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A Prognostic Model in Metastatic
or Recurrent Gastric Cancer

Patients with Good Performance
Status Who Received First-Line
Chemotherapy”

Abstract

PURPOSE. Good performance status is widely known as a superior prognostic predictor. However, some patients
have large survival differences despite having good performance status that are influenced by certain prognostic
factors. The purpose of this study was to explore baseline host- or tumor-related factors and to establish a
prognostic model for metastatic or recurrent gastric cancer patients with good performance status who received
first-line chemotherapy. METHODS: A total of 310 metastatic or recurrent gastric cancer patients with good
performance status who received first-line chemotherapy were enrolled. Prognostic significance was determined
using multivariate Cox regression analysis. Incorporating all pretreatment indicators, a prognostic model was
established. Overall survival outcomes were compared with different risk groups using the Kaplan-Meier method
and log-rank test. RESULTS. In multivariate analysis, no previous gastrectomy [hazard ratio (HR) = 1.42; 95%
confidence interval (Cl) = 1.08-1.85], number of distant metastatic sites (HR = 1.47; 95% CI = 1.11-1.96), bone
metastasis (HR = 2.20; 95% CI = 1.16-4.18), liver metastasis (HR = 1.77; 95% CI = 1.31-2.39), and an elevated
neutrophil lymphocyte ratio (HR = 1.37; 95% CI = 1.04-1.79) were independent prognostic factors of overall
survival. Patients were categorized into three risk groups according to their risk scores. Median survival times for
the low-risk (0 point), intermediate-risk (1-3 points), and high-risk (>4 points) groups were 19.7, 10.7 and 5.1
months, respectively (P < .001). CONCLUSIONS.: A prognostic model was developed that could facilitate risk
stratification for metastatic or recurrent gastric cancer patients with good performance status who received first-
line chemotherapy to help clinicians choose an applicable treatment based on the estimated prognosis.
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Introduction

Gastric cancer is the second most common cause of cancer-related
death in the world [1]. In China, this disease claimed approximately
297,496 lives in 2011 [2]. Although the only potential curative
treatment for gastric cancer is surgery, most gastric patients are usually

developed. This kind of prognostic tool can be simply used to help
oncologists guide treatment plans and improve prognostic accuracy
[5]. Lee et al. developed the first prognostic model for metastatic
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unable to receive curative surgical resection because of regional
advanced or distant metastatic disease at the time of diagnosis.

Palliative chemotherapy is still a major treatment in metastatic or
recurrent gastric cancer [3,4].

However, metastatic or recurrent gastric cancer patients who
receive palliative chemotherapy have varying survival outcomes. To
date, several studies have reported on prognostic indicators associated
with survival including host- and tumor-related factors. Some
prognostic models incorporating these prognostic factors have been
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gastric cancer patients receiving first-line chemotherapy [6]. Then,
other prognostic models were gradually reported that focused on
patients treated with different specific first-line chemotherapeutic
regimens, such as cisplatin based, S-1 plus cisplatin, and docetaxel and
cisplatin plus fluorouracil [7-9].

Although several prognostic models have been reported, some issues
still need to be resolved. For example, patients analyzed in previous
models were too indiscriminate, including those patients with esophageal
cancer or squamous cell carcionomas [10]. More importantly, the patient
group in these prognostic models included those that had not only good
performance status (PS) but also poor PS.

Eastern Cooperative Oncology Group (ECOG) PS is an important
parameter which is widely used to assess responses to chemotherapy and
survival [11]. A good PS (0-1) has always been considered to have a better
beneficial prognostic impact than a poor PS (2-3) [6,12,13]. However,
some patients have a poor prognosis despite having a good PS. In a study
analyzing 148 cancer patients with a good PS, the report showed that
patients had a wide range of overall survival (OS) (29-2421 days) even
though they had a PS = 0 [14]. One potential explanation is that there are
several variables influencing survival, for example, histopathological
factors, biological behavior of the malignancy, and others. Even if it is the
same host-related factor, it could have different tumor-related effects.
Therefore, prognostic factors are probably different between good and
poor PS patient populations. Meanwhile, some subgroup analyses of
clinical trials showed that patients with a good PS belonged to mixed
groups who did not show good survival outcomes. The S-1 plus cisplatin
versus S-1 in random control trial in the treatment for stomach cancer and
S-1 alone versus S-1 and docetaxel combination in random control trial in
the treatment for stomach cancer studies found that the good PS group
did not show a statistically significant survival benefit from designated
chemotherapy regimens [15,16]. In other words, even though some
patients had the same good PS, appropriate treatments for both good and
poor PS patients should be tailored. Nevertheless, few studies have
analyzed prognostic factors among cancer patients with a good PS
[14,17]. To optimize treatment for this subset of patients, it will be
necessary to identify prognostic factors that can stratify patients within
this group.

