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Abstract
Background  Immunotherapy has become an important 
treatment option for patients with advanced non-small cell 
lung cancer (NSCLC). At present, none of these existing 
biomarkers can effectively stratify true responders and 
there is an urgent need for identifying novel biomarkers. 
Exosomes derived from the serum of patients with 
cancer have been proven to be reliable markers for 
cancer diagnosis. Here, we explored the possibility of 
using plasma-derived exosomal microRNAs as potential 
biomarkers for optimal selection of patients with advanced 
EGFR/ALK negative NSCLC to immunotherapy.
Methods  From June 2017 to February 2019, 30 patients 
with advanced EGFR/ALK wild-type (WT) NSCLC who 
received PD-1/PD-L1 inhibitors were enrolled. The efficacy 
evaluation was conducted after every three cycles of 
treatment according to RECIST 1.1. Plasma samples of 
these patients were collected before the administration of 
PD-1/PD-L1 inhibitors as baseline, and after every three 
cycles if the patients achieved partial response (PR) or 
complete response. Plasma from seven healthy individuals 
was also collected as normal control. Exosomes were 
prepared by ultracentrifugation followed by total RNA 
extraction, and exosome-derived miRNAs were profiled 
using small RNA next-generation sequencing followed by 
differential expression analysis.
Results  In order to identify biomarker for better response, 
all five patients who achieved PR and four patients with 
progressive disease (PD) at efficacy evaluation were included 
for differential expression analysis. Based on unsupervised 
hierarchical clustering, exosomal miRNA expression profile 
was significantly altered in patients with NSCLC compared 
with normal controls with a total of 155 differentially 
expressed exosomal miRNAs. Interestingly, hsa-miR-
320d, hsa-miR-320c, and hsa-miR-320b were identified 
significantly upregulated in the PD groups compared with the 
PR group at baseline before the treatment. In addition, we 
identified that hsa-miR-125b-5p, a T-cell suppressor, showed 
a trend of increased expression in the PD group at baseline 
and was significantly downregulated in the post-treatment 
plasma exosomes compared with pre-treatment samples of 
the PR patients.

Conclusion  Patients with NSCLC represent unique plasma 
exosomal miRNA profiles. Hsa-miR-320d, hsa-miR-320c, 
and hsa-miR-320b were identified as potential biomarkers 
for predicting the efficacy of immunotherapy in advanced 
NSCLCs. When T-cell suppressor hsa-miR-125b-5p was 
downregulated during the treatment, the patients may 
obtain increased T-cell function and respond well to 
immunotherapy.

Background
With the advent of immune checkpoint 
blockade therapy, a new therapeutic era 
has opened for patients with cancer. Immu-
notherapy has shown promising results 
in various types of cancer, and immune 
checkpoint inhibitor (ICI) drugs targeting 
the PD-1/PD-L1 (programmed cell death 
protein 1, CD279; programmed death-
ligand 1, CD274)1 2 and CTLA-4 (cytotoxic 
T-lymphocyte-associated protein 4, CD152)3 
have been approved for treating patients 
with advanced melanoma,4 5 metastatic renal 
cell carcinoma,6 and advanced non-small cell 
lung cancer (NSCLC).7 ICIs showed a survival 
advantage in comparison with chemotherapy 
in first-line and second-line setting of patients 
with NSCLC; however, overall response rate 
is around 20% with a large proportion of 
patients undergoing disease progression 
within the first week of treatment.8 9 To spare 
patients from ineffective therapy, the search 
for predictive biomarkers to select patients 
who would preferentially benefit from immu-
notherapy becomes important.

The expression of PD-L1 on tumor cell 
membranes has been most widely studied 
as the predictive biomarker for anti-PD-1/
PD-L1 therapy.10 11 However, challenges 
remain mainly for several reasons. First, the 

A
U

TH
O

R
 P

R
O

O
F

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-0478-176X
http://crossmark.crossref.org/dialog/?doi=10.1136/jitc-2019-000376&domain=pdf&date_stamp=2020-05-18


