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Background: It remains unclear whether human epidermal growth factor receptor 2 (HER2) status is 
an outcome-associated biomarker independent of known prognostic factors for metastatic gastric cancer. 
Moreover, there are few reports about nomograms in inoperable locally advanced or metastatic gastric cancer 
(AGC), although several studies have been reported regarding other cancer types. This retrospective study 
aimed to develop nomograms that combine HER2 status and other prognostic factors to predict the survival 
outcomes of AGC patients starting first-line treatment.
Methods: In this study, 838 consecutive AGC patients starting first-line chemotherapy at the Aichi 
Cancer Center Hospital (ACC) were included to establish the nomograms that calculated the predicted 
probability of survival at different time points, 6 months and 1 and 2 years for overall survival (OS) and 3 and  
6 months, and 1 year for progression free survival (PFS). Nomograms were independently validated with  
269 consecutive AGC patients at the Cancer Center Hospital (SCC) who underwent first-line chemotherapy. 
The discriminatory ability and accuracy of the models were assessed using Harrell’s c-index. IHC3+ or 
IHC2+/ISH+ tumors were defined as HER2 positive.
Results: At a median follow-up of 12.3 (ACC) and 11.6 (SCC) months, the median OS was 12.5 
and 12.4 months (P=1.00), and the median PFS was 4.8 and 5.8 months (P=0.03), respectively. The 
nomograms showed good C-index values: OS was respectively 0.688 and 0.576 and PFS was respectively 
for 0.643 and 0.544.
Conclusions: The nomograms including HER2 status as covariate are crucial determinants of clinical care.
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Introduction 

Gastric cancer is the third leading cause of cancer-related 
death worldwide in 2012 (723,000, 8.8% of the total), and 
the highest estimated mortality rates are in Eastern Asia (1).  
Compared with the best supportive care, first-line 
chemotherapy for inoperable locally advanced or metastatic 
gastric cancer (AGC) improves survival and quality of 
life (2-4), but the median overall survival (OS) is short  
(9–13 months) (5-7).

Royal Marsden Hospital (RMH) prognostic index 
(RMH index), including Eastern Cooperative Oncology 
Group (ECOG) performance status (PS), liver metastasis, 
peritoneal metastasis and serum alkaline phosphatase 
(ALP) in the model, and the Japanese Clinical Oncology 
Group (JCOG) prognostic index (JCOG index), which 
includes the ECOG PS, number of metastatic sites, no 
prior gastrectomy, and serum ALP, have been reported 
(6,8). However, because these indexes were based on clinical 
trials, it has not been well documented whether we can 
apply such indexes to our clinical practice patients. Among 
AGC patients, the rate of human epidermal growth factor 
receptor 2 (HER2) positivity is approximately 10–30% 
(9,10). On the basis of the trastuzumab for gastric cancer 
(ToGA) trial results, addition of trastuzumab to platinum-
based chemotherapy has become standard, first-line 
chemotherapy for HER2-positive AGC (11). However, 
it remains unclear whether HER2 status is an outcome-
associated biomarker independent of known prognostic 
factors for AGC (12-14).

On the other hand, nomograms are widely used as 
tools to estimate survival probability tailored to individual 
patients, informing clinicians and patients to decide on 
treatment plans (15,16). Although some studies have 
reported nomograms for predicting the outcomes of gastric 
cancer after R0 resection or the survival of other cancer 
types, few reports are available on predicting the survival 
outcomes of AGC (17,18).

The aim of this retrospective study was to combine the 
HER2 status and other previously reported predictors for 
AGC in nomograms that would enable clinicians to estimate 
the survival outcomes of individual patients starting first-
line chemotherapy.

Methods

Each Institutional Review Board at Aichi Cancer Center 
Hospital (ACC) and Shizuoka Cancer Center approved 

this study and granted the opt-out of informed consent, 
considering the retrospective nature of this analysis. The 
principal eligibility criteria for this study included patients 
with the presence of histologically confirmed inoperable 
gastric cancer. The patients of each institution underwent 
chemotherapy. We evaluated a training data set from 
ACC to establish nomograms to calculate the predicted 
probability of OS and progression free survival (PFS). The 
nomograms were validated using an independent dataset 
from SCC. Written informed consent for treatment was 
obtained from each patient prior to treatment initiation.

Training and validation set

The population of the training set comprised of consecutive 
patients with AGC who were treated at ACC between 
January 2005 and December 2012. The patients, all 
undergoing chemotherapy as first-line treatment (with 
or without targeted therapy), were included in this study. 
Specific details of the training population dataset have been 
reported in previous articles (13,19,20). The validation 
set consisted of consecutive patients with AGC who were 
treated at Shizuoka Cancer Center from January 2010 to 
December 2012.

