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ABSTRACT 
Background. Neoadjuvant immunotherapy using immune 
checkpoint inhibitors (ICIs) has revolutionized the treat-
ment of early stage non-small cell lung cancer (NSCLC). 
However, little is known about which patients are likely 
to benefit most from neoadjuvant immunotherapy. In this 
study, we performed a multiplatform analysis on samples 
from resectable NSCLC treated with neoadjuvant immu-
notherapy to explore molecular characteristics related to 
immune responses.
Patients and Methods. A total of 17 patients with resect-
able stage IB–IIIA NSCLC treated with neoadjuvant immu-
notherapy were included. A multiplex cytokine assay, bulk 
TCR sequencing in peripheral blood, and multiplexed immu-
nohistochemistry were performed.

Results. Low levels of stromal cell-derived factor (SDF)-
1alpha at baseline were associated with unfavorable disease-
free survival (DFS). Patients with major pathologic response 
(MPR) showed a decrease in HGF after one cycle of neoad-
juvant immunotherapy. An increase in IDO and IP-10 was 
observed in patients who developed immune-related adverse 
events (irAEs) after neoadjuvant immunotherapy. There 
were no correlations between irAEs and MPR or DFS. The 
MPR group presented a significant decrease in white blood 
cells and neutrophil count after neoadjuvant immunotherapy. 
The high peripheral baseline TCR convergence was corre-
lated with MPR and favorable DFS in lung squamous cell 
carcinoma (LUSC) receiving neoadjuvant immunotherapy. 
Neoadjuvant immunotherapy led to a significant increase 
in CD4+, CD8+, and CD8+CD39+ T-cell infiltration in 
tumor areas.
Conclusions. This study suggests the potential roles of 
cytokines and TCR convergence for predicting ICIs response 
in resectable NSCLC and LUSC. CD8+CD39+T cells and 
CD4+ T cells could be involved in the action of neoadjuvant 
immunotherapy.

Keywords Neoadjuvant immunotherapy · Non-small cell 
lung cancer · Cytokines · T cell receptor · Immune-related 
adverse events

Immune checkpoint inhibitors (ICIs) directed against pro-
grammed death-1 (PD-1) and cytotoxic T lymphocyte antigen-4 
(CTLA-4) proteins have greatly expanded therapeutic options in 
oncology.1 Single-agent PD-1/PD-L1 blockade or combination 
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therapy becomes a standard first-line regimen for advanced 
non-small cell lung cancer (NSCLC) without driver gene muta-
tions.2,3 In recent years, emerging data from various ongoing 
trials suggest that neoadjuvant immunotherapy combining 
chemotherapy has significant efficacy and improve the survival 
of patients with resectable NSCLC. For the NADIM II study, the 
pathological complete response (pCR) rate with nivolumab plus 
chemotherapy versus chemotherapy was 36.8% versus 6.9%, and 
the major pathologic response (MPR) rate was 52.6% versus 
13.8%.4 CheckMate 816 showed 24% versus 2.2% of pCR and 
31.6 months versus 20.8 months of median event-free survival 
(EFS) for patients treated with nivolumab plus chemotherapy 
and those with chemotherapy alone.5 The patients who benefit 
most from neoadjuvant immunotherapy could be those with 
pCR or MPR. However, the molecular features of pCR or MPR 
still need to be discovered.

Programmed death-ligand 1 (PD-L1) protein expression 
detected by immunohistochemistry (IHC) has been the predic-
tive biomarker for response to ICIs pursued in most immuno-
oncology clinical trials, but PD-L1 expression remains an 
imperfect biomarker, as it is a continuous variable, inducible 
in certain conditions and with a certain degree of temporal and 
spatial heterogeneity.6 It is still unclear whether the response to 
immunotherapy is related to PD-L1 expression, especially in 
neoadjuvant immunotherapy combining chemotherapy settings. 
Some patients with PD-L1 negative expression still achieved 
MPR in response to neoadjuvant immunotherapy combining 
chemotherapy.5,7

Chronic stimulation of T cells with tumor neoantigen may 
elicit convergent T-cell responses. The frequency of conver-
gent T-cell receptors (TCRs) within a repertoire may indicate 
the immunogenicity of a tumor, thus its possible sensitivity 
to checkpoint blockade therapy.8 Cytokines are small soluble 
proteins secreted by immune cells or tumor cells, regulating 
the proliferation, differentiation, and activity of immune cells. 
It has been reported that the level of baseline and changes of 
cytokines correlated with ICIs response in various patients 
with tumors.9 However, changes in cytokines are not evident 
in neoadjuvant immunotherapy settings in NSCLC.