2 Peng X-X, et al. J Immunother Cancer 2020;8:e000376. doi:10.1136/jitc-2019-000376

Open access�

use of different PD-L1 antibodies and corresponding cut-
offs of its expression level makes it hard to compare and 
standardize.12 Second, the expression of PD-L1 can be 
dynamic and inducible during the recognition of T-cell 
antigen which may interfere with treatment response.13 
Third, the presence of high heterogeneity of PD-L1 
expression between primary tumor and metastatic tumor 
in the same patient limits the robustness of the testing.14 
Finally, certain patients do not have tumor tissues avail-
able for PD-L1 test. High tumor mutational burden,15 16 
high microsatellite instability, and mismatch repair defi-
ciency17 18 are other emerging biomarkers that are signifi-
cantly associated with response to PD-1/PD-L1 blockade 
immunotherapy although viable predictive values were 
observed within different cancer types and clinical trials. 
High degree of tumor-infiltrating lymphocytes has also 
been proven to be associated with improved survival in 
patients with NSCLC and is considered as a potential 
biomarker for checkpoint inhibitor immunotherapy.19 20 
However, the establishment of a clinically feasible cut-
off is very difficult due to the overlap of baseline T-cell 
density between patients with or without response. So far, 
the use of a single biomarker alone has not been sufficient 
for selection of patients with anti-PD-1/PD-L1 therapy. 
Further investigations for more robust biomarkers to 
better stratify the patients are needed.

Exosomes are small membrane vesicles with diame-
ters of 30–100 nm that can be released by most cell types 
including cancer cells, which present in various body 
fluids including plasma, saliva, urine, and malignant 
effusions.21 Exosomes can transfer functional protein, 
mRNA, and microRNA (miRNA) to neighboring cells, 
fulfilling its role as the mediator of intercellular commu-
nication.22 miRNAs are enriched in exosomes and can 
regulate targeted mRNA translation or stability, and are 
implicated in the regulation of maturation, proliferation, 
differentiation, and activation of immune cells.23 24 The 
structure of exosomes protects miRNAs from degradation 
that is suitable for clinical detection.

In patients with cancer, exosomes derived from the 
serum of patients with cancer have been proven to 
be reliable markers for cancer diagnosis.25 26 Cancer-
secreted exosomes can function as cell-to-cell media-
tors of metastasis, which prime pre-metastatic niche 
formation in distant organs27 28 and are responsible for 
engraftment and survival of the metastatic cells.29 In this 
study, we are aiming to explore potential plasma-derived 
exosomal miRNA signatures as potential biomarkers for 
the optimal selection of patients with advanced NSCLC 
to immunotherapy.

Methods
Patients and clinical sample collection
Thirty patients with EGFR/ALK negative lung cancer 
with available clinical information including age, gender, 
stage, treatment history, and baseline plasma samples were 
enrolled in this study in Guangdong Provincial People’s 

Hospital from June 2017 to February 2019. Peripheral 
blood was collected from each patient on a regular basis 
for routine clinical care. Plasma sample was prepared 
within 2 hours of blood drawn and then stored at −80°C. 
In this study, plasma samples of patients with advanced 
EGFR/ALK wild-type (WT) NSCLC were collected before 
the administration of PD-1/PD-L1 inhibitors as baseline. 
The efficacy evaluation was conducted after three cycles 
of treatment. For every three cycles, plasma samples were 
collected from patients until the disease progressed. 
Patients who achieved partial response (PR) or complete 
response (CR) were included in this study as responders, 
compared with patients with progressive disease (PD) on 
treatment as non-responders. Flow chart for patient selec-
tion and exclusion criteria is shown in online supplemen-
tary figure 1. No CR was observed in this patient cohort. 
In total, five patients who achieved PR and four patients 
with PD at efficacy evaluation were included in this study. 
Plasma samples from seven healthy individuals were also 
collected as normal controls.

Online supplementary table 1 lists the baseline clinico-
pathological characteristics of all the patients enrolled in 
this study. formalin-fixed paraffin-embedded(FFPE) slides 
of the tumor samples were prepared for PD-L1 expres-
sion evaluation using immunohistochemistry with the 
following PD-L1 antibody clones: SP142 or SP263 (Roche, 
USA), and 28-8 (Abcam, USA). For the nine patients 
(responders and non-responders) included in this study, 
seven patients were analyzed using SP263 antibody, while 
the other two were analyzed with SP142 or 28-8, respec-
tively. Patients were treated with different immunotherapy 
drugs targeting PD-1/PD-L1. The median follow-up time 
was 8 months, ranging from 1 month to approximately 21 
months. Except one patient with lymphoepithelioma-like 
carcinoma, five patients were diagnosed with adenocarci-
noma, while the other three patients were diagnosed with 
squamous cell carcinoma. The median age at diagnosis is 
55, ranging from 47 to 68.