To our knowledge, no prognostic model for metastatic gastric
cancer patients with a good PS is available. The objective of this study
was to explore baseline host- or tumor-related factors that may be
associated with survival and establish a prognostic model for
metastatic or recurrent gastric cancer patients with a good PS who
received first-line chemotherapy.

Patients and methods

Patients

Between April 2007 and December 2013, 371 patients received
first-line palliative chemotherapy for metastatic or recurrent gastric cancer
at the First Hospital of China Medical University. The criteria for patient
inclusion consisted of the following: 1) age >18 years, 2) histologically
confirmed diagnosis of gastric cancer, 3) presence of evaluable disease or
measurable lesions, 4) received at least one cycle of chemotherapy, 5) good
PS (0-1), and 6) availability of clinicopathological data at the start of
chemotherapy. Patients with esophageal cancer, squamous cell carcino-
mas, or gastroesophageal junction tumors were excluded from the
analysis. Of the 371 patients screened, 310 patients conformed with the
inclusion criteria. All patients in the study signed informed consents.
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Treatment

The 5-fluorouracil (5-FU)-based chemotherapy was as follows: 1)
oxaliplatin, capecitabine, or S-1 (7 = 74); 2) oxaliplatin, leucovorin,
and 5-FU (modified FOLFOX) (7 = 56); 3) capecitabine or S-1 (n =
45); 4) capecitabine or S-1 and cisplatin (7 = 21); and 5) 5-FU and
cisplatin (7 = 11).

The taxane-based chemotherapy was as follows: 1) docetaxel or
paclitaxel, and capecitabine or S-1 (7 = 83); 2) docetaxel or paclitaxel,
cisplatin, and 5-fluorouracil (7 = 10); 3) docetaxel and cisplatin (n =
1); and 4) docetaxel (7 = 1).

Others included 1) an irinotecan-based regimen (n = 4); 2)
epirubicin, 5-FU, and cisplatin (7 = 3); and 3) epirubicin, oxaliplatin,
and capecitabine (7 = 1).

Statistical Analysis

OS was the primary end point of this study. OS was counted from
the time of metastasis to the time of death or the last follow-up visit.
Survival data was analyzed using the Kaplan-Meier method.
Comparison of survival curves were performed using log-rank
analysis. A multivariate prognostic model was performed using all
variables found to be significantly associated with OS at a P value <
.05 in the multivariate analysis. P values < .05 were considered
statistically significant, and all P values corresponded to two-sided
significance tests. All statistical analyses were performed using the
SPSS 17.0 software package (SPSS, Chicago, IL).

Variables included in the univariate analysis consisted of the
following: sex; age; PS; previous gastrectomy; tumor location; weight
loss; the number of distant metastatic sites; the presence of ascites;
metastasis to liver, bone, and lung at the start of chemotherapy; white
blood cell (WBC) count; absolute neutrophil count (ANC);
lymphocyte (LN) count; platelet count (PLT); neutrophil/lympho-
cyte ratio (NLR); platelet/lymphocyte ratio (PLR); hemoglobin; total
protein (TP); serum albumin (ALB); total bilirubin (TBIL); alanine
aminotransferase (ALT); and alkaline phosphatase (ALP). Laboratory
variables, recorded as continuous variables, were dichotomized based
on the median value of each variable.

Results

Patient Characteristics

From April 2007 to December 2013, 310 patients were included in
this study (Table 1). The median age was 58 years (range, 25-80
years). The percent of patients who had a PS = 0 at the time of receiving
first-line chemotherapy was 19.7 (= = 61). Eighty-one percent (251 of
310) of patients had more than one distant metastatic site. Nearly half of
the patients had previously received gastrectomies. There were 83 patients
(26.8%) who underwent palliative gastrectomies and 66 (21.3%) who
underwent radical gastrectomies. By the last follow-up date, 251 patients
had died. The median time of OS was 10.6 months [95% confidence
interval (CI) = 9.7-11.4] (Figure 1).

Univariate Analyses

We obtained complete information on all parameters on 296 of the
310 patients, and therefore, they were used in the prognostic analyses.
In univariate analysis, statistically significant factors that adversely
affected OS included no previous gastrectomy, bone and liver
metastasis, number of distant organ metastasis (>2), the presence of
ascites, WBC count >6.4*10°/1, ANC >3.8*10°/1, PLT >230*10°/
1, NLR >50th percentile, and PLR >50th percentile (Table 2).
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Table 1. Clinical and Laboratory Characteristics of Patients

Wang et al.

