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IMPORTANCE The current staging system of gastric cancer is not adequate for defining a
prognosis and predicting the patients most likely to benefit from chemotherapy.

OBJECTIVE To construct a survival prediction model based on specific tumor and patient
characteristics that enables individualized predictions of the net survival benefit of adjuvant
chemotherapy for patients with stage II or stage III gastric cancer.

DESIGN, SETTING, AND PARTICIPANTS In this multicenter retrospective analysis, a survival
prediction model was constructed using data from a training cohort of 746 patients with
stage II or stage III gastric cancer who satisfied the study’s inclusion criteria and underwent
surgery between January 1, 2004, and December 31, 2012, at Nanfang Hospital in
Guangzhou, China. Patient and tumor characteristics were included as covariates, and their
association with overall survival and disease-free survival with and without adjuvant
chemotherapy was assessed. The model was internally validated for discrimination and
calibration using bootstrap resampling. To externally validate the model, data were included
from a validation cohort of 973 patients with stage II or stage III gastric cancer who met the
inclusion criteria and underwent surgery at First Affiliated Hospital in Guangzhou, China, and
at West China Hospital of Sichuan Hospital in Chendu, China, between January 1, 2000, and
June 30, 2009. Data were analyzed from July 10, 2016, to September 1, 2016.

MAIN OUTCOMES AND MEASURES Concordance index and decision curve analysis for each
measure associated with postoperative overall survival and disease-free survival.

RESULTS Of the 1719 patients analyzed, 1183 (68.8%) were men and 536 (31.2%) were
women and the median (interquartile range) age was 57 (49-66) years. Age, location,
differentiation, carcinoembryonic antigen, cancer antigen 19-9, depth of invasion, lymph
node metastasis, and adjuvant chemotherapy were significantly associated with overall
survival and disease-free survival, with P < .05. The survival prediction model demonstrated
good calibration and discrimination, with relatively high bootstrap-corrected concordance
indexes in the training and validation cohorts. In the validation cohort, the concordance index
for overall survival was 0.693 (95% CI, 0.671-0.715) and for disease-free survival was 0.704
(95% CI, 0.681-0.728). Two nomograms and a calculating tool were built on the basis of
specific input variables to estimate an individual’s net survival gain attributable to adjuvant
chemotherapy.

CONCLUSIONS AND RELEVANCE The survival prediction model can be used to make
individualized predictions of the expected survival benefit from the addition of adjuvant
chemotherapy for patients with stage II or stage III gastric cancer.
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G astric cancer (GC) is the fourth most common human
malignant disease and the second leading cause of can-
cer-related deaths worldwide.1 Surgical resection is the

primary treatment for resectable GC; however, even after com-
plete resection, a subset of patients will develop local recur-
rences and metachronous metastases.2 For proper postopera-
tive surveillance and treatment, it is necessary to develop
prognostic tools to characterize the heterogeneity of GC.

In recent years, significantly improved outcomes have been
reported for patients with GC, mostly because of improve-
ments in drug therapy.2-5 Adjuvant chemotherapy has been
recommended as a standard postoperative chemotherapy
regimen for patients with stage II or stage III GC.2-4,6 However,
administration of adjuvant chemotherapy to all patients with
stage II or stage III GC is unnecessary and may even be harmful
for some patients. Consequently, there is considerable interest
in exploring the potential individual benefit of adjuvant che-
motherapy. Some markers have been identified that may be as-
sociated with chemotherapy benefits for GC; however, most pro-
posed biomarkers are not clinically implemented because they
lack reproducibility and/or standardization. Therefore, they can-
not be used to quantify the individual net survival benefit of add-
ing adjuvant chemotherapy. As a result, clinicians currently have
little evidence to use when determining whether adjuvant che-
motherapy will be beneficial to their patients.

The aim of this study was to construct a survival predic-
tion model—a decision aid—to estimate the potential survival
benefit of adjuvant chemotherapy after surgery for patients
with stage II or stage III GC. To this end, we constructed a Cox
proportional hazards multivariate regression model and vali-
dated it in a validation cohort.

