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Abstract
Background: The tumor microenvironment is associated with prognosis in
advanced non-small cell lung carcinoma (NSCLC). The aim of this study was to
explore the relationship between blood T cell diversity and survival of patients
treated with pemetrexed-based chemotherapy for nonsquamous NSCLC.
Methods: This prospective clinical study enrolled 26 patients with advanced
NSCLC treated with 4–6 cycles of first-line pemetrexed combined with platinum-
based therapy. The complementarity-determining region 3 (CDR3) located in the
T cell receptor beta chain (TCR β chain) was captured and deeply sequenced
using next-generation sequencing (NGS) technology, and the correlation between
TCR changes and efficacy after chemotherapy was analyzed.
Results: Patients with an inferior quarter diversity index showed a significantly
shorter progression-free survival (PFS) than the others (median, 5.0 months
vs. 8.1 months, P = 0.014). After two cycles of chemotherapy, the TCR diversity
was significantly higher than the baseline (P = 0.034). Just as with the baseline,
patients with an inferior quarter diversity index at the endpoint of cycle 2 showed
a shorter progression-free survival (PFS) than the others (median, 5.0 months
vs. 8.4 months, P = 0.024).
Conclusions: In advanced NSCLC patients treated with first-line pemetrexed
combined with platinum, the low level of blood TCR diversity at baseline with
an endpoint of two cycles of chemotherapy was correlated with a poor prognosis.

Introduction

Lung cancer is the most commonly diagnosed cancer and the
leading cause of death from cancer worldwide. Among the
various subtypes of lung cancer, treatment modes in adeno-
carcinoma are the most diverse. For advanced adenocarci-
noma patients in which there is no opportunity for targeted
treatment, or in whom targeted treatment has failed,
pemetrexed is recommended as a first-line therapy. In addi-
tion, the pemetrexed regimen also demonstrates strong
immune synergy when combined with immunotherapy.
According to previous studies, chemotherapy drugs can affect
the immune system through a variety of mechanisms,1,2

including pemetrexed.3 However, the influence of pemetrexed
on the human immune system is still unclear.
T cells are a major component of the immune system

and there is evidence that a T cell receptor repertoire may
be a potential biomarker for prognosis and a predictive
marker for response to cancer treatment.4–8 The character-
istics of the peripheral blood T cell receptor repertoire may
represent the imprint of the antigen spectrum present in
various states of the disease, which can help distinguish
patients with different diseases9 and predict the efficacy
and prognosis of immunotherapy in cancer patients.5,10

Previous studies have reported a relationship between
the TCR and lung cancer.11,12 However, these studies either
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targeted a relatively broad population of non-small cell
lung cancer (NSCLC) and did not strictly distinguish path-
ological types or did not use uniform treatment options.
Different pathological subtypes and treatment options
might affect the TCR repertoire. Therefore, patients with
lung adenocarcinoma who were enrolled in this study and
whose disease had been confirmed by pathology all
received chemotherapy with pemetrexed combined with
platinum as a first-line treatment. The value of the TCR
repertoire in lung adenocarcinoma is explored on the pre-
mise of consistent pathology, consistent protocols, and
similar staging.
Our study sought to explore the influence of immuno-

logical function on lung adenocarcinoma patients who
received pemetrexed chemotherapy and further investigate
the predictive value of the TCR repertoire in the prognosis
and therapeutic efficacy among these patients.

Methods

Sample collection

Peripheral blood of 26 patients with lung cancer who
received first-line pemetrexed based chemotherapy at
Peking University Third Hospital from 2017 to 2020 was
collected. Patients with previous or present complications
associated with autoimmune disease and acute infection
were excluded from the study. Peripheral blood samples
were collected from patients before treatment and after
every two cycles of chemotherapy. The clinical information
of patients was obtained from the hospital medical record
system, and none of the patients had previously received
first-line chemotherapy or radiotherapy before sampling.
All patient diseases were pathologically confirmed. Evalua-
tion was performed according to the RECIST version 1.1.
Follow-up data came from medical records or telephone
follow-up. Clinical stage was based on the eighth edition of
the AJCC Cancer Staging System and the study was con-
ducted in compliance with the Helsinki Declaration of
1975 and approved by the Institutional Review Board of
Peking University’s Third Hospital. All subjects provided
their written informed consent.