Plasma exosomal RNA isolation and small RNA sequencing
One milliliter of plasma sample was centrifuged at 
10,000×g for 30 min at 4°C to remove any cell debris. The 
collected supernatant was then subjected for ultra-high-
speed centrifugation at 150,000×g for 70 min at 4°C. The 
pellet containing exosome was resuspended in 200 µL 
Phosphate buffered saline(PBS) for downstream appli-
cations. Total RNA including miRNA was extracted from 
plasma-derived exosome using miRNeasy Serum/Plasma 
Kit (QIAGEN) following the manufacturer’s instructions. 
The quantification and size distribution of the extraction 
were analyzed by Qubit V.4.0 and Agilent Bioanalyzer 2100 
(Agilent), respectively. Quantified RNA was subjected for 
sequencing library preparation using NEBNext Small RNA 
Library Prep Set for Illumina (NEB Biolabs) following the 
manufacturer’s instructions. Briefly, isolated total RNA 
was subjected for 3′ and 5′ adaptor ligation, followed by 
17 cycles of PCR amplification. PCR products from library 
preparation were subjected for gel electrophoresis on 6% 
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Figure 1  Plasma-derived exosomes. Representative TEM 
image of purified exosomes from plasma. Arrowheads 
indicate exosomes. Scale bar, 50 nm.

Figure 2  Plasma-derived exosomal miRNAs separated 
healthy control samples from EGFR/ALK negative non-small 
cell lung cancer (NSCLC) patient samples. Unsupervised 
hierarchical clustering of the miRNA expression profiles from 
plasma exosome clearly separated healthy control samples 
from EGFR/ALK negative lung cancer patient group.

Novex TBE PAGE gel (Thermo Fisher Scientific) and 
DNA fragments between 140 and 150 bp were recovered 
from the gel. Purified small RNA cDNA library was quan-
tified by Qubit V.4.0 and the size distribution was analyzed 
on Agilent Bioanalyzer 2100, followed by sequencing on 
Illumina HiSeq4000 platform.

Characterization of purified exosomes
For verification of purified exosomes using electron 
microscopy, purified exosomes suspended in PBS were 
dropped on copper-coated grids. After staining with 
2% uranyl acetate, grids were dried at room tempera-
ture and visualized using a Hitachi H-7650 transmission 
electron microscope. miRNA-seq data analysis miRNA 
identification and reads counting in each miRNA were 
performed using miRDeep2.30 After trimming the 3′ 
adaptor sequence, all sequences ranging in length from 
18 to 26 nt were recorded in a non-redundant file along 
with reads count. To identify known miRNAs, the miRNA 
tags were aligned against miRNA precursor sequences 
reported in the miRNA database “miRBase” (release 21) 
using the “​quantifier.​pl” script within miRDeep2. Differ-
ential expression (DE) analysis of miRNA sequence data 
was performed with the Bioconductor package edgeR.31 
miRNAs with read counts per million mapped reads 
(CPM) ≥5 in at least 20% of all samples were identified 
as expressed miRNAs. DE between different groups was 
evaluated by fitting a negative binomial generalized linear 
model and then adjusting the p value for multiple testing 
using the Benjamini-Hochberg correction with a false 
discovery rate (FDR) of 0.1 and a minimum log2(CPM) 
of 4.

Results
Exosomal miRNA expression profiles
All five patients who achieved PR (responders) and 
four patients with PD (non-responders) were enrolled 
in the exosomal miRNA differential expression analysis. 
Baseline clinicopathological characteristics of patients 
enrolled are listed in online supplementary table 1 with 
detailed treatment history of the patients listed in online 
supplementary table 2. Nine baseline pre-treatment 
plasma samples and the post-treatment plasma samples 
from four responders as well as normal control samples 
from seven healthy individuals were collected for exosome 
purification and exosomal miRNA profiling. We purified 
exosomes from plasma by differential centrifugation and 
verified them as small double-leaflet membrane particles 
(30–200 nm) by transmission electron microscopy (TEM) 
(figure 1).

