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Background: This study was to investigate the prognostic factors of patients with advanced
gastric cancer and described a sample model to better differentiate the patients who could
better benefit from palliative chemotherapy.

Patients and Methods: In this retrospective study, 112 gastric cancer patients at stage IV
following first-line chemotherapy were enrolled from July 2013 to September 2019. The
clinical factors including age, sex, ECOG, pathologic types, metastatic sites, blood indexes,
response of first-line chemotherapy, and survival were collected. The treatment responses
were evaluated using the response evaluation criteria in solid tumors (RECIST). The survival
curves were drawn by the Kaplan—Meier method, and the independent prognostic factors of
overall survival (OS) were analyzed by Cox proportional hazards regression model.
Results: In this study, the median overall survival (mOS) of gastric cancer patients was 10.5
months, the disease remission rate (PR) was 21.4%, and the disease control rate (DCR) was
86.6%. Multivariate analysis identified 5 independent prognostic factors: peritoneal metas-
tasis [P = 0.002; hazard risk (HR), 2.394; 95% CI 1.394-4.113], hemoglobin <90g/L [P =
0.001; hazard risk (HR), 2.674; 95% CI 1.536-4.655], LDH >225 U/L [P = 0.033; hazard
risk (HR), 1.818; 95% CI 1.409-3.150], and 3 times higher level of CEA [P = 0.006; hazard
risk (HR), 2.123; 95% CI 1.238-3.640] along with CA199 [P = 0.005; hazard risk (HR),
2.544; 95% CI 1.332-4.856] than upper limit of normal. Based on the obtained data,
a prognostic index was constructed, dividing the patients into three risk groups: low (n =
67), intermediate (n = 35), and high-risk group (#n = 10). The mOS for low, intermediate, and
high-risk groups was 13.9 months (95% CI 10.7-17.1), 8.1 months (95% CI 5.7-10.4), and
3.9 months (95% CI 2.6-5.3), respectively, whereas the 1-year survival rate was 56.4%,
20.0%, and 0.0%, respectively (P < 0.001).

Conclusion: This model should facilitate the prediction of treatment outcomes and then
individualized treatment of advanced gastric cancer patients.

Keywords: prognostic factor, advanced gastric cancer, prognosis model, first-line
chemotherapy

Introduction

Gastric cancer is one of the most common malignant tumors, which is in the top
three of mortality rate among malignant tumors.' Due to its insidious onset and the
absence of special symptoms in its initial stage, most patients are diagnosed at later
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stages and cannot be radically operated,” especially in
China. The current treatments include palliative gastrect-
omy, radiotherapy, chemotherapy, molecular targeted ther-
apy, and immunotherapy. At present, chemotherapy is still
the main treatment for gastric cancer patients with local-
advanced or tumor recurrence or metastasis, but 5-year
overall survival (OS) rate rarely exceeds 5% of all treated
patients. Although trastuzumab in combination with che-
motherapy can prolong the survival of patients with
HER2-positive advanced gastric cancer,” > several studies
show that the HER2-positive rate of gastric cancer patients
in China is only around 12%-13%.%" The role of che-
motherapy is still of paramount importance in treatment of
HER2-negative gastric cancer. In a sense, chemotherapy
can prolong the survival time and improve the life quality
of these patients,” but the response rate of first-line che-
motherapy for advanced gastric cancer patients is no more
than 50%, and the median overall survival (mOS) is about
13 to 16 months,”'® which is not expected in the clinical
setting. It appears that not all gastric cancer patients at
stage IV could benefit from palliative chemotherapy, thus
it is very important to choose the right patients for
chemotherapy.

Prognostic parameters play an important role in the
implementation of risk-based stratification of therapy in
with Till
a multitude of indicators on survival prognosis for

patients advance gastric cancer. now,
advanced gastric cancer patients receiving first-line che-
motherapy have been reported by scholars both in China
and abroad, including performance status (PS), hepatic
metastases, ascites, number of metastases, hemoglobin,
serum albumin, alkaline phosphatase, serum CEA, serum
CA199, etc.'"'* Besides, as a key factor of targeted
therapy, the expression of HER2 has not been found to
be correlated with prognosis of gastric cancer patients in
a number of large-sample studies in China and
abroad.'>'7 Some other studies show that HER2 may
affect the survival of gastric cancer patients in early
stage,'®!? but has no effect on the prognosis of patients
in late stage.'®***! However, few studies have combined
the indicators such as performance status, blood routine,
biochemistry, and tumor markers to comprehensively
evaluate the prognosis of patients. In this study, we firstly
integrated the results of previous studies and included
some new influence factors to analyze the prognosis of
patients with metastatic gastric carcinoma. Taking the
studies about prognostic analysis of advanced gastric

cancer patients undergoing second-line chemotherapy

reported by Catalano et al and Kanagavel et al as

22,2
reference,?>??

we then designed a simple prognostic
model based on the independent predictors obtained by
multivariate analysis to stratify these patients into differ-
ent risk groups. This will allow us to better differentiate
patient populations and to better predict treatment

outcomes.

