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Abstract

Objectives: Prediction of recurrent risk in patients with major salivary gland carcinoma (MSGC)
after surgical treatment is an important but difficult task because of a broad spectrum of tumor
histological subtypes and diverse clinical behaviors. This study aimed to develop and validate a
nomogram to predict the recurrent probability in patients with MSGC.

Methods: A total of 231 consecutive patients with MSGC received curative-intend surgery
between 2002 and 2014 from one medical center were selected as the training set.
Clinicopathologic variables with the most significant values in the multivariate Cox regression
were selected to build into a nomogram to estimate the recurrence probability. An independent
validation set of 139 patients treated at the same period from 3 other hospitals were selected for
external validation and calibration.

Results: The nomogram was developed on six significant predictive factors, including the smoking
history, tumor grade, perineural invasion, lymphatic invasion, pathologic T- and N-classification, of
tumor recurrence retained in the multivariate Cox model. The nomogram had a highly predictive
performance, with a bootstrapped corrected concordance index of 0.82 for the training set and
0.78 for the validation set. The nomogram showed good calibration in predict 2-year and 5-year
recurrence probability both in the training and validation set.

Conclusions: We developed and externally validated an accurate nomogram for prediction the
tumor recurrence probability of patients with MSGC after surgical treatment. This nomogram may
be used to assist clinician and patient in elaborating the recurrent risk and making decision for
appropriate adjuvant treatment.
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Introduction

Major salivary glands carcinoma (MSGC) is an  consistent in the United States during 1992 to 2006 [2].
uncommon malignancy accounting for less than 5% of ~ MSGC is composed of a heterogeneous histological
all head and neck cancers [1]. The incidence rate of  subtype with a wide variation of clinical course [3].
MSGC was 12/1,000,000 person-years and that was  The standard treatment for localized MSGC is surgical
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resection; nevertheless, recurrence is observed in
23-43% of patients within 5 years after surgical
treatment [4-11]. Because a wide variation of tumor
behavior, the prediction of recurrent risk in patients
with MSGC after surgical treatment is a difficult task
for clinicians.

A number of parameters with predictive value
have been identified in patients with MSGC,
including age [4, 56,7], tumor size [4, 5, 6],
histological subtype [12], tumor grade of histology [4,
6, 7, 12], resection margin [8, 9], local lymph nodes
metastases [4, 6, 7], vascular invasion [7], lymphatic
invasion [13] and perineural invasion [6,7]. However,
the information regarding the effect of clinical
variables on tumor relapse was inconsistent and
varied widely because the rarity of disease, small
numbers of patients and heterogeneous treatment
modalities. Several scoring systems have been
developed to predict the recurrent probability in
patients with MSGC [5-7]. These scoring systems were
limited because some were designed to use in part of
major salivary glands [5, 6], had not yet been
validated [7], or were not reproducible in different
patient cohorts [11]. In addition, all these developed
predicting models were developed based on
population from the Western countries [5-7]. The
clinical characteristics of MSGC in eastern countries
differ from those in western countries, which
included ethnical diversity [2], environmental
exposures [14-16], surgical modalities and adjuvant
treatment after operation. Such differences might
cause inaccurate prediction of clinical outcome in
eastern population using the same model. For
instance, the incidence rate of mucoepidermoid and
adenoid cystic carcinoma were similar among Whites
and Asians whereas most other histologic subtypes
had higher incidences rate among Whites based on a
population study in the United States between 1992
and 2006 [2]. Furthermore, the difference of demo-
graphic and socioeconomic factors may also influence
survival outcome of patients with MSGC [17].

A reliable prognostic tool for predicting
recurrent probability for MSGC would be useful for
identifying high risk patients, planning appropriate
adjuvant therapeutic strategies, and designing
optimal timing of follow up. This study performed a
multicenter study to develop and externally validate a
nomogram that predicts tumor recurrent probability
in Asian patients with MSGC after surgical resection.

