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Background A previous validated study has identified the diagnostic value of circulating exosomal lncRNA-GC1 for
detecting and monitoring gastric cancer. We aimed to further determine the predictive role of circulating exosomal
lncRNA-GC1 for prognosis and chemotherapy response.

Methods We retrospectively conducted a multi-phase analysis with four independent cohorts of 981 patients. A
training cohort was used to generate the predictive model. One internal and two external cohorts were recruited as
validation cohorts. Patients with stage II or III gastric cancer in the combined cohort were used to evaluate the pre-
dictive value of circulating exosomal lncRNA-GC1 for chemotherapy response.

Findings In the training cohort, circulating exosomal lncRNA-GC1 was identified as an independent prognostic pre-
dictor for disease-free and overall survival. A prognostic risk stratification model based on circulating exosomal
lncRNA-GC1 and AJCC stage revealed better predictive accuracy for disease-free and overall survival than the tradi-
tional AJCC stage system alone (C-index: DFS 0.701 vs 0.614; OS 0.720 vs 0.611, both P<0.05). And it has been fur-
ther verified in the validation cohorts. In interaction analysis, for stage II and III GC, patients with low-level of
circulating exosomal lncRNA-GC1 derived more survival benefit from adjuvant chemotherapy (P < 0.05); while
those with high-level did not.

InterpretationMeasurement of circulating exosomal lncRNA-GC1 provides clinically important prognostic informa-
tion and could complement the AJCC stage to optimize decision-making for selecting patients who could benefit
more from fluorouracil-based chemotherapy after surgery.
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Introduction
The incidence and mortality of gastric cancer (GC) have
seen a steady decline in most western countries.1,2 How-
ever, it still ranks the second leading cause of cancer-
related deaths in Asian countries, especially in China,
Japan and South Korea.2,3 As the current standard treat-
ment strategy, adjuvant chemotherapy after surgery is
1

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebiom.2022.103971&domain=pdf
http://creativecommons.org/licenses/by/4.0/
mailto:301wxx@sina.com
mailto:guoxin0425@sina.com
https://doi.org/10.1016/j.ebiom.2022.103971
https://doi.org/10.1016/j.ebiom.2022.103971


Research in context

Evidence before this study

Studies have shown that GC-associated long noncoding
RNA1 (lncRNA-GC1) functions as a scaffold by binding
histone acetyltransferases WDR5 and KAT2A, which
then promote progression of GC. Our previous study
has identified lncRNA-GC1 as an abnormally high-
expressed and GC-specific lncRNA both in GC cells and
exosomes, and validated the promising efficacy of circu-
lating exosomal lncRNA-GC1 for early detection and
monitoring progression of GC.

Added value of this study

Our results demonstrated that high-level circulating
exosomal lncRNA-GC1 was an independent and unfa-
vorable prognostic predictor for GC. A new prognostic
risk stratification model based on circulating exosomal
lncRNA-GC1 and AJCC stage revealed satisfied predic-
tive accuracy. In addition, for advanced GC, patients
with low-level of circulating exosomal lncRNA-GC1 may
derived more survival benefit from adjuvant
chemotherapy

Implications of all the available evidence

Measurement of circulating exosomal lncRNA-GC1 pro-
vides clinically important prognostic information and
could complement AJCC stage to optimize decision
making for selecting patients who could benefit more
from fluorouracil-based chemotherapy after surgery.
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generally advised for patients with advanced GC.4 Over
the past 40 years, fluorouracil-based regimens remain
the first-line choice for adjuvant chemotherapy. How-
ever, several classic clinical trials have indicated that the
overall survival of patients in the adjuvant chemother-
apy group was only a slightly increased than that in sur-
gery-only group, suggesting that not all patients benefit
from adjuvant chemotherapy.5,6 These findings strongly
highlight the urgent need for further classification of
GC, the identification of patients at different risk of
recurrence and the determination of likelihood for che-
motherapy benefit.

