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Abstract: Objective To investigate the predictive effect of circulating tumor cell (CTC) combined with neutrophil to lymphocyte
ratio (NLR) on advanced gastric cancer. Methods The clinicopathological data of 36 patients with advanced gastric cancer who
received first-line treatment in Jiangning Hospital Affiliated to Nanjing Medical University and Jiangsu Cancer Hospital from
June 2022 to January 2023 were collected. The optimal cutoff values of CTC and NLR were calculated using X-tile software, and
the patients were divided into high CTC group (CTC>15, n=21) and low CTC group (CTC =< 15, n=15), high NLR group
(NLR>2.32, n=20) and low NLR group (NLR=2.32, n=16). Cox regression analysis and survival curve were used to analyze the
relationship between CTC, NLR and progression free survival (PFS). Receiver operating characteristic (ROC) curves compared
the predictive power of CTC, NLR, and the combination in predicting the outcome of advanced gastric cancer. Results
Multivariate Cox regression analysis showed that CTC (HR=7.441, P=0.045) and NLR (HR=4.690, P=0.011) were associated with
PFS in patients with advanced gastric cancer. Patients with low CTC and low NLR had longer PFS than those with high CTC and
high NLR (P<0.01). Patients with both high CTC and high NLR had the shortest PFS (P<0.01). Compared with the single-factor
prediction of CTC and NLR, the combination of CTC and NLR predicted the efficacy of first-line treatment for advanced gastric
cancer best (AUC=0.746). Conclusion CTC and NLR are independent prognostic factors affecting PFS in patients with advanced
gastric cancer, and CTC combined with NLR can better predict the efficacy of advanced gastric cancer.
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More than 80% of gastric cancer patients in China progression and immune response [ The

are already in advanced stage at the time of diagnosis.
Currently, the first-line treatment regimens for advanced
gastric cancer usually simple chemotherapy regimen
(fluorouracil combined with cisplatinum and/or paclitaxel)
and the combination therapy of chemotherapy and
immunotherapy 4. Despite the efficacy of these
regimens, the prognosis of patients with advanced gastric
cancer is still poor, so there is an urgent need to find more
sensitive, convenient, and reliable tumor markers to
predict the efficacy of patients with advanced gastric
cancer receiving first-line treatment.

Circulating tumor cells (CTC) are a type of tumor
cells that flow into the peripheral blood from primary or
metastatic tumor sites, and their high heterogeneity can
effectively evade immune monitoring and treatment,
leading to distal metastasis of tumor cells 1. Peripheral
blood collection of CTC, as a non-invasive detection
method, has been proved helpful for early diagnosis,
recurrence monitoring, and prognosis prediction of
malignant tumors, such as breast cancer, colon cancer,
and gastric cancer 1. Neutrophils and lymphocytes are
the most common and available clinical indicators of
immune inflammation, which are involved in tumor

neutrophil-to-lymphocyte ratio (NLR) can predict cancer
prognosis and therapeutic response 112131, Recent studies
have also shown that in malignant tumors such as prostate
cancer, breast cancer, and colon cancer, combining
circulating tumor cells with inflammatory indicators can
predict patient prognosis better 416 This paper will
investigate the predictive role of CTC combined with
NLR on the efficacy of patients with advanced gastric
cancer by combining CTC and NLR.

1 Data and Methods

1.1 General data

Thirty-six patients with advanced gastric cancer who
received first-line treatment from June 2022 to January
2023 in the Department of Oncology of Jiangning
Hospital Affiliated to Nanjing Medical University and
Jiangsu Provincial Cancer Hospital were selected.

Inclusion criteria: (1) Patients were diagnosed with
stage 1V gastric cancer by pathology; (2) Patients did not
receive other previous treatment before receiving
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first-line treatment; (3) The ECOG (Eastern Cooperative
Oncology Group) score belongs to 0-1; (4) Patients’
age >18 years old; (5) Patients received standard first-line
chemotherapy as well as first-line immune-combination
chemotherapy; (6) Patients could provide a complete
medical record, including complete medical records,
blood reports, tumor markers, inflammation indicators,
and imaging reports.

