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Background: Recently, a novel model predicting 5-year survival after gastrectomy was developed, the
Yonsei Gastric Cancer Prognosis Prediction Model, to overcome limitations of the tumor-node-
metastases (TNM) staging system. This study aimed to validate this model in a European cohort.
Methods: All patients who underwent gastrectomy for gastric cancer were selected from the Netherlands
Cancer Registry (2005e2015). Patients with 30-day mortality, co-existing cancer, neoadjuvant therapy, or
missing data were excluded. The prediction model included gender, age, resection type, pT-stage, pM-
stage, number of retrieved lymph nodes, number of metastatic lymph nodes, and tumor histology. The
model was validated and compared to the 7th TNM staging system using calibration plots and the
concordance index (c-statistic with 95% confidence interval (CI)).
Results: From the 5748 patients who underwent gastrectomy, 2253 were included in this study. Mean
age was 72.1 years, most patients had advanced gastric cancer (88%), and in 1102 patients (49%) no
proper TNM staging could be performed since <16 lymph nodes were retrieved. Median overall survival
was 24.6 months, and the 5-year overall survival was 30%, respectively. Model calibration was accurate in
predicting 5-year overall survival, and the degree of discrimination was high (c-statistic¼ 0.807, 95% CI
(0.787e0.826)). The model was superior to the TNM staging system in patients who could be properly
staged: c-statistic¼ 0.861, 95% CI (0.838e0.885) vs. 0.711, 95% CI (0.692e0.729), p < 0.0001.
Conclusion: The Yonsei Gastric Cancer Prognosis Prediction Model was superior over the TNM staging
system in predicting prognosis after gastrectomy in a European cohort, although it is not applicable to
patients treated by neoadjuvant therapy.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

For gastric cancer, accurate assessment of a patient's prognosis
is essential for clinical decision-making and informing patients. The
tumor-node-metastasis (TNM) staging system has historically been
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752, Republic of Korea.

on for Cancer Surgery, and the Eur
the preferred method of classifying gastric cancer, but has several
limitations, such as the lack of including essential patient- and
surgery-related factors that affect prognosis, and as a minimum
number of 16 lymph nodes is required for proper staging [1].

To overcome these limitations of the TNM staging system, a
novel model for predicting 5-year overall survival after gastrectomy
was recently developed [2]. Themodel is applicable to patients who
underwent primary gastrectomy and includes age, gender, resec-
tion type, and tumor histology. Furthermore, the model replaces
pN-stage of the TNM staging system by the number of retrieved and
metastatic lymph nodes. During validation of the prediction model
opean Society of Surgical Oncology. All rights reserved.
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in datasets from different Asian hospitals and the American Sur-
veillance, Epidemiology, and End Results (SEER) database, the
prediction model was found statistically more accurate than the
TNM staging system [2,3].

As the patients, the treatment, and the prognosis of gastric
cancer differs worldwide, external validation in a European cohort
is required for further clinical implementation of the prediction
model [4,5]. The aim of this study was therefore to validate this
predicationmodel in a European cohort of patients who underwent
gastrectomy for gastric cancer.

Methods

Study design

European validation of the prediction model was performed
with data from the Netherlands Cancer Registry (NCR). Working
procedures of the NCR have been described in previous studies
[6,7]. The Privacy Review Board of the NCR and the Dutch Upper GI
Cancer Group (DUCG) approved this study.

Patients, staging and treatment

All patients who underwent gastrectomy for gastric cancer be-
tween 2005 and 2015 were selected from the NCR. Patients who
experienced 30-day postoperative mortality, who underwent
neoadjuvant treatment, with co-existing cancer (<5 years prior to
the diagnosis of gastric cancer), or with incomplete data were
excluded as the model was not developed for these patients [2].
Tumor staging was based on the 7th edition of the American Joint
Committee on Cancer TNM staging system, and consisted of
gastroscopy and computed tomography in all patients [1,8].
Topography and morphology were coded according to the Inter-
national Classification of Diseases for Oncology (ICD-O-3), since the
prediction model was generated by testingWHO classification only
[9]. Patients with gastro-eosophageal junction tumors were
included as long as they underwent gastrectomy. Surgical treat-
ment of patients was performed according to Dutch national
guidelines, which are based on the Japanese Gastric Cancer Treat-
ment guidelines [10,11]. Baseline characteristics of patients in the
dataset were compared to patients in whom the prediction model
were previously developed and validated, the Yonsei dataset and
SEER dataset, using the Chi-square and One-way ANOVA tests [2,3].