Resected tumor tissues after neoadjuvant immunotherapy 
provide materials for investigating the potential mechanisms 
of response and resistance. Blood TCR and cytokines status 
could reflect peripheral immune responses. To know biomark-
ers of response to neoadjuvant immunotherapy and biology 
of PD-1/PD-L1 action, multiplatform analysis including mul-
tiplexed immunohistochemistry (mIHC), multiplex cytokine 
assay, and TCRβ repertoire sequencing was performed on 
17 patients with resectable stage IB–IIIA NSCLC who were 
treated with neoadjuvant immunotherapy.

PATIENTS AND METHODS

Study Design and Patient Samples

In this study, we analyzed 17 patients with resectable 
stage IB–IIIA NSCLC who received two or three cycles of 
neoadjuvant immunotherapy followed by surgery at Tianjin 
Medical University Cancer Institute and Hospital between 
August 2018 and July 2019. The primary inclusion crite-
ria for patients were as follows: (1) patients with resect-
able stage IB–IIIA NSCLC diagnosed histologically and 
by positron emission tomography/computed tomography 
(PET‐CT); (2) patients with Eastern Cooperative Oncol-
ogy Group status score between 0 and 1; (3) patients with 
radiologically measurable target lesions and normal organ 
functions; and (4) patients receiving neoadjuvant immuno-
therapy (anti-PD-1 plus platinum-doublet chemotherapy 
or anti-PD-1 plus anti-CTLA-4) followed by surgery. The 
primary exclusion criteria were: (1) patients with EGFR, 
ALK, and other driver gene mutations; (2) patients previ-
ously receiving other neoadjuvant therapies; (3) patients 
combined with other malignant tumors; and (4) patients 
with active autoimmune or infectious diseases, and previ-
ous exposure to immunosuppressive drugs. Some patients 
were from our previous study.10 Of the 17 patients, 13 cases 
were treated with two or three cycles of anti-PD-1 plus plat-
inum-doublet chemotherapy before surgical resection, and 4 
cases were treated with two or three cycles of anti-PD-1 plus 
anti-CTLA-4 before surgical resection. The pathological 
response was assessed for the percentage of residual viable 
tumors identified on routine hematoxylin and eosin stain-
ing in resected primary tumors. Tumors were classified into 
MPR and non-MPR tumors. Tumors with no more than 10% 
viable tumor cells were considered to achieve an MPR, and 
those with more than 10%, non-MPR. The median follow-
up time was 37 months. Formalin-fixed paraffin-embedded 
(FFPE) tissues were analyzed from baseline tumor biopsies 
and resected tumor tissues. mIHC was performed on these 
FFPE tissue slides. Peripheral blood samples were collected 
for cytokine analyses and TCRβ repertoire sequencing at 
three timepoints: baseline (BL), the start of treatment cycle 
two relative to baseline (C2), and within 2 weeks prior to 
surgery (S0). The peripheral blood count parameters data 
during routine clinical tests were collected at the same three 
timepoints (Fig. S1).

We analyzed another 33 patients with resectable NSCLC 
with stage IB–IIIA receiving 2–4 cycles of anti-PD-1 plus 
chemotherapy treatment followed by surgery at Tianjin 
Medical University Cancer Institute and Hospital between 
January 2019 and September 2020 to validate some results 
(Table S1). Baseline plasma samples were collected. The 
peripheral blood count parameters data were recorded at 
baseline and before surgery.
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Sample Processing

Peripheral blood was collected in BD Vacutainer K2 
EDTA tube (10ml) and centrifuged at 1600×g for 10 min 
to separate plasma and peripheral blood mononuclear cells 
(PBMCs). Supernatant plasma was transferred to a 2 mL 
centrifuge tube and stored at – 80 °C. PBMCs were iso-
lated by Ficoll-Paque density gradient centrifugation.