HER2 evaluation

HER2 positivity was tested at each institution and defined 
as an IHC score of 3+ or an IHC score of 2+ and in situ 
hybridization (ISH)-positive by fluorescence ISH (FISH) 
or dual-color ISH (DISH), which are considered to be 
indications for using trastuzumab as per previous ToGA 
trial results (11,21). 

Statistical analysis

The statistical significance of differences in proportions 
and medians were compared using independent χ2 tests 
for categorical variables. OS was calculated from the date 
of first-line therapy initiation to the date of death or last 
follow-up visit. Disease progression associated with first-
line chemotherapy was also measured from the beginning 
of treatment to the date of disease progression, as evaluated 
according to the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1. Survival status and disease 
status were updated in May 2015.

To determine which prognostic factors should be 
included in the nomograms, we used Cox proportional 
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hazards regression analyses by hazard ratios (HR) and 95% 
confidence intervals (CI) of the baseline characteristics 
to predict PFS probabilities at 3 and 6 months and  
1 year and OS at 6 months and 1 and 2 years. A survey 
of the potential nomograms was carried out within the 
model, including five factors. The number of factors was 
determined by considering the applicability of the results 
to clinical practice and to avoid an over-fit model. We 
decided definitely to include the HER2 status, because 
recent HER2 positive AGC patients have a better prognosis 
than HER2 negative patients, especially when treated with 
trastuzumab (13). In addition, if there were correlation 
(rho value: >0.70 or <−0.70) among each baseline patient 
characteristics examined in the Spearman correlation 
test, we did not include these variables in our models. To 
construct a nomogram, we used the model coefficients, as 
estimated in the training set, for the discrimination and 
calibration analyses in the validation set via the Harrell’s 
C-index (22). The accuracy of the nomogram was assessed 
using both cohorts via calibration plots. For the calibration 
plots, we assessed by comparing the predicted probability 
versus the observed probability. Missing covariate data were 
estimated using multiple-imputation methods, including the 
start year of first-line chemotherapy as covariates to avoid 
bias due to the changes of standard chemotherapy regimens 
in Japan during this study. Cox regression analyses were 
fitted to imputed datasets and combined into a single model 
with averaged regression coefficients and variance and 
covariance estimates adjusted for imputations. To compare 
nomograms with the RMH index and JCOG index, the Cox 
proportional hazard models were performed in the training 
set, excluding the patients with missing data among the 
prognostic factors in the RMH index and JCOG index.

The statistical analyses were performed using the R 
software version 2.13.2 (R Project for Statistical Computing, 
Vienna, Austria). All of the tests were two-sided, and P 
values <0.05 were considered statistically significant.

Results

Patient characteristics

During the study period, we identified 838 consecutive 
patients in the training set and 269 patients in the 
validation set. Patient characteristics are summarized in 
Table 1. Patients in the training set had worse PS (0/1/≥2, 
34%/51%/15% vs. 45%/44%/11%, P<0.01), poorer 
differentiated carcinoma (diffuse type, 69% vs. 58%, 

P<0.01), and a larger number of metastatic sites (1/≥2, 
56%/44% vs. 44%/56%, P<0.01) than patients in validation 
set. First-line chemotherapy agents in the training set 
and the validation set were as follows: fluoropyrimidines 
(5-FU, S-1, and capecitabine), 87% vs. 90%; platinums 
(cisplatin and oxaliplatin), 54% vs. 71%; taxanes (paclitaxel 
and docetaxel), 14% vs. 5%; irinotecan, 5% vs. 6%; and 
trastuzumab, 6% vs. 4%. The rho values of the Spearman 
correlation test among baseline patient characteristics in the 
training set were from −0.70 to 0.70, all the variables did not 
correlate with each other. Details are shown in Table S1.

Survival outcomes

After median follow-up periods of 12.3 (range, 0.2–92.5) 
and 11.6 (range, 0.4–65.3) months, 782 patients (93.3%) 
and 248 patients (92.2%) died in the training set and 
validation set, respectively. Median OS was 12.5 months 
(95% CI, 11.8–13.2) in the training cohort and 12.4 months 
(95% CI, 10.6–13.8) in the validation cohort (P=0.67, 
Figure 1). Table 2 shows the results of the univariate analyses 
for OS in the training cohort, revealing that poor PS, no 
prior gastrectomy, diffuse type, HER2 negative, number 
of metastatic sites, metastasis of peritoneum, metastasis of 
lung, metastasis of bone, elevated ALP, elevated LDH each 
possessed a P value <0.05.

In addition, 757 and 247 patients experienced disease 
progression, respectively, in the training and validation 
datasets; PFS was longer in the validation cohort (4.8 vs. 
5.8 months; P=0.03; Figure 1B), in line with the differences 
in chemotherapy regimens and the era of initiation of the 
first-line chemotherapy between the two cohorts. Table 2 
shows the univariate analyses for PFS in the training cohort. 
Poor PS, no prior gastrectomy, HER2 negative status, 
number of metastatic sites, metastasis of liver, elevated ALP, 
and elevated LDH (P<0.01 for each factor) yielded poor 
prognosis. The details of the univariate analyses for OS and 
PFS in the validation cohort are shown in Table S2.