Prediction model

Development and validation of the prediction model was
Fig. 1. Study fl
described in a previous study [2]. In short, in a dataset containing
11,851 patients from the Yonsei Gastric Cancer Center, variables
prediction 5-year overall survival were identified by multivariable
regression analysis. After validation in 4 external Asian datasets, the
model included the following variables: age, gender, resection type,
pT-stage, pM-stage, number of retrieved lymph nodes, number of
metastatic lymph nodes, and tumor histology. The 5-year overall
survival probability is estimated as follows: P¼ P0

A, in which P is the
5-year survival probability, and P0 is the baseline survival proba-
bility. A is calculated as follows:

A ¼ Exp [(0.024 * age)þ (0.038 * men) e (0.014 * AMD)þ (0.079
* APD) e (0.161 * MUC) þ (0.009 * SRC) þ (0.051 * other) þ (0.412 *
T1b) þ (0.790 * T2) þ (1.464 * T3) þ (1.706 * T4a) þ (2.169 *
T4b)þ (0.050 * metastatic LNs)e (0.014 * total number of retrieved
LNs) þ (0.806 * M1) þ (0.366 * TG)]

In this equation, the abbreviations are defined as follows:
AMD¼ adenocarcinoma moderately differentiated; APD¼ adeno-
carcinoma poorly differentiated; MUC¼mucinous adenocarcinoma;
SRC¼ signet ring cell carcinoma; LNs¼ lymph nodes; TG¼ total
gastrectomy.

Validation process

Validation of the model comprised 2 components. Firstly,
discrimination was assessed using the concordance index (Harrel's
c-statistic with 95% confidence interval (CI)) using the bootstrap
method. Secondly, the model was calibrated by plotting the mean
predicted survival probabilities against the observed Kaplan-Meier
survival estimate. To determine the additive value of the prediction
model, the model's c-statistic was compared with the 7th edition of
the TNM staging system. Data were analyzed with SPSS software,
version 23 (IBM Corp, Armonk, NY) and SAS software, version 9.2
(SAS institute, Cary, NC).

Results

Dataset

A total of 5748 patients who underwent gastrectomy for gastric
cancer were selected from the NCR. Among them, 3495 patients
were excluded due to 30-day postoperative mortality (n¼ 346), co-
existing cancer (n¼ 375), neoadjuvant therapy (n¼ 2041), or
incomplete data (n¼ 773) (Fig. 1). Incomplete data mostly included
tumor differentiation grade and pT-stage, the latter due to the
inability to translate the pT-stage of the 6th edition to the 7th
edition of the TNM staging system. For instance, pT1 tumors (tu-
mors invading the lamina propria, muscularis mucosae, or
ow chart.



Table 1
Baseline characteristics.

NCR dataset Yonsei dataset SEER dataset p-value

No. (%) No. (%) No. (%)

N 2253 11,851 15,483
Age (mean) 72.2 55.9 65.5 <0.001
Sex <0.001
Male 1357 (60.2) 7844 (66.2) 9443 (60.9)
Female 896 (39.8) 4007 (33.8) 6040 (39.1)

Resection <0.001
DG 1517 (67.3) 8648 (73.0) 11,424 (73.8)
TG 736 (32.7) 3203 (27.0) 4059 (26.2)

No. LN retrieved (median, IQR) 14.1 40.0 16.6 <0.001
Histology <0.001
AWD 68 (3.0) 1564 (13.2) 0 (0.0)
AMD 539 (23.9) 3270 (28.2) 3501 (22.1)
APD 952 (42.3) 4118 (35.6) 6835 (43.1)
MUC 107 (4.7) 366 (3.1) 447 (2.8)
SRC 539 (23.9) 2278 (19.2) 2111 (13.3)
Other 48 (2.1) 255 (2.2) 2589 (16.3)

T category <0.001
T1a 79 (3.5) 2627 (22.2) 552 (3.6)
T1b 131 (5.8) 2295 (19.4) 2126 (13.7)
T2 300 (13.3) 1522 (12.8) 1977 (12.8)
T3 902 (40.0) 1707 (14.4) 3311 (21.4)
T4a 697 (30.9) 3329 (28.1) 6051 (39.1)
T4b 144 (6.4) 371 (3.2) 1466 (9.5)

N category <0.001
N0 250 (11.1) 6453 (54.5) 5443 (35.2)
N1 125 (5.5) 1427 (12.0) 898 (5.8)
N2 126 (5.6) 1141 (9.6) 1012 (6.3)
N3 525 (23.3) 2451 (20.7) 2301 (14.9
Nx 1227 (54.5) 379 (3.2) 4279 (27.6)