Cases Collectors

The inclusion criteria for cases were: (i) pathologically
proven gastric carcinoma with measurable or evaluable
lesions; (ii) evidence of unresectable disease like malig-
nant ascites or organ metastasis confirmed by cytological
diagnosis or imaging tests; (iii) no prior surgical therapy,
chemotherapy, or radiotherapy after recurrence; (iv) no
less than 2 cycles of first-line palliative chemotherapy
without target drugs (such as trastuzumab, etc.) in com-
bination; (v) performance status (PS) was in the range of
0-2 at the time of the first-line chemotherapy. We firstly
assessed the general condition and clinicopathological
characteristics of these patients and then collected the
fasting indicators in blood one week before chemother-
apy including hemoglobin, platelet, serum LDH, serum
CEA, and serum CA199. The chemotherapy regimens
were fluorouracil alone or in combination with other
agents which consisted of the following: (i) docetaxel
or paclitaxel, 5-fluorouracil (5-FU) (n=25); (ii) oxalipla-
tin or irinotecan, leucovorin, 5-FU (modified FOLFOX
or FOLFIRI) (n=40); (iii) cisplatin, 5-FU (PF) (n=13);
(iv) oxaliplatin, capecitabine (XELOX) (n=10); (v) oxa-
liplatin, S-1 (SOX) (n=11); (vi) epirubicin, cisplatin,
5-FU (ECF) (n=5); (vii) 5-FU or capecitabine or S-1
(n=8). RECIST standard was used to evaluate the effi-
cacy of chemotherapy after two cycles. The period from
the date of diagnosis of advanced gastric cancer to the
date of death or the last follow-up visit was defined as
the OS, which was the primary end point of the study.
All patients were followedup (outpatient or telephone)
every 3 months in that period.

Methods

Statistical analysis: SPSS19.0 software was used for data
processing and analysis, and P < 0.05 was considered
statistically significant. Univariate survival analysis was
performed by the Kaplan—-Meier method and was tested
by log-rank method. Multivariate analyses were carried
out using the Cox proportional hazards model.
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Results

Patient Characteristics

From July 2013 to September 2019, a total of 112 patients
with metastatic, unresectable, or recurrent gastric cancer in
Chengdu Seventh People Hospital (Chengdu Tumorous
Disease Quality Control Center) enrolled in our study,
including 34 females and 78 males, and the median age
was 57 with a range of 28-78. Until the closing date of
December 31, 2019, a total of 73 patients died and 3 were
lost to follow-up. As shown in Table 1, approximately
66% (74 of 112) of patients had Eastern Cooperative
Oncology Group (ECOG) 0-1 at the time of the first-line
palliative chemotherapy. In terms of pathological types,
adenocarcinoma accounted for about 83% (93 of 112),
and, in terms of tumor grade, poor differentiation
accounted for nearly 62% (69 of 112). Distant metastases
were found in all cases, and liver metastases or ascites
were present in about 30% and nearly 40% of patients,
respectively. The hemoglobin level of 23 (20.5%) patients
was lower than 90 g/L, and the lactate dehydrogenase
(LDH) level was above 225 U/L in 36 (32.1%) patients.
A total of 69 (61.8%) patients had a level of CEA three
times higher than upper limit of normal (4.7 ng/mL).
Similarly, 21 (18.7%) patients had a level of CA199
three times higher than upper limit of normal (27 U/mL).
About the treatment response, there were no complete
response (CR) cases and 24 (21.4%) partial response
(PR) cases, giving a disease control rate (DCR) of 86.6%.