High-throughput sequencing of the TCR
β-chain

Third complementarity-determining region (CDR3) of
the T cell receptor beta chain (TCR β-chain) was ampli-
fied by a multiplex PCR platform, which was designed
specifically for the study. A total of 600 ng peripheral
blood lymphocyte (PBL) DNA was amplified by using
two rounds of PCR for each sample. For the first round,
32 forward primers of V genes and 13 reverse primers of

J genes were used to run 10 cycles of PCR to amplify the
CDR3 fragments using a Multiplex PCR Kit (Qiagen,
Germany). Primers were designed to maximize the cover-
age of the heterogeneous set of target sequences of V and
J families for a minimal PCR bias. For the second round,
PCR was performed using Illumina universal primers.
Paired-end sequencing of samples was performed with
the read-length of 151 bp using the MGIseq-2000
sequencing system (BGI, Shenzhen, China). Raw data
were processed and analyzed by the following steps. First,
we removed the sequencing reads which did not contain
the primers of multi-PCR using Cutadapt (https://github.
com/marcelm/cutadapt); second, we merged the rest of
the high-quality paired-end reads to acquire contigs; and
third, we identified the CDR3 region using MiXCR55
(https://github.com/milaboratory/mixcr/) with default
parameters. T cell diversity was evaluated using the
Shannon–Wiener index.

Statistical analysis

A Student’s t-test was used to evaluate the difference
between the two groups. The difference between propor-
tions of the two groups was assessed using Fisher’s exact
test. These tests, as well as descriptive statistics and Pear-
son correlation analysis, were used to assess correlations
between experimental parameters and were performed with
GraphPad Prism 7 (GraphPad Software, La Jolla, CA,
USA). Kaplan-Meier survival analysis (SPSS 22.0, IBM)
was used to compare PFS between subgroups. Results were
considered statistically significant when the P-value was
less than 0.05.

Results

Baseline characteristics

We tested 26 patients and 19 healthy controls. The median
age was 59 years (range: 40–72) for the patient cohort,
among which 14 patients had a smoking history and eight
patients had received targeted therapy and harbored
established EGFR driver mutation with exon 19 deletion.
Additionally, there were two cases of an exon 20 mutation,
one case of a KRAS mutation, one case of a c-met muta-
tion, and one case of a CDKN2A mutation. Among the
patients with mutations, only those with exon 19 deletion
mutations had previously received targeted therapy.
Three patients with high expression of PD-L1 received
chemotherapy combined with immunotherapy. Five
patients received chemotherapy combined with anti-
angiogenic therapy. All patients in this cohort were clini-
cal stage IIIB or beyond and pathologically determined as
solely having adenocarcinoma. No statistically significant
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differences in TCR diversity were found in patients with
a distinct smoking status, gender, or age. Additionally,
after matching age, gender, and smoking factors, there
were no significant differences in the TCR diversity
between the healthy controls and patient cohort
(Table 1).

Prognosis and diversity of different nodes
during chemotherapy

Next, the patients were grouped using the quartile of base-
line TCR diversity index. Notably, patients with an inferior
quarter diversity index showed a significantly shorter PFS
than the others (median, 5.0 months vs. 8.1 months,
P = 0.014, Fig 1a). Likewise, patients with an inferior quar-
ter diversity index at the endpoint of cycle 2 showed a sig-
nificantly shorter PFS than the others (median, 5.0 months
vs. 8.4 months, P = 0.024, Fig 1b). Similar tendencies were

Table 1 Association between clinicopathological characteristics and
TCR diversity

Characteristics
N (%)

