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Background: Advanced gastric cancer (aGC) has a high global incidence and a high

mortality rate and because of its high malignancy and heterogeneity, the existing methods

for prognosis are limited, and a new treatment model is necessary. Circulating tumor cells

(CTCs) could be considered as a “liquid biopsy” for tumor diagnosis and for monitoring

treatment responses and predicting clinical outcome. Clinical studies support the efficacy of

programmed cell death 1 (PD-1) immunotherapy in a subset of aGC.

Methods: Cell capture efficiency, as described by the CanPatrol CTC enrichment technique,

was validated using artificial blood samples as well as blood samples from 32 aGC patients.

Clinicopathologic data of patients were collected from the hospital information system. We

used CanPatrol for CTC isolation, classification, and clinical analysis.

Results: A cell capture efficiency of >80% was achieved. Significant correlation was

observed between CTC enumeration and clinicopathology parameters, including the

Lauren classification (r=0.470, P=0.008), perineural invasion (r=0.393, P=0.029), TNM

stage (r=0.740, P<0.001), and Ki-67 level (r=0.510, P=0.005). When compared to the

traditional methods, monitoring CTC subtypes exhibits higher sensitivity of evaluating the

disease status. Enumeration of epithelial CTC subset and its relative abundance in the total

CTC pool are highly correlated with clinical efficacy. CTC programmed cell death ligand-1

(PD-L1) could be successfully detected for immunotherapy in addition to PD-L1 immuno-

histochemistry and microsatellite instability.

Conclusion: We provide a new method that allows for the simple and effective detection of

CTCs in aGC. It has potential clinical applications in monitoring prognosis and guiding

future individualized immunotherapy.

Keywords: CTC enumeration, clinical response prediction, subgroup analysis, immune

checkpoint therapy

Introduction
Gastric cancer (GC) is one of the most common malignancies and the second leading

cause of cancer-related deaths worldwide.1–4 The early clinical symptoms of GC are

insidious and atypical. Hence, at the time of consultation, more than 60% of the patients

are found to have locally advanced or advanced cancer. The 5-year survival rate is only

2–15%.5 Patients with unresectable advanced and recurrent gastric cancer have poor

prognosis, in spite of recent advances in chemotherapy, including the use of molecular

targeted drugs such as trastuzumab and ramucirumab.6 Therefore, new therapeutic

strategies based on new antineoplastic drugs are important for the treatment of advanced

gastric cancer (aGC).
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Immune checkpoint blockade, as a new molecular tar-

geted therapy, has attracted attention in patients with

melanoma,7,8 lung cancer,9,10 gastric cancer,11,12, and other

malignant tumors.13,14 However, clinical trials with PD-1

monoclonal antibodies such as pembrolizumab or nivolumab

have shown a fairly wide response rate (10–26%) in GC

patients without selective biomarkers.15,16 A phase III study

in the Asian population ATTRACTION-02 (NCT02267343)

showed that the median survival time of patients treated with

nivolumab was only extended from 4.1 months to 5.3

months.16,17 In another study, KEYNOTE-059, the effective

rate of pembrolizumab monotherapy was found to be only

11.5%.15 Hence, in order to enhance the efficacy of anti-PD-1

therapy in GC, identification of predictive biomarkers and

screening of the target population is urgently needed.