Univariate and Multivariate Analysis

In the study, the median OS of all patients was 10.5 months
[95% confidence interval (CI) 8.8— 12.2], and the 1-year
survival rate was 38.4%. There were thirteen factors
included in the univariate analysis (Table 2): age, gender,
performance status, pathologic types, histologic grade, num-
ber of metastatic organs, hemoglobin level, platelet count,
LDH level, CEA level, CA199 level, and metastasis to liver
and to peritoneum. Among them, six factors showed statis-
tically significant association with the mOS of metastatic
gastric cancer patients and were further delineated by multi-
variate Cox proportional hazards model, including ECOG
PS of 2 [P = 0.449; hazard risk (HR), 1.246; 95% CI 0.-
705-2.202], ascites [P = 0.002; hazard risk (HR), 2.394;
95% CI 1.394-4.113], hemoglobin < 90g/L [P = 0.001;
hazard risk (HR), 2.674; 95% CI 1.536-4.655], LDH >
225U/L [P = 0.033; hazard risk (HR), 1.818; 95% CI 1.-
409-3.150], and 3 times higher level of CEA [P = 0.006;

hazard risk (HR), 2.123; 95% CI 1.238-3.640] along with
CA199 [P = 0.005; hazard risk (HR), 2.544; 95% CI 1.-
332-4.856] than upper limit of normal. The result of multi-
variate analysis also showed that peritoneal metastasis,
hemoglobin level, LDH level, CEA level, and CA199 level
were independent prognostic factors for survival (Table 3).

Establishment of the Prognostic Model
These five independent prognostic factors were included
into the model, each representing a risk score of 1. All the
patients were stratified into three groups according to their
risk scores: low-risk group (score of 0-1), intermediate-
risk group (score of 2-3), and high-risk group (score of
4-5). Of 112 patients, 67 patients were categorized as low-
risk group, 35 patients as intermediate-risk group, and 10
patients as high-risk group. The mOS for low, intermedi-
ate, and high-risk groups was 13.9 months (95% CI 10.-
7-17.1), 8.1 months (95% CI 5.7-10.4), and 3.9 months
(95% CI 2.6-5.3), respectively, whereas the 1-year survi-
val rate was 56.4%, 20.0%, and 0.0%, respectively (P <
0.001). The markedly different survival outcomes among
the three groups (P<0.01) is shown in Figure 1.

Discussion
Chemotherapy is considered one of the effective methods to
prolong the OS and improve the life quality of patients with
advanced gastric cancer, but the effective rate of chemother-
apy is low because of the heterogeneity of the cancer and
many other adverse prognostic factors. To this day, there is
no single chemotherapy regimen as a standard therapy pro-
ven better than others.”* Besides, most of the past studies
focused on analyzing independent prognostic factors of gas-
tric cancer patients who are candidates for palliative che-
motherapy, and few of them put different indicators
reflecting poor survival together to analyze the prognosis
of those patients. In this study, we analyzed the prognostic
factors of 112 advanced gastric cancer patients with fist-line
palliative chemotherapy, then designed a convenient prog-
nostic model in order to screen out patients who are more
suitable for palliative chemotherapy by the risk stratification.
The PS (ECOQG) is the first indicator we need to con-
sider before chemotherapy, because poor PS score has
been confirmed an independent risk factor for poor prog-
with
before.'""'****3 However, in our study, the results of uni-

nosis in patients advanced gastric cancer
variate analysis show that patients with ECOG score >2
had a worse prognosis, but it is not an independent adverse

prognostic factor.
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Table | Characteristics of Patients (n=112)

Table | (Continued).

(Continued)