With the widespread applications of high-through-
put sequencing, large sets of genomic information of
various cancers have been gained. The biological com-
plexity of cancer phenotypes has also been systemati-
cally analyzed. Disease-specific biomarkers have been
developed to identify particular cancer phenotypes. For
colorectal cancer and breast cancer, some specific
molecular subtypes have already been shown with
promising predictive value for individualized prognosis
and chemotherapy benefit.7-12 For gastric cancer,
although several potential biomarkers have been identi-
fied to have predictive value for prognosis, because of
the absence of external validation cohorts, molecular
characteristics for predicting individualized prognosis
and chemotherapy benefit have not been fully vali-
dated.13-20

Exosomes, secreted by viable cells, have been verified
to show specific information from their cells of
origin.21,22 Studies have shown that GC-associated long
noncoding RNA1 (lncRNA-GC1) functions as a scaffold
by binding histone acetyltransferases WDR5 and
KAT2A, which then promote progression of GC.23

Based on high-throughput sequencing, our previous
study has identified lncRNA-GC1 as an abnormally
high-expressed and GC-specific lncRNA both in GC
cells and exosomes.24 More importantly, we have also
validated the promising efficacy of circulating exosomal
lncRNA-GC1 for early detection and monitoring pro-
gression of GC, and the stability of lncRNA-GC1 pack-
aged in exosomes meets the needs of laboratory
testing.24 However, the role of circulating exosomal
lncRNA-GC1 in predicting chemotherapy response and
prognosis is poorly understood.

Here we performed this multi-cohort, multi-phase
study to determine whether circulating exosomal
lncRNA-GC1 could serve as an independent prognostic
factor for patients with resectable GC. In addition, we
systematically investigated the predictive value of a
prognostic risk stratification model based on circulating
exosomal lncRNA-GC1 with three independent valida-
tion cohorts. Finally, we identified circulating exosomal
lncRNA-GC1 as an indicator of fluorouracil-based che-
motherapy benefit. Our ultimate goal was to determine
a noninvasive biomarker for predicting treating
response and select patients who may benefit from che-
motherapy.
Methods

Patients and specimens
In the discovery phase, a training cohort of 375 GC
patients was consecutively recruited from the Air Force
986th Hospital between December 2012 and December
2015 for model establishment. In the validation phase,
three independent cohorts were recruited with one
internal validation cohort from the Air Force 986th
Hospital (n=262) between December 2014 and Febru-
ary 2016 and two additional external validation cohorts
from Xijing Hospital (n=186) and Chinese PLA General
Hospital (n=158) December 2014 and May 2016. Partici-
pants in two phases were enrolled according to the
enrollment criteria. The inclusion criteria were as fol-
lows: confirmation of histological gastric adenocarci-
noma; treatment with standard radical gastrectomy
(>15 lymph nodes harvested); administration of fluoro-
uracil-based adjuvant chemotherapy for at least 4 cycles
or no adjuvant chemotherapy; available of detailed clini-
copathological characteristics and follow-up data. The
www.thelancet.com Vol 78 Month April, 2022
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exclusion criteria were as follows: preoperative antican-
cer treatments including chemotherapy, radiotherapy,
immunotherapy or other cytotoxic therapy; postopera-
tive anticancer treatments in addition to routine chemo-
therapy; tumors other than gastric cancer; postoperative
death due to complications within one month. Serum
samples were obtained one week before surgery.