Prognostic nomograms

Figure 2 displays nomograms derived from the prognostic 
model and estimated probability of PFS at 3 and 6 months 
and 1 year and OS at 6 months and 1 and 2 years. The 
nomograms can be predicted at different time points for 
an individual patient. To construct the nomograms, we put 
forward the five best models of OS and PFS that the C-index 
values were highest in all possible models (Tables S3-S6). 
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Table1 Patient characteristics

Characteristics
Aichi Cancer Center Shizuoka Cancer Center

P
N=838 % N=269 %

Age, years

Median [range] 64 [22–93] – 66 [24–84] – –

≥65/<65 408/430 49/51 113/156 42/58 0.06

Gender

Male/female 546/292 65/35 186/83 69/31 0.23

ECOG PS

0/1/≥2 285/426/127 34/51/15 121/118/30 45/44/11 <0.01

Prior gastrectomy

Yes/no 354/484 42/58 99/170 37/63 0.11

Adjuvant chemotherapy

Yes/no 160/678 19/81 52/217 19/81 0.93

Histological type

Diffuse/intestinal 581/257 69/31 156/113 58/42 <0.01

HER2 status

Positive/negative/unknown 80/381/377 10/45/45 19/143/107 7/53/40 0.07

Number of metastatic sites

1/≥2 468/370 56/44 117/152 44/56 <0.01

Metastatic sites

Peritoneum 478 57 149 55 0.63

Liver 237 28 89 33 0.13

Lung 62 7 20 7 0.98

Bone 21 3 9 3 0.46

Target lesion

Yes/no 297/541 35/65 86/183 32/68 0.30

ALP (IU/L)

≥ ULN/< ULN/missed 182/645/11 22/77/1 69/200/0 26/74/0 0.22

LDH (IU/L)

≥ ULN/< ULN/missed 635/193/10 76/23/1 194/72/3 72/27/1 0.21

First-line chemotherapy

Fluoropyrimidines 730 87 242 90 0.20

Platinums 452 54 190 71 <0.01

Taxanes 116 14 13 5 <0.01

Irinotecan 39 5 17 6 0.28

Trastuzumab 51 6 10 4 0.14

Others 87 10 8 3 <0.01

ALP, alkaline phosphatase; ECOG, Eastern Cooperative Oncology Group; HER2, human epidermal growth factor receptor type 2; LDH, 
lactate dehydrogenase; PS, performance status; ULN, upper limit of normal.
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Figure 1 Survival in the Aichi Cancer Center Hospital and Shizuoka Cancer Center. (A) OS and (B) PFS curves according to Kaplan-Meier 
methods in the training set and validation set. OS, overall survival; PFS, progression free survival.
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Table 2 Univariate analyses in the training set

Variables Categories
Overall survival Progression free survival

HR (95% CI) P HR (95% CI) P

Age ≥65 (vs. <65) 1.00 (0.87–1.15) 0.98 1.00 (0.87–1.15) 0.99

Gender Female (vs. male) 0.97 (0.84–1.12) 0.66 0.97 (0.83–1.13) 0.68

ECOG PS

1 (vs. 0) 1.85 (1.16–2.17) <0.01 1.44 (1.22–1.68) <0.01

≥2 (vs. 0) 4.92 (3.92–6.17) <0.01 3.43 (2.74–4.29) <0.01

Prior gastrectomy Yes (vs. no) 0.70 (0.60–0.81) <0.01 0.81 (0.70–0.94) <0.01

Adjuvant chemotherapy Yes (vs. no) 0.93 (0.78–1.11) 0.42 0.98 (0.82–1.18) 0.87

Histological type Intestinal (vs. diffuse) 0.72 (0.62–0.84) <0.01 0.95 (0.81–1.11) 0.52

HER2 status Positive (vs. negative) 0.62 (0.51–0.76) <0.01 0.76 (0.63–0.93) <0.01

Number of metastatic sites ≥2 (vs. 1) 1.39 (1.21–1.60) <0.01 1.34 (1.16–1.55) <0.01