No. of Patients (N = 310)

Age (median age, range) 58.0 (25-80)
Sex

Male 213 (68.7%)

Female 99 (31.3%)
PS (ECOG)

0 61 (19.7%)

1 249 (80.3%)
Previous operation

No 161 (51.9%)

Palliative gastrectomy 83 (26.8%)

Radical gastrectomy 66 (21.3%)
Site of primary

Cardia/Fundus 42 (13.5%)

Body 76 (24.5%)

Pylorus/Antrum 136 (43.9%)

Repeat 45 (14.5%)

Unkown 11 (3.5%)
Grade

Well differentiated 22 (7.1%)

Moderately differentiated 60 (19.4%)

Poorly differentiated 130 (41.9%)

Signet ring 44 (14.2%)

Other/Unknown 54 (17.4%)
Weight loss

Yes 132 (42.6%)

No 170 (54.8%)
Number of distant metastatic site

0 59 (19.0%)

1 160 (51.6%)

2 69 (22.3%)

3 15 (4.8%)

4 7 (2.3%)
Metastasis

Liver 76 (24.5%)

Ascitic 38 (12.3%)

Lung 22 (7.1%)

Bone 11 (3.5%)
Complete blood count (median + SD)

WBC, 10”1 (V = 307) 6.4 +2.32

ANC, 10°/1 (N = 297) 3.8 +2.08

LN, 10%/1 (N = 296) 1.7 £ 0.64

Hemoglobin, g/l (V = 307) 114.0 + 20.70

PLT, 10°/1 (N = 307) 230.0 + 99.86

PLR (N = 298) 139.6 + 81.09

NLR (V= 296) 22+1.70
Blood chemistry (median + SD)

TP, g/l (N = 296) 63.5 + 6.75

ALB, g/l (N = 296) 38.2 £5.00

ALP, U/l (N = 301) 76.0 £ 97.74

ALT, U/l (N = 303) 15.0 + 20.82

TBIL, pmol/l (N = 302) 8.4 + 4.49

Prognostic Model

Multivariate regression analysis included the variables that were
found to have prognostic significance in univariate analysis, as listed
above and in Table 2. The forward conditional Cox regression model
was used to delineate significant prognostic factors for survival. Five
factors were found to play an independent prognostic role: no
previous gastrectomy, number of distant metastatic sites, bone
metastasis, liver metastasis, and an elevated NLR (Table 3).

Then, a multivariate analysis prognostic model was constructed by
incorporating all five prognostic indicators. The risk scoring system
was distributed based on hazard ratios (HRs) from the final
multivariate analysis model, with 1 point for an HR <1.5 and 2
points for an HR >1.5. According to the risk scores, patients were
assigned to three risk categories: low risk (0 point), intermediate risk
(1-3 points), and high risk (>4 points). Median survival times for
low-, intermediate-, and high-risk groups were 19.7, 10.7, and 5.1
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Figure 1. Overall survival of all patients. The median time of OS was
10.6 months (95% CI = 9.7-11.4).

months, respectively. Survival curves according to the prognostic
model are shown in Figure 2. One-year survival rates for low-,
intermediate-, and high-risk groups were 63.4%,43.3%, and
17.2%.When compared with the low-risk group, the intermediate-r-
isk group had a 2.1-fold (HR = 2.07; 95% CI = 1.46-2.94) increased
risk of death, wheresa the high-risk group demonstrated a 3.7-fold
(HR = 3.66; 95% CI = 2.53-5.28) increased risk of death. There were
significant survival differences among the three risk groups (2<.001).

Discussion

Many variables potentially influence survival such as tumor grade,
tumor burden, nutritional status, and PS. PS is the most important
parameter for predicting survival in patients with metastatic gastric
cancer [10]. In a study analyzing 1455 metastatic gastric cancer
patients who received first-line chemotherapy, patients with a PS of 2
to 4 were found to be associated with a 1-year survival rate of 17.1%
compared with 39.2% for patients with a PS of 0 to 1 [6]. Evidently,
patients with a good PS were better able to tolerate the prescribed
dose and course of chemotherapy and usually had relatively good
survival outcomes. In our study, the median time of OS for all
patients with a good PS was 10.6 months, longer than predicted by
other prognostic models for metastatic gastric cancer patients (7.3-8.6
months) [6,7,10]. This highlights that having a good PS is a superior
prognostic predictor.