The detailed clinicopathological characteristics of
each participant, including gender, age, tumor location,
differentiation status, Lauren type and the AJCC stage
system were retrospectively collected. Differentiation
status was classified as well, moderate, poor and undif-
ferentiated according to the World Health Organ-
ization’s gastric cancer treatment guidelines.25 The
clinical staging was determined according to the 8th edi-
tion of the American Joint Committee on Cancer
(AJCC) and the International Union Against Cancer
tumor-node-metastasis (TNM) staging system.26 Dis-
ease-free survival refers to the time from operation to
the date of disease progression or death. Overall survival
refers to the time from operation to the last follow-up or
death. Data were analyzed between January 2021 and
June 2021.
Ethics
This study was approved by the Ethics Committees of
the three participating organizations: Chinese PLA Gen-
eral Hospital (S2019-334-01), Air Force 986th Hospital
(AF986-LL202003182-1), and Xijing Hospital
(KY202001301-F-1). Informed consent from all partici-
pants were obtained before enrollment.
Exosome’s isolation and characterization
The isolation and characterization of circulating exo-
somes were carried out as previously reported.27 Briefly,
exosomes in plasma samples were passed through a
0.20-mm membrane filter (Millipore) followed by con-
centration with ultracentrifugation. The isolated par-
ticles were identified with transmission electron
microscopy (Thermo Scientific) and NanoSight
(NS300, UK) for size and distribution. As for confirma-
tion of exosomes’ surface markers by western blot, pro-
teins were extracted with Radio Immunoprecipitation
Assay (RIPA) buffer, concentrated with sodium dodecyl
sulfate (SDS), transferred to a polyvinylidene fluoride
(PVDF) membrane and incubated with the primary
antibodies as follows: anti-CD9 (1:2000; CST, USA),
anti-CD63 (1:1000; CST, USA), and anti-tubulin
(1:2000; CST, USA) at 4°C overnight for at �8 h).
Measurement of exosomal lncRNA-GC1 and cutoff
value selection
The total plasma-derived exosomal RNA was extracted
according to the Trizol method. cDNA was synthesized
from 30 ng of isolated RNA with a MMLV kit (Takara,
www.thelancet.com Vol 78 Month April, 2022
Japan). Polymerase Chain Reaction was amplificated
with denaturation at 95°C for 5 min, followed by 40
cycles of at 95°C for 10 s, and 60°C for 30 s. The relative
levels of circulating exosomal lncRNA-GC1 were nor-
malized using the 2�DDCt method. The sequences of pri-
mers used for amplifying lncRNA-GC1 were as follows:
sense: F-TGGGGTAACTTAGCAGTTTCAAT-R; anti-
sense: F-GGCAAGCAGTAATCTTACATGACAC-R.
The optimal cut-off value of lncRNA-GC1 for prognosis
was determined by maximizing the Youden index of the
receiver operating characteristic curve (ROC). The sta-
bility of exosomal lncRNA-GC1 has been previously
identified to remain constant as the total circulating
lncRNA-GC1 was packaged within exosomes.24 The
time from collection to measurement was within
12 hours after serum collection.
Statistical analysis
Continuous data were presented as the mean (§ stan-
dard deviation, SD) with ANOVA tests if normally dis-
tributed or as the median (interquartile range, IQR)
with Kruskal-Wallis tests if not normally distributed.
Categorical data were presented as proportions and per-
centages and were evaluated using the chi-square test or
Fisher’s exact test. Survival analysis of patients’ sub-
groups was compared by the Kaplan-Meier survival
curve with the log-rank test. Univariable analyses were
applied to estimate the hazard ratio (HR) with 95% con-
fidence intervals (CI), and the factors with a P value less
than 0.05 in the univariable analyses were included in
the multivariable analysis to identify the independent
prognostic factor by Cox proportional hazards models.
The predictive model was constructed based on the
known clinical prognostic factors and availability based
on independent risk factors.28 After the test of the Cox
proportional hazards assumption, this model was
implemented into the nomogram. The model’s perfor-
mance of discrimination was evaluated by the Concor-
dance index (C-index) and the area under the receiver
operating characteristic curve (AUC) with Delong’s
test.29,30 Calibration plots were used to evaluate the
goodness of fit between the predicted probabilities and
observed outcomes. Interactions between the lncRNA-
GC1 levels and postoperative adjuvant chemotherapy
treatment were also detected by the multivariable Cox
model. All statistical analyses were conducted with
SPSS software (SPSS 26.0), RStudio software (RStu-
dio,1.2.5033) with R packages of “rms”, “time ROC”,
“pROC” and “compareC”. Differences with two-sided
P<0.05 were considered statistically significant.
Role of funding source
The funders had no role in the study design, data collec-
tion, data analyses, interpretation, paper writing or pub-
lishing decision. The corresponding authors had full
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access to all the data in this study and had full responsi-
bility for the decision to submit for publication.
Results