TCR diversity

Total (n = 26) Mean ± SEM P-value

Age, years
≤59 13 (50%) 6.89 ± 0.43 0.2475
>59 13 (50%) 7.52 ± 0.32
Gender
Male 14 (53.8%) 7.17 ± 0.50 0.8727
Female 12 (46.2%) 7.25 ± 0.27
Smoking
Yes 13 (50%) 7.33 ± 0.30 0.6738
No 13 (50%) 7.10 ± 0.46
EGFR +/−
Positive 8 (30.8%) 7.44 ± 0.61 0.5666
Negative 18 (69.2%) 7.11 ± 0.28

Figure 1 Diversity and prognosis. The relationship between diversity Shannon index and prognosis at (a) baseline ( ) >6.21(18) ( ) <6.21(7);
(b) after two cycles ( ) >6.66(15) ( ) <6.66(7); (c) after four cycles ( ) > () 6.87(8) ( ) <6.87(4) and (d) after six cycles ( ) >5.91
(4) () <5.91(2).
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displayed for the TCR diversity estimated at the endpoint
of cycle 4 (median, 5.3 months vs. 9.3 months, P = 0.311,
Fig 1c) and cycle 6 (median, 8.6 months vs. 11.7 months,
P = 0.352, Fig 1d), but without significant statistical differ-
ences. However, the PFS of several patients whose diversity
kept in continuously high level was particularly long.

Changes of diversity during chemotherapy

After two cycles of chemotherapy, the TCR diversity of the
patient cohort was significantly higher than the baseline
(P = 0.034, Fig 2a), whereas after four cycles of chemother-
apy, the TCR diversity was similar to the baseline
(P = 0.259, Fig 2b). No difference was shown after two and
four cycles (P = 0.630, Fig 2c).

Difference of prognosis and diversity
between driver gene-positive and
negative patients

Of the test subjects, eight patients with EGFR exon 19 dele-
tion mutations progressed after receiving targeted therapy.

The diversity changes after two cycles of chemotherapy of
the eight patients are shown in Figure 3a. There were no
significant differences between the baseline and after two
cycles in these patients. The PFS of these eight EGFR-mut
patients were shorter than the EGFR-wt patients (median,
5.7 months vs. 8.4 months, P = 0.328, Fig 3b). Moreover,
the depth of response (DepOR) in the EGFR-mut patients
was slightly worse than that of the EGFR-wt patients
(−0.298 vs.−0.3647, P = 0.600, Fig 3c). Although there
were no statistical differences between the two groups due
to the limited sample size, the tendencies could be seen.

Chemotherapy combined with
immunotherapy

Of the 26 patients enrolled, three received chemotherapy
(pemetrexed, platinum) combined with PD-L1 inhibi-
tors. The patient characteristics are as follows: Patient
No. 025 (marked in green in Fig 4f) (tumor cell PD-L1
80%), who had a main tumor in the right lung and
mediastinal lymph nodes (baseline) (Fig 4a), received
chemotherapy alone because he had a fever during the

Figure 2 The diversity change between (a) baseline and after two cycles; (b) between after two and after four cycles; and (c) between baseline and
after four cycles.
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first two cycles of treatments. The response evaluation
result was stable disease (SD) (some lesions shrank and
some lesions progressed significantly), and meanwhile
the diversity decreased. After the first two cycles
(Fig 4b), the temperature of the patient returned to nor-
mal, and a PD-L1 inhibitor for the third and fourth
cycles was added, and the response evaluation was that
the patient obtained partial remission (PR) (Fig 4c); the
TCR diversity increased significantly. The response eval-
uation was similar to the previous two cycles after the
fifth and sixth cycles (Fig 4d). Local progress was notice-
able after immunotherapy maintenance (Fig 4e), while
the diversity began to decrease. Patient No. 023 (marked
in red in Fig 4f) (tumor cell PD-L1 90%) lacked a base-
line, and was evaluated as SD after two cycles with low
diversity. After four cycles, the diversity significantly
increased with the evaluation as PR. Maintenance treat-
ment was later commenced and the evaluation remained
as PR after two cycles of maintenance; however, the

treatment was discontinued because of immunologically
associated pneumonia after three maintenance cycles.
Patient No. 008 (marked in blue in Fig 4f) (tumor cell
PD-L1 50%) was evaluated as SD after the second and
fourth cycles. After four cycles, pemetrexed combined
with pembrolizumab was maintained for three cycles,
and SD status was maintained throughout. The changes
in diversity also increased and decreased slightly after
two and four cycles, but with negligible fluctuation
overall.