No. metastastic LN (mean) 4.1 4.4 4.8 <0.001
AJCC staging <0.001
IA 77 (3.4) 4404 (37.2) 747 (4.8)
IB 68 (3.0) 1168 (9.9) 530 (3.4)
IIA 95 (4.2) 978 (8.3) 712 (4.6)
IIB 69 (3.1) 1149 (9.7) 891 (5.8)
IIIA 139 (6.2) 887 (7.5) 830 (5.4)
IIIB 227 (10.1) 1133 (9.6) 1177 (7.6)
IIIC 284 (12.6) 1586 (13.4) 1789 (11.6)
IV 192 (8.5) 497 (4.1) 1551 (10.0)
ND 1102 (48.9) 60 (0.5) 7256 (46.8)

DG: distal gastrectomy; TG: total gastrectomy; LN: lymph nodes; IQR: interquartile range; AWD: adenocarcinoma well differentiated; AMW: adenocarcinoma moderately
differentiated; APW: adenocarcinoma poorly differentiated; MUC: mucinous adenocarcinoma; SRC: signet ring cell tumor; AJCC: American Joint Committee on Cancer; ND:
unable to stage.
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submucosa) staged in the TNM 6th edition cannot be translated to
the pT1a and pT1b stages of the TNM 7th edition, which are
necessary for the prediction model. For such translation, the orig-
inal pathology reports or resection specimens arewarranted, which
were unavailable.
Patients

The 2253 included patients were predominantly males (60%),
and the mean age was 72.1 (±11.2) years (Table 1). Most patients
underwent a distal gastrectomy (67%) and had advanced tumors
(stage II and higher in 88%). The median number of lymph nodes
retrieved was 12 (IQR 7e19), and in 49% of patients no proper TNM
staging could be performed since <16 lymph nodes were retrieved.
Only a minority (7%) of patients underwent adjuvant therapy after
gastrectomy.

Comparing the patients to the Korean Yonsei dataset demon-
strates differences in all baseline characteristics (Table 1) [2].
Comparison to patients from the American Surveillance, Epidemi-
ology, and End Results (SEER) database show differences mostly on
age, gastrectomy type, histology, and pT-stage (Table 1) [3].

Themedian survival of the total patient cohort was 24.6months,
and the 1-, 3-, and 5-year survival were 70%, 40%, and 30%,
respectively. Kaplan-Meier curves stratified according to TNM
stages are demonstrated in Fig. 2.
Validation

For predicting 5-year overall survival after gastrectomy, the
model demonstrated a high degree of discrimination, with a C-
statistic (95%CI) of 0.807 (0.787e0.826). After excluding patients
that could not be accurately staged according to the 7th TNM
staging system since <16 lymph nodes were retrieved (n¼ 1141),
the c-statistic (95%CI) of the prediction model demonstrated su-
periority over the 7th TNM staging system: 0.861 (0.838e0.885) vs.
0.711 (0.692e0.729), p< 0.0001 (Table 2). The calibration plot
demonstrated accurate and useful 5-year survival predictions of the
model (Fig. 3).
Discussion

In order to support the worldwide application of prediction
models, external validation with various international gastric can-
cer populations is necessary. The present study demonstrated that



Fig. 2. Kaplan-Meier curves of the study population according to TNM-stage.

Table 2
C-statistics of the TNM-classification and Yonsei Gastric Cancer Prediction Model.

n TNM Yonsei model p-value

c-statistic (95% CI) c-statistic (95% CI)

Yonsei data 11.851 0.788 (0.782e0.795) 0.824 (0.818e0.830) <0.0001
SEER data 15.483 0.704 (0.697e0.712) 0.762 (0.754e0.769) <0.001
NCR data 2.253 0.711 (0.692e0.729) 0.861 (0.838e0.885) <0.0001

Data from the Yonsei Center, American Surveillance Epidemiology and End Results
(SEER) and the Netherlands Cancer Registry (NCR).
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the Yonsei Gastric Cancer Prognosis Prediction Model after gas-
trectomy for gastric cancer recently developed in Asia and validated
in the United States had a high degree of discrimination in a Eu-
ropean population [2,3]. The model was superior over the 7th TNM
staging system in predicting prognosis after gastrectomy in a Eu-
ropean gastric cancer cohort, from the Netherlands Cancer Registry
[2].

The importance of European validation of the prediction model
is demonstrated by the differences in baseline characteristics of the
datasets used in the current study and the previous development
and validation studies [2,3]. In comparison to most patients of the
Asian centers used in one previous study, in the present study
patients were relatively older, tumors were more advanced, and a
lower number of lymph nodes was retrieved. These results reflect
differences in treatment, patient-, and tumor characteristics be-
tween the East and West that were described before [4,5,12]. Pa-
tients in the present study also differed frompatients from the SEER
dataset used in the American validation study [3]. The differences
in histology may reflect differences in tumor biology. The differ-
ences in pT-stage and resection type or probably related to each
other by tumor size, and could reflect differences in the organiza-
tion of cancer care and tumor diagnosis. Last, the difference in age
between the populations is probably due to the fact that in the
Netherlands, younger patient undergo neoadjuvant chemotherapy
and are therefore not included in the present study. Since the
concordance index (c-statistic) of the prediction model demon-
strated a comparable degree of discrimination in the previous
studies and the current study, the model is valid in all evaluated
populations and may be applied worldwide.