Study design
Our previous study has shown promising efficacy of cir-
culating exosomal lncRNA-GC1 for early detection and
monitoring progression of gastric cancer.24 Based on
previous findings, we hypothesize that circulating exo-
somal lncRNA-GC1 will also allow noninvasive predic-
tion of individualized prognosis and chemotherapy
benefits for patients with gastric cancer. To this end, we
conducted this multi-cohort, multi-phase study. The
flow diagram is shown in Figure 1. The majority of total
patients (n=814, 83.0%) had stage II or III GC, among
whom 476 (58.5%) patients received postoperative fluo-
rouracil-based adjuvant chemotherapy. The detailed
clinicopathological characteristics of patients in four
cohorts were similar and given in Table 1.
Correlations between circulating exosomal lncRNA-GC1
and clinicopathological characteristics
In the discovery phase, the training cohort was used to
determine the prognostic cut-off value of circulating
exosomal lncRNA-GC1 to classify high versus low levels.
As shown in eFigure 1 in the Supplement, the optimal
cut-off value of lncRNA-GC1 was determined as 15.0 by
the maximum Youden index according the respective
receiver operating characteristic (ROC) curves for over-
all survival in the training cohort. Based on the opti-
mum cut-off value of 15.0, patients were divided into
two groups (high-level group vs low-level group). The
high-level group included 231 patients (61.6%) and the
low-level group included 144 patients (38.4%). The lev-
els of circulating exosomal lncRNA-GC1 were signifi-
cantly correlated with T, N and AJCC stage (P<0.05),
other than other clinicopathological characteristics
(eTable 1). The levels of circulating exosomal lncRNA-
GC1 were also significantly correlated with T, N and
AJCC stage (P<0.05), other than other clinicopathologi-
cal characteristics in validation cohorts (eTable 1).

These results suggest that circulating exosomal
lncRNA-GC1 showed strong correlation with tumor bur-
den and had no correlations with clinicopathological
characteristics other than TNM stage system that may
influence the following predictive model.
Correlations between circulating exosomal lncRNA-GC1
and prognosis
Then, we investigated the prognostic value of circulat-
ing exosomal lncRNA-GC1. In discovery phase, Kaplan-
Meier analysis indicated that patients with low-level
lncRNA-GC1 showed more disease-free and overall sur-
vival benefit than those with high-level (DFS, HR, 2.159,
95%CI, 1.602-2.911, P<0.001; OS, HR, 2.834, 95%CI,
2.038-3.94, P<0.001, Figure 2) in training cohort.
Moreover, in validation phase, these findings were also
confirmed in the internal, external validation and com-
bined cohorts (eFigure 2 a-d).

As for stratified analysis of prognosis, in training
cohort, patients with either early stage (stage I) or
advanced stage (stage II and III), those with low-level
lncRNA-GC1 revealed better disease-free and overall
survival benefit than those with high-level (P<0.05)
(eFigure 3 a and eFigure 4 a). These findings were fur-
ther validated in internal cohort, external cohort 1 and
external cohort 2 (eFigure 3 b-d and eFigure 4 b-d).
Importantly, lncRNA-GC1 retained a powerful prognos-
tic predictor after stratification by age, gender, tumor
location, Lauren type, differentiation status, pT stage
and pN stage in training, internal and external cohorts
(eFigure 5-12). These results strongly suggest that circu-
lating exosomal lncRNA-GC1 was significantly corre-
lated with prognosis of patients with GC independent
of clinical data.
Circulating exosomal lncRNA-GC1 as an independent
prognostic factor
To further investigate whether circulating exosomal
lncRNA-GC1 was correlated with prognosis, we per-
formed univariate analysis with training cohort. Age,
AJCC stage, and circulating exosomal lncRNA-GC1
were significantly correlated with disease-free and over-
all survival (P<0.05) (eTable 2). Furthermore, as shown
by multivariate analysis, AJCC stage and circulating exo-
somal lncRNA-GC1 were both identified as independent
prognostic factors for gastric cancer (P<0.05) (eTable 2).
Moreover, in validation phase, circulating exosomal
lncRNA-GC1 remained its prognostic value in internal,
external 1 and external 2 cohorts by Univariate and mul-
tivariate analyses (eTable 3-5). These results suggest that
circulating exosomal lncRNA-GC1 serves as an indepen-
dent prognosticator for gastric cancer.
Prognostic value of circulating exosomal lncRNA-GC1
based predictive model
First, as for circulating exosomal lncRNA-GC1 and
AJCC stage have been proved to be two independent
prognostic factors, we tried to investigate whether inte-
grating circulating exosomal lncRNA-GC1 and the cur-
rent AJCC stage system could improve the prognostic
predictive ability. As shown by the time-dependent ROC
curves, the 3-year and 5-year AUCs of circulating exoso-
mal lncRNA-GC1 were all lower than those of the AJCC
stage system. However, the combination of circulating
exosomal lncRNA-GC1 and the AJCC stage system
showed better prognostic accuracy for disease-free and
overall survival than the AJCC stage system, circulating
exosomal lncRNA-GC1 or any other clinicopathological
www.thelancet.com Vol 78 Month April, 2022