Patients and methods

Patient selection

In total, 370 patients who underwent
curative-intent surgery of localized MSGC between
2002 and 2014 at the four affiliated hospitals of Chang

Gung Memorial Hospital (CGMH) in Taiwan were
identified from the institutional cancer registry
database. The diagnosis of MSGC was confirmed and
reviewed by expert pathologists according to the 2005
World Health Organization (WHO) classification [3].
Patients who had partial incision of tumor, recurrent
tumors, prior radiotherapy or chemotherapy, and
metastatic tumors, were excluded. The adjuvant
treatment strategies, including radiotherapy and/or
chemotherapy, were determined in a multidiscipl-
inary cancer team conference based on poor
prognostic factors (positive resection margin,
perineural invasion, facial nerve invasion, or lymph
node metastases). First, we evaluated 231 consecutive
patients in one medical center (CGMH Linkou
branch) as training set. The data obtained were
analyzed to create the predictive nomogram for
recurrent probability. We then evaluated an
independent cohort (validation set) including 139
consecutively patients in three other hospitals
(CGMH Keelung branch, CGMH Chiayi branch, and
CGMH Kaohsiung branch) to validate the predictive
model.

Data collection and follow-up

Demographic and clinicopathological variables
were collected retrospectively. A total of 21 clinical
variables for each patient were obtained from the
clinical record. The overall survival (OS),
cancer-specific survival (CSS), and recurrence-free
survival (RFS) were calculated from the date of
surgery to the date of any cause of death or the date
last known to be alive, to the date of death due to
cancer, and to the date of recurrence based on clinical
and/or radiologic examination, respectively. The
dates of the primary cancer diagnosis, primary
surgery, recurrence pattern, and death of each patient
were obtained from the institutional cancer center
registry or the National Register of Death Database in
Taiwan. Patients were followed until death or the end
of the study (June 30, 2015). The Institutional Review
Board for all branches of the CGMH approved this
study (104-6042B), in compliance with the Helsinki
Declaration (1996).

Statistical Analysis

Basic demographic data were summarized as n
(%) for categorical variables, and mean with range,
standard error (SE), or 95% confidence interval (CI)
for continuous variables. Differences between groups
were evaluated with independent ¢ tests or Wilcoxon

rank sum test for continuous variables, and X’ tests for
categorical variables.

Survival outcome was calculated according to
the Kaplan-Meier method. Log-rank tests were used
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to determine significant differences between the
survival curves. Cox regression was used for
univariate analyses on continuous and categorical
prognostic factors, and multivariate Cox regression
was used to estimate the predictive factors and their
weights. Akaike information criterion (AIC) was used
to develop different multivariate models by
systematically removing predictors that were less
statistically significant (P > 0.10) starting from a full
model containing all common predictive factors
which were statistically significant in the univariate
analysis.

The predictive performance of models was
evaluated by considering measures of discrimination
and calibration. The bootstrapping method (1000
repetitions) was used to obtain a relatively unbiased
estimate of the models’ performance. The concor-
dance index (c-index) and calibration plot was used to
determine and validate the performance of the model
to distinguish between high-risk and low-risk
patients.

All statistical analyses were performed using
SPSS 17.0 software (SPSS Inc., Chicago, IL, USA) and
R version 291 (The R Foundation for Statistical
Computing, Vanderbilt University, Nashville, TN)
using the Hmisc and Design libraries. All statistical
assessments with p<0.05 were considered significant.

Results

Basic demographic data and survival outcome
of training set and validation set

The distribution of demographic and clinical
variables in the training set and validation set are
compared in Table 1. All variables were similar
distributed between the two cohorts, except age,
numbers of patients with positive surgical margin,
positive lymphatic invasion, and administration of
adjuvant chemotherapy. Around 70% of the MSGC
originated from parotid gland, and the most common
histological subtype was adenoid cystic carcinoma,
followed by mucoepidermoid carcinoma, and acinic
cell carcinoma in both cohorts.

With a median follow-up period of 58.1 months
(range, 1.4-169.5), the estimated 5-year OS, 5-year
CSS, and 5-year RFS rates were 84.9%, 87.9%, and
76.8% in the training set, and were 80.4%, 85.9%, and
78.6% in the validation set, respectively. There were
51, including 14 (6.1%) local, 7 (3.0%) regional, and 30
(13.0%) distant metastases, of 231 patients in the
training set, and 31, including 3 (2.2%) local, 5 (3.6%)
regional, and 23 (16.5%) distant metastases, of 139
patients in the validation set had tumor recurrence at
the end of study. The RFS curve was similar between
the two groups (Figure 1).