Circulating tumor cells (CTCs), regarded as “liquid

biopsy”,18 provide alternative access to solid tumors. This

enables serial sampling of the tumor and thereby allows us

to study the tumor variations throughout the treatment regime,

which in turn is crucial for the discovery of new drugs and

personalized therapy.19 Noninvasive liquid biopsy using blood

specimens is clinically attractive because it is a simple sam-

pling tool offering reproducible sampling and is more repre-

sentative of the entire body state, thus overcoming the

challenge of accurately representing the heterogeneity of

tumors.20,21 However, detection and characterization of

CTCs are still technically challenging because these cells are

extremely rare and mixed with a large number of hematologic

cells.19,22 We have developed a series of CTC capture plat-

forms and successfully used them in clinical settings.23–27 But

some limitations of the above methods (i.e., complex proce-

dures, loss of CTC subpopulations) have restricted its further

clinical use. In this study, we use CanPatrol®, a

CONFORMITE EUROPEENNE (CE)-certified CTC enrich-

ment technique,28 for rare cancer cell isolation and their ana-

lysis in a clinical setting. Results showed that the capture

efficiency of >80% can be achieved through the use of

CanPatrol. The five-color immunocytochemistry method was

used to identify and enumerate the different CTC subsets,

including fluorescently labeled EpCAM/cytokeratin, anti-

CD45, PD-L1, vimentin, and DAPI-stained nuclei. Given the

high sensitivity and subgroup analysis capability of this

method, we validated the ability of isolation and enumeration

of CTCs in 32 aGC patients and tested its potential utility in

monitoring a clinical response to treatment.

In this study, we aimed to evaluate the prognostic value

of cancer cell counting during anticancer treatment in

patients with GC. In addition, in order to better select GC

patients who might benefit most from immune checkpoint

therapy, we investigated the relationship between specific

CTC subtypes and the efficacy of immunotherapy, as well

as the change of CTC phenotype during chemotherapy.

Materials And Methods
Cell Lines And Patient Samples
The gastric carcinoma cell line (MGC803), hepatocellular

cancer cell line (HepG2) were harvested from Hubei Key

Laboratory of Tumor Biological Behaviors (Hubei, China)

under Institutional Review Board (IRB) protocol of Peking

University Shenzhen Hospital. Cells were cultured in

DMEM (BD Biosciences, San Jose, CA, USA) and sup-

plemented with 10% FBS (Sigma-Aldrich Co. St Louis,

MO, USA) and 1% penicillin/streptomycin solution at 37°

C under a humidified 5% CO2 atmosphere.

With Eastern Cooperative Oncology Group Performance

Status (ECOG-PS) ≤ 1, patients of any age with unresectable

advanced or metastatic gastric cancer were eligible for the

study. Cancer patients’ blood samples were obtained from

the Department of Oncology, Peking University Shenzhen

Hospital according to IRB protocol. Tissue specimens and

blood samples were obtained from the Department of

General Surgery, The Second Xiangya Hospital of Central

South University under a separate IRB-approved protocol.

All patients gave their written informed consent to participate

in this study, and the research was approved by the Ethics

Committee. All blood and tissue specimens were collected

into anticoagulant tubes and sterile tubes (Wuxi Naisi

Medical Technology Co, Ltd, Wuxi, China), respectively.

Cell Classification And Enumeration
First, according to the previously established method,28 CTCs

were captured by the CanPatrol CTC enrichment technique.

Then, amultiplex RNA in situ hybridization (RNA-ISH) assay

based on branched DNA (bDNA) signal amplification was

applied to classify and enumerate CTCs. PD-L1 (Abcam,

Cambridge, MA, USA), leukocyte biomarker (CD45, BD

Biosciences), epithelial biomarkers (EpCAM and CK8/18/

19, R&B systems, MN), and mesenchymal biomarkers

(Vimentin and Twist, R&B Systems, MN, USA) were used

to identify and characterize CTC subsets. Five-color fluores-

cently labeled probes were added and incubated with cells.

The sequences of the capture probes and bDNA signal ampli-

fication probes had been reported earlier and were synthesized

by Invitrogen (Shanghai, China).28 The cell nuclei were

stained with DAPI (Sigma), and the cells were analyzed with
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an automatic Axio Imager Z2 fluorescence microscope (Zeiss,

Carl Zeiss Meditec AG, Jena, Germany). Finally, epithelial

and mesenchymal biomarkers present red and green fluores-

cence, respectively. PD-L1 and CD45 present violet and bright

blue, respectively.