Exclusion criteria: (1) Patients were combined with
other malignant tumors; (2) Patients were combined with
heart, brain, liver, kidney function and other serious organ
function abnormalities; (3) Patients had autoimmune
diseases and combined allergic diseases during treatment;
(4) Patients were clearly defined acute infection or
chronic infection before treatment; (5) Steroids and other
treatments affecting the values of neutrophils and
lymphocytes were used before treatment.

The first-line chemotherapy regimens included SOX
(oxaliplatin + S-1) and XELOX (oxaliplatin +
capecitabine). The immunotherapy in the first-line
immune-combination chemotherapy included nivolumab
and sintilimab, and the combination chemotherapy
included XELOX and FOLFOX (5-fluorouracil +
oxaliplatin). The related drug dosage and the frequency of
use were according to the package insert. This study was
reviewed by the Ethics Committee of Jiangning Hospital
of Nanjing Medical University (Grant No.
2023-03-029-K01).

1.2 Data collection

The baseline data of the patients obtained from the
hospital's electronic medical record system included: (1)
age, gender, ECOG score, pathology type, TNM stage,
presence of vascular invasion, and treatment regimen; (2)
the baseline peripheral blood indicators before treatment,

including carcinoembryonic antigen (CEA), carbohydrate
antigen 199 (CA199), blood routine, and CTC. Data of
CTC at baseline and routine haematology analysis were
collected before the patients received the first treatment,
and NLR was obtained by comparing the absolute
neutrophil value with the absolute lymphocyte value
before treatment.

1.3 CTC isolation and counting

A total of 7.5 mL of peripheral blood was collected
one week before patients received their first treatment.
Cells were enriched and isolated using immunomagnetic
bead adsorption combined with the microfluidic
microarray method from Beigel Medical Testing
Laboratory (Changzhou Beshol CTC Detection System).
Cell staining was performed by immunofluorescence in
situ hybridization (FISH), and the number of CTC was
counted in the 7.5mL of blood samples. The CTC were
defined as: CK (cytokeratin) positive, CD45 (leukocyte
common  antigen 45) negative, and DAPI
(4',6-diamidino-2-phenylindole) positive. Counts of CTC
of < 5 were considered negative, and = 5 were
considered positive. [Figure 1]

1.4 Follow-up

Outpatient reviews or telephone follow-ups were
conducted every three months on patients discharged
from the hospital. All patients were followed up until
September 30, 2023, and no patient was lost to follow-up.
The efficacy was assessed by CT imaging every 2-3
months using the solid tumor efficacy assessment
(RECIST1.1). Progression-free survival (PFS) is the time
from the patient's first treatment to disease progression or
death from any cause.
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Fig.1 The picture of patient’s CTC fluorescence staining
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1.5 Statistical methods

Data were analyzed using SPSS 27.0 software and
plotted using Graphpad-Prism 5.0 software. The optimal
cut-off values of CTC and NLR were confirmed using
X-tile software. Discrete data were expressed by cases,
and comparisons were made using Fisher's exact test.
Factors affecting PFS were analyzed using the Cox
regression model, and significant factors in univariate
Cox analysis were then included in multivariate Cox
regression analysis. The Kaplan-Meier analysis was used
to perform survival analysis and plot the curves.
Differences in PFS between groups were assessed using
the log-rank test. Receiver operating characteristic (ROC)
curves were used to evaluate relevant indicators for
predicting the prognosis of patients with advanced gastric
cancer. P<0.05 was considered a statistically significant
difference.