Multiplex Cytokine Assay

Plasma cytokines were measured through the 45-Pro-
cartaPlex human cytokine/ chemokine/growth factor panel 
and the 14-ProcartaPlex human immuno-oncology check-
point panel (Afymetrix Inc., USA). Concentration values 
were obtained by Luminex 200 and converted to log2 for-
mat. Cytokines with more than 70% of samples below the 
limit of detect would be excluded. A detailed list of 59 
cytokines was presented in Table S2.

Human CXCL12/SDF-1 ELISA kit (Multisciences Bio-
tech, China) and Human SCF ELISA kit (Multisciences 
Biotech, China) were used to test plasma SDF-1alpha and 
SCF levels according to the kit manual.

TCRβ Repertoire Sequencing

The Allprep DNA/RNA mini kit extraction kit (QIAgen 
Inc., German) was used to extract PBMC DNA/RNA in 
accordance with the instructions. Oncomine™ TCR Beta 
SR panel kit (ThermoFisher, USA) was used for multi-
plex PCR amplification and library preparation. Ion library 
TaqMan quantitative ion kit (ThermoFisher, USA) was 
used for quantification, and LabChip (PerkinElmer, USA) 
was used for fragment distribution detection. The samples 
were then sequenced by the Thermo S5 platforms. Reads 
greater than 500,000 would be included in further analysis.

Calculation of TCR Repertoire Diversity Indexes

TCR convergence stands for the frequency of clono-
types identical in amino acid but different in nucleotide. 
Convergent TCRs can preferentially arise owing to T-cell 
responses to chronic antigen stimulation during tumor 
antigen-induced chronic inflammation. TCR convergence 
was calculated as described previously.8

Shannon was adapted to measure the clonal diversity of 
T-cell repertoire and calculated as: −

∑R

i=1
pilog2(pi) , where 

pi indicates the frequency of the ith clone and R indicates 
the total number of clones. Samples having many clones 
of similar frequencies will have a high Shannon diversity.

Evenness was also known as the normalized Shannon 
diversity for measurement of the similarity of clone sizes 
and is calculated as: −

∑R

i=1
pilog2(pi)

log2(R)
 , where pi indicates the 

frequency of the ith clone and R indicates the total number 
of clones. Evenness values range from 0 to 1. Samples 
where all clones are of equal frequency have an evenness 
of 1, while samples having clones of unequal sizes have 
evenness < 1.

The clonality of the TCR repertoire was calculated as 
1-Pielou index, which was calculated using the formula: 
1 +

∑n

i=1
(pi ∗ ln(pi))∕ ln(n) , where pi indicates the frequency 

of the ith clone and R indicates the total number of clones. 
This metric is normalized to the number of unique clones and 
ranges from 0 to 1. The calculation of the TCR diversity index 
is to filter out clones with a frequency of less than 0.001%.

Multiplexed Immunohistochemistry

Two panels were designed in this study. Panel 1 com-
prised PD-L1, CD68, CD163, CD57, and panCK, and panel 
2 included CD45RO, CD4, CD8, CD39, and FOXP3. A 
series of processing and staining, including epitope retrieval, 
endogenous peroxidase and protein blocking, antigen labe-
ling, and tyramide signal amplification (TSA) visualization, 
was performed on the FFPE tissue slides according to the kit 
instruction (Opal 7-Color IHC Kit, PerkinElmer). Slides were 
scanned using the PerkinElmer Vectra V.3.0.5. Multispec-
tral images were unmixed using spectral libraries built from 
images of single-stained tissue samples for each reagent using 
inForm Advanced Image Analysis software (inForm V.2.3.0, 
PerkinElmer).