Discussion

In the era of immunotherapy, pemetrexed has also become
one of the cornerstone chemotherapy drugs for combined
immunotherapy. In combination with immunotherapy, even
if pemetrexed requires pretreatment with dexamethasone,
which will reduce the efficacy of the immunotherapy, it still

Figure 3 (a) The diversity changes of the eight EGFR exon 19 deletion mutation patients ( ) P001 ( ) P003 ( ) P011 ( ) P012 ( )
P020 ( ) P024 ( ) P026 ( ) P027. (b) Differences of PFS (5.7 months vs. 8.4 months, P = 0.328); and (c) DepOR (−0.298 vs.−0.3647,
P = 0.600) between EGFR exon 19 deletion mutation patients and EGFR-wt patients ( ) EGFR+ ( ) EGFR-.
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results in a strong synergy in combination immunotherapy.
The protocol involved in our study was pemetrexed com-
bined with platinum. The clinical results of the KEYNOTE-
189 trial showed that pemetrexed/platinum chemotherapy
combined with the anti-PD-1 antibody produces significant
activity in patients with NSCLC.13 These facts indicate that
there may be a positive synergy between the two therapies.
Previous studies have suggested that chemotherapy has

immunosuppressive or immune activating effects.1,2 There
have been only a few previous studies on the effects of
pemetrexed on immune function, primarily on animals or
in vitro studies.14,15 It has been found that when
pemetrexed is used in combination with anti-PD-L1 anti-
body, antitumor effects are increased and significant
inflammation/immune activation is observed in animal
experiments.3,14,16 Meanwhile, the immunoregulatory
effects of platinum have both negative regulatory effects17

and positive regulatory effects.18–22 Based on the uncer-
tainty of the positive and negative directions of platinum
drugs for immune regulation and the limited reports of
pemetrexed on immune regulation, our study initially
explored the effects of pemetrexed combined with plati-
num on immune function in humans.
In many tumor types, TCR repertoire diversity appears to

be a prognostic factor for clinical outcomes in cancer
patients.23–28 The low TCR diversity of certain patients indi-
cates that the immune status might be severely impaired
which can be a potential negative predictor of immune
checkpoint inhibitor response.6,29,30 The above is consistent
with our research which indicated that patients with

increased diversity after treatment have a better prognosis.
We also found that a longer remission period might also be
obtained in patients with continuously increasing diversity.
Meanwhile, the stagnant diversity level observed in some of
our patients indicated a poor prognosis which may be
because the immune system remains unchanged and the
growing tumor cannot be controlled.12 Therefore, TCR diver-
sity is an indicator of immune function related to prognosis.
In our study, pemetrexed combined with platinum gen-

erally showed a positive immunomodulatory effect, espe-
cially after two cycles. With the extension of the number of
chemotherapy cycles, the immune activation did not
increase further but began to decline. The TCR diversity
decreased after four instead of after two cycles. Yet, some
patients in our study still maintained a high level of diver-
sity after four cycles. When patients exhibit an increase in
immune diversity for an extended duration of time, it sug-
gests a very promising prognosis.
Not only a prognostic indicator, TCR diversity may also

be a predictor of efficacy in anti-PD-1 immunotherapy.
Three patients received PD-L1 inhibitors in combination
with pemetrexed platinum-based chemotherapy. Superior
efficacy was shown when diversity increased in all of these
patients, and vice versa. For patient No.025, with a PD-L1
of 80%, there was no change in the TCR diversity when
treatment was carried out with chemotherapy or immuno-
therapy alone. However, after receiving chemotherapy
combined with immunotherapy, the diversity increased,
and was accompanied by significant efficacy. It is suggested
that changes in TCR can indicate the effectiveness of