Metastatic sites

Peritoneum Yes (vs. no) 1.35 (1.17–1.56) <0.01 1.04 (0.90–1.20) 0.57

Liver Yes (vs. no) 1.16 (1.00–1.36) 0.06 1.30 (1.11–1.52) <0.01

Lung Yes (vs. no) 0.71 (0.54–0.93) 0.01 0.89 (0.68–1.17) 0.39

Bone Yes (vs. no) 1.78 (1.15–2.76) <0.01 1.42 (0.92–2.19) 0.12

ALP ≥ ULN (vs. < ULN) 1.31 (1.14–1.52) <0.01 1.64 (1.38–1.94) <0.01

LDH ≥ ULN (vs. < ULN) 1.61 (1.38–1.89) <0.01 1.50 (1.27–1.78) <0.01

ALP, alkaline phosphatase; ECOG, Eastern Cooperative Oncology Group; HER2, human epidermal growth factor receptor type 2; LDH, 
lactate dehydrogenase; PS, performance status; ULN, upper limit of normal.
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Comparing C-index values between these models was not 
informative, and we wanted to ensure the objectivity of 
diagnosis in a clinical setting and avoid differing diagnostic 
abilities among institutions when used in other hospitals. 
Thus, we selected model 4 for OS, which consisted of 
ECOG PS, prior gastrectomy, HER2 status, serum ALP, 
and serum LDH, and PFS, including ECOG PS, HER2 
status, number of metastatic sites, serum ALP, and serum 
LDH (Table 3). The discriminatory ability of the established 
models was assessed in the training and validation samples. 
The Harrell’s C-indexes for OS were 0.688 (95% CI, 
0.664–0.711) in the training set and 0.576 (0.534–0.618) in 
the validation set; for PFS, these values were 0.643 (95% 
CI, 0.617–0.688) and 0.544 (0.501–0.586). To evaluate 
nomogram accuracy, we plotted observed OS and PFS 
probabilities against the calculated estimated probabilities 
for each patient in the training and validation samples 
at different time points (Figure 3). The calibration plots 
showed well OS calibrations at 1 year and PFS at 6 months. 
Calibration plots at the other time points are shown in 
Figures S1 and S2.

In the training set, the C-index of the nomograms for 
OS was 0.607 (95% CI, 0.584–0.629) in the RMH index 

and 0.650 (95% CI, 0.626–0.673) in the JCOG index; for 
PFS, the values were 0.601 (95% CI, 0.577–0.624) and 
0.611 (95% CI, 0.586–0.635), respectively for RMH and 
JCOG indices. Overall, in the validation cohort, these 
performances favored our models (Table S7).

Discussion

To the best of our knowledge, nomograms are well 
established and externally validated to predict clinical 
outcomes in relatively large population of patients with 
AGC undergoing first-line chemotherapy at two different 
institutions. Moreover, our models are the first to combine 
the HER2 status as a prognostic variable with other 
well-established prognostic factors; we observed good 
performance of our models compared with the JCOG 
index (8) and the RMH index (6), in which a C-index value 
in excess of 0.015 is deemed clinically relevant (23). We 
believe that nomograms are crucial determinants of clinical 
care for individual AGC patients.

The nomograms for gastric cancer patients who were 
curatively resected have been reported (17,24); however, 
there are few reports about nomograms for AGC. Capanu  

Figure 2 Nomograms for predicting survival. (A) OS and (B) PFS probabilities at different time points. OS, overall survival; PFS, progression free 
survival; ALP, alkaline phosphatase; HER2, human epidermal growth factor receptor type 2; LDH, lactate dehydrogenase; PS, performance status.
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Table 3 The five best models to construct a monogram in the training set

Variables Categories HR 95% CI P

Model 1

Overall survival (C-index =0.684)

PS 1 (vs. 0) 1.65 1.40–1.95 <0.01

≥2 (vs. 0) 4.09 3.24–5.18 <0.01

Prior gastrectomy Yes (vs. no) 0.72 0.63–0.84 <0.01

Histological type Intestinal (vs. diffuse) 0.89 0.75–1.05 0.15

HER2 status Positive (vs. negative) 0.74 0.60–0.92 0.01

ALP ≥ ULN (vs. <ULN) 1.74 1.46–2.07 <0.01

Progression free survival (C-index =0.641)

PS 1 (vs. 0) 1.37 1.16–1.61 <0.01

≥2 (vs. 0) 3.21 2.56–4.04 <0.01

Prior gastrectomy Yes (vs. no) 0.88 0.77–1.05 0.17

HER2 status Positive (vs. negative) 0.78 0.70–1.07 0.17

Number of metastatic sites ≥2 (vs. 1) 1.22 1.04–1.43 0.01

LDH ≥ ULN (vs. < ULN) 1.39 1.17–1.66 <0.01

Model 2

Overall survival (C-index =0.683)

PS 1 (vs. 0) 1.65 1.40–1.95 <0.01

≥2 (vs. 0) 4.16 3.30–5.25 <0.01

Prior gastrectomy Yes (vs. no) 0.77 0.66–0.90 <0.01

HER2 status Positive (vs. negative) 0.68 0.55–0.83 <0.01

Number of metastatic sites ≥2 (vs. 1) 1.23 1.05–1.43 0.01

ALP ≥ ULN (vs. < ULN) 1.64 1.38–1.96 <0.01

Progression free survival (C-index =0.639)