Characteristics Cases Constituent Ratio (%)
Characteristics Cases Constituent Ratio (%)
Age
CAI199 (U/mL)
<60 72 64.3
>60 40 357 >8I 23 8.7
<8l 91 81.3
Sex
Chemotherapy efficacy
Male 78 69.6
Female 34 30.4 PR 24 214
SD 73 65.2
ECOG status PD 15 13.4
0—1 74 66.1 Abbreviations: ECOG, Eastern Cooperative Oncology Group; LDH, lactic dehy-
2 38 339 drogenase; CEA, carcinoembryonic antigen.
Pathologic types ) . .
Among the advanced gastric cancer patients, peritoneal
Adenocarcinoma 93 8 metastasis is very common and often accompanied by
Signet-ring cell carcinoma 19 17 ., 25 . .
ascites.” Previously, ascites has been reported to be an
Histologic grade adverse factor affecting the quality of life and prognosis of
Well differentiated 2 18 patients,'""* and we came to the same conclusion in
Moderately differentiated | 23 223 metastatic gastric cancer patients in the study.
Poorly differentiated 69 839 Anemia is also common in patients with advanced
Unknown 18 6.1 gastric cancer, which could be caused by a variety of
Number of metastatic organs factors, such as malnutrition, chronic blood loss, post-
< 77 8.8 chemoradiotherapy myelosuppression, infiltration of can-
>| 35 312 cer cells in bone marrow, etc. Numerous clinical studies
) ] have shown that lower hemoglobin (Hb) is an independent
Hepatlc metastasis ) . .
factor for poor prognosis in advanced gastric cancer
Yes 33 29.5 : 11,23,26 : :
patients, but a few studies come to the conclusion
No 79 705 .
that Hb does not affect the survival.'®> In our study we
Peritoneal metastasis discovered that anemia (Hb < 90 g/L) is an adverse factor
Yes 41 36.6 for predicting survival following first-line palliative che-
No 71 634 motherapy in gastric cancer patients with stage IV.
Hemoglobin (g/L) Lactate dehydrogenase (LDH) is a key enzyme that
catalyzes the conversion of pyruvate into lactic acid and
<90 23 20.5 . . 27
590 89 79.5 releases energy during glycolysis.”” Because of abnormal
- supplying vessels, the tumor tissue has remained hypoxic
9
Platelet count (x107/L) for a long time and its energy supply is mainly dependent
<300 79 70.5 on anaerobic glycolysis.”® In a number of studies on
>300 33 29.5 advanced breast cancer, lung cancer, pancreatic cancer,
LDH (UIL) and lymphoma, high-level serum LDH has been confirmed
to signify a poor prognosis.'>'®*° However, there are
<250 76 67.9 _g yap p £ ’
5250 36 321 relatively few studies on the effect of serum LDH level
on the prognosis of advanced gastric cancer. Recently,
CEA (ng/mL . . L.
(ng/ml) Namikawa et al reported that the median OS was signifi-
>14.1 69 61.6 cantly lower for patients with unresectable advanced gas-
<l4.1 43 384

tric cancer who had high LDH,*° and we come to the same
conclusion in our study. The median OS of patients with

10464 suomicyour manuscript
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Table 2 Survival Analysis of Gastric Cancer Patients Table 2 (Continued).
Characteristics mOS I-Year P value
. Characteristics mOS I-Year P value
(Months) | Survival Rate
%) (Months) | Survival Rate
(%)
Age:
>14.1 6.7 18.8 0.003
<60 9.3 357 0.535 <l4.1 13.6 51.2
>60 11.4 387
CAI99 (U/mL)
Sex:
>8I 7.4 13.3 0.006
Male 10.5 423 0.078 <8l 10.9 43.1
Female 104 238 Abbreviations: mOS, median overall survival; ECOG, Eastern Cooperative
ECOG status: Oncology Group; LDH, lactic dehydrogenase; CEA, carcinoembryonic antigen.
0-1 1.4 449 0.006
2 6.7 20.8
high-level and low-level serum LDH are 11.5 and 7.4
Pathologi : . . . ..
athologic types months, respectively, and the difference is statistically
Adenocarcinoma 1.4 426 0.187 significant (P=0.042). Results from multivariate analysis
Signet-ring cell 8l 8.3 show that the risk of death in patients with high-level
carcinoma serum LDH is 1.8 times higher than in those with low-
Histologic grade: level serum LDH (95% CI 1.049-3.150).
Well to moderately | 13.6 556 0.171 The serum CEA and CA199 are the most common
differentiated tumor markers in gastric cancer, and they show variable
Poorly differentiated | 9.3 25.0 levels in different stages.>'~* High-level serum CEA and
Number of metastatic organs: CA199 can predict the recurrence and progression of gas-
tric cancer. Besides, the changes in serum CEA and
<I 10.4 39.6 0.600 .
o 109 120 CA199 levels before and after chemotherapy can predict
the efficacy of first-line chemotherapy in advanced gastric
Hepatic metastasis cancer.'* In our research, patients with high-level serum
Yes 9.3 348 0.650 CEA and CA199 had a shorter survival time, which
No 10.6 380 showed a statistical significance. The results of multivari-
Peritoneal metastasis: ate analysis indicated that CEA level and CA199 level are
independent prognostic factors for metastatic gastric can-
Yes 6.8 17.9 0.004 . .
No 122 489 cer patients treated by first-line chemotherapy.
As far as we know, Lee et al had first established
Hemoglobin (g/L) a prognostic model based on 6 clinical factors (no previous
<90 6.2 227 0.001 gastrectomy, albumin<3.6 g/dL, ALP>85 U/L, perfor-
>90 14 43.1 mance ECOG>2, presence of bone metastases, and ascites)
Platelet count (% 10°/L)
<300 102 319 0078 Table 3 Results of Multivariate Analysis
>300 1.5 46.2 Characteristics HR 95% ClI P value
LDH (U/L) ECOG (2) 1.246 0.705-2.202 0.449
i <
>250 7.4 18.5 emoglobin (<90 g/L) : 23 '
LDH (>250 U/L) 1.818 1.049-3.150 0.033
CEA (ng/mL) CEA (>14.1 ng/mL) 2.123 .238-3.640 0.006
, CAI99 (>81 U/mL) 2.544 1.332-4.856 0.005
(Continued)
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1.0 Risk Group mOS 1-year OS
, Lowe-risk 139 56.4%
Intermediate-risk 81 20.0%
o High-risk 39 0.0%
© 06
2
2 P<0.001
3
7]
£ 04
3
(8]
0.2
0.0 L
T T T T T
0 100 200 30.0 400