Statistical Analysis

The association between categorical groups (MPR ver-
sus non-MPR) was determined using Fisher’s exact test. The 
Wilcoxon rank-sum test examined the continuous variable 
between two group comparisons. Disease-free survival (DFS) 
was defined as the time from the date that surgery started to 
the date of disease progression, with 95% confidence intervals 
calculated using the Kaplan–Meier method. Between-group 
comparisons in survival analysis were performed using the 
log-rank test. Statistical analysis was carried out using R 4.0.2 
(R Foundation for Statistical Computing, Vienna, Austria). All 
tests were two-sided, and p < 0.05 was considered significant.
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RESULTS

Cytokine Analyses and Response to Neoadjuvant 
Immunotherapy in NSCLC

Our cohort consisted of 17 patients with resectable 
NSCLC who received two or three cycles of neoadjuvant 
immunotherapy (13 cases of anti-PD-1 plus chemotherapy 
and 4 cases of anti-PD-1 plus anti-CTLA-4) followed by 
surgery. MPR occurred in 9 of 17 patients. The clinico-
pathological characteristics of patients were summarized in 
Table 1. Patients’ baseline characteristics such as age, smok-
ing history, histology, and clinical stage had no association 
with MPR (p > 0.05). There was a significant correlation 
between standardized uptake values (SUVmax) reduction 
and pathologic response (p = 0.0003) (Fig. S2).

Considering the important roles of cytokines in immuno-
therapy, immune-related cytokines (n = 59) were examined 
using plasma from patients before and during neoadjuvant 
immunotherapy. We first analyzed the association of base-
line cytokine levels with DFS. Survival analysis showed that 
high levels of CD152 (also called CTLA4), low levels of 
SDF-1alpha (also called CXCL12), and SCF (stem cell fac-
tor, KIT ligand) at baseline were associated with unfavorable 

DFS (p = 0.014, 0.014, and 0.026) (Fig. 1A). Low levels of 
SDF-1alpha and SCF at baseline were still associated with 
unfavorable DFS in the anti-PD-1 plus chemotherapy sub-
group (p = 0.011 and 0.011) (Fig. S3A). Dynamic change 
analysis revealed that the levels of HGF were significantly 
decreased in the MPR group after one cycle of treatment but 
not in the non-MPR group (Fig. 1B). A similar result was 
found in the anti-PD-1 plus chemotherapy subgroup (Fig. 
S3B).

We used larger sample numbers from another 33 patients 
with resectable NSCLC receiving anti-PD-1 plus chemo-
therapy treatment to validate the correlation between SDF-
1alpha and SCF at baseline and DFS (Table S1). Baseline 
SDF-1alpha and SCF were detected by ELISA assays. Con-
sistently, patients with low levels of SDF-1alpha had shorter 
DFS (Fig. S3C). In the multivariate analysis, SDF-1alpha 
remained an independent predictor for DFS (Table S3).

Cytokine Analyses and Immune‑Related Adverse Events 
(irAEs)

In our cohort, 6 of 17 patients developed grade 1–3 irAEs 
following neoadjuvant immunotherapy. The most common 
irAEs included hypothyroidism, autoimmune thyroiditis, 
aminotransferase elevations, rash, and erythema; four of six 
patients developed more than one irAEs. The majority of 
irAEs occurred after two cycles of neoadjuvant immunother-
apy. There were no correlations between irAEs and MPR or 
DFS (Fig. 2A, B). Growing evidence indicates that cytokines 
may be related to the occurrence of irAEs during cancer 
immunotherapies.11 We analyzed the association of the 59 
cytokines with irAEs. Patients who developed irAEs had a 
trend of lower baseline MIP-1alpha levels (p = 0.055) com-
pared with those who did not (Fig. 2C). Analysis of dynamic 
change of the cytokines showed a significant increase for 
IDO and IP-10 both after one cycle and three (or two) cycles 
of neoadjuvant immunotherapy in patients with irAEs but 
not in patients without irAEs (Fig. 2D).