PS 1 (vs. 0) 1.42 1.20–1.67 <0.01

≥2 (vs. 0) 3.56 2.82–4.49 <0.01

Prior Gastrectomy Yes (vs. no) 0.85 0.74–0.99 0.03

HER2 status Positive (vs. negative) 0.85 0.69–1.02 0.12

Liver metastasis Yes (vs. no) 1.4 1.18–1.67 <0.01

LDH ≥ ULN (vs. < ULN) 1.3 1.08–1.55 0.01

Table 3 (continued)
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Table 3 (continued)

Variables Categories HR 95% CI P

Model 3

Overall survival (C-index =0.684)

PS 1 (vs. 0) 1.66 1.41–1.96 <0.01

≥2 (vs. 0) 4.21 3.33–5.31 <0.01

Prior gastrectomy Yes (vs. no) 0.72 0.62–0.83 <0.01

HER2 status Positive (vs. negative) 0.71 0.58–0.87 <0.01

Bone metastasis Yes (vs. no) 1 0.64–1.56 0.99

ALP ≥ ULN (vs. < ULN) 1.71 1.43–2.04 <0.01

Progression free survival (C-index =0.641)

PS 1 (vs. 0) 1.43 1.16–1.60 <0.01

≥2 (vs. 0) 3.47 2.50–3.94 <0.01

HER2 status Positive (vs. negative) 0.84 0.68–1.03 0.09

Number of metastatic sites ≥2 (vs. 1) 1.17 1.00–1.37 0.05

Liver metastasis Yes (vs. no) 1.33 1.11–1.60 <0.01

LDH ≥ ULN (vs. < ULN) 1.3 1.09–1.56 <0.01

Model 4

Overall survival (C-index =0.688)

PS 1 (vs. 0) 1.65 1.40–1.95 <0.01

≥2 (vs. 0) 4.23 3.35–5.34 <0.01

Prior gastrectomy Yes (vs. no) 0.75 0.64–0.86 <0.01

HER2 status Positive (vs. negative) 0.68 0.44–0.83 <0.01

ALP ≥ ULN (vs. < ULN) 1.49 1.24–1.80 <0.01

LDH ≥ ULN (vs. < ULN) 1.39 1.16–1.68 <0.01

Progression free survival (C-index =0.643)

PS 1 (vs. 0) 1.38 1.17–1.62 <0.01

≥2 (vs. 0) 3.12 2.48–3.93 <0.01

HER2 status Positive (vs. negative) 0.84 0.72–1.00 0.05

Number of metastatic sites ≥2 (vs. 1) 1.24 1.07–1.44 <0.01

ALP ≥ ULN (vs. < ULN) 1.3 1.08–1.58 0.01

LDH ≥ ULN (vs. < ULN) 1.27 1.05–1.54 0.01

Table 3 (continued)
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Table 3 (continued)

Variables Categories HR 95% CI P

Model 5

Overall survival (C-index =0.687)

PS 1 (vs. 0) 1.68 1.43–1.98 <0.01

≥2 (vs. 0) 4.21 3.33–5.32 <0.01

HER2 status Positive (vs. negative) 0.65 0.53–0.79 <0.01

Number of metastatic sites ≥2 (vs. 1) 1.31 1.13–1.51 <0.01

ALP ≥ ULN (vs. < ULN) 1.4 1.16–1.70 <0.01

LDH ≥ ULN (vs. < ULN) 1.42 1.18–1.72 <0.01

Progression free survival (C-index =0.643)

PS 1 (vs. 0) 1.43 1.17–1.61 <0.01

≥2 (vs. 0) 3.47 2.45–3.86 <0.01

HER2 status Positive (vs. negative) 0.87 0.71–1.08 0.2

Liver metastasis Yes (vs. no) 1.14 1.14–1.63 <0.01

ALP ≥ ULN (vs. < ULN) 1.26 1.03–1.53 0.02

LDH ≥ ULN (vs. < ULN) 1.22 1.00–1.47 0.05

ALP, alkaline phosphatase; HER2, human epidermal growth factor receptor type 2; LDH, lactate dehydrogenase; PS, performance status; 
ULN, upper limit of normal.

et al. reported a clinical nomogram for AGC patients 
treated with systemic chemotherapy estimating the 
probability of surviving for 2 years, in which the variables 
were ECOG PS, l iver metastases,  baseline serum 
albumin, hemoglobin, age, histology, more than one 
metastatic site, and lymph node metastases (25). These 
variables, except for lymph node metastases, were already 
reported as independent prognostic factors and included 
in previous prognostic models for AGC. However, this 
study was focused on a statistical software model and was 
not externally validated. Another nomogram has been 
reported, including PS, histological grade, number of 
metastatic sites, bone metastases, ascites, neutrophil-to-
lymphocyte ratio (NLR), and HER2-positive as predictors 
in only Caucasian patients (26). However, ascites and NLR 
are not common of prognostic factors for gastric cancer, 
and our nomogram is derived from Asian patients not 
from Caucasian patients.