2 Results

2.1 Relationship between CTC, NLR and clinical
characteristics of patients with advanced gastric
cancer

The median progression-free time (mPFS) of 36
patients was 8.9 months, and the PFS of patients based on
the RECISTI1.1 standard was used as the state variable,
and the CTC and NLR were used as the test variables,
respectively. The X-tile software was used to draw the
time-dependent ROC curves, which identified the optimal
cut-off value of CTC as 15 and the optimal cut-off value
of NLR as 2.32. Therefore, the patients were divided into
high CTC group (CTC>15, n=21), low CTC group (CTC
< 15, n=15), high NLR group (NLR>2.32, n=20), and
low NLR group (NLR < 2.32, n=16) according to the
optimal cut-off values. The differences in age, gender,
and ECOG scores between the different CTC and NLR
groups were not statistically significant (P>0.05).
Differences in lymph node staging, CA199, and CEA
were statistically significant between the low and high
CTC groups (P<0.05), and differences in the degree of
differentiation, presence or absence of vascular invasion,
and therapies were statistically significant between the
low and high NLR groups (P<0.05). [Table 1]

2.2 Cox regression analysis of PFS in patients with
advanced gastric cancer receiving  first-line
treatment

Univariate Cox regression analysis showed that
lymph node metastasis, vascular invasion, CTC, and
NLR were the factors affecting PFS of advanced
gastric cancer (P<0.05). The results of further
multivariate Cox regression analysis showed that CTC
(HR=7.441, P=0.045) and NLR (HR=4.690, P=0.011)
were independent prognostic factors affecting PFS, and
lymph node metastasis and vascular invasion were not
significantly associated with PFS (£>0.05). [Table 2].

2.3 Survival curves for CTC, NLR and combined
subgroups

Survival curves suggested that patients with high
CTC had shorter PFS than those with low CTC (P<0.01).
Patients with low NLR had longer PFS than those with
high NLR (P<0.01). At the same time, further grouping
was also performed by combining NLR and CTC, and
patients were categorized into low CTC + low NLR
group (n=10), low CTC + high NLR group (n=5), high
CTC + low NLR group (n=6), and high CTC + high NLR
group (n=15). Survival curves showed that patients in the
high CTC + high NLR group had the shortest
PFS(P<0.001). [Figure 2]

2.4 Combination of CTC and NLR to predict the
prognosis of patients with advanced gastric cancer

The ROC curve suggested that the sensitivity of
CTC in predicting the prognosis of patients was 70.59%,
the specificity was 52.63%, and the area under the curve
(AUC) was 0.695. The AUC of NLR was 0.693, with the
sensitivity and the specificity of 64.71% and 57.89%,
relatively. Both AUC values were greater than 0.5,
suggesting an excellent predictive efficiency of a single
indicator. The predictive efficacy of CTC combined with
NLR was even higher, with an AUC of 0.746, a
sensitivity of 76.47%, and a specificity of 63.16%.
[Figure 3]

Tab.1 Relationship between CTC, NLR and clinical features in patients with advanced gastric cancer (case)

Item Low High P value Low NLR High NLR P value
CTC CTC
Age (<60years />60 years) 7/8 10/11 1.000 7/9 10/10 0.749
Male/female 13/2 15/6 0.424 12/4 16/4 1.000
ECOG (0/1 point) 4/11 2/19 0.210 4/12 2/18 0.374
Degree of differentiation (high +medium/low) 5/10 1/20 0.063 6/10 0/20 0.004
Lymph node staging (N1/N2+N3) 11/4 417 0.002 9/7 6/14 0.175
Vascular invasion(yes/no) 9/6 6/15 0.090 11/5 4/16 0.006
Therapy (chemotherapy/ inmune-based combination therapy) 9/6 12/9 1.000 13/3 8/12 0.019
CA199 (<27 w/mL/>27 u/mL) 13/2 8/13 0.006 12/4 9/11 0.096
CEA (<5.2 ng/mL />5.2 ng/mL) 12/3 8/13 0.019 10/6 10/10 0.515
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Item Case Univariate Cox regression Multivariate Cox regression
HR 95%Cl P value HR 95%Cl P value
Gender
Female 8 0.988 (0.357-2.736) 0.982 - - -
Male 28
Age (Years)
<60 17 0.974 (0.935-1.015) 0.205 - -
=60 19
Degree of differentiation
High +medium 6 0.200 (0.027-1.500) 0.118 - - -
Low 30
Lymph node staging
N1 15 4.545 (1.447-14.278) 0.010 1.294 (0.31-5.397) 0.723
N2-N3 21
Vascular invasion
Yes 15 4.482 (1.583-12.691) 0.005 2.729 (0.878-8.482) 0.083
No 21
Therapy
Chemotherapy 21 1.767 (0.732-4.262) 0.205 - - -
Immune-based combination therapy 15
CTC
<15 15 9.976 (2.257-44.099) 0.002 7.441 (1.048-52.847) 0.045
>15 21
NLR
<2.32 16 6.915 (2.261-21.146) 0.001 4.690 (1.426-15.426) 0.011
>2.32 20
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Fig 2 PFS survival curves of advanced gastric cancer patients in different CTC groups and NLR groups
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Fig.3 The ROC curves of CTC, NLR and their combination