PD-L1 IHC, CTC-PDL1, And MSI Status

Determination
Tissue microarray (TAM) was prepared and detected for

the expression of PD-L1, MLH1 by immunohistochemical

method in Department of Pathology, The Second Xiangya

Hospital of Central South University. Anti-human PD-L1

mAb and anti-MLH1 mAb were purchased from Abcam.

DAB kit was supplied by Beijing Suolaibao Technology

Co., Ltd，Beijng, China. Tissue microarray was put into

oven and waxed at 60°C for 1 hr. After dewaxing, EDTA

solution was used to repair the antigen, and then the chip

was put into endogenous peroxidase blocker to block for

15 mins. The antibody was incubated at room temperature

according to the recommended concentration of the anti-

body instructions. Finally, the DAB kit was used to color

and hematoxylin was used to re-stain. Results were statis-

tically analyzed with clinic response.

PD-L1 IHC

Five high-power visual fields (×200 times) were randomly

selected in tumor cells and tumor stroma with yellow to

brown granules in the cytoplasm or cell membrane, respec-

tively. The scoring criteria of staining intensity of positive

cells were as follows: no staining was 0 points. The scores of

light yellow, light brown, and brown were 1, 2, and 3,

respectively, and the scores of positive cell density were as

follows: the number of positive cells ≤70%was 1 point, 71%

~80%was 2 points, 81%–90%was 3 points, and >90%was 4

points. Multiplication of cell staining intensity and density

scores ≥6 scores as positive expression.

CTC-PD-L1

The proportion of PD-L1-positive cells in total CTCs in

peripheral blood of 5 mL gastric cancer patients was

counted. Positive score criteria were 0 for nonpositive

cells, 1 for positive cells (<20%), 2 for positive cells

(20%~50%), and 3 for positive cells (>50%). The final

score was (≥2) for CTC-PD-L1-positive expression.

MSI

Each slice was randomly selected from five high-power

visual fields with high positive rate. 100 cells were

counted in each visual field. Positive score criteria were

0 for nonpositive cells, 1 for positive cells (≤10%), 2 for

positive cells (10~50%), 3 for positive cells (50~80%),

and 4 for positive cells (>80%). The grading standard of

dyeing strength was 0 for colorless, 1 for light yellow, 2

for brown, and 3 for brown. The final score was multiplied

by the two scores. The final score was 0 for protein

deletion and (≥2) for protein-positive expression.

Data Collection
Clinicopathologic data of patients were collected from

hospital information system, including gender, age,

Lauren classification, differentiation degree, lymphovascu-

lar invasion, perineural invasion, tumor depth, lymph node

status, metastasis status, TNM stage and the level of Ki-

67, tumor markers, smoking, and alcohol history. The

clinicopathological classifications of cancers were deter-

mined according to the 7th edition of the American Joint

Committee on Cancer/International Union Against Cancer

TNM classification system.29

Statistical Analyses
Categorical data displayed in a contingency table were ana-

lyzed using Fisher’s exact test. Continuous data were ana-

lyzed by using the Mann–Whitney test and Kruskal–Wallis

test. Spearman rank correlation analysis was used for non-

parametric correlation analysis. All statistical analyses were

carried out with the IBM SPSS statistical software package

(IBM Inc.). P < 0.05 was considered statistically significant.

Results And Discussion
In order to study the cell capture efficiency using the

CanPatrol CTC enrichment technique, a series of artificial

blood samples were prepared by spiking MGC803/HepG2

cells into blood concentrations of approximately 10, 50,

100, and 200 cells 5 mL−1. The assays were repeated 6

times for each sample. The results indicate that the average

recovery for each sample was at least 80% and ranged

from 80% to 90% (Figure 1A and B). These results repre-

sent a vast improvement in capture efficiency and stability

compared to our previously established methods.24−26

To validate the clinical utility of this technique, 5 mL of

the peripheral blood sample from aGC patients were intro-

duced into CanPatrol for isolating and identifying CTCs.