Methods
Study Population
The study included a retrospective medical records review of
patients who had been enrolled in Nanfang Hospital of South-
ern Medical University (Guangzhou, China), First Affiliated
Hospital of Sun Yat-sen University (Guangzhou, China), and
West China Hospital of Sichuan University (Chendu, China).
All the data were extracted by 2 experienced abstractors (L. Z.
and L. H.), who were blinded to the study hypothesis. The in-
terrater reliability testing was operated, and the interrater
agreement was good (κ = 0.93). The quality of the study was
ensured by following the Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) guidelines. The
institutional review boards at Nanfang Hospital of Southern
Medical University, First Affiliated Hospital of Sun Yat-sen Uni-
versity, and West China Hospital of Sichuan University (here-
inafter, West China Hospital) approved the retrospective analy-
sis of anonymous data and waived the need to obtain patient
informed consent.

We collected data in the training cohort of 746 patients who
underwent GC surgery at the Department of Surgery at Nan-
fang Hospital between January 1, 2004, and December 31, 2012
(eFigure 1 in the Supplement). All these patients satisfied the
following inclusion criteria: presence of primary stage II or III

GC, no combined malignant neoplasm, no preoperative che-
motherapy, no distant metastasis, R0 resection (no residual
macroscopic or microscopic tumor), more than 15 examined
lymph nodes, and no missing values.

We included in the independent validation cohort an-
other 973 patients who met the inclusion criteria and under-
went surgery at the First Affiliated Hospital and West China
Hospital between January 1, 2000, and June 30, 2009 (eFig-
ure 1 in the Supplement). Data were analyzed from July 10,
2016, to September 1, 2016.

This data set included patient demographics (age and
sex), overall status (American Society of Anesthesiologists
score, Eastern Cooperative Oncology performance status, and
Charlson comorbidity index), postoperative complications,
pathologic characteristics (location, size, differentiation,
Lauren type,7,8 depth of invasion, and lymph node metasta-
sis), adjuvant chemotherapy, and follow-up data (follow-up
duration and survival). The severity of postoperative compli-
cations was assessed according to the Clavien-Dindo
classification.9 The location of the tumor was categorized as
cardia, body, antrum, or whole, and the size of the tumor was
measured at the longest diameter. The histologic subtype was
categorized as well differentiated, moderately differentiated,
poorly differentiated, and undifferentiated. The TNM staging
was reclassified according to the seventh edition of the AJCC
Cancer Staging Manual of the American Joint Committee on
Cancer (AJCC)/International Union Against Cancer.10 Adju-
vant chemotherapy was categorized as received or not re-
ceived. The characteristics of patients who received and who
did not receive adjuvant chemotherapy were similar in our
study (Table 1 and eFigure 1 in the Supplement). Propensity
score matching analysis was performed for receiving the che-
motherapy using 1:1 nearest matching based on the following
covariates: age, sex, Eastern Cooperative Oncology perfor-
mance status, American Society of Anesthesiologists score,
Charlson index, postoperative complications, differentia-
tion, carcinoembryonic antigen (CEA), cancer antigen 19-9
(CA19-9), location, depth of invasion, lymph node metasta-
sis, size, and Lauren type (which was not used in the valida-
tion cohort) as a sensitivity analysis. Follow-up data were col-
lected from hospital records for patients who were lost to
follow-up. The follow-up duration was measured from the time

Key Points
Question Who are more likely to benefit from adjuvant
chemotherapy among patients with stage II or stage III gastric
cancer?

Findings In this multicenter retrospective analysis of medical
records of 1719 patients with stage II or stage III gastric cancer, 2
nomograms and 1 calculating tool were built to estimate the net
survival gain from adjuvant chemotherapy for stage II and stage III
gastric cancer.