3 Discussion

China is a country with a high incidence of gastric
cancer, and the early diagnosis rate of patients is low.
Many patients are in the advanced stage at the first
diagnosis ['"), In recent years, newly developed immune
checkpoint inhibitors such as nivolumab and
pembrolizumab have been gradually incorporated into the
first-line treatment regimen for advanced gastric cancer.
However, the recurrence rate and metastasis rate of
patients with advanced gastric cancer are still high after
treatment, and the survival is still poor [!819]. Therefore,
searching for new peripheral blood markers plays a vital
role in assessing the therapeutic efficacy of advanced
gastric cancer and guiding subsequent treatment.

CTC has been applied to solid tumors with
predominantly hematogenous metastasis for many years
and has been approved by the US. FDA as a biomarker
for monitoring the prognosis of patients with breast, lung,
and colorectal cancers (2! However, for malignant
tumors whose metastatic modes are mainly lymph node
metastasis and abdominopelvic metastasis rather than
hematogenous metastasis, the number of gastric cancer
cells entering the body circulation is less than that of
other cancers with predominantly hematogenous
metastasis. The result often shows a high rate of
false-negative. With the development of detection, the
CTC detection rate in gastric cancer patients' peripheral
blood has significantly increased. In a latest study of 2023,
the CTC-positive rate in patients with advanced gastric
cancer can exceed 80% [?21. Our research took more than
5 CTCs per 7.5 mL of blood as the criterion for positivity.
The positivity rate of CTC at baseline measured in
patients with advanced gastric cancer was as high as
83.3% (30/36), which further supports the possibility of
CTC being a potential marker in gastric cancer. A positive
or high baseline CTC usually indicates poor efficacy or
poor prognosis. This paper used 15 as the optimal cut-off
value for CTC, and a high CTC was an independent
factor in influencing PFS in patients receiving first-line
treatment. Patients with a higher CTC had a shorter PFS

and poorer efficacy.

In addition to exploring the role of CTC in
predicting efficacy in advanced gastric cancer, this paper
also explores the role of inflammatory indicators in
predicting efficacy. As a classical indicator of peripheral
blood inflammation, NLR can be obtained simply by
performing routine blood tests, which are simple and easy.
Sun et al. demonstrated that the NLR was correlated with
patients' prognosis in gastric cancer, and patients with a
normal NLR had a more prolonged overall survival (OS)
than those with a high NLR 23], In a study by Wu et al.,
NLR was also correlated with response to treatment, with
high NLR predicting poorer efficacy 4. CTC can also
interact with immune inflammatory cells to promote
tumor metastasis and accelerate the death of patients 2],
In patients with breast cancer, CTC can form
CTC-neutrophil clusters with neutrophils, which help
tumor cells metastasize by regulating the cell cycle 61,
Therefore, many studies have also focused on combining
inflammatory indicators with CTC to predict tumor
efficacy and prognosis. The results of this paper showed
that NLR, like CTC, could also be used as an independent
prognostic factor to predict PFS in advanced gastric
cancer. Survival analysis suggested that patients with high
CTC and NLR had the shortest PFS and the poorest
clinical efficacy. The ROC curve indicated that the
accuracy of CTC combined with NLR for predicting the
efficacy of patients with advanced gastric cancer was
significantly higher than that of either index alone. This
revealed that CTC combined with NLR could help better
predict treatment efficacy in advance and guide the
subsequent treatment.