Peripheral Blood Count Parameters and Response 
to Neoadjuvant Immunotherapy in NSCLC

We further analyzed the association between the periph-
eral blood count parameters and MPR. Baseline peripheral 
blood count parameters did not show significant differences 
between the MPR and non-MPR groups. However, the 
platelet-to-lymphocyte ratio significantly increased after one 
cycle of neoadjuvant immunotherapy (p = 0.039) in the non-
MPR group but not in the MPR group (Fig. 3A). Absolute 
monocyte count significantly increased after one cycle of 
neoadjuvant immunotherapy (p = 0.014) and continuously 
elevated after three (or two) cycles of treatment (p = 0.0078) 
in the non-MPR group (Fig. 3B). The patients achieving 

TABLE 1  Baseline demographic and clinical characteristics (n = 
17)

The bold part indicates that p value < 0.05

Characteristic MPR
(n = 9)

Non-MPR
(n = 8)

p value

Age
 Mean (SD) 60.6 (6.13) 61 (6.23) 0.884

Sex, n (%)
 Male 9 (100%) 4 (50%)
 Female 0 (0%) 4 (50%) 0.029

Preoperative histology, n (%)
 Squamous cell carcinoma 7 (77.8%) 3 (37.5%)
 Adenocarcinoma 2 (22.2%) 3 (37.5%) 0.205
 Large cell carcinoma 0 (0%) 2 (25%)

Smoking history, n (%)
 Yes 9 (100%) 5 (62.5%)
 No 0 (0%) 3 (37.5%) 0.082

Preoperative disease stage, n (%)
 IB 3 (33.3%) 2 (25%)
 IIA 1 (11.1%) 1 (12.5%)
 IIB 0 (0%) 1 (12.5%)
 IIIA 5 (55.6%) 4 (50%) 1

Neoadjuvant treatment, n (%)
 Nivolumab+chemotherapy 8 (88.9%) 5 (62.5%)
 Nivolumab+ipilimumab 1 (11.1%) 3 (37.5%) 0.294

SUVmax at baseline(%)
 Mean (SD) 16 (4.39) 12.8 (5.99) 0.242
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MPR after neoadjuvant immunotherapy had relatively sta-
ble monocyte count over time. A significant decrease was 
observed for white blood cells and neutrophil count after 
three (or two) cycles of treatment (p = 0.024, 0.02) and for 
eosinophil count after one cycle of treatment (p = 0.018) 
in the MPR group (Fig. 3C–E). Mean platelet volume and 
platelet distribution width significantly declined after one 
cycle of treatment in both the non-MPR group (p = 0.023, 
0.022) and the MPR group (p = 0.0039, 0.014) (Fig. 3F, G).

The anti-PD-1 plus chemotherapy subgroup analysis 
showed that white blood cells count, neutrophil count, 

eosinophil count, mean platelet volume, and platelet distri-
bution width significantly decreased after treatment in the 
MPR group but not in the non-MPR group, while absolute 
monocyte count showed a trend of progressive increase after 
anti-PD-1 plus chemotherapy treatment in the non-MPR 
group (Fig. S4A–G).

The peripheral blood count parameters from the 33 
patients with NSCLC were also analyzed to validate their 
correlation with MPR. The MPR group consistently pre-
sented a significant decrease in white blood cells and neutro-
phil count after anti-PD-1 plus chemotherapy treatment (Fig. 

+

+ +++ ++

P = 0.014

0.00

0.25

0.50

0.75

1.00

0 10 20 30 40

Time(months)

D
F

S
CD152 + +group=high group=low

8 4 4 2 1

8 7 7 6 3group=low

group=high

0 10 20 30 40

Time(months)

Number at risk

+ +++ +

++
P = 0.014

0.00

0.25

0.50

0.75

1.00

0 10 20 30 40

Time(months)
D

F
S

SDF−1alpha + +group=high group=low

8 7 7 6 2

8 4 4 2 2group=low

group=high

0 10 20 30 40

Time(months)

Number at risk

+ + + ++

+ +
P = 0.026

0.00

0.25

0.50

0.75

1.00

0 10 20 30 40

Time(months)

D
F

S

SCF + +group=high group=low

8 7 7 6 3

8 4 4 2 1group=low

group=high

0 10 20 30 40

Time(months)

Number at risk

0.039

0.91

0.13

0.46

0.64

0.84

MPR non−MPR

BL C2 S0 BL C2 S0

3.5

4.5

5.5

6.5

7.5

HGF

C
o

n
ce

n
tr

at
io

n
 (

p
g

/m
L

)
A

B

FIG. 1  Relationship of cytokine levels with DFS and MPR; A 
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S5A–G). However, multivariate logistic analysis revealed 
no associations between white blood cells and neutrophil 
count and MPR.