Meaning The survival prediction model can be used to make
individualized predictions of the expected survival benefit of
adjuvant chemotherapy, thus guiding clinical practice.
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Table 1. Patient and Tumor Characteristics in the Training and Validation Cohorts

Variable

Training Cohort, No. (%) Validation Cohort, No. (%)

No CT
(n = 329)

CT
(n = 417) P Value

No CT
(n = 468)

CT
(n = 505) P Value

Age, median (IQR), y 58 (49-65) 54 (48-64) .64 59 (50-68) 57 (48-66) .25

Sex

Male 219 (66.6) 289 (69.3)
.42

330 (70.5) 345 (68.3)
.46

Female 110 (33.4) 128 (30.7) 138 (29.5) 160 (31.7)

ASA scorea

I 170 (51.7) 208 (49.9)

.77

232 (49.6) 246 (48.7)

.96II 152 (46.2) 202 (48.4) 229 (48.9) 251 (49.7)

III 7 (2.1) 7 (1.7) 7 (1.5) 8 (1.5)

ECOG PSb

0 234 (71.1) 302 (72.4)

.76

329 (70.3) 351 (69.5)

.961 90 (27.4) 111 (26.6) 134 (28.6) 148 (29.3)

2 5 (1.5) 4 (1.0) 5 (1.1) 6 (1.2)

Charlson comorbidity indexc

0 218 (66.3) 266 (63.8)

.57

313 (66.9) 339 (67.1)

.96
1 81 (24.6) 120 (28.8) 119 (25.4) 126 (25.0)

2 24 (7.3) 25 (6.0) 28 (6.0) 33 (6.5)

3 6 (1.8) 6 (1.4) 8 (1.7) 7 (1.4)

Complications after surgery

No 283 (86.0) 357 (85.6)
.87

397 (84.8) 432 (85.5)
.75

Yes 46 (14.0) 60 (14.4) 71 (15.2) 73 (14.5)

Size

≥4 cm 207 (62.9) 235 (56.4)
.07

322 (68.8) 334 (66.1)
.38

<4 cm 122 (37.1) 182 (43.6) 146 (31.2) 171 (33.9)

Lauren typed

Intestinal 210 (63.8) 269 (65)
.85

Diffuse or mixed 119 (36.2) 148 (36)

Differentiation

Well 32 (9.7) 46 (11)

.80

18 (3.8) 23 (4.6)

.07
Moderate 62 (18.8) 68 (16.6) 124 (26.5) 124 (24.6)

Poor 225 (68.4) 290 (69.5) 314 (67.1) 355 (70.3)

Undifferentiated 10 (3) 13 (3.1) 12 (2.6) 3 (0.6)

Location

Cardia 70 (21.3) 79 (18.9)

.25

165 (35.3) 154 (30.5)

.32
Body 89 (27.1) 110 (26.4) 121 (25.9) 127 (25.1)

Antrum 154 (46.8) 217 (52) 162 (34.6) 199 (39.4)

Whole 16 (4.9) 11 (2.6) 20 (4.3) 25 (5.0)

CEAe

Elevated 54 (16.4) 58 (13.9)
.34

73 (15.6) 67 (13.3)
.30

Normal 275 (83.6) 359 (86.1) 395 (84.4) 438 (86.7)

CA19-9f

Elevated 73 (22.2) 76 (18.2)
.18

92 (19.7) 75 (14.9)
.047

Normal 256 (77.8) 341 (81.8) 376 (80.3) 430 (85.1)

Depth of invasion

T1 11 (3.3) 14 (3.4)

.62

24 (5.1) 14 (2.8)

.11

T2 24 (7.3) 23 (5.5) 19 (4.1) 29 (5.7)

T3 9 (2.7) 14 (3.4) 36 (7.7) 46 (9.1)

T4a 217 (66) 293 (70.3) 264 (56.4) 302 (59.8)

T4b 68 (20.7) 73 (17.5) 125 (26.7) 114 (22.6)

(continued)
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of surgery to the last follow-up date, and information regard-
ing the survival status at the last follow-up was collected. Dis-
ease-free survival (DFS) was not recorded in the data set of West
China Hospital.