NLR has a predictive role in malignant tumors
undergoing immunotherapy. In colorectal cancer patients
undergoing immunotherapy, both the low NLR at
baseline and the decrease in NLR after treatment suggest
a good prognosis and a significantly longer OS 7. In
recent years, some multi-center phase III clinical studies
have demonstrated the advantages of immune-based
combination chemotherapy as a first-line therapy in
patients with advanced gastric cancer 28], This paper also
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included some patients who received immune-based
combination chemotherapy as first-line treatment. Among
all these patients, there was a difference in the treatments
between the high and low NLR groups, while there was
no difference between the high and low CTC groups.
Unfortunately, the small sample size of patients receiving
immunotherapy in this paper is not enough for relevant
subgroup analyses, and it is expected that more patients
receiving immunotherapy will be included in the future to
explore further the relationship between CTC, NLR and
the efficacy of immunotherapy in advanced gastric
cancer.

In conclusion, CTC combined with NLR can be used
as a potential predictor of the efficacy of first-line
treatment in patients with advanced gastric cancer, and
provide a reference in clinical work. However, the
follow-up period of this study is relatively short, and it is
hard to analyze the OS of the patients. Long-term
follow-up is still needed to explore the predictive value of
CTC combined with NLR in OS at a later stage.
Meanwhile, as a retrospective analysis with a small
sample size, this paper still needs to expand the sample
size for further validation.
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Circulating tumor cell with neutrophil to lymphocyte ratio in predicting

efficacy of advanced gastric cancer
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Abstract: Objective To investigate the predictive effect of circulating tumor cell (CTC) combined with neutrophil to
lymphocyte ratio (NLR) on efficacy of advanced gastric cancer. Methods The clinicopathological data of 36 patients
with advanced gastric cancer who received first-line treatment in Jiangning Hospital Affiliated to Nanjing Medical
University and Jiangsu Cancer Hospital from June 2022 to January 2023 were collected. The optimal cutoff values of CTC
and NLR were calculated using X-tile software, and the patients were divided into high CTC group (CTC>15, n=21)
and low CTC group (CTC<15, n=15), high NLR group (NLR>2.32, n=20) and low NLR group (NLR<2.32, n=
16). COX regression analysis and survival curve were used to analyze the relationship between CTC, NLR and
progression free survival ( PFS). Receiver operating characteristic ( ROC) curves compared the predictive power of
CTC, NLR, and the combination in predicting the outcome of advanced gastric cancer. Results Multivariate COX
regression analysis showed that CTC (HR=7.441, P=0.045) and NLR (HR=4.690, P=0.011) were associated with
PFS in patients with advanced gastric cancer. Patients in CTC group and low NLR group had longer PFS than those in
high CTC group and high NLR group, respectively (P<0.01). Patients with both high CTC and high NLR had the
shortest PFS (P<0.01). Compared with the single-factor prediction, the combination of CTC and NLR predicted the
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efficacy of first-line treatment for advanced gastric cancer best ( AUC = 0.746). Conclusion

CTC and NLR are

independent prognostic factors affecting PFS in patients with advanced gastric cancer, and CTC combined with NLR can

better predict the efficacy of advanced gastric cancer.

Keywords: Circulating tumor cells; Neutrophil/lymphocyte ratio; Gastric cancer, advanced; First-line treatment;

rogression free survival
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Fig.1 The picture of patient’s CTC fluorescence staining
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Fig. 2 PFS survival curves of advanced gastric cancer patients in different CTC groups and NLR groups
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