There were no differences in baseline peripheral blood 
count parameters between the irAE and non-irAE groups 
(Fig. S6A). The patients with irAE showed a decrease in 
lymphocyte count after one cycle of treatment (p = 0.031) 
(Fig. S6B).

TCR Repertoire Diversity Index and Response 
to Neoadjuvant Immunotherapy in NSCLC

To investigate the effects of neoadjuvant immunotherapy 
on overall T-cell responses during cancer treatment, we 
performed TCR sequencing on PBMCs from 17 patients 
before and during neoadjuvant immunotherapy. Samples 
from 13 patients generated high-quality sequencing data for 
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analysis. We first explored whether there were differences 
in the TCR repertoire diversity index between the MPR (n 
= 7) and non-MPR groups (n = 6). The peripheral baseline 
Shannon, evenness, clonality, and convergence showed no 
significant differences between the two groups (p > 0.05, 
Fig. S7A). However, the peripheral baseline TCR conver-
gence was significantly lower in the non-MPR group (n = 3) 
than in the MPR group (n = 5) in lung squamous cell carci-
noma (LUSC) (p = 0.036, Fig. 4A). The peripheral Shannon, 
evenness, and clonality did not change significantly after one 
cycle and 3 (or 2) cycles of neoadjuvant immunotherapy (p 
> 0.05, Fig. S7B). TCR convergence decreased after one 
cycle of treatment in the MPR group (p = 0.016, Fig. S7B).

We next analyzed the association between peripheral 
baseline TCR convergence and the prognosis of patients 
with LUSC receiving neoadjuvant immunotherapy. LUSC 
patients with “high” convergence had longer DFS than those 
with “low” convergence (not reached versus 8 months; log-
rank p = 0.0067; Fig. 4B).

PD‑L1 Expression and Immune Cell Infiltrates in Response 
to Neoadjuvant Immunotherapy in NSCLC

We performed mIHC on cancer tissues to investigate 
the influence of neoadjuvant immunotherapy on PD-L1 

expression and intratumoral lymphocytes. Two panels were 
used; 9 baseline tissue samples were successfully tested 
by panel one and 11 baseline tissue samples by panel two. 
PD-L1 expression was assessed on tumor and stroma areas. 
The density of baseline PD-L1 expression in both tumor 
and stroma areas was not different between the MPR (n = 
5) and non-MPR (n = 4) groups (Fig. S8A). Baseline levels 
of intratumoral lymphocytes were not correlated with MPR 
in the studied samples (Fig. S8A).

Panel one assessment was carried out on six cases 
with paired baseline and resection specimens, and panel 
two assessment on seven cases with matched specimens 
before and after neoadjuvant immunotherapy. A total of 
two, three, and one patients showed an increase, decrease, 
and no change in PD-L1 expression in tumor areas after 
treatment, respectively (p > 0.05, Figs. S5B–D). The lev-
els of CD68+CD163+PD-L1- M2 macrophages in tumor 
areas showed a declination trend after neoadjuvant immu-
notherapy (p = 0.063), though not significantly possibly 
due to the small sample size (Fig. S8B–D). Neoadjuvant 
immunotherapy led to a significant increase of CD4+, 
CD4+FOXP3−, CD8+, CD8+CD45RO−, CD8+CD39+, 
and CD8+CD39− T-cell populations in tumor areas 
(p = 0.047, 0.016, 0.016, 0.031, 0.047, 0.016, respec-
tively, Fig.  5A–C) and CD8+, CD8+CD45RO−, and 
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CD8+CD39− T-cell populations in stromal areas (p = 
0.031, 0.016, 0.016, respectively, Fig. 5A–C).