Figure 1. The flowchart for the training and validation of a predictive model based on circulating exosomal lncRNA-GC1. The levels of circulating exosomal lncRNA-GC1 were mea-
sured in four different cohorts during three phases. In discovery phase, the training cohort was used to develop a predictive model based on circulating exosomal lncRNA-GC1 and clinico-
pathological data. In validation phase, the model was validated in one internal and two external cohorts. In interaction phase, patients with stage II or III gastric cancer in combined cohort
were used to assess the association between circulating exosomal lncRNA-GC1 and chemotherapy response.
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Factors Training cohort (n=375) Internal validation cohort
(n=262)

External validation cohort 1
(n=186)

External validation cohort 2
(n=158)

P value

N % N % N % N % /

Age (Median, IQR) 56 (51-66) 58 (50-65) 59 (49-67) 59 (50-68) 0.245*

Gender

Female

Male

119

256

31.7

68.3

93

169

35.5

64.5

71

115

38.2

61.8

56

102

35.4

64.6

0.466

Tumor location

Cardia

Body

Antrum

Whole

75

61

189

50

20.0

16.3

50.4

13.3

58

33

130

41

22.1

12.6

49.6

15.6

43

30

93

20

23.1

11.6

50.0

10.8

26

23

85

24

16.5

14.6

53.8

15.2

0.697

Differentiation status

Well + Moderate

Poor + undifferentiated

128

247

34.1

65.9

74

188

28.2

71.8

52

134

28.0

72.0

49

109

31.0

69.0

0.326

Lauren type

Intestinal

Diffuse or mixed

271

104

72.3

27.7

201

61

76.7

23.3

137

49

73.7

26.3

110

48

69.6

30.4

0.412

Depth of invasion

pT1

pT2

pT3

pT4a

pT4b

41

26

130

145

33

10.9

6.9

34.7

38.7

8.8

18

20

100

112

12

6.9

7.6

38.2

42.7

4.6

16

12

61

87

10

8.6

6.5

32.8

46.8

5.4

17

9

61

61

10

10.8

5.7

38.6

38.6

6.3

0.423

Lymph node metastasis

pN0

pN1

pN2

pN3a

pN3b

133

52

91

45

54

35.5

13.9

24.3

12.0

14.4

81

40

65

31

45

30.9

15.3

24.8

11.8

17.2

58

27

47

22

32

31.2

14.5

25.3

11.8

17.2

48

33

37

23

17

30.4

20.9

23.4

14.6

10.8

0.656

Metastasis

pM0

pM1

362

13

96.5

3.5

256

6

97.7

2.3

184

2

98.9

1.1

152

6

96.2

3.8

0.318

AJCC stage

I

II

58

91

15.5

24.3

34

56

13.0

21.4

26

41

14.0

22.0

22

40

13.9

25.3

0.664

Table 1 (Continued)
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characteristic alone (eFigure 13 and eTable 6). These
results suggest that circulating exosomal lncRNA-GC1
may complement the AJCC stage system in the prog-
nostic prediction.