There was no previous prognostic model identified that could be
used to guide treatment for patients with a good PS. Our study was a
single-institution, retrospective study that analyzed data pooled from
patients with a good PS receiving first-line palliative chemotherapy for
metastatic gastric cancer. Five statistically significant independent
prognostic factors of poor survival (no previous gastrectomy, distant
organ metastasis 22, NLR >50th percentile, bone metastasis, and
liver metastasis) were identified. Using these factors, a prognostic
model to predict survival was developed that involved grouping
patients into three risk categories: low, intermediate, and high, with
significant survival differences.

It is recognized increasingly that tumors that occur or spread are
associated not only with tumor-related factors but also host
inflammatory factors [18]. These various factors have an important
impact in building a prognostic model. NLR was a useful host
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Table 2. Univariate Analyses with Regard to OS in 296 Patients Table 3. Multivariate Analysis with Regard to OS in 296 Patients

Variable MST (Months) 1-Year Survival P Value HR (95% CI) Factor HR 95% CI P Value

Sex Liver metastasis 1.766 1.308-2.385 <.001
Male 10.8 49.5% 145 1.221 No previous gastrectomy 1.416 1.082-1.853 .011
Female 10.1 38.0% (0.934-1.598) Bone metastasis 2.198 1.156-4.181 016

Age NLR >50th percentile 1.367 1.042-1.794 024
<58 11.2 48.1% 832 1.028 Number of distant metastatic site >2 1.474 1.110-1.957 .007
>58 10.6 43.4% (0.797-1.327)

ECOG
0 12.9 50.9% 177 1.238

, T 10.4 44.8% (0-908-1.686) A current meta-analysis showed that OS was significantly worse in
revious gastrectomy . .

Yes 121 53.8% <001 1.627 patients with an elevated NLR value regardless of whether they had
No 9.4 38.4% (1.258-2.104)  resectable or metastatic gastric cancer [22].

Weight loss In the present analysis, patients with an elevated NLR (NLR
Yes 10.4 44.0% 134 0818 ~50ch ile) had a sienificantl OS than th ithal
No 112 £7.4% (0.628-1.064) 50th percentile) had a significantly poorer OS than those with a low

Number of distant organ metastasis NLR. This is the first time that NLR has been incorporated in the
0-1 1.9 51.7% <01 1728 development of a prognostic model for metastatic gastric cancer. In
22 8.0 31.8% (1.310-2.279) B .

Ascitic recent years, clinicians invested in resources and effort to develop
No 11.2 47.7% 042 1459 biomarkers for cancer patients. The NLR has distinct advantages
Yes 8.7 33.3% (1.014-2.099)  because it is easily obtained, convenient to monitor, and cost-effec-

Liver metastasis ; Thi hould b ivel d al linical
No " £9.6% “001 1920 tive. This parameter should be extensively used to analyze clinica
Yes 8.8 34.7% (1.430-2576)  study results and in the design of future clinical trials. Other

Lung metastasis host-response factors, such as PLR and hemoglobin and albumin
No 10.7 47.1% 631 1117 level 1 ically rel in this studv. El dPLR
Yes 87 31.8% (©0712-1753  level, were also prognostically relevant in this study. Elevate was

Bone metastasis statistically significant in univariate analysis but not in multivariate
No 10.7 46.5% 027 2.047 analysis. One possible reason why many studies have previously found
Yes 4.4 30.0% (1.084-3.864) . . .

WBC low hemoglobin and low albumin levels to be independent poor
<6.410°/1 11.9 51.7% 033 1318 prognostic factors for advanced gastric cancer was that, in these

*10°. . .

A;(?A 1071 9.7 40.0% (1.022-1.700)  geudies, patients usually had a poor PS [6,9,23,24]. Although all
<3.810°/1 129 54.4% 001 1555 patients involved in our study had a good PS, these two factors were
>3.8*10°/1 9.2 57.4% (1.205-2.007)  not identified as prognostic in the present analysis.

LN Liver metastasis is usually found in gastric cancer because the
<1.7°10°/1 9.1 40.3% 234 0857 £l . dilv evid linicall diol
170N 18 51.7% (0.665-1.105)  Presence of liver metastasis is readily evident clinically or radiolog-

Hemoglobin ically. For example, liver nodules are easily seen on ultrasound or
sl gl 10.7 45.7% 917 1.014 computed tomography scans. Although bone is not a common site of
>114 g/l 10.8 46.2% (0.785-1.308) . . . . .