Development of the Prediction Model
Multivariate regression analysis was performed using Cox pro-
portional hazards modeling, which formed the basis for the sur-
vival prediction model. In the training cohort, survival curves
for different variable values were generated using the Kaplan-
Meier estimates and were compared using the log-rank test.
Variables that achieved statistical significance at P < .05 were
entered into the multivariate analyses via the Cox regression
model. Covariates included in the prediction model were se-
lected on the basis of known clinical prognostic factors and
availability in the training cohort. Included covariates were age,
location, CEA and CA19-9 levels, differentiation, depth of in-
vasion, lymph nodes metastasis, and adjuvant chemo-
therapy (yes or no). The prediction model was implemented
into nomograms to enable use on plain paper and implemen-
tation as a calculation tool.

Validation of the Prediction Model
The survival prediction model was validated by measuring both
discrimination and calibration. Both discrimination and cali-
bration were evaluated on the original study cohort using boot-

strapping with 1000 resamples.18,19 Discrimination was evalu-
ated using the concordance index (C index), which is similar
in concept to the area under a receiver operating characteris-
tic curve. The C index measures the probability that, given a
pair of randomly selected patients, the survival prediction
model correctly predicts which patient will experience an event
first. The C index of the model can range from 0.5, which rep-
resents random chance, to 1.0, which represents a perfectly
discriminating model. The other validation measure was cali-
bration, which compares predicted survival with actual sur-
vival. Calibration was evaluated with a calibration curve, in
which patients are grouped by predicted survival and then plot-
ted as actual vs predicted survival.

Clinical Use
Decision curve analysis was performed to determine the clini-
cal usefulness of the nomograms by quantifying the net ben-
efits at different threshold probabilities.20,21

Statistical Analysis
Differences in distributions between the variables examined
were assessed with the unpaired, 2-tailed χ2 test or the Fisher
exact test, as appropriate. Survival curves were generated ac-
cording to the Kaplan-Meier method and compared using the
log-rank test. Univariate and multivariate analyses were per-
formed with the Cox proportional hazards model. Nomo-

Table 1. Patient and Tumor Characteristics in the Training and Validation Cohorts (continued)

Variable

Training Cohort, No. (%) Validation Cohort, No. (%)

No CT
(n = 329)

CT
(n = 417) P Value

No CT
(n = 468)

CT
(n = 505) P Value

Lymph node metastasis

N0 78 (23.7) 96 (23)

.19

126 (26.9) 129 (25.5)

.52

N1 60 (18.2) 97 (23.3) 93 (19.9) 110 (21.8)

N2 108 (32.8) 108 (25.9) 105 (22.4) 131 (25.9)

N3a 63 (19.1) 92 (22.1) 96 (20.5) 89 (17.6)

N3b 20 (6.1) 24 (5.8) 48 (10.3) 46 (9.1)

Cancer stage

II 91 (27.7) 121 (29)
.68

152 (32.5) 156 (30.9)
.60

III 238 (72.3) 296 (71) 316 (67.5) 349 (69.1)

Abbreviations: ASA, American Society of Anesthesiologists; CA19-9, cancer
antigen 19-9; CEA, carcinoembryonic antigen; CT, chemotherapy; ECOG PS,
Eastern Cooperative Oncology performance status; IQR, interquartile range.

SI conversion factor: To convert CEA to micrograms per liter, multiply by 1.0.
a The ASA physical status classification system: ASA I, patient is healthy with no

systemic disease; ASA II, patient has mild systemic disease; ASA III, patient has
severe systemic disease or multiple diseases affecting different organ systems;
ASA IV, patient has severe systemic disease that is a constant threat to life;
ASA V, patient is moribund and not expected to survive without the operation;
and ASA VI, brain dead patient whose organs are being removed for
donation.11,12

b TheECOG PS levels of functioning: 0, asymptomatic—fully active, able to carry
on all predisease activities without restriction; 1, symptomatic but completely
ambulatory—restricted in physically strenuous activity but ambulatory and
able to carry out work of a light or sedentary nature; 2, symptomatic and less
than 50% of time in bed during the day—ambulatory and capable of all
self-care but unable to carry out any work activities; 3, symptomatic, more
than 50% of time in bed during the day but not bedbound—capable of only
limited self-care and confined to bed or chair 50% or more of waking hours;