Our models had good discrimination ability for OS, 
with a Harrell’s C-index of 0.688 in the training set and, in 
contrast, of 0.576 in the validation set. The calibration plots 
for OS at 6 months and 1 and 2 years were also good in both 

cohorts and could be considered validated. However, the 
models for PFS were less predictive compared to OS in both 
cohorts; however, good calibrated plots were examined in 
both cohorts at 3 and 6 months and 1 year. The differences 
between OS and PFS discrimination performance may be 
due to the fact that OS generally depends on tumor biology 
and tumor burden and is considered a true endpoint, 
whereas PFS relies on numerous variables of treatment 
response. 

The C-indexes of the established nomograms were better 
than those of the RMH index and JCOG index in both 
training and validation cohorts. These previous models 
were established from clinical trial data, differing from our 
models. Our model may be useful and applicable for clinical 
care of individual patients.

Our models consisted of HER2 status to reflect the 
clinical management of HER2 positive gastric cancer via 
trastuzumab era; there were higher C-indexes upon the 
inclusion of HER2 status than not in the training set’s OS 
and PFS data. Treatment strategies are different between 
HER2 positive and negative status, and actually the design 
of recent prospective phase III trials in first-line therapy for 
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AGC have been conducted with discrimination of HER2 
positive status from HER2 negative status. However, it 
is controversial whether HER2 status is an independent 
prognostic factor for AGC patients undergoing first-line 
therapy. Janjigian et al., reported that HER2 positivity 
was not an independent prognostic factor compared with 
negativity (HR 0.79; 95% CI, 0.44–1.14; P=0.194). In 
contrast, it has been reported that HER2-positive patients 
treated with trastuzumab survived significantly longer than 
that of the HER2-negative patients, with an adjusted HR 
of 0.58 (13). This model also included serum LDH as a 
variable, and it is incongruent with the previous models of 
RMH index and JCOG index. In the report of RMH index, 
serum LDH was unmentioned; however, regarding the 
JCOG index, serum LDH was identified as an independent 
prognostic factor for AGC (HR 1.48), gleaned from a 

multivariate analysis, compared to ALP (HR 1.36). Actually, 
the χ2 value from 1 of the 5 best models to construct 
the JCOG index was higher than that of the established 
model (χ2 values: 86.992 vs. 86.311). Serum LDH has been 
reported as a prognostic factor for other cancer types such 
as lung cancer (27), colorectal cancer (28), and prostate 
cancer (29). Therefore, future nomogram development in 
AGC could evaluate HER2 status and serum LDH levels, 
which may also help predict OS for AGC.

A key limitation of this study stems from its retrospective 
nature; in addition, the HER2 status was missing from 45% 
and 40% of patients in the training and validation cohorts, 
respectively. Prognosis of HER2 positive patients may be 
affected upon trastuzumab use: standard chemotherapy 
regimens including trastuzumab use changed during the 
data collection period. However, missing variables were 

Figure 3 Calibration plots of (A,B) OS at 1 year; (C,D) PFS at 6 months in the training set (left) and in the validation set (right). Dashed 
lines through the origin point represent the perfect prediction, in which the predicted probabilities are identical to the actual estimated 
probabilities. OS, overall survival; PFS, progression free survival.
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complemented using multiple-imputation methods, 
including the start year of first-line chemotherapy as 
covariates to avoid bias due to changes in standard 
chemotherapy regimens.

In conclusion, we developed and tested nomograms 
for estimating the OS and PFS of AGC patients receiving 
first-line chemotherapy. These nomograms can serve as a 
guide to inform clinical decisions concerning chemotherapy 
intensity/regimens for AGC patients.
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Figure S1 Calibration plots of (A, B) OS at 6 months and (C, D) PFS at 3 months in the training set (left) and in the validation set (right). 
OS, overall survival; PFS, progression free survival.

Figure S2 Calibration plots of (A, B) OS at 2 years (C, D); PFS at 3 months in the training set (left) and in the validation set (right). OS, 
overall survival; PFS, progression free survival.
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Table S1 Spearman correlation (r2 value) among baseline patient characteristics in the training set