Captured cells were stained with the following: Alexa Fluor

594-labeled EpCAM/cytokeratin (epithelial marker, red),

Alexa Fluor 488-labeled Vimentin/Twist (mesenchymal

marker, green), Alexa Fluor 647-labeled CD45 (leukocyte

marker, bright blue), and DAPI. Based on the staining,
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CTCs were divided into three types, namely epithelial CTCs

(E+/M-/CD45-), hybrid epithelial/mesenchymal CTCs (E+/M

+/CD45-), and mesenchymal CTCs (E-/M+/CD45-)

(Figure 1C). Compared with the previous immunostaining

method,27 this method offers higher sensitivity and lower

background noise. Epithelial−mesenchymal transformation

(EMT) plays an important role in cancer metastasis and drug

resistance. Classification of CTC according to its EMT phe-

notype, which can be achieved by this method, is helpful for

identifying the most aggressive CTC subsets and providing

data for clinical application.

To study the clinical significance of CTCs in diagnosis,

blood samples from 32 aGC patients were detected by this

technique. As shown in Figure 2A, captured CTCs were

stained with EpCAM, vimentin, PD-L1, and DAPI.

Fluorescence microscopy was used to distinguish specifically

captured CTCs (E ± /M� /CD45-/PD-L1 ± /DAPI+) from

nonspecifically immobilized WBCs (E-/M-/CD45+/DAPI+)

by comparing fluorescence and size (CTCs: 10–30 μm; 1

WBCs: <15 μm). The results of cell enumeration and clinical

characteristics are shown in Figure 2B and Table 1. Cancer

cells captured from the GC patients had total counts ranging

from 0 to 37 per 5 mL. In addition, the counts of epithelial

CTCs ranged from 0 to 7, hybrid CTCs ranged from 0 to 34,

and mesenchymal CTCs range from 0 to 9, respectively. To

further evaluate the correlation of CTCs with the clinical

characteristics of GC patients, a statistical analysis was per-

formed. The result indicated that both the CTC count and

positive expression rate were significantly associated with

Lauren classification (Figure 2C), perineural invasion

(Figure 2D), M stage (Figure 2E), and Ki-67 level

(Figure 2F). Spearman rank correlation analysis showed that

CTC counts were highly correlated with N stage (r=0.379,

P=0.033) and TNM stage (r=0.740, P<0.001) as shown in

Table 2. Moreover, there was a significant difference in the

level of carcinoembryonic antigen (CEA) and carbohydrate

antigen-199 (CA199) between the positive and negative

groups of CTCs (Table 3). Both positivity rate and CTC

count were positively correlated with Lauren classification.

This result may suggest that GC patients with diffuse type

Figure 1 Capture efficiencies of two different cell lines ((A) MGC803 and (B) HepG2) were validated by CanPatrol®. (C) Fluorescent micrographs of CTCs captured from

whole blood samples collected from GC patients. The four-color immunocytochemistry method was used to identify and enumerate CTCs from nonspecifically captured

WBCs, including Alexa Fluor 594 labeled EpCAM/Cytokeratin (epithelial markers, red), Alexa Fluor 488-labeled Vimentin/Twist (mesenchymal markers, green), Alexa Fluor

647-labeled CD45 (leukocyte markers, bright blue) and DAPI nuclear staining.

Abbreviations: CTCs, circulating tumor cells; GC, gastric cancer; WBC, white blood cell.
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had a worse prognosis than patients with intestinal type

because there were more tumor cells in the peripheral blood,

and they were more prone to metastasis. The correlation

between vascular invasion and CTC also needs to be dis-

cussed. Vascular invasion has been confirmed to be an impor-

tant prognostic factor for GC. As the primary tumors continue

to increase in size and compress the surrounding blood vessels,

some tumor cells enter the blood circulation through the

fissures in the blood vessel wall to form CTCs, and some

tumor cells passively migrate into the circulation through

protein hydrolysis or other structural changes in the tumor

microenvironment. Because CTCs shed from the primary

tumor into the blood and maintain the specific phenotype of

the tumor, it is feasible to enrich CTCs by detecting specific

molecular markers. However, our result showed that both the

positivity rate and CTC count in patients with vascular inva-

sion were higher than those in patients without vascular inva-

sion, which suggests that vascular invasion may also be

important for tumor cells to enter the blood circulation. This

could lead to distant metastasis. Hence, CTCs could be used in

conjunction with TNM stage and Ki-67 to evaluate the degree

of disease progression and malignancy, respectively.