Time (months)

Figure | Survival according to risk groups.

in patients with advanced gastric cancer and used this
model to predict survival of these patients undergoing
first-line chemotherapy.'® The study showed that the med-
ian OS for low- and intermediate-risk groups was 12.5
months, but high-risk group showed a median OS of
only 2.7 months, which had a significant difference.
Then Kanagavel et al established a prognostic model in
metastatic gastric cancer patients to predict survival of
those following second-line chemotherapy. They found
that second-line chemotherapy is not that effective for
patients in the high-risk group (with poor PS, lower Hb
level, and worse time to progression) under first-line
still
a significant difference in survival time between the low,

chemotherapy.”> In our research, there is
medium, and high-risk groups. Patients in the high-risk
group have a lower 1-year survival rate among all those
patients. The result is similar to those of other
researchers.''?>** As far as our study is concerned, the
potential disadvantages are the absence of Lauren’s types
and a relatively small number of patients. But to the best
of our knowledge, the biochemical indicator LDH is
included in the prognostic model for the first time as
a factor in poor predicted outcome for patients with meta-
static gastric cancer.

With the development of medicine, more and more
therapeutic methods (such as targeted therapy and immu-
notherapy, etc.) have been applied to the treatment of
patients with advanced gastric cancer. But so far, che-
motherapy is still recommended as the primary first-line
therapy in NCCN and ESMO guides for advanced gastric
cancer patients. Since malignant tumor is a kind of highly
heterogeneous disease on a molecular level, individual
classification is

therapy based on the molecular

a progress direction and precision medicine has gradually
become a primary treatment of malignant tumors today.
Nivolumab and pembrolizumab, two kinds of programmed
cell death protein 1 (PD-1) inhibitors, are recommended
by the NCCN guide as the third-line therapy in advanced
gastric cancer patients that had high levels of PD-L1
expression, which is based on the findings of
ATTRACTION-02 and KEYNOTE-059 trials. Besides,
based on the KEYNOTE-061 trial, Papbolizumab has
been recommended by the NCCN guide for second-line
treatment of advanced gastric cancer patients with mis-
match repair deficient (AIMMR) or microsatellite instability
high (MSI-H) molecular subtypes. Recently, the rando-
mized, phase III KEYNOTE-062 trial has achieved its
primary endpoint in 2019. The trial shows that first-line
pembrolizumab is effective for patients with PD-L1-
positive, HER2-negative, advanced gastric or gastroeso-
phageal junction (GEJ) cancer, which could provide
a new opportunity for people newly diagnosed with
advanced gastric or GEJ cancers. Thus, it is expected
that in the near future the “right patient” for palliative
chemotherapy will be identified not only on the basis of
the study of clinical factors, but also on the basis of
molecular classification of cases.

Conclusion

The results of this study show that peritoneal metastasis,
hemoglobin level, LDH level, CEA level, and CA199
level are independent prognostic factors for advanced gas-
tric cancer patients receiving first-line palliative che-
motherapy, and there are significant differences in the OS
between low, intermediate, and high-risk groups (P <
0.001). The simple prognostic model based on these inde-
pendent prognostic factors could contribute in identifying
patient groups which are likely or unlikely to benefit from
first-line palliative chemotherapy and making possible the
individualized treatment of advanced gastric cancer
patients. Chemotherapy or best supportive care— which
is better for patients in the high-risk group? This prognosis
model may be used as a reference when designing future
prospective studies regarding this question.

Ethics

This study scheme was approved by the ethics committee
of Chengdu Seventh People Hospital (batch no: QT2020-
029-01). As some of the included patients have died before
the data collection and all of the data acquired were kept
anonymized, our application for exemption from informed
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