify
and evaluate RNA integrity. Fifty ng of total RNA was
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reverse transcribed using SuperScript IV VILO Master Mix
(Thermo Fisher Scientific Cat. No. 11756050). For each
sample, 25 ng cDNA was amplified using the Oncomine
TCR Beta-LR Assay (Thermo Fisher Scientific Cat. No.
A35386), and protocol as described in Oncomine™ Human
Immune Repertoire User Guide MAN0017438 Revision
C.0. Libraries were purified with Agencourt AMPure XP
beads (Beckman Coulter, Pasadena, CA, USA; Cat. No.
A63880), washed with 70% ethanol, and eluted in 50 pL
Low TE buffer. Resulting library samples were diluted and
quantified using the Ion Library Quantitation Kit (Thermo
Fisher Scientific Cat. No. 4468802), then diluted to 25 pM
with Low TE buffer. Equal volumes from 6-7 samples at a
time were pooled together for sequencing on one Ion 530
chip, followed by analysis via Ion Reporter version 5.14.

Sequencing data analysis

The analysis process was shown in Figure S1. The raw
sequencing data (.bcl) generated from the Ion Torrent S5
XL sequencer were demultiplexed and preprocessed using
BaseCaller plugin (5.10) to produce sample-specitic UBAM
files. Briefly, the sequencing adaptors and target-specific
primers were trimmed, before further trimming of the reads
to retain only high-quality data (Q20 or higher). The run
result files were then transferred to the Ion Reporter™
Software 5.14 using Ion Reporter Uploader plugin, followed
by post-processing to filter low quality and off-target reads,
remove or correct error containing reads, generate report
for VD] rearrangements and perform secondary analysis
of repertoire features, including evenness and Shannon
diversity index. Shannon diversity index was calculated as
below:

Shannon diversity index =—)_ p, log, ( p,) (1]
i=1
where pi was the frequency of clonotype i for the sample
with n unique clonotypes. Evenness was a normalized
Shannon diversity index as indicated below (10,11):

Evenness = Shannon diversity / log, (n) 2]

All the analyses mentioned above (including Shannon
diversity index and evenness) used the default parameters of
Ton Torrent S5 XL Server or Ion Reporter™ Software 5.14,
two well-established commercial software. As for DE50
calculation, we used our in-house workflow adapted from a
previous report (12):
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DESO0 =

3]

total No. of clonetypes

A schematic graph is provided to help understand the
meaning of DE50 in Figure S2.

Statistical analysis

SPSS 26.0 software and GraphPad Prism 8.0 were used
to perform the analysis. Statistical significance was
declared based on P value <0.05 with two-sided test. The
Kaplan-Meier was used to estimate PFS. To compare the
continuous variable, such as curative effect between groups
and TCR repertoire diversity, Mann-Whitney U test was
used. Independent predictive factors for clinical efficacy
were investigated by multivariable logistic regression
models. Univariable logistic regression models with the
objective response (OR) status as the binary outcome and
sex, age, evenness, Shannon diversity, DE50, neutrophil-
lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR),
or CEA as the predictor were built. According to the P
value (<0.05) of the outputs from the univariable logistic
regression models, a multivariable logistic regression
model was built with the OR status as the binary outcome
and Shannon diversity, DE50, and CEA as the predictors.
Cox proportional-hazards regression models were used
to evaluate the relationship between PFES and each of the
same variables as used in the univariable logistic regression
models. A multivariable Cox regression analysis was then
performed with selected variables DE50, PLR, and CEA
according to the P value of the outputs from the univariable
analyses. Both the univariable and the multivariable logistic
regression were run using R with method = “glm”, family
= “binomial” and link = “logit”. The Cox Proportional-
Hazards Regression was fit in R with the survival package
and its coxph function. All the forest plots were drawn
in R with package “forestplot”. Variables with P<0.2 in
univariable logistic regression models were included in a
multivariable logistic regression model.

To ascertain independent prognostic factors, univariate
Cox analysis, multivariate Cox analysis, and Kaplan-Meier
survival analysis were utilized. A Cox proportional hazard
regression model and a nomogram were constructed to
forecast PFS. The predictive model was evaluated using the
receiver operating characteristic (ROC) curve, concordance
index (C-index), calibration curve, and decision curve
analysis (DCA). Furthermore, the nomogram’s performance
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was internally validated through the random allocation of
all cases into the training cohort and the validation cohort,
with a 7:3 ratio.