Variables Age Gender ECOG PS Prior gastrectomy
Adjuvant 

chemotherapy
Histological 

type
HER2 status

Number of 
metastatic sites

Peritoneum 
metastatic

Liver 
metastatic

Lung 
metastatic

Bone 
metastatic

Serum ALP Serum LDH

Age −0.09 0.05 0.01 −0.09 0.12 0.01 0.02 −0.12 0.18 −0.03 −0.05 0.03 0.09

Gender 0.11 −0.01 0.00 −0.19 −0.08 −0.07 0.19 −0.19 −0.05 −0.01 −0.09 −0.05

ECOG PS −0.10 −0.07 −0.18 −0.04 0.10 0.31 −0.09 −0.01 0.02 0.07 0.13

Prior gastrectomy 0.51 0.06 −0.04 −0.27 −0.08 −0.10 −0.05 0.06 0.02 −0.15

Adjuvant 
chemotherapy

0.00 −0.01 −0.15 0.03 −0.14 −0.02 0.00 0.02 −0.10

Histological type 0.28 0.09 −0.35 0.35 0.11 −0.09 0.12 0.07

HER2 status 0.19 −0.11 0.16 0.16 −0.05 0.06 0.13

Number of 
metastatic sites

0.10 0.41 0.25 0.09 0.13 0.19

Peritoneum 
metastatic

−0.36 −0.14 −0.12 −0.20 −0.17

Liver metastatic 0.01 −0.02 0.27 0.30

Lung metastatic 0.10 0.05 0.00

Bone metastatic 0.15 0.10

Serum ALP 0.30

Serum LDH

ALP, alkaline phosphatase; ECOG, Eastern Cooperative Oncology Group; HER2, human epidermal growth factor receptor type 2; LDH, lactate dehydrogenase; PS, performance status.

Table S2 Univariate analyses in the validation set

Variables Categories
Progression free survival Overall survival

HR (95% CI) P HR (95% CI) P

Age, years ≥65 (vs. <65) 1.00 (0.87–1.15) 0.99 1.06 (0.83–1.38) 0.62

Gender Female (vs. male) 0.97 (0.83–1.13) 0.68 1.04 (0.80–1.37) 0.76

ECOG PS 1 (vs. 0) 1.44 (1.22–1.68) <0.01 1.13 (0.87–1.47) 0.37

≥2 (vs. 0) 3.43 (2.74–4.29) <0.01 1.47 (0.97–2.22) 0.07

Prior gastrectomy Yes (vs. no) 0.81 (0.70–0.94) <0.01 1.00 (0.77–1.30) 1.00

Adjuvant chemotherapy Yes (vs. no) 0.98 (0.82–1.12) 0.52 0.94 (0.73–1.21) 0.63

Histological type Intestinal (vs. diffuse) 0.95 (0.81–1.12) 0.52 0.79 (0.61–1.02) 0.07

HER2 status Positive (vs. negative) 0.76 (0.63–0.93) 0.01 0.93 (0.61–1.41) 0.75

Number of metastatic sites ≥2 (vs. 1) 1.34 (1.16–1.55) <0.01 0.94 (0.73–1.21) 0.63

Metastatic sites

Peritoneum Yes (vs. no) 1.04 (0.90–1.20) 0.57 1.11 (0.86–1.43) 0.42

Liver Yes (vs. no) 0.80 (0.61–1.05) 0.11 0.89 (0.68–1.16) 0.39

Lung Yes (vs. no) 1.07 (0.67–1.70) 0.79 0.95 (0.60–1.50) 0.82

Bone Yes (vs. no) 0.45 (0.20–1.02) 0.06 0.56 (0.26–1.18) 0.13

ALP ≥ ULN (vs. < ULN) 1.64 (1.38–1.94) <0.01 1.35 (1.02–1.79) 0.03

LDH ≥ ULN (vs. < ULN) 1.50 (1.27–1.78) <0.01 1.59 (1.20–2.10) <0.01

ALP, alkaline phosphatase; ECOG, Eastern Cooperative Oncology Group; HER2, human epidermal growth factor receptor type2; LDH, lactate dehydrogenase; PS, performance status; and ULN, upper limit of 
normal.



Table S3 Comparison of the C-index for OS in the training set

C-index PS gastrectomy Histological type HER2
Number of 
metastases

Peritoneal 
metastasis

Bone 
metastasis

ALP LDH

0.670 ○ ○ ○ ○ ○

0.664 ○ ○ ○ ○ ○

0.664 ○ ○ ○ ○ ○

0.684 ○ ○ ○ ○ ○

0.678 ○ ○ ○ ○ ○

0.670 ○ ○ ○ ○ ○

0.670 ○ ○ ○ ○ ○

0.683 ○ ○ ○ ○ ○

0.682 ○ ○ ○ ○ ○

0.661 ○ ○ ○ ○ ○

0.681 ○ ○ ○ ○ ○

0.677 ○ ○ ○ ○ ○

0.684 ○ ○ ○ ○ ○

0.678 ○ ○ ○ ○ ○

0.688 ○ ○ ○ ○ ○

0.668 ○ ○ ○ ○ ○

0.666 ○ ○ ○ ○ ○

0.682 ○ ○ ○ ○ ○

0.679 ○ ○ ○ ○ ○

0.651 ○ ○ ○ ○ ○

0.675 ○ ○ ○ ○ ○

0.671 ○ ○ ○ ○ ○

0.679 ○ ○ ○ ○ ○

0.673 ○ ○ ○ ○ ○

0.683 ○ ○ ○ ○ ○

0.666 ○ ○ ○ ○ ○

0.680 ○ ○ ○ ○ ○

0.677 ○ ○ ○ ○ ○

0.680 ○ ○ ○ ○ ○

0.677 ○ ○ ○ ○ ○

0.687 ○ ○ ○ ○ ○

0.673 ○ ○ ○ ○ ○

0.670 ○ ○ ○ ○ ○

0.682 ○ ○ ○ ○ ○

0.680 ○ ○ ○ ○ ○

The circle means that the variable is included into the model; the data in italic form indicate that the top five models. ALP, alkaline 
phosphatase; HER2, human epidermal growth factor receptor type 2; LDH, lactate dehydrogenase; PS, performance status.