To further evaluate the predictors of response with

different CTC subtypes, some patients with mesenchymal

CTCs (E-/M+/CD45-) were dynamically monitored during

the therapeutic process. CTCs from these patients were

synchronously compared with serum tumor marker levels

and computed tomogram (CT) examination results accord-

ing to Response Evaluation Criteria in Solid Tumors

(RECIST). As shown in Figure 3A, a patient who received

the SOX treatment regime (oxaliplatin plus S-1) showed a

decline in E+CTC numbers, and its relative abundance in

the total CTC population paralleled effective therapeutic

interventions. With clinical treatments, the E+CTC count

of this patient declined along with shrinking of tumor

burden (PR). After 3 months, during maintenance che-

motherapy with SOX, the tumor progressed (PD) and the

E+CTC count increased rapidly, while the total CTC and

serum CEA concentrations were both unaltered. As shown

in Figure 3B, another phenomenon was observed during

Figure 2 (A) CTCs identified from a GC patient. Immunocytochemistry method based on EpCAM/cytokeratin (E markers, red), Vimentin/Twist (M markers, green), PD-L1

(violet) as well as DAPI nuclear staining. (B) CTC enumeration results obtained from 32 cancer patients. Scatter plot for CTC number of GC patients (C) with different

Lauren classification, (D) with and without lymphovascular invasion, (E) different M stage, and (F) expression of Ki-67, each dot stands for one GC patient. The error bar

represents SE of the mean.

Abbreviations: CTCs, circulating tumor cells; GC, gastric cancer; WBC, white blood cell; PD-L1, programmed cell death-ligand 1.
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Table 1 Gastric Cancer Patient Characteristics (n = 32)

Group Patients Percentage Count Of CTCs+ Patients (n) Count Of CTCs (mean ± SD) CTCs Positive Rate (%)

Sex

Male 22 68.8 15 7.38 ± 7.58 68.2

Female 10 31.2 8 7.38 ± 7.58 80.0

Age (years)

≥ 60 10 68.8 9 15.00 ± 7.78 90

< 60 22 31.2 14 10.23 ± 11.93 63.6

Lauren classification

Intestinal

type

9 28.1 3 2.67 ± 4.00 33.3

Diffuse type 14 43.8 12 15.29 ± 11.10 85.7

Hybrid type 9 28.1 8 15.22 ±10.79 88.9

Differentiation

Well 3 9.4 2 13.00 ± 11.27 66.7

Moderate 12 37.5 11 14.50 ± 9.88 91.7

Poor 17 53.1 10 9.53 ± 11.68 58.8

Perineural invasion

No 19 59.4 11 10.26 ± 12.07 57.9

Yes 13 40.6 12 13.85 ±8.97 92.3

Lymphovascular invasion

No 11 34.4 5 6.33 ± 7.81 45.5

Yes 21 65.6 18 14.95 ± 11.38 85.7

T stage

T1-2 6 18.8 4 7.83 ± 8.16 66.7

T3-4 26 81.2 19 12.62 ± 11.39 73.1

N stage

N0-1 11 34.4 5 7.27 ±11.17 45.5

N2-3 21 65.6 18 14.05± 10.27 85.7

M stage

M0 18 56.2 10 5.11± 5.27 55.6

M1 14 43.8 13 20.21 ± 10.45 92.9

TNM stage

Stage II 6 18.8 2 2.00 ± 3.10 33.3

Stage III 12 37.5 8 6.67 ± 5.53 66.7

Stage IV 14 43.8 13 20.21±10.45 92.9

Ki-67

≥ 50% 24 75 20 2.88 ± 4.05 83.3

< 50% 8 25 3 14.67 ± 10.91 37.5

Smoking history

Yes 13 40.6 8 10.38 ±11.13 61.5

(Continued)
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disease progression in a different GC patient. An earlier

increment in E+CTC count was observed, but the tumor

burden was not enlarged on CT image until 90 days later.