Results
Characteristics of the patients

A total of 31 patients with GICs treated with PD-1
inhibitors were enrolled in this study. The demographic
and baseline characteristics were depicted in Table 1. The
majority of the patients were male (74.2%) with a median
age of 64 years (range, 39-79 years) and an ECOG PS
of 0-2 at baseline. Of the local GIC therapies, 36% of
patients received anti-PD-1 antibody combined with
anti-angiogenics, 19% received anti-PD-1 antibody
combined with chemotherapy and 45% received anti-PD-1
monotherapy. For data analysis, partial response (PR, n=5)
and stable disease (SD, n=14) were considered as treatment
responders whereas progression disease (PD, n=12) groups
are defined as non-responders. Survival plot for PFS was
shown in Figure S3.

Profiling of TCRP CDR3 in all patients

A total of 31,531,729 TCRP CDR3 aa sequence reads were
produced from PBMC:s of the 31 patients, with an average of
1,017,153 TCRP CDR3 aa sequence reads per sample. Fifty-
three distinct VP gene segments, 13 various JB gene segments,
and 664 unique V-J pairs were identified in all of the samples.
First, we examined the effects of pre-existing TCR repertoire
characteristics from baseline PBMC on patient response to
anti-PD-1 therapy. For the patient response outcomes, we
classified patients into three groups based on the best response,
that is, CR/PR, SD, and PD. As shown in Figure S4, we found
that the number of distinct VB gene segments per sample in SD
+ PR group was slightly higher than that in PD group (Mann-
Whitney test, P=0.0236). The most frequent VB gene segments
in all of the samples were T-cell receptor beta variable region
(TRBV) 20.1 (8.17%=0.38%), TRBV28 (6.87%0.50%),
TRBV7.2 (6.24%+0.45%), TRBV5.1(5.54%+0.33%) and
TRBV29.1 (5.32%+0.32%) (Figure S4A). Thirteen various
JP gene segments were detected in every single sample,
with the most frequent Jp gene segments being T cell
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Table 1 The demographic and clinical characteristics of 31 patients
with GICs

Patient characteristics Number
Sex, n (%)

Male 23 (74.2)
Female 8 (25.8)
Age, years; median [range] 64 [39-79]

Tumor types, n (%)

Esophageal cancer 7 (22.6)

Gastric cancer 20 (64.5)

Colorectal cancer 4(12.9)
ECOG score, n (%)

0-1 23 (74.2)

2 8 (25.8)
Treatment line, n (%)

<3 19 (61.3)

>3 12 (38.7)
PD-L1 agents, n (%)

22C3 8 (25.8)

E1L3N 5(16.1)
PD-L1 expression, n (%)

Negative 6 (19.4)

Positive* 7 (22.6)

Missing 18 (58.1)
CEA, n (%)

<5 pg/L 18 (58.1)

>5 pg/L 13 (41.9)

*, PD-L1 positivity was defined as CPS >1. GIC, gastrointestinal
cancer; ECOG, Eastern Cooperative Oncology Group; PD-L1,
programmed death ligand-1; CEA, carcinoembryonic antigen;
CPS, combined positive score.

receptor beta joining (TRBJ) 2.1(18.17%=0.49%), TRBJ2.7
(16.78%+0.65%), TRBJ2.3 (12.11%+0.60%), TRBJ1.1
(11.29%0.45%), TRBJ2.5 (9.33%0.41%) (Figure S4B).
Using R package DESeq2 to analyze the significantly
differentially expressed genes in V] Usage between PD
group and PR + SD group, where the P value was set to
0.05 and fold change was set to 1.2, a total of 55 significantly
differentially expressed genes were obtained, among which
33 genes were upregulated and 22 gene was downregulated.

© Translational Gastroenterology and Hepatology. All rights reserved.
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A heat map was drawn for the clustering analysis
(Figure S4C).