Table S4 Comparison of the c-index for OS in the training set except for HER2 status

C-index PS gastrectomy pathology Number of metastases Peritoneal metastasis Bone metastasis ALP LDH

0.665 ○ ○ ○ ○ ○

0.665 ○ ○ ○ ○ ○

0.670 ○ ○ ○ ○ ○

0.675 ○ ○ ○ ○ ○

0.657 ○ ○ ○ ○ ○

0.665 ○ ○ ○ ○ ○

0.670 ○ ○ ○ ○ ○

0.667 ○ ○ ○ ○ ○

0.672 ○ ○ ○ ○ ○

0.674 ○ ○ ○ ○ ○

0.659 ○ ○ ○ ○ ○

0.665 ○ ○ ○ ○ ○

0.668 ○ ○ ○ ○ ○

0.666 ○ ○ ○ ○ ○

0.670 ○ ○ ○ ○ ○

0.671 ○ ○ ○ ○ ○

0.663 ○ ○ ○ ○ ○

0.668 ○ ○ ○ ○ ○

0.669 ○ ○ ○ ○ ○

0.670 ○ ○ ○ ○ ○

0.662 ○ ○ ○ ○ ○

0.665 ○ ○ ○ ○ ○

0.671 ○ ○ ○ ○ ○

0.666 ○ ○ ○ ○ ○

0.671 ○ ○ ○ ○ ○

0.675 ○ ○ ○ ○ ○

0.659 ○ ○ ○ ○ ○

0.666 ○ ○ ○ ○ ○

0.670 ○ ○ ○ ○ ○

0.671 ○ ○ ○ ○ ○

0.660 ○ ○ ○ ○ ○

0.665 ○ ○ ○ ○ ○

0.666 ○ ○ ○ ○ ○

0.666 ○ ○ ○ ○ ○

0.664 ○ ○ ○ ○ ○

The circle means that the variable is included into the model. ALP, alkaline phosphatase; HER2, human epidermal growth factor receptor 
type 2; LDH, lactate dehydrogenase; PS, performance status.



Table S5 Comparison of the C-index for PFS in the training set

C-index PS Gastrectomy HER2 Number of metastasis Liver metastasis ALP LDH

0.634 ○ ○ ○ ○ ○

0.637 ○ ○ ○ ○ ○

0.641 ○ ○ ○ ○ ○

0.637 ○ ○ ○ ○ ○

0.639 ○ ○ ○ ○ ○

0.636 ○ ○ ○ ○ ○

0.638 ○ ○ ○ ○ ○

0.643 ○ ○ ○ ○ ○

0.643 ○ ○ ○ ○ ○

0.643 ○ ○ ○ ○ ○

The circle means that the variable is included into the model; the data in italic form indicate that the top five models. ALP, alkaline 
phosphatase; HER2, human epidermal growth factor receptor type 2; LDH, lactate dehydrogenase; PS, performance status; PFS, 
progression free survival.

Table S6 Comparison of the c-index for PFS in the training set except for HER2 status

C-index PS Gastrectomy Number of metastasis Liver metastasis ALP LDH

0.632 ○ ○ ○ ○ ○

0.637 ○ ○ ○ ○ ○

0.639 ○ ○ ○ ○ ○

0.636 ○ ○ ○ ○ ○

0.640 ○ ○ ○ ○ ○

The circle means that the variable is included into the model. ALP, alkaline phosphatase; HER2, human epidermal growth factor receptor 
type 2; LDH, lactate dehydrogenase; PS, performance status; PFS, progression free survival.

Table S7 The C-index of OS and PFS for our models and the JCOG/RMH index in the training set and the validation set

Models for survival 
prediction

Training set Validation set

C- index 95% CI C-index 95% CI

OS

Nomograms 0.688 0.664–0.711 0.576 0.534–0.618

RMH index 0.65 0.626–0.673 0.567 0.527–0.607

JCOG index 0.607 0.584–0.629 0.574 0.532–0.616

PFS

Nomograms 0.643 0.617–0.688 0.544 0.501–0.586

RMH index 0.611 0.586–0.635 0.542 0.495–0.589

JCOG index 0.601 0.577–0.624 0.54 0.497–0.583

CI, confidence interval; JCOG, Japanese Clinical Oncology Group prognostic index; OS, overall survival; PFS, progression free survival; 
RMH index, Royal Marsden Hospital prognostic index.