4, bedbound—completely disabled, cannot carry on any self-care, totally
confined to bed or chair; and 5, death.13

c Charlson comorbidity index scoring: 1 point—myocardial infarction, congestive
heart failure, peripheral vascular disease, dementia, cerebrovascular disease,
chronic lung disease, connective tissue disease, ulcer, chronic liver disease, or
diabetes; 2 points—hemiplegia, moderate or severe kidney disease, diabetes
with end organ damage, tumor, leukemia, or lymphoma; 3 points
each—moderate or severe liver disease; and 6 points each—malignant tumor,
metastasis, or AIDS.14

d Intestinal Lauren type includes adenocarcinoma tumor cells that are irregular
tubular structures that harbor pluristratification, multiple lumens, and reduced
stroma. Diffuse Lauren type comprises adenocarcinoma (mucinous, colloid,
linitis plastica, or leather-bottle stomach) tumor cells that are discohesive and
secrete mucus, which is delivered in the interstitium and produces large pools
of mucus or colloid.7,8

e For CEA, elevated indicates 5 ng/mL or greater; normal, less than 5 ng/mL.15

f For CA19-9, elevated indicates 37 U/mL or greater; normal, less than 37
U/mL.16,17
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grams and calibration plots were generated using the rms
package of R version 3.0.1. All other statistical tests were
conducted using SPSS version 19.0 (IBM) and R version 3.0.1
(http://www.r-project.org). Statistical significance was set at
2-sided P < .05.

Results
Clinical Characteristics
The clinicopathologic characteristics for the training cohort
(n = 746) and validation cohort (n = 973) are listed in Table 1
and eTable 1 in the Supplement. The number of patients with
stage II or stage III GC who received adjuvant chemotherapy
was 417 (55.9%) in the training cohort and 505 (51.9%) in the
validation cohort. The characteristics of patients who re-
ceived and who did not receive adjuvant chemotherapy were
similar in our study (Table 1 and eTable 1 in the Supplement).
Of the 1719 patients analyzed, 1183 (68.8%) were men and 536
(31.2%) were women and the median (interquartile range [IQR])
age was 57 (49-66) years. The actuarial overall survival (OS)
and DFS grouped by receipt of adjuvant chemotherapy are
shown in Figure 1. Adjuvant chemotherapy significantly pro-
longed the OS and DFS of patients with stage II or stage III GC
in both the training and validation cohorts (P = .001 and P = .01,
respectively, in the training cohort; P < .001 and P = .002, re-
spectively, in the validation cohort).

Compared with patients without adjuvant chemo-
therapy, the median (IQR) survival time increased from 30 (10-
63) months to 37 (13-61) months for DFS and from 36 (17-67)
months to 43 (23-65) months for patients with adjuvant che-
motherapy in the training cohort. In the validation cohort, the
median (IQR) survival time increased from 33 (13-68) months
to 60 (19-81) months for DFS and from 38.5 (16-69) months to
61 (24-78) months for OS.

Development of an Individualized Prediction Model
Results of the multivariate regression model are listed in Table 2
and eTable 2 in the Supplement. Statistically significant co-
variates were age, location, CEA and CA19-9 levels, differen-
tiation, depth of invasion, lymph nodes metastasis, and re-
ceipt of adjuvant chemotherapy. Nomograms were constructed
from the coefficients of this model. To estimate the net sur-
vival benefit from adjuvant chemotherapy, the 2 nomograms
were used together (Figure 2 and Figure 3). The first nomo-
gram (Figures 2A and 3A) estimated survival time without ad-
juvant chemotherapy, and the second nomogram (Figures 2B
and 3B) estimated survival time with adjuvant chemo-
therapy. The difference between the 2 estimates was the ex-
pected net survival benefit from the addition of adjuvant che-
motherapy. To use the nomogram, first draw a vertical line to
the top points row to assign points for each variable; then, add
the points from each variable together and drop a vertical line
from the total points row to obtain the 1-year survival, 3-year
survival, 5-year survival, and median survival time (in months).
A calculating tool (eFigure 2 in the Supplement) is also imple-
mented that can calculate the estimated net survival benefit
from the addition of adjuvant chemotherapy after the user en-

ters the requested patient and tumor characteristics. For ex-
ample, for a 70-year-old patient with GC and elevated levels
of CEA and CA19-9 as well as T4aN1 cardia tumor that is poorly
differentiated, the model predicts that the addition of adju-
vant chemotherapy would increase the 1-year OS rate from 65%
to 78%, improving the median survival time from 18 months
to 23 months (eFigure 2 in the Supplement).