Raw reads of miRNA-seq from all plasma samples were 
normalized to CPM and 706 miRNAs were retained as 
expressed miRNAs in plasma exosomes (online supple-
mentary table 3). Using hierarchical clustering, healthy 
individuals could be distinguished from patients with 
lung cancer based on expressed miRNAs profile in 
plasma-derived exosomes (figure 2). We further analyzed 

differentially expressed miRNAs (DE miRNAs) between 
healthy control samples and patient samples. As shown in 
online supplementary table 4, 155 DE miRNAs were iden-
tified and the top 10 upregulated and top 10 downreg-
ulated miRNAs are listed in online supplementary table 
4a. Some of these top regulated miRNAs were highly 
related to immune pathways. Among them, hsa-miR-146a 
has been well studied in autoimmune disease pathogen-
esis and is related to NF-κB pathway involved in immune 
response.32 hsa-miR-221 and hsa-miR-224 have been 
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Table 1  Identification of plasma-derived exosomal miRNAs 
as potential predictors for anti-PD-1 therapy in patients with 
lung cancer

Top 10 DE 
miRNAs logFC logCPM P value FDR

hsa-miR-320d 2.478246 7.953041 8.56E-05 0.050411

hsa-miR-642a-3p 4.429584 2.612111 0.000513 0.102554

hsa-miR-320c 1.919471 9.497452 0.000522 0.102554

hsa-miR-320b 1.678455 10.70763 0.001134 0.167017

hsa-miR-200a-3p 2.024362 5.74316 0.003509 0.370143

hsa-miR-365a-3p 4.031761 1.961358 0.004822 0.370143

hsa-miR-365b-3p 4.032808 1.961358 0.004948 0.370143

hsa-miR-4662a-5p −2.83216 3.325355 0.005027 0.370143

hsa-miR-10a-3p 2.697804 4.247801 0.008292 0.542682

hsa-miR-6511b-3p −2.55458 3.294422 0.011099 0.653718

Differentially expressed (DE) miRNAs between PD and PR patients were analyzed by 
exact test (logCPM>4, p<0.05, FDR≤0.1).
CPM, counts per million; FC, Fold change; FDR, false discovery rate; PD, progressive 
disease; PR, partial response.

reported to be related to anti-TNF treatment in inflam-
matory bowel disease.33 hsa-miR-224 has been proven 
to induce cell proliferation by target Smad4 through 
SMAD/TGF-β pathway.34 Meanwhile, three of the top 
regulated miRNAs which were downregulated in patients 
with lung cancer have been reported as tumor suppres-
sors in different cancer types, including hsa-miR-144,35–37 
hsa-miR-363-3p,38 and hsa-miR-150.39 40

Kyoto Encyclopedia of Genes and Genomes(KEGG) 
pathway analysis was performed with 155 differentially 
expressed exosomal miRNAs using DIANA tool (online 
supplementary table 4b). Cancer-related pathways were 
significantly enriched in lung cancer patient group 
including TGF-β, MAPK, Hippo, and Ras signaling path-
ways. Immune-related pathways including TNF signaling 
pathway, B-cell and T-cell receptor signaling pathways 
were also enriched in the patient group. In conclusion, 
plasma-derived exosomes’ miRNA expression profile was 
altered in patients with EGFR/ALK negative lung cancer 
and differently expressed miRNAs were enriched in 
cancer-related and immune-related pathways compared 
with healthy control.

Different exosomal miRNA expression profiles between PR 
and PD patients
To identify the potential predictors of anti-PD-1 therapy 
in patients with lung cancer, we divided patient samples 
into PR group and PD group. Then we compared the 
miRNA profile between PR group and PD group using 
exact test. With cut-off at logCPM>4, p<0.05, FDR≤0.1, 
hsa-miR-320d was considered as the most significant DE 
miRNA followed by hsa-miR-642a-3p, hsa-miR-320c, and 
hsa-miR-320b with FDR around 0.1 (table 1).

Next, we examined the miRNA expression level of hsa-
miR-642a-3p, hsa-miR-320c, hsa-miR-320b, and hsa-miR-
642a-3p in overall patient cohort and healthy population 
(H). We separated all the samples from patients into 

three groups: PR pre-treatment samples (PR-pre), PD 
pre-treatment samples (PD-pre), and PR post-treatment 
samples (PR-post). As shown in figure  2, hsa-miR-320d, 
hsa-miR-320c, and hsa-miR-320b belonged to hsa-miR-
320 family and all showed significant difference in mRNA 
expression level between PD-pre group and PR-pre group. 
Moreover, compared with healthy control and PR group 
(PR-pre and PR-post), hsa-miR-320d, hsa-miR-320c, and 
hsa-miR-320b showed upregulation in PD-pre group 
(figure 3). hsa-miR-643a-3p was eliminated due to its low 
expression level and no significant difference in miRNA 
expression level among these three groups (figure 3D). 
In conclusion, high level of hsa-miR-320d, hsa-miR-320c, 
and hsa-miR-320b might correlate with unfavorable 
response to anti-PD-1 treatment and hsa-miR-320d, hsa-
miR-320c, and hsa-miR-320b might be potential predic-
tors of anti-PD-1 therapy.