Furthermore, there was no significant correlation between

the dynamic variation trend of E+/Hybrid + CTCs and

changes in therapeutic response. This result indicated

that monitoring different CTC subtypes exhibits higher

sensitivity to evaluate the disease status compared with

the traditional methods. Longitudinal tracking of indivi-

dual patients during the therapeutic process showed a close

correlation between the E+CTC count and clinical

response. Changes in the proportion of different CTC

phenotypes are accompanied by responses to each treat-

ment cycle. Monitoring the CTC phenotypes of patients

with metastatic GC may provide further knowledge about

disease progression and treatment resistance. However,

our present study was limited statistically due to the

small sample size and restricted randomness. Thus, the

correlation between CTCs and clinical efficacy should be

interpreted with caution. Further large-scale clinical trials

conducted across multiple clinics over time and an analy-

sis of the overall survival data of patients are needed to

evaluate the clinical use (as a predictive marker of survi-

val) of this technique in CTC detection in GC patients.

Given the close correlation between CTC subtypes/bio-

markers and clinical therapeutic effect, as has been pre-

viously reported,30–32 we also investigated the relationship

between CTC-PD-L1 expression and the clinical response

to pembrolizumab in some GC patients. As shown in

Figure 4A, in Patient 9 with GC, a sole microsatellite

stable (MSS) patient who had a partial response after

receiving 2 cycles pembrolizumab regimens, both tumor

tissue immunohistochemical (IHC) staining and CTC

immunofluorescence staining tested positive for PD-L1.

An interesting finding for another MSS responder to pem-

brolizumab is shown in Figure 4B. The IHC staining

showed that the tumor tissue was negative for PD-L1,

but the CTC IFC signal was as varied as that of IHC

staining. This result may indicate that the expression of

CTC PD-L1 may overcome the heterogeneity of tumors

and be more representative of the true status of the body.

PD-L1-expressing CTCs in GC patients may have some

role in the immunophenotypic differential diagnosis of

tumors and thereby pinpoint potential candidates for anti-

PD-1/PD-L1 immune checkpoint therapy.

Table 1 (Continued).

Group Patients Percentage Count Of CTCs+ Patients (n) Count Of CTCs (mean ± SD) CTCs Positive Rate (%)

No 19 59.4 15 12.63 ± 10.97 78.9

Alcohol history

Yes 11 34.4 10 12.45 ± 9.84 90.9

No 21 65.6 13 11.33 ± 11.64 61.9

Table 2 The Relationship Of CTCs And Clinicopathological

Variables Of Gastric Cancer Patients

Variable CTCs Positive

Rate

Pa

Count Of CTCs

Pb Pc

Sex 0.155 0.696 0.703, r = 0.070

Age 1.000 0.064 0.063, r = 0.333

Lauren

classification

0.010 0.008 0.007, r = 0.470

Differentiation 0.150 0.266 0.152, r = 0.259

Perineural

invasion

0.050 0.180 0.185, r = 0.241

Lymphovascular

invasion

0.035 0.029 0.026, r = 0.393

T stage 1.000 0.420 0.429, r = 0.145

N stage 0.035 0.035 0.033, r = 0.379

M stage 0.044 < 0.001 < 0.001, r = 0.704

TNM stage 0.022 < 0.001 < 0.001, r = 0.740

Ki-67 0.023 0.005 0.003, r = 0.510

Smoking history 0.427 0.560 0.569, r = 0.105

Alcohol history 0.115 0.602 0.610, r = 0.094

Notes: aP value from Fisher’s exact test; bP value from the Mann–Whitney U-test;
cP value from Spearman rank correlation analysis.