Validation of the Nomograms
Model performance was validated for discrimination and cali-
bration. Discrimination was measured using the bootstrap-
corrected C index.

The calibration curve (eFigure 3A and B in the Supple-
ment) showed good agreement between predicted and
observed outcomes in the training cohort. The C indexes were
0.683 (95% CI, 0.655-0.711) for OS prediction and 0.686 (95%
CI, 0.660-0.713) for DFS prediction.

Good calibration was observed for the 1-year, 3-year, and
5-year outcomes in the validation cohort (eFigure 3C and D in
the Supplement). In the validation cohort, the C indexes were
0.693 (95% CI, 0.671-0.715) for OS prediction and 0.704 (95%
CI, 0.681-0.728) for DFS prediction.

Furthermore, we compared the discrimination of our no-
mogram with that of the TNM classification in the seventh edi-
tion of the AJCC Cancer Staging Manual. The discrimination
of our nomogram was superior to that of the AJCC Cancer Stag-
ing Manual (C index for the training cohort: OS, 0.595 (95% CI,
0.574-0.616) and DFS, 0.595 (95% CI, 0.575-0.615); valida-
tion cohort: OS, 0.621 (95% CI, 0.603-0.638) and DFS, 0.625
(95% CI, 0.605-0.644).

The patient and tumor characteristics in the training and
validation cohort after propensity score matching are shown
in eTable 3 in the Supplement, which were not changed. The
results of univariate and multivariate analyses were similar af-
ter propensity score matching (eTables 4 and 5 in the Supple-
ment).

Clinical Use
The decision curve analysis for these nomograms in the vali-
dation cohort is presented in eFigure 4 in the Supplement. The
decision curve showed that if the threshold probability of a pa-
tient or physician is greater than 10%, using the 2 nomo-
grams to predict the 3-year and 5-year OS and DFS provides
more benefit than either the treat-all-patients scheme or the
treat-no-patients scheme.

Discussion
This study makes an important contribution by developing a
survival prediction model using a large cohort of patients with
stage II or stage III GC who were treated in China between 2000
and 2012. The model is more predictive than the stage group-
ing in the seventh edition of the AJCC Cancer Staging Manual,
with higher C indexes and good calibration. The model is use-
ful for individualizing therapeutic recommendations.

In this study, 520 patients had stage II GC and 1199 pa-
tients had stage III GC according to the staging system of the
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Figure 1. Kaplan-Meier Estimates of Overall Survival (OS) and Disease-Free Survival (DFS) in Patients With
Stage II or Stage III Gastric Cancer
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seventh edition of the AJCC Cancer Staging Manual. The
CLASSIC (Capecitabine and Oxaliplatin Adjuvant Study in
Stomach Cancer) trial—a phase 3, randomized, open-label study
conducted at 35 cancer centers, medical centers, and hospi-
tals in China, South Korea, and Taiwan—compared adjuvant
capecitabine plus oxaliplatin with observation after D2 gas-
trectomy for patients with stage II or III GC.2,4 The esti-
mated 5-year DFS was 68% (95% CI, 63%-73%) in the adju-
vant capecitabine and oxaliplatin group vs 53% (95%
CI, 47%-58%) in the observation alone group. The estimated
5-year OS was 78% (95% CI, 74%-82%) in the adjuvant
capecitabine and oxaliplatin group vs 69% (95% CI, 64%-
73%) in the observation group.2 Compared with the 5-year
OS rate of 73% after surgery alone for this patient popula-
tion, adjuvant chemotherapy with uracil-tegafur also sig-
nificantly improved 5-year OS up to 86% in a randomized
controlled trial.22