Identification of plasma-derived exosomal miRNAs 
suppressed by anti-PD-1 therapy in patients with lung cancer
Paired pre-treatment and post-treatment plasma samples 
were collected from the four patients who achieved PR 
on anti-PD-1 therapy (online supplementary table 1). To 
identify potential exosomal miRNAs influenced by anti-
PD-1 therapy during the treatment course, we compared 
the exosomal miRNA profiles before (PR-pre) and after 
(PR-post) anti-PD-1 treatment. With cut-off at logCPM>4, 
p<0.05, FDR≤0.1, only hsa-miR-125b-5p was differentially 
expressed between PR-pre and PR-post samples (table 2 
and figure  4A), which was dramatically downregulated 
in the PR-post samples and suggested that the level of 
exosomal hsa-miR-125b-5p might be used as a poten-
tial indicator to monitor the efficacy of anti-PD-1 treat-
ment. Interestingly, plasma samples from the PD group 
at baseline exhibited a trend of increased level of hsa-
miR125b-5p compared with PR-pre group and healthy 
controls (figure 4A).

This study has demonstrated that hsa-miR-125b-5p 
could induce γδ T-cell apoptosis and downregulate 
γδ T-cell activation and cytotoxicity to tumor cells by 
decreasing degranulation and inhibiting the secretion 
of IFN-γ and TNF-ɑ41 (figure 4B). An increased exosomal 
hsa-miR-125b-5p level in PD group at baseline might indi-
cate impaired γδ T-cell function and cytotoxicity to tumor 
cells that could confer resistance to immunotherapy. On 
the other hand, a significantly reduced exosomal hsa-miR-
125b-5p level could indicate the activation of T cells and 
cytotoxicity to tumor cells in response to immunotherapy.

Discussion
Here, we identified three miRNAs from hsa-miR-320 
family as potential predictors and one potential target 
hsa-miR-125b-5p for anti-PD-1 treatment. The three 
miRNAs, hsa-miR-320d, hsa-miR-320c, and hsa-miR-320b, 
all exhibited upregulation in PD group compared with 
PR group and correlated with unfavorable response to 
anti-PD-1 treatment. hsa-miR-125b-5p was downregulated 
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Table 2  Identification of plasma-derived exosomal miRNAs 
as potential targets for anti-PD-1 therapy in patients with 
lung cancer

Top 10 miRNAs logFC logCPM P value FDR

hsa-miR-125b-5p −2.12201 8.80358 7.69E−05 0.053356

hsa-miR-1246 −2.21223 6.7894305 0.001474 0.511533

hsa-miR-1290 −2.40124 5.7791914 0.002272 0.525701

hsa-miR-144-5p −1.5785 8.8879329 0.003899 0.676561

hsa-miR-4676-3p −5.39321 1.6555446 0.006068 0.719744

hsa-miR-4433b-3p 1.962046 9.7763291 0.006392 0.719744

hsa-miR-744-5p 0.985601 12.645567 0.007612 0.719744

hsa-miR-7976 −2.93799 3.7599466 0.009889 0.719744

hsa-miR-877-5p 1.539099 7.1799127 0.009925 0.719744

hsa-miR-10b-3p −3.14894 4.1456507 0.010937 0.719744

Differentially expressed miRNAs between PR-pre and PR-post samples were analyzed 
by exact test (logCPM>4, p<0.05, FDR≤0.1).
CPM, counts per million; FC, Fold change; FDR, false discovery rate.

Figure 3  Three members from miR320 family were only upregulated in PD pre-treatment samples. Box plot showing the 
individual CPM of hsa-miR-320d (A), hsa-miR-320c (B), hsa-miR-320d (C), and hsa-miR-642a-3p (D) in each sample group. P 
value was calculated using ANOVA. CPM, counts per million; H, healthy control group; ns, not significant; PD-pre, progressive 
disease group pre-treatment samples; PR-post, partial response group post-treatment samples; PR-pre, partial response group 
pre-treatment samples. *p<0.05; **p<0.01.

in patients with response to anti-PD-1 treatment which 
might be a target for anti-PD-1 therapy. Meanwhile, 
hsa-miR-125b-5p exhibited a trend of increase in PD 
group compared with PR group and healthy individual 
group. Based on the results, patients with low level of 
hsa-miR-320d, hsa-miR-320c, hsa-miR-320b, and hsa-
miR-125b-5p might be better candidates for anti-PD-1 
treatment. During the anti-PD-1 treatment, continuous 
decrease in the level of hsa-miR-125b-5p may be taken 
into consideration as a sign of better outcome and longer 

progression-free survival(PFS). Especially, in the patient 
with delayed clinical responses or pseudoprogression, the 
level of hsa-miR-125b-5p might also be used as a potential 
prognostic marker to indicate whether the patient would 
benefit from anti-PD-1 treatment.