TCR diversity is predictive for immune checkpoint
inhibitors (ICLs) benefit

In order to identify the potential predictors of clinical
outcomes of anti-PD-1 therapy, we also analyzed the
correlation between diversity indices (Shannon diversity,
evenness and DES50) and response to treatment using Chi-
square test (Figure 1). There was no significant difference
in Shannon diversity between responders (PR + SD) and
non-responders (12.56 vs. 11.72, P=0.1905) (FigurelA).
However, evenness value in responders was higher than
that in non-responders (0.8875 wvs. 0.8349, P=0.0392)
(Figure 1B). The DES5O0 score quantifies the proportion
of rearrangements required to explain the most frequent
rearrangements accounting for 50% of cumulative sum of
each rearrangement’s frequency, relative to the total number
of rearrangements. A TCR repertoire exhibiting an even
frequency distribution of V-J rearrangements is indicative
of low clonality and consequently yields a higher DE50
score (12). We further investigated the DE5S0 scores, and
observed a higher DE50 score in responders compared to
non-responders (0.09334 vs. 0.04254, P=0.018) (Figure 1C).

To further confirm the relationship between baseline
clinical parameters (including T'CR diversity) and anti-PD-1
therapy response, univariable and multivariable logistic
regression analyses were performed using median as the
cut-off of the evenness (5.2) and Shannon diversity (3.62),
respectively. The univariable model identified baseline
DES50 [odds ratio (OR) =0.15, 95% confidence interval
(CD: 0.03-0.78, P=0.024] as the only variable significantly
associated with response to therapy (Figure 2A4). In the
multivariable logistic regression analyses where variables
with P values <0.2 were included. Patient with higher DE5S0
levels tended to enjoy better response to anti-PD-1 therapy,
although difference did not reach a significant level (OR
-0.21,95% CI: 0.03-1.32, P=0.096) (Figure 2B).

DESO0 was an independently prognostic factor in GIC
treated with anti-PD-1 antibody

To further explore the relationship between the baseline
TCR diversity and PFS, Kaplan-Meier survival analyses
were performed. In the included cohort, all the patients
were divided into high- and low-TCR diversity groups
using median as the cut-off the evenness (0.89) and
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Figure 1 Baseline TCR diversity in responders and non-responders to anti-PD-1 treatment. (A) Shannon diversity; (B) evenness value;

(C) DES50 value. ns, no significant difference in statistics; *, P value <0.05. DES50, diversity evenness 50; PD-1, programmed death 1; PD,

progression disease; PR, partial response; SD, stable disease; TCR, T-cell receptor.

Shannon diversity (12.24), respectively. As a result, the
Kaplan-Meier analysis showed that the patients with either
high-evenness diversity or Shannon diversity failed to
enjoy a favorable PFS (P=0.77 and P=0.53, respectively)
(Figure 34,3B). However, patients with higher baseline
DES50 had significantly longer PFS than patients with low
baseline DE50 (P=0.0022) (Figure 3C). Thus, in order to
assess the independent predictive value of DES50, univariable
and multivariable Cox regression analyses were performed.
In the Cox proportional hazards regression analysis, we
discovered that baseline DE50 [hazard ratio (HR) =0.24,
95% CI: 0.09-0.64, P=0.005] and PLR (HR =2.46, 95% CI:
1.04-5.79, P=0.040) as the only two variables significantly
associated with PFS (Figure 44). After adjustment for age,

© Translational Gastroenterology and Hepatology. All rights reserved.

gender, tumor site and histological type, to our surprise,
DES50 (HR =0.22, 95% CI: 0.08-0.64, P=0.006) and PLR
(HR =2.73, 95% CI: 1.15-6.45, P=0.022) were found to
be independent factors associated with PFS (Figure 4B).
Furthermore, DE50 (C-index =0.670) and NLR (C-index
=0.628) had higher discrimination ability in the prediction
of PFS than the remaining factors, including CEA with a
C-index of 0.577.

Baseline DESO levels, combined with PLR and CEA, was
able to better predict PFS for patients with GIC treated
with anti-PD-1 antibody

The above results indicated that the level of DE50 and

Transl Gastroenterol Hepatol 2024;9:5 | https://dx.doi.org/10.21037/tgh-23-61
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A Variables
Sex = male
Age (years) =64
Evenness >0.89
Shannon diversity >12.24
DE50 >0.08
NLR =3.33
PLR >154.17
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OR (95% ClI) P value
0.53 (0.10-2.72) 0.450
0.58 (0.13-2.53) 0.471
0.69 (0.15-3.10) 0.626
0.29 (0.06-1.33) 0.112
0.15 (0.03-0.78) 0.024
0.90 (0.21-3.82) 0.886
1.92 (0.44-8.33) 0.381