The Adjuvant Chemotherapy Trial of S-1 (an oral dihy-
dropyrimidine dehydrogenase inhibitory fluoropyrimidine
preparation) for Gastric Cancer, another randomized phase 3
trial with similar eligibility criteria, confirmed the effective-
ness of 1-year, postoperative fluoropyrimidine preparation

treatment compared with surgery alone in patients with stage
II or stage III GC who underwent D2 gastrectomy.23-25

The OS rate at 5 years was 71.7% in the fluoropyrimidine
preparation group and 61.1% in the surgery-only group (haz-
ard ratio [HR], 0.669; 95% CI, 0.540-0.828). The relapse-free
survival rate at 5 years was 65.4% in the fluoropyrimidine
preparation group and 53.1% in the surgery-only group (HR,
0.653; 95% CI, 0.537- 0.793).5 However, whether all patients
at this stage require adjuvant chemotherapy is uncertain. Our
model may be useful for selecting patients who are unlikely
to benefit from adjuvant chemotherapy.

The C indexes of our nomograms were 0.68 to 0.71, a range
slightly lower than those reported in previous studies (0.70-
0.80 in different patient populations),26-28 and were similar
to those of Hirabayashi and colleagues.29 It is unclear why the
C indexes of our nomograms were lower than others, but a pos-
sible explanation is the difference in patient populations. Pre-
vious studies included many patients with stage I GC whose
prognosis was excellent and/or patients with stage IV GC
whose prognosis was poor.26,27 The present study included
only patients with stage II or stage III GC whose prognoses
varied widely. When patients with stage I or stage IV GC

Table 2. Multivariate Cox Regression Analysis of Factors Associated With Overall Survival
and Disease-Free Survival

Variables

Disease-Free Survival Overall Survival

HR (95% CI) P Value HR (95% CI) P Value
Age 1.006 (1.001-1.011) .03 1.009 (1.003-1.014) .004

Sex 1.082 (0.868-1.348) .48 1.131 (0.896-1.428) .30

Size 1.025 (0.829-1.267) .82 1.027 (0.820-1.287) .81

Location .02 .02

Cardia 1 [Reference] 1 [Reference]

Body 0.838 (0.629-1.116) .23 0.971 (0.716-1.316) .85

Antrum 0.745 (0.574-0.967) .03 0.847 (0.644-1.114) .24

Whole 1.383 (0.833-2.296) .21 1.737 (1.052-2.868) .03

Differentiation <.001 <.001

Well 1 [Reference] 1 [Reference]

Moderate 1.031 (0.658-1.615) .89 0.958 (0.594-1.544) .86

Poor 1.719 (1.167-2.531) .006 1.651 (1.095-2.488) .02

Undifferentiated 2.842 (1.601-5.044) <.001 2.598 (1.416-4.764) .002

CEA 1.455 (1.120-1.891) .005 1.403 (1.064-1.850) .02

CA19-9 1.555 (1.221-1.979) <.001 1.548 (1.206-1.987) .001

Depth of invasion <.001 <.001

T1 1 [Reference] 1 [Reference]

T2 3.716 (1.106-12.485) .03 3.025 (0.890-10.280) .08

T3 3.558 (1.010-12.531) .048 2.921 (0.805-10.596) .10

T4a 3.362 (1.065-10.616) .04 3.031 (0.958-9.593) .059

T4b 8.057 (2.529-25.664) <.001 5.318 (1.662-17.022) .005

Lymph node metastasis <.001 <.001

N0 1 [Reference] 1 [Reference]

N1 0.948 (0.674-1.335) .76 1.029 (0.715-1.482) .88

N2 1.294 (0.957-1.750) .09 1.378 (0.997-1.905) .052

N3a 1.723 (1.257-2.362) .001 1.929 (1.380-2.697) <.001

N3b 2.177 (1.394-3.401) .001 3.005 (1.901-4.769) <.001

Adjuvant chemotherapy, yes
vs no

0.810 (0.663-0.988) .04 0.709 (0.574-0.875) .001
Abbreviations: CA19-9, cancer
antigen 19-9; CEA, carcinoembryonic
antigen; HR, hazard ratio.
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were included in this study, the C indexes of the nomo-
grams were much higher. Our nomogram discrimination
was superior to that of the seventh edition of the AJCC Can-
cer Staging Manual, with P < .001 in both OS and DFS in the
training and validation cohorts.