Abbreviation: CTCs, circulating tumor cells.

Table 3 Association Between CTCs And Tumor Markers

Parameter CTC + (n =23) CTC−(n = 9) P Valueb

CEA (ng/mL) 62.47±22.30a 10.62±3.21 0.031

CA199 (U/mL) 89.43±25.09 22.37±5.77 0.018

Notes: aMean±SEM, bvalues from the Mann–Whitney test.

Abbreviation: CTCs, circulating tumor cells.
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As previously reported,30 the same phenomenon was

also observed in a subtype of GC patients defined as MSI-

H, who presented a heterogeneous distribution of MSI-H.

As shown in Figure 4C, Patient 16, a sole microsatellite

instability high (MSI-H) and PD-L1- patient (both IHC

and IFC), exhibited radiographically progressive disease

Figure 3 Numerical analysis of 2 patients showing the number of CTCs (total CTCs and E+CTCs, red), concentration of serum CEA (black) (lower panel) and CT/MRI scan

(upper panel) in identifying disease progression. Patients with diagnoses and specific therapies shown are (A) gastric adenocarcinoma, SOX: S-1 plus oxaliplatin, (B) signet-
ring cell carcinoma, FOLFOX 6: oxaliplatin, 5-FU, and leucovorin. The yellow arrows indicate tumor locations.

Abbreviations: CTCs, circulating tumor cells; E+CTCs, epithelial CTC; CEA, carcinoembryonic antigen; PR, partial response; SD, stable disease; PD, progressive disease.

Figure 4 Relationship performance between CTCs-PD-L1/MSI-H and clinical response to pembrolizumab in four GC patients. Patients with IHC, IFC, and CT scan shown

are (A) vimentin-, MLH1+, PD-L1+ as well as CTC-PD-L1+, (B) vimentin-, MLH+, PD-L1- as well as CTC-PD-L1+, (C) vimentin+, MLH ± (heterogeneous MLH1 protein

expression; lost (upper panel) and intact (lower panel)), PD-L1- as well as CTC-PD-L1-, (D) vimentin-, MLH-, PD-L1- as well as CTC-PD-L1-. CT images before and after

pembrolizumab treatment (lower panel). The yellow arrows indicate tumor locations.

Abbreviations: CTCs, circulating tumor cells; PD-L1, programmed cell death-ligand 1; MLH1, human mutL homolog 1.
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according to the RECIST guidelines during pembrolizu-

mab treatment for 3 cycles. Further histologic inspection

demonstrated marked geographic heterogeneity of human

mutL homolog 1 (MLH1) protein through IHC staining,

with both positive and negative tumor regions. This patient

had a mixture of MSI-H and MSS regions in the tumor.

Instead, as shown in Figure 4D, another patient, with a

homogeneous MSI-H status (MLH1+), exhibited a partial

response according to the RECIST guidelines. Taken

together, these findings contribute to our understanding

of how to address the complexity of cancer heterogeneity

and reveal how stochasticity in single-cell behaviors pro-

motes phenotypic equilibrium in cancer cell populations.

CTCs expressing PD-L1 and MSI are considered cost-

effective biomarkers that should be routinely detected for

immunotherapy in addition to PD-L1 IHC.

Conclusion
In conclusion, effective application of this technique can allow

for CTC quantification and classification for monitoring GC

and predicting the treatment response. CTC enumeration,

especially of M+CTCs, was significantly associated with clin-

ical response. A close correlation was observed between the

immunophenotypic and therapeutic response of CTCs to

immune checkpoint therapy. CTC detection allowed the non-

invasive and continuous dynamic monitoring of clinical GC

patients, which suggests its potential for individualized treat-

ment and therapeutic evaluation in the future.
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