Then, we constructed a multivariable Cox model
based on independent prognostic risk factors and sev-
eral known clinical prognostic factors to establish a
more effective prognostic model in the training
cohort.28 Included covariates were age, AJCC stage, cir-
culating exosomal lncRNA-GC1, Lauren’s type, differen-
tiation status. The test of Cox proportional hazards
assumption showed that each covariates test and global
test were P > 0.05, which means the multivariable Cox
model did not violate the assumption of proportional
hazard (eFigure 14 and eTable 7). Thus, a nomogram
incorporating age, differentiation status, Lauren's type,
circulating exosomal lncRNA-GC1 and the AJCC stage
was developed (Figure 3).

The discrimination of the nomogram was compared
with those of AJCC stage system and the model2 which
only incorporating age, differentiation status, Lauren's
type and the AJCC stage but excluding circulating exo-
somal lncRNA-GC1. In the training cohort, the results
showed that the C-index of the nomogram (DFS: 0.701;
OS: 0.720,) was significantly higher than that of model2
(DFS: 0.669; OS: 0.675,) and the AJCC stage system
(DFS: 0.645; OS: 0.648) (Both P<0.05) (eTable 8). The
AUCs of the nomogram (DFS: 0.660; OS: 0.706) were
higher than that of the model2 (DFS: 0.626; OS: 0.633)
and the AJCC stage system (DFS: 0.614; OS: 0.611)
(Both P<0.05) (eFigure 15 a; eTable 8). The same result
was obtained for time-dependent AUC analysis (eFig-
ure 16 a). The calibration curves revealed good consis-
tency between estimated and actual probabilities of
prognosis in the training cohort (eFigure 17 a). Finally,
in validation phase, we performed internal validation
with an independent internal cohort and external valida-
tion with two cohorts from two other hospitals. The
prognostic predictive power of this model remained sta-
ble with highest C-index and AUC (eTable 8), and well-
performed time-dependent AUC curves and calibration
curves (eFigure 16 c-d; eFigure 17 c-d) for validation
cohorts. These results suggest that this newly developed
model based on circulating exosomal lncRNA-GC1
showed promising discrimination and calibration for
predicting individualized prognosis of patients with
GC.
Predictive value of circulating exosomal lncRNA-GC1
for chemotherapy response
In the last interaction phase, we investigated the correla-
tion between circulating exosomal lncRNA-GC1 and
chemotherapy benefit by multivariable Cox model. An
interaction test showed that patients with either stage II
or III GC, benefited more from adjuvant chemotherapy
among patients with low-level lncRNA-GC1 than those
7



Figure 2. Kaplan-Meier analyses of DFS and OS according to the levels of circulating exosomal lncRNA-GC1 in patients with gastric cancer in the training cohort (n=375). (a) DFS, disease-free
survival. (b) OS, overall survival. HR, hazard ratio. CI, confidence interval.
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Figure 3. Integrated nomograms to predict 3- and 5-year survival for patients with gastric cancer. (a) DFS, disease-free sur-
vival; (b) OS, overall survival. To determine how many points toward the probability of DFS and OS the patient receives for circulat-
ing exosomal lncRNA-GC1, locate on the lncRNA-GC1 axis, draw a line straight upward to the point axis, repeat this process for each
variable, sum the points achieved for each of the risk factors, locate the final sum on the Total Point axis, and draw a line straight
down to find the patient's probability of DFS and OS.

Articles
with high-level (DFS: stage II: HR, 0.213; 95%CI,
0.088�0.512; P=0.001; stage III: HR, 0.363; 95%CI,
0.226-0.585; P<0.001; both P < 0.05 for interaction;
OS: stage II: HR, 0.135; 95%CI, 0.038�0.478;
P=0.002; stage III: HR, 0.311; 95%CI, 0.174�0.557;
P<0.001; both P < 0.05 for interaction) (eTable 9).
www.thelancet.com Vol 78 Month April, 2022
The corresponding Kaplan�Meier survival curves for
patients with stage II or stage III GC, which compre-
hensively compared low-level with high-level
lncRNA-GC1 by treatment, are shown in Figure 4.
Hence, these results suggest that stage II and III GC
patients with low-level circulating exosomal lncRNA-
9