This study accurately predicts survival. The calibration
plots of the training cohort and validation cohort indicated that
actual survival corresponded closely with predicted survival,
suggesting that predictive performance of the nomograms was

good. The model can be widely used because these data col-
lected from 3 different cancer treatment centers in China may
minimize the effect of patients’ historical backgrounds and in-
stitutional differences.

In some cases, the model predicts that the addition of ad-
juvant chemotherapy would result in either no added benefit
or slight improvement; however, we did not specify a thresh-
old at which adjuvant chemotherapy should be recom-
mended; we believe that the final decision to administer

Figure 2. Nomograms for Comparing Expected Overall Survival (OS) With and Without Adjuvant Chemotherapy
(CT)
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adjuvant chemotherapy should be made after careful discus-
sion between the clinician and the patient and after consid-
ering multiple factors, many of which cannot be accounted for
in a prediction model. Although net potential survival ben-
efit as predicted by this model is an important consideration,
it should not be the sole basis for decision making. Quality of
life and specific patient preferences are also important con-
siderations in deciding treatment.

There has been growing interest in the development of can-
cer prediction models. A number of important cancer risk pre-
diction models are being used today for prostate,30,31 breast,32,33

pancreatic,34 and gastric cancers.27-29 Such models are prefer-
able to any individual clinician’s limited personal experience,
and such models may be more accurate than extrapolating from
other types of cancer. In addition, customized survival predic-
tions are more relevant to individual patients than recommen-

Figure 3. Nomograms for Comparing Expected Disease-Free Survival (DFS) With and Without Adjuvant
Chemotherapy (CT)
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dations based on coarse groupings of large numbers of hetero-
geneous patients. Estimating survival probability on the basis
of stage alone is not always accurate; our model aptly illus-
trates how prognosis changes markedly with variation in other
factors, such as patient age, CEA and CA19-9 levels, and differ-
entiation. As more specific patient and tumor information, such
as genetic information and molecular tumor biomarkers, be-
comes routinely collected in the future, use of these types of
predictive models will become increasingly important.

Limitations
There are some limitations to this study. First, our nomogram
was developed and validated using data from almost exclu-
sively Chinese patients. Second, the study was conducted ret-
rospectively, making it susceptible to the inherent biases of
such a study format. Third, the use of adjuvant chemo-
therapy was not within a randomized comparison, and the de-
cision to treat or not to treat patients after surgery was made
by the patients and/or clinicians. Although the clinical char-
acteristics of patients with and without adjuvant chemo-
therapy were not significantly different in the training and vali-
dation cohorts (Table 1), there are important clinicopathologic
differences between patients who received adjuvant chemo-
therapy and patients who did not. Fourth, the C indexes of our
model were only 0.68 to 0.71, which was not encouraging.

Clearly, our results should be further validated by prospec-
tive studies in multicenter clinical trials. Finally, our model con-
sidered only the various survival benefits of adjuvant chemo-
therapy for a given patient but not the potential toxic effects
of chemotherapy, which can vary from patient to patient. Only
when the clinician considers both the potential risks and ben-
efits of a given therapy can the clinician make an informed rec-
ommendation to a given patient.

In the future, we will seek to externally validate the per-
formance of our model using other patient databases. We will
also explore the possibility of including additional prognostic
variables to further improve performance.35 Other regression
modeling techniques will be used to determine whether pre-
dictive accuracy can be further improved.36,37

Conclusions
We present a survival prediction model that can make an in-
dividualized estimate of the net survival benefit of adding ad-
juvant chemotherapy for patients with stage II or stage III GC.
This model can assist clinicians and patients in quantifying the
benefit of adjuvant chemotherapy after surgical resection of
GC and in making individualized therapeutic recommenda-
tions and treatment decisions.
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