PLT metastasis in gastric cancer, previous studies have found that liver and
<230°10°/1 11.9 51.3% 049 1.291 bone metastases were extremely poor prognostic factors in gastric

*102, . .

PL;BO 1071 28 40.3% (1.001-1.665)  cancer patients [6-8]. In our study, we found that liver and bone
<50th percentile 12.6 53.7% 009 1.1.406 metastases were independent inferior prognostic factors in patients
>50th percentile 9.5 38.1% (1.090-1.814)  with a good PS. In a study evaluating 1080 patients with

NLR
<50th percentile 13.6 57.4% <001 1.623
>50th percentile 8.8 34.5% (1.256-2.096)

TP 100 1=
<635 g/l 10.4 43.2% 713 0.953 = Risk Group Median survival 1-year OS
>63.5 g/l 11.1 48.6% (0.736-1.233) é 80- Low risk 19.7months  63.4%

ALB ] — .
<382 ¢/l 10.1 41.8% 064 0.785 = i Intermediate risk ___10.7months _ 43.3%
>38.2 g/l 113 50.0% (0.607-1.014) 2 04 High risk 541months  17.2%

ALP 2 Loy
<76 U/l 11.1 48.6% 383 1.121 a Voo P<0.001
>76 U/l 10.4 42.4% (0.867-1.449) = 404 H

ALT 2 1\ 3
<15 U/ 10.7 44.3% 210 0.848 = \
>15 U/l 10.8 47.8% (0.654-1.098) @ 204 L Low risk

TBIL . o
<8.4 pmol/l 11.1 46.7% 329 0.880 . High risk oo, Intermediate risk
>8.4 pmol/l 10. 44.89 .680-1.1 y y g . 7 :

8.4 pmol/ 03 8% (0.680-1.138) 0 10 20 30 40 so 60

MST, median survival time.

inflammatory biomarker for predicting inferior OS. Previous studies
revealed that an elevated NLR was an independent factor of OS in
multivariate analysis in patients with advanced gastric cancer [19-21].

Time (months)

Figure 2. Kaplan-Meier survival curves for survival probability
according to risk groups. The median survival differences between
low-, intermediate-, and high-risk groups (19.7, 10.7, and 5.1
months, respectively; P <.001) were statistically significant.
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esophagogastric cancer, a similar conclusion was reached for patients
with good and poor PS [6]. Liver and bone metastases were two
common poor prognostic factors for patients with good and poor PS.

The role of radical gastrectomy in operable gastric cancer patients is
relatively doubtless; however, the role of gastric resection in patients with
metastatic gastric cancer remains dismal. Some studies have demonstrated
that not having a prior gastrectomy was a statistically significant
prognostic factor of poor survival [8,25]. Reasons considered to explain
the benefit of palliative gastrectomy were as follows: First, palliative
gastrectomy could relieve potentially life-threatening complications such
as perforation, obstruction, or bleeding. Second, surgery could improve
outcomes by reducing tumor burden, increasing the quality of life and
responsiveness to adjuvant chemoradiotherapy. Third, surgical resection
for primary sites may reduce immunosuppressive cytokines produced by
the tumor [26-28]. A recent meta-analysis of 10 studies showed that
gastric resections were associated with a five-fold higher OS rate versus
nonsurgical treatment [29]. In our analysis, patients with previous
gastrectomy, either palliative or radical, had obvious survival superiority
when compared with those without previous gastrectomy, and its
prognostic significance was retained in multivariate analysis.

Previous prognostic models revealed that patients categorized in
the high-risk group had very poor survival outcomes (2.7-4.1
months) [6,7,10]. This subset of patients, who usually had a poor PS,
would be provided with the best supportive care. Nevertheless,
patients with a good PS in our models had a better predictive survival
rate. Notably, patients with high-risk factors had very poor survival,
approximately 5.1 months. This group of patients that had a good PS
was able to endure high-intensity treatment. Therefore, this subset of
patients may be candidates for more cytotoxic drug combination
chemotherapy regimens or for adding targeted agents rather than just
being provided with best supportive care. This strategy may be
crucial in developing new approaches or clinical trials for these
patients. That is the difference between our model and previous
prognostic models.

To the best of our knowledge, it is the first prognostic model for
this specific subset of patients.

Conclusions

Five prognostic factors were identified in patents receiving first-line
palliative chemotherapy for metastatic or recurrent gastric cancer. A
prognostic model was developed with distinct survival outcomes among
the different risk groups. Therefore, the constructed prognostic model
could be used to help oncologists identify patients that could possibly
benefit from current chemotherapeutic agents and aid them in selecting
an appropriate treatment based on the approximated prognosis.
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