Figure 4. Associations between circulating exosomal lncRNA-GC1 and survival benefit from fluorouracil-based adjuvant chemotherapy in patients with advanced gastric cancer.
In either AJCC stage II (a) or III (b) gastric cancer, fluorouracil-based adjuvant chemotherapy was significant correlated with superior disease-free survival (DFS) and overall survival (OS) in
patients with low-level of circulating exosomal lncRNA-GC1, whereas no effect on survival was detected in patients with high-level of circulating exosomal lncRNA-GC1.
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GC1 may benefit more from fluorouracil-based adju-
vant chemotherapy.
Discussion
Gastric cancer is a highly heterogeneous disease with
large variations in clinical outcomes, even underwent
same postoperative chemotherapy.1-3 Thus, accurate
prediction of prognosis and treatment response is of
great importance to determine which treatment
approach patients may benefit more from. To address
this formidable challenge, we conducted this multi-
cohort, multi-phase study. In discovery phase, we identi-
fied circulating exosomal lncRNA-GC1 as an indepen-
dent prognostic factor for patients with gastric cancer
and developed a predictive model based on this new
molecular feature and the traditional AJCC stage system
with promising efficiency for predicting individualized
prognosis. In validation phase, this model remained its
predictive value in three independent cohorts. In inter-
action phase, circulating exosomal lncRNA-GC1 has the
potential to select patients who will benefit more from
chemotherapy.

Currently, there are no reliable serum biomarkers
used for predicting prognosis and treatment response
in clinical practice. Although traditional biomarkers
CEA and CA19-9 may play early warning roles in a
small number of patients with GC, the overall specificity
and sensitivity are still inadequate to meet clinical
needs.31-33 With the advent of high-throughput proteoge-
nomic characterization, more and more studies have
identified subtypes of GC and gained popularity in guid-
ing treatment and prognosis.34-36 Under this back-
ground, for the first time, we systematically identified
the predictive value of circulating exosomal lncRNA-
GC1 for prognosis and treatment response. Circulating
exosomes secreted by tumor cells, have the unique
advantages of not only being an accurate and noninva-
sive reflection of tumor cells, but also can be detected
repeatedly throughout the treatment course.22,37 Circu-
lating exosomal lncRNA-GC1 analysis may reveal subtle
gastric cancer phenotypes that reflect the sensitivity of
tumor cells to chemotherapy regimens. Indeed, several
studies have attempted to develop biomarkers for pre-
dicting treatment response. Jiang et al. has developed a
radiomics signatures that could predict response to
immunotherapy.38 Cao et al has investigated that O6-
methylguanine-DNA methyltransferase (MGMT) pro-
tein expression loss serves as a favorable prognostic fac-
tor and the model based on MGMT lead to better
predictive accuracy.39 In another study, Zhang et al cor-
related tumor-infiltrating neutrophils with superior sur-
vival and generated a postoperative risk stratification
model.40 To our knowledge, these studies are proof-of-
principle investigations with a relatively small number
of participants and lacking of external validation. Here,
our model based on circulating exosomal lncRNA-GC1
www.thelancet.com Vol 78 Month April, 2022
was developed and validated in a relatively large number
of 981 patients from three independent medical centers.
Moreover, these three hospitals have large number and
relatively broad geographical distribution of GC
patients, each of them can be representative of the wider
population in our country. Although there is a long way
for further validation of this model, we envision that
this predictive model will be helpful for surgeons to
facilitate decision making in treatment choices.