CEA (ng/mL) =3.3

2.75(0.61-12.41) 0.188

T
6 7 8 9 10 11 12 13
OR
B

Variables OR (95% Cl) P value
Shannon diversity =12.24 S 0.62 (0.10-3.76) 0.603
DE50 >0.08 — 0.21 (0.03-1.32) 0.096
CEA (ng/mL) 23.3 — 4 1.30(0.22-7.74)  0.770

OR

Figure 2 Forest plots of univariable (A) and multivariable (B) logistic regression analyses. DE50, diversity evenness 50; NLR, neutrophil-

lymphocyte ratio; PLR, platelet-lymphocyte ratio; CEA, carcinoembryonic antigen; OR, odds ratio; CI, confidence interval.

PLR were independent prognostic factors for improvement
of PFS in patients with GIC treated with anti-PD-1
antibody. Since serum CEA is recommended as a tumor
marker in GIC for tumor detecting and monitoring
response to therapy. A nomogram for prediction of survival
probabilities, which included DE50 levels, PLR and CEA
were constructed (Figure 5). ROC curve was used to analyze
the power of nomogram to predict PFS among GIC
patients treated with anti-PD-1 antibody. According to the
ROC analysis, the area under the curves (AUCs) of this
system at 3-, 6- and 12-month PFS reached 0.825, 0.802,
and 0.954, respectively (Figure 64). The nomogram had a
C-index of 0.768 (95% CI: 0.658-0.879). Meanwhile, the
calibration curves demonstrated considerable agreement
between the nomogram predicted and actual survival at
3-, 6- and 12-month PFS, respectively (Figure 6B). These
validations suggesting that this model can accurately
predict the possibility of PFS among GIC patients treated
with anti-PD-1 antibody. In addition to address the
accuracy, DCA was introduced to evaluate the clinical
utility of this nomogram. Figure 6C showed that the
established nomogram had favorable clinical applicability
in predicting PFS. To validate the nomogram model, the
internal validation data was used to evaluate the accuracy

© Translational Gastroenterology and Hepatology. All rights reserved.

and calibrate the model (Figure S5). The adjusted C-index
was 0.804 (95% CI: 0.679-0.929) after 100 bootstrapping
internal validations, demonstrating a good discrimination
power.

Furthermore, to establish a risk stratification system
based on our nomogram, we calculated the total score for
each patient in the training cohort, and then stratified the
patients according to the median of total scores into two
subgroups: low-risk group and high-risk group. Kaplan-
Meier analysis indicated that the survival time of patients in
the high-risk group was much shorter than that of the low-
risk group (Figure 7A). Furthermore, the risk score reached
an AUC value of 0.825, 0.802, and 0.954 for 3-, 6- and
12-month PFS, respectively (Figure 7B).

Discussion

Recently, anti-PD-1 antibodies have been approved for
the treatment of GICs, exhibiting encouraging outcomes
(2,13,14). However, patients’ responses are often
unpredictable. Hence, reliable biomarkers are needed to
identify patients who might benefit from PD-1 inhibitors
(13,15-18).

T-cell-mediated cellular immunity plays an important
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Figure 3 Kaplan-Meier curves of PFS for gastrointestinal cancer patients based on TCR diversity. (A) Evenness value; (B) Shannon diversity
value; (C) DE5O0 value. PES, progression-free survival; CI, confidence interval; NA, not applicable; DES0, diversity evenness 50; TCR, T-cell

receptor.

role in antitumor responses to immunotherapy (19). The
TCR is an essential membrane protein that can recognize
specific antigens on tumor and participate in the activation
of T-cells. Monitoring TCR repertoire diversity may
be helpful in assessing the immune therapy efficacy and
prognosis. The antigen-specificity of tumor-reactive T-cells
in peripheral blood and tumor tissue seem to be very much

© Translational Gastroenterology and Hepatology. All rights reserved.