The prediction model has several advantages over the 7th TNM
staging system. Firstly, the prediction model includes several pa-
tient- and surgery-related factors that affect prognosis and are
lacking in the TNM staging system, such as patients’ age, gender,
extent of surgery, and lymph node yield [13]. Including these fac-
tors has probably resulted in the superior performance of the
model over the TNM staging system. Secondly, unlike the TNM
staging system, the prediction model is accurate in patients in
whom an inadequate number of lymph nodes are resected, which
occurred in approximately half of the patients in this study. Inter-
estingly, the prediction model performed better after excluding
patients in whom an inadequate lymph node yield was retrieved.
These results demonstrate the importance of an adequate lymph
node yield for this prediction model as well.

This prediction model was developed in Korea, and validated in
several Asian centers and the SEER database from the United States.
In contrary to the Asian centers, but in line with the SEER dataset,
the proportion of patients in whom an inadequate number of
lymph nodes were retrieved was high in this study from the
Netherlands [2,3]. Although this may reflect poorer surgical quality
in Western countries compared to Asian countries, other factors
may have played an important role as well. Firstly, in more patients
a palliative resection for stage IV disease was performed, in whom
an extensive lymphadenectomy can be omitted. Secondly, in the
Netherlands specimens are generally submitted en-bloc instead of
in separate containers [14]. Last, pathologists may have had a low
awareness of the importance of a high lymph node yield [15].
Nowadays in the Netherlands, the proportion of patients in whom
an inadequate number of lymph nodes is retrieved is lower (14%)
and is still decreasing, which may be a result of centralization and
national auditing [16,17].

Although several other prediction models for overall survival



Fig. 3. Calibration plot of the prediction model.
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after gastrectomy have been developed in the past [18,19], the
present model may have the highest potential. Previously, a Korean
model developed in 2012 also demonstrated a better degree of
discrimination than the TNM staging system [18]. Recently, this
model was successfully validated in an Italian cohort [20]. Although
the concordance index of this previous and the current model are
somewhat comparable between 0.80 and 0.86, the current model
can also be applied to patients who underwent a palliative (M1) or
non-radical (non-R0: R1 or R2) resection and may therefore be
more suitable for future use. For instance, themodel may be used as
a valuable tool involving patients in clinical decision-making
whether adjuvant therapy is warranted.

Despite the promising potential of this prediction model, some
limitations should be mentioned. Firstly, the present model does
not account for patients who underwent neoadjuvant therapy,
which is the preferred treatment strategy for patients with
advanced gastric cancer in most European countries [21]. Although
we tried to develop a slightly adjusted prediction model in the data
of the NCR, insufficient data on specific chemotherapy regimens
and treatment response hindered the development of an adequate
model. Future studies may try to develop a novel model for patients
who underwent neoadjuvant treatment using more extensive
datasets. Secondly, since perioperative chemotherapy is the stan-
dard of care in the Netherlands, this study represents a selected
population of patient staged with early gastric cancer and patients
that were deemed unfit for perioperative chemotherapy. However,
especially in unfit patients, the current prediction model may be
beneficial over the TNM staging system as not only tumor-related
factors are included. Thirdly, as mentioned earlier, a majority of
cases in this study could not be adequately staged due to a low
lymph node yield. However, also among adequately staged patients
the prediction model performed better than the TNM staging sys-
tem. Lastly, according to the study period in which the study was
conducted, the prediction model was compared to the 7th TNM
staging system. Recently, however, the 8th edition of the TNM
staging system has shown higher accuracy than the 7th edition.
Besides comparing the prediction model to the 8th edition, future
steps to further apply this prediction model may be by updating it
with other relevant factors, such as (neo)adjuvant therapy,
biochemical and/or genetic variables. Furthermore, its clinical
impact should be evaluated in a prospective study. Development of
an online scoring tool would contribute to easy and wide applica-
tion of the model.

In conclusion, this study presented the external European vali-
dation of the Yonsei Gastric Cancer Prognosis Prediction Model
after Gastrectomy. The model demonstrated an excellent degree of
discrimination, and superiority over the TNM staging system due to
the addition of several relevant patient- and surgery related factors.
The model has benefits over other staging systems and can be used
worldwide to accurately predict patients’ prognosis after
gastrectomy.
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