In Asian countries, for patients with advanced gas-
tric cancer, the standard treatment approach is adjuvant
chemotherapy after surgery to prevent recurrence and
improve survival.5,41-43 This postoperative treatment
choice is largely based on two pivotal Phase III trials,
the ACTS-GC and the CLASSSIC, which have demon-
strated the efficacy of fluorouracil-based adjuvant che-
motherapy after surgery.43,44 However, the 5-year
survival analysis of the CLASSSIC trial indicated that
patients in adjuvant-chemotherapy group only had a
slightly increased overall survival rate than those in sur-
gery-only group (78% vs. 69%). These findings strongly
highlight that many patients may not benefit from adju-
vant chemotherapy given the excessive toxicity for res-
ponders and delayed assess to an alternative treatment
for non-responders. For now, there is no optimal criteria
for screening potential candidates who may benefit
from chemotherapy. In this study, we showed that cir-
culating exosomal lncRNA-GC1 was able to distinguish
patients who are suitable for chemotherapy. Specifically,
patients with low circulating exosomal lncRNA-GC1 are
more likely to derive disease-free and overall survival
benefit from adjuvant chemotherapy. Mechanically,
lncRNA-GC1 functions as an oncogenic scaffold to facil-
itate histone modification and therefore promote several
proteins transcription which may induce chemotherapy
resistance.23 Thus, the high-level of lncRNA-GC1 in GC
cells and exosomes may be reasonable to show inher-
ently insensitive to fluorouracil-based chemotherapy.
Thus, we hold the opinion that patients with high-level
of circulating exosomal lncRNA-GC1 may not benefit
from fluorouracil-based chemotherapy and should
treated with other regimens. Even so, future trials are
still needed to integrate lncRNA-GC1 signatures to per-
sonalize the postoperative treatment.

In western countries, neoadjuvant chemotherapy is
typically the first choice for patients with advanced gas-
tric cancer, which is largely based on two Phase III tri-
als, the MAGIC and the FNCLCC/FFCD. These two
trials suggest the advantages of neoadjuvant chemother-
apy including a high rate of R0 resection and the avoid-
ance of unnecessary surgery.6,42 Although our study is
focused on postoperative adjuvant chemotherapy, it is
possible that this model may also be applicable to neo-
adjuvant chemotherapy. The main reason is that our
model is developed with pretreatment circulating exoso-
mal lncRNA-GC1 and accurately reflects the underlying
biological characteristics of tumors independent of
11
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treatment. Besides, the high-level of lncRNA-GC1 in
tumor cells and exosomes may indicate the inherent
insensitivity to chemotherapy.23 Thus, we envision that
a noninvasive prediction for prognosis and treatment
response may be valuable with the possibility of early
assessment prior to surgery, and this will be needed to
be identified in our future work.

In our opinion, there is a pivotal strength of this
study. Based on this predictive model, we enrolled not
only the routine clinicopathological characteristics, but
also the specific molecular feature of lncRNA-GC1.
These findings are motivated by the fact that circulating
exosomal lncRNA-GC1 contributes both to the chemo-
therapy resistance mechanisms and valuable prognostic
information. Hence, this predictive model is a compre-
hensive reflection of gastric cancer and provides ade-
quate information for surgeons in clinical routines.

Although circulating exosomal lncRNA-GC1 showed
promising predictive value, this study has several limita-
tions. The primary limitation is the retrospective nature.
To address this, we systemically conducted this multi-
phase study with four independent cohorts from three
different medical centers. We aimed to ensure reliability
and reproducibility with patients from different cohorts.
Furthermore, to avoid susceptible to potential selection
bias, whether patients receive adjuvant chemotherapy
after surgery or not was determined by the multidisci-
plinary team. Importantly, we give great emphasis on
the generalizability of the model across different cohorts
from different medical centers, and the efficiency
remains stable. In future work, the ultimate validation
is through prospective, randomized trials in diverse
populations.

In conclusion, to the best of our knowledge, this is
the first study to comprehensively evaluate the predic-
tive value of circulating exosomal lncRNA-GC1 for indi-
vidualized prognosis. The most profound findings of
this study are that circulating exosomal lncRNA-GC1
have the potential to predict chemotherapy response
and select patients who would benefit more from fluoro-
uracil-based chemotherapy. The measurement of circu-
lating exosomal lncRNA-GC1 may complement the
currently standard AJCC stage-based assessment to pro-
vide a more accurate prognostic prediction and treat-
ment choice selection for patients with advanced gastric
cancer. This novel biomarker cannot be widely used to
guide clinical practice before the identification in a ran-
domized trial, however, this study may shed new lights
as the first step to achieve this long-term goal.
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