alike (20,21). Liquid biopsy is non-invasive and has become
an alternative choice in clinical practice. Recent advances
in next-generation sequencing (NGS) technology provide
a detailed and complete description of multiple TCR
clones in order to determine the diversity of TCR in the
repertoire. Here, our study sought to use multiplex PCR
amplification and deep sequencing of CDR3 region to
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Figure 4 Forest plots of univariable (A) and multivariable (B) Cox regression analyses. DES0, diversity evenness 50; NLR, neutrophil-

lymphocyte ratio; PLR, platelet-lymphocyte ratio; CEA, carcinoembryonic antigen; HR, hazard ratio; CI, confidence interval.
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Figure 5 Nomogram for predicting PFS at 3-, 6-, 12-month of gastrointestinal cancer patients. DES50, diversity evenness 50; PLR, platelet-

lymphocyte ratio; CEA, carcinoembryonic antigen; PFS, progression-free survival.
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Figure 6 The validation of nomogram using ROC curves, calibration curve, and DCA curve analysis, respectively. (A) The ROC curves
for the prediction of 3-, 6-, 12-month PFS rate of gastrointestinal cancer patients. (B) The calibration curve analysis of the nomogram
compared for 3-, 6-, 12-month PFS. (C) DCA curve analysis of the nomogram compared for 3-, 6-, 12-month PFS. PES, progression-free

survival; AUC, area under the curve; ROC, receiver operating characteristic; DCA, decision curve analysis.

assess T'CR repertoire profiling in the peripheral blood. results of these studies are sometimes not consistent or even

Previous studies have demonstrated that pre-treatment contradictory. These results highlight the need for more
TCR repertoire diversity might be associated with clinical detailed studies regarding some particular tumor type. To
outcome of immune therapy (12,21-26). However, the our knowledge, little is known about clinical significance of
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Figure 7 The performance of the nomogram-based risk stratification system for PFS. (A) Kaplan-Meier curves of PES in low-risk group,

and high-risk group. (B) The AUC values of the nomogram-based risk stratification system for the prediction of 3-, 6-, 12-month PFS rate

of gastrointestinal cancer patients. PFS, progression-free survival; CI, confidence interval; NA, not applicable; ROC, receiver operating

characteristic; AUC, area under the curve.

peripheral TCR repertoire profiling in patients with GIC
treated with anti-PD-1 antibody. In the present study, we
demonstrated that higher DE50 scores were associated
with better prognosis and increased response to anti-
PD-1 inhibitors in GICs. Importantly, this association was
independent of other clinical factors such as age, gender,
CEA. A possible explanation for these results is that higher
TCR diversity may provide greater opportunities for our
adaptive immune system to recognize antigens, increasing
the possibility of more tumor-specific T cells to be activated
to eliminate tumor cells (23,24,27). Conversely, low TCR
diversity may be associated with the impaired immune status
that contribute to poor immunotherapy response (23,24,28).

In order to obtain better predictive power, a combined
model based on peripheral DE50 score and PLR is
developed in this study at the pre-treatment time point.
PLR is a routinely systemic inflammatory marker and
may be a significant factor for predicting survival and
response to therapies in cancer (29-31). Thrombocytosis
and the release of platelet-derived chemokines in the tumor
microenvironment may promote tumor progression (32).
In contrast, lymphocytes are associated with immune
surveillance and prevent development of malignancy (33).
Therefore, thrombocytosis and lymphocytopenia have
been suggested as negative prognostic markers in various
cancers (30,31). On this basis, we speculated that the

© Translational Gastroenterology and Hepatology. All rights reserved.

biomarker combining PLR and DES50, may better reflect
the information of inflammatory/immune system status and
predict the prognosis of GICs patients. The result suggested
that such combinations of two different biomarkers could
help to more accurately identify patients who may benefit
from anti-PD-1 treatment strategies in GICs. Further
prospective research is needed to validate and refine the
model.

There are some limitations in this study. First, this is a
small study with a limited number of patients. Second, the
study only focused on the B chain of the T'CR, which can
not entirely represent the characteristics of the whole TCR
repertoire. The third limitation in this study was a lack of
dynamic changes of TCR repertoire profiles during tumor
treatment and evolution as well as a lack of longer follow-
up. Further study with a larger cohort and longer follow-
up period would be required to validate these findings thus
provide significant insight in the immunotherapy of GICs.

Conclusions

TCR repertoire profiling could serve as a useful
indicator for predicting treatment response to anti-PD-1
immunotherapy and prognosis in GICs. In addition, DE50
was an independent predictive factor for PFS according
to multivariable Cox regression analysis. Notably, these

Transl Gastroenterol Hepatol 2024;9:5 | https://dx.doi.org/10.21037/tgh-23-61
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findings could be utilized to direct future immunotherapy if
validated in further prospective studies.
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