Figure 4 Diversity change of three patients treated by immunotherapy and CT performance of patient No. 025. (a) Chest image at baseline. (b)
Chest image after two cycles. (c) Chest image after four cycles. (d) Chest image after six cycles. (e) Chest image after two cycles of mono-
immunotherapy. (f) Diversity change of the three patients treated by immunotherapy ( ) P008 ( ) P023 ( ) P025.
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treatment. The host’s efficacy is related to TCR diversity.
For this patient, neither chemotherapy nor immunotherapy
was able to control the growth of this lesion. This may
have been related to the synergistic antitumor effects of
chemotherapy combined with immunotherapy. However,
due to the limited number of patients who received immu-
notherapy, prognostic analysis was not easy to complete.
In terms of the synergistic effects, some believe that che-

motherapy can induce mutations and produce new antigens,
thereby enhancing the efficacy of immunotherapy. However,
recent views suggest that, although chemotherapy induces
neoantigens, chemotherapy is mostly a cytotoxic drug and
rarely induces mutations. The amount of neoantigen muta-
tions produced is, therefore, relatively small.31–33 If cancer
cells carrying neoantigens make up only a small portion of
the tumor, there is little chance that they will be recognized
by the immune system.34 Even if it is identified, it will not
trigger a significant therapeutic response.
Studies have also shown that chemotherapy can also

change the tumor microenvironment by intensifying the
infiltration of CD8+ T cells, decreasing regulatory T cells
and myeloid suppressor cells which leads to an increased
ratio of CD8+ T cells to regulatory T cells, promoting the
maturation of antigen-presenting cells.35–37Some chemo-
therapeutics have been reported to directly act on different
immune cells, such as dendritic cells, macrophages,
myeloid-derived suppressor cells, T cells and natural killer
cells.38 All these effects can regulate the immune microen-
vironment. Nevertheless, the mechanism of the synergistic
or additive effects for chemoimmunotherapy has not as yet
been fully investigated.
Our study found that the diversity of EGFR-mut patients

after two cycles was similar to the baseline; meanwhile, the
PFS and duration of response (DOR) of patients with
EGFR-mut was worse than in the patients with EGFR-wt.
One possible reason for this might be that for EGFR
mutation-positive patients, the PD-L1 expression level may
alter from low to high39 and tumor mutation burden
(TMB) has a tendency to be higher than before after
EGFR-TKI treatment.40 The above changes could lead to
insensitivity to chemotherapy. Another possibility is after
EGFR-TKI treatment, CD8+ and FOXP3+ TIL densities
may be much lower,40 which could cause tumor progres-
sion. Based on the results of the IMpower150 study, if
patients with TKI resistance are given the option of com-
bined immunotherapy with antiangiogenic therapy, they
may achieve improved PFS/OS.41 However, based on our
medical insurance restrictions, fewer patients choose self-
funded antiangiogenic therapy.
Our study also has some limitations. First, it was not

until we observed a preliminary trend in combined immu-
notherapy that we were able to determine that the patients
receiving combined immunotherapy …

Second, when we enrolled patients into the study,
bevacizumab was not included in the health care policy at
the time, so almost all the patients enrolled in the study were
patients who had not received combined antiangiogenic ther-
apy. Finally, although enrollment into this study was strict,
uniform and prospective, the overall enrollment population
was small, and only a limited trend could be seen. These
findings should be further investigated by expanding the
sample size in the subsequent treatment population.
In conclusion, our data suggest that for NSCLC patients

with advanced disease treated with first-line pemetrexed
combined with platinum, low level of blood TCR diversity at
baseline with an endpoint of two cycles of chemotherapy
correlated with a poor prognosis. Furthermore, the level of
TCR diversity after two cycles of chemotherapy, which tend
to be highest during chemotherapy, was also a prognostic
factor. In addition, the longer duration of elevated TCR
diversity suggests a better prognosis. Receiving combined
immunotherapy with increased diversity also had better effi-
cacy. In addition, chemotherapy appeared to be less effective
in patients with an EGFR-mut than those with an EGFR-wt.
However, due to the limited sample size, an expanded cohort
is needed to further validate the findings in our study.
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