DISCUSSION

Neoadjuvant immunotherapy has shown excellent effi-
cacy on resectable NSCLC. However, the molecular char-
acteristics associated with response to neoadjuvant immu-
notherapy need to be better understood. In this study, we 
found a decrease in HGF, white blood cells, and neutrophil 
count in patients with MPR after treatment of neoadjuvant 
immunotherapy. Baseline levels of SDF-1alpha were associ-
ated with DFS. The increase of checkpoint proteins such as 
IDO and IP-10 was related to irAEs. The peripheral baseline 
TCR convergence was associated with MPR and DFS in 
resectable LUSC. Neoadjuvant immunotherapy significantly 
increased the CD4+, CD8+, and CD8+CD39+ T cells.

Cytokines exhibited both antitumor activity by stimu-
lating the cytotoxic activity of immune cells and protumor 
activity by promoting tumor immune escape. Many stud-
ies have investigated cytokines as biomarkers for predict-
ing response to ICI therapy. Shi et al. reported that IL-1β, 
IFN-γ, and IL-6 were associated with efficacy and survival 
in advanced NSCLC receiving chemoimmunotherapy.12 
However, few studies have investigated the association 
between peripheral cytokines and the efficiency of neoad-
juvant ICIs in resectable NSCLC. We found plasma levels 
of SDF-1alpha at baseline had a significant association with 
DFS in our cohort. High SDF-1alpha expression in tumor 
tissues was associated with poor survival in most cancer 
types, and CXCL12/CXCR4 antagonists or in combination 
with ICIs showed antitumor activity.13–15 However, some 
studies have reported that CXCL12 is involved in the for-
mation of tertiary lymphoid structures, which is associated 
with a favorable response to immunotherapy in many solid 
cancers.16–18 Blood SDF-1alpha as a prognostic factor has 
not been thoroughly evaluated. It still needs to validate the 
value of the blood levels of SDF-1alpha as a biomarker to 
predict the efficacy of ICIs.

We observed a correlation between the decrease in HGF 
concentration and neoadjuvant immunotherapy response. 
Supporting our findings, a high level of HGF decreased 
perforin secretion and was associated with a poor response 
to anti-PD-1 antibody treatment in advanced melanoma and 
NSCLC.19,20 Therefore, the role of HGF in antitumor immu-
notherapy response deserves further study.

Some studies have revealed the potential of peripheral 
immune factors, such as routinely available blood count 
parameters, for predicting response to immunotherapy. 
Despina reported that higher baseline absolute monocyte 
count and platelet-to-lymphocyte ratio were associated 
with shorter OS in patients with cancer treated with ICIs.21 
Lower absolute neutrophil count after ICI treatment showed 

a correlation to responders in metastatic NSCLC.22 Consist-
ent with the studies, a significant decrease was observed in 
white blood cells and neutrophil count in the MPR group. 
Our study also suggests the potential of blood count param-
eters as predictors for immunotherapy.

Some patients benefit from neoadjuvant immunotherapy, 
but some suffer from irAEs, which is difficult to predict. 
Currently, most studies about biomarkers exploration are 
based on patients with advanced NSCLC receiving immuno-
therapy. Several studies reported high post-treatment levels 
of RANTES, CXCL9, and CXCL10 in irAE patients with 
advanced NSCLC receiving ICI treatment.23 We found that 
increased IDO and IP-10 (CXCL10) levels could be related 
to irAEs in resectable NSCLC after neoadjuvant immuno-
therapy treatment. However, no correlation was observed 
between the baseline levels of cytokines and irAEs, suggest-
ing that it might be more valuable to monitor the dynamic 
changes of cytokines than the baseline levels to identify 
the possible irAEs in patients. Consistent with the results 
revealed by Jun Oyanagi et al. in advanced NSCLC, there 
are neither associations nor overlapping cytokines between 
neoadjuvant immunotherapy efficacy and irAE onset in 
resectable NSCLC.