The employment of plasma-derived exosomal miRNAs 
in anti-PD-1 therapy holds some advantages in clin-
ical circumstances. First, the plasma-derived exosomes 
detected in patients are mainly released from tumor 
cells which can be a more accurate and dynamic reflec-
tion of the status and function of tumor cells, rather 
than tumor tissue. Second, miRNAs in exosomes are 
more stable compared with miRNAs in blood due to the 
double-membrane structure. Furthermore, the detection 
of exosomal miRNAs only requires patient blood sample 
which is able to overcome spatial heterogeneity of tissue 
samples and timely monitor tumor progression during 
the whole treatment course. In future application, we 
can go further to simplify this method by using qPCR to 
monitor miRNA biomarkers in plasma-derived exosomes.

The miR320 family which consists of five members (hsa-
miR-320a, hsa-miR-320b, hsa-miR-320c, hsa-miR-320d, 
hsa-miR-320e) is conserved but only exists in vertebrates 
from Xenopus to humans. hsa-miR-320d and hsa-miR-320e 
only present in primates and humans.42 High expression 
of hsa-miR-320 has been reported to be associated with 
negative prognosis and high risk of metastasis in ovarian 
cancer.43 Overexpression of hsa-miR-320 promotes B-cell 
proliferation through suppressing Phosphatase and tensin 
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Figure 4  hsa-miR-125b-5p was downregulated after 
anti-PD-1 treatment. (A) Box plot showing the individual 
CPM of hsa-miR-125b-5p in each sample group. P value 
was calculated using ANOVA. CPM, counts per million; H, 
healthy control group; ns, not significant; PD-pre, progressive 
disease group pre-treatment samples; PR-post, partial 
response group post-treatment samples; PR-pre, partial 
response group pre-treatment samples. *p<0.05; **p<0.01. 
(B) Schematic diagram of potential regulation mechanism of 
hsa-miR-125b-5p on γδ T cell.

homolog(PTEN) expression and promotes cyclin D1 
expression.44 Our data also confirmed that high expres-
sion of hsa-miR-320d, hsa-miR-320c, and hsa-miR-320b has 
a negative prognosis and associated with bad response to 
anti-PD-1 treatment in patients with NSCLC. The observa-
tion of downregulated hsa-miR-125b-5p in PR-pre group 
also supported the role of hsa-miR-125b-5p as a T-cell 
suppressor in another study. We could further validate 
these observations by detecting the level of hsa-miR-320d, 
hsa-miR-320c, hsa-miR-320b, and hsa-miR-125b-5p in the 
PD group after anti-PD-1 treatment. However, plasma 
samples from PD group after anti-PD-1 treatment were 
not available for analysis in this study because the eval-
uation was stopped after the patient showed PD. Future 
studies need to be carried out for further investigation 
and validation.

Unfortunately, we did not compare these potential 
biomarkers with other markers to explore their predic-
tion accuracy. The other limitation of our study is that 
the cohort we used is small. There are other clinicopath-
ological factors such as smoking status45 and treatment 
history that may also contribute to the upregulation 

or downregulation of exosomal miRNAs. Therefore, 
these four miRNAs need to be tested in other cohorts 
to validate their roles as potential immunotherapy 
biomarkers.

In conclusion, we identified four plasma-derived 
exosomal miRNAs as potential biomarkers of anti-PD-1 
therapy for patients with NSCLC which can be indicators for 
non-invasive longitudinal liquid biopsy to ruling in or ruling 
out patients undergo immunotherapy. Large cohort valida-
tion and functional study of these potential biomarkers are 
required before it can be applied to clinical use.

Conclusions
The exosomal miRNA profile of patients with NSCLC differs 
from healthy individuals. We identified three miRNAs 
from hsa-miR-320 family as potential predictors and one 
potential target hsa-miR-125b-5p for anti-PD-1 treatment in 
plasma exosomes of patients with NSCLC. Plasma-derived 
exosomal miRNAs may be potential biomarkers for anti-
PD-1 therapy in EGFR/ALK wild-type advanced NSCLC.
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