The T-cell receptor (TCR) repertoire represents the spec-
trum of TCR antigen specificities that the body can recog-
nize. ICI therapy depends on T-cell antigen recognition; 
therefore, the TCR repertoire is an attractive biomarker to 
evaluate responses to checkpoint blockade.24,25 We evaluated 
the correlation between Shannon, evenness, and clonality, 
the diversity metrics commonly used in TCR repertoire, 
and MPR in patients with LUSC, respectively. No correla-
tions were found. Interestingly, higher peripheral baseline 
TCR convergence was associated with MPR and longer 
DFS in patients with LUSC. Our finding was similar to the 
reports that increased TCR convergence was associated with 
durable clinical benefit in patients with NSCLC receiving 
ICI therapy.8,26 TCR convergence has the advantage that it 
may detect T-cell responses to tumor neoantigens beyond 
those arising from non-synonymous mutations and com-
pare favorably with the historical performance of TMB in 
the periphery as a biomarker. Therefore, our results would 
have important implications for the establishment of predic-
tive biomarkers through liquid biopsy approaches. Larger 
cohorts are warranted to evaluate these features as predictive 
markers for response to neoadjuvant immunotherapy and 
disease-free survival.

PD-L1 expression has been shown to correlate with 
response in advanced NSCLC treated with ICI mono-
therapy. However, the predictive role of PD-L1 expres-
sion remains controversial in resectable NSCLC in the set-
ting of neoadjuvant immunotherapy. In our study, we did 
not find significant associations between baseline PD-L1 
expression or changes in PD-L1 level from baseline to 
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post-therapy and MPR. In support of our findings, a trial 
of neoadjuvant atezolizumab and chemotherapy in resect-
able NSCLC reported no significant association between 
PD-L1 expression and MPR.27 NEOSTAR trial revealed 
that PD-L1-negative patients also responded to neoadju-
vant nivolumab and nivolumab + ipilimumab.28 Studies 
with large sample sizes are needed to clarify the value of 
PD-L1 expression for predicting a treatment benefit in the 
setting of neoadjuvant immunotherapy.

We observed increases in T-cell infiltration in tumors, 
including CD4+ and CD8+ T cells on the basis of paired 
pre- and post-treatment tissues, irrespective of MPR, sug-
gesting that neoadjuvant ICIs treatments boost anti-can-
cer immune responses. CD39 was reported as a marker 
of tumor-specific and exhausted T cells. Several studies 
found that CD39+CD8+ T cells could predict response to 
ICIs in advanced NSCLC.29 Kathryn et al. reported that 
ICI treatment elevated the exhausted CD39+CD8+ TILs 
in advanced basal cell carcinoma (BCC) and squamous 
cell carcinoma (SCC).30 Similarly, we also observed the 
increase of intratumoral CD39+CD8+ T cells after neoad-
juvant ICIs treatment in early stage NSCLC. CD4+ T cells 
tend to enhance the antitumor activity of CD8+ cytotoxic 
T lymphocytes. Our results indicated that the infiltration of 
CD4+ T cells was indeed increased after neoadjuvant ICI 
treatment, implying the involvement of CD4+ T cells during 
the action of neoadjuvant ICI treatment, but the underlying 
mechanisms require further study.

The current study’s limitations include but are not limited 
to the following: (1) the number of patients was small, and 
the postoperative follow-up did not reach 5 years, possibly 
compromising the power of statistical analyses; (2) the sam-
ple size of patients with lung adenocarcinoma (LUAD) is 
too small to explore the value of TCR convergence in the 
prediction of efficacy and prognosis of neoadjuvant immu-
notherapy in patients with LUAD; (3) as the difficulty of 
gaining enough samples, especially tissue samples, samples 
used for each multiplatform analysis were not fully matched, 
making the integration of these analyses difficult.

In conclusion, we comprehensively investigated the 
molecular characteristics associated with response to neo-
adjuvant immunotherapy using multiplatform analysis in 
resectable NSCLC. Our findings provide candidate biomark-
ers for predicting neoadjuvant immunotherapy efficacy and 

irAEs in resectable NSCLC. Moreover, our findings suggest 
that CD8+CD39+T cells and CD4+ T cells were involved 
in the action of neoadjuvant immunotherapy.
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