Table 1. Patient characteristics of the training set and validation
set

Variable Category Training  Validation  p value
set (n=231) set (n=139)
Age median (range) 49 (7-91) 52 (11-90) 0.020
Sex male 133 (57.6) 66 (47.5) 0.067
Smoking history yes 79 (34.2) 44 (31.7) 0.35
Drinking history yes 68(29.4) 35(25.2) 0.22
Previous cancer yes 6 (2.6) 9 (6.5) 0.24
history
Comorbidity yes 66 (28.6) 34 (24.5) 0.40
Tumor site parotid 161 (69.7) 100 (71.9) 0.21
submandibular 56 (242) 36 (25.9)
sublingual 14 (6.1) 3(22)
Histological type adenoid cystic 60 (26.0)  35(25.2) 0.60
mucoepidemoid 51(221)  28(20.1)
acinic cell 45(19.5) 21(15.1)
adenocarcinoma, nos 21 (9.1) 16 (11.5)
lymphoepidermoid 20(8.7) 11 (7.9)
squamous cell 10 (4.3) 5(3.6)
carcinoma ex 15 (6.5) 11 (7.9)
others 93.9) 12 (8.6)
Tumor grade I (well) 85(36.8) 50 (36.0) 0.68
II (moderate) 43 (18.6)  31(22.3)
III (poor) 103 (44.6) 58 (41.7)
pT-classification T1 64 (27.7) 41 (29.5) 0.75
T2 104 (45.0) 57 (41.0)
T3 46 (19.9)  31(22.3)
T4a 17 (7.3) 10 (7.2)
pN-classification No local lymph node 188 (81.4) 111 (79.9) 0.62
Local lymph nodes 43 (18.6)  28(20.1)
7t edition AJCC stage 1 66 (26.8) 40 (28.8) 0.69
2 80(38.1)  47(33.8)
3 42(182)  31(223)
4a 39(16.9)  21(15.1)
Perineural invasion  yes 69(29.9)  29(20.9) 0.07
Vascular invasion yes 12 (5.2) 13 (94) 0.14
Lymphatic invasion  yes 12 (5.2) 18 (12.9) 0.01
Surgical margin involved 153 (66.2) 48 (34.5) <0.001
Postoperative yes 162 (70.1) 91 (65.5) 0.36
radiotherapy
Postoperative yes 7(33.3) 22 (15.8) <0.001
chemotherapy

Univariate and multivariate predictive factors
of RFS in training set

In the univariate analysis from the training set,
we identified 16 factors that were associated with
recurrent probability (Supplementary table). Multiv-
ariate analysis identified pathologic T- and N-classi-
fication of the 7th edition American Joint Committee
on Cancer (AJCC) staging system [18], perinueral
invasion, tumor grade, and lymphatic invasion were
the only independent predictive factors for tumor
recurrence (Table 2). Moreover, patients who were
ever or active smoking had a trend toward increasing
risk of tumor recurrence than patients who were
never smoking (p=0.10).
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Figure 1. Kaplan-Meier recurrence-free survival curves for patients with major salivary gland
carcinoma of the training set and validation set.
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Figure 2. Nomogram for the prediction of recurrence in patients with major salivary gland cancer
from the training set.

Table 2. Variables statistically significantly associated with
recurrence-free survival in the multivariate Cox regression
analysis

Variable B (SE) Pvalue HR (95% CI)

Smoking history 0.478 (0.304) 0.10 1.612 (0.889 to 2.924)
Tumor grade II 0.977 (0.537) 0.069 2.656 (0.927 to 7.613)
Tumor grade III 1.263 (0.469) 0.007 3.534 (1.411 to 8.856)
Perineural invasion 0.684 (0.325) 0.036 1.981 (1.047 to 3.748)
Lymphatic invasion 1.027 (0.458) 0.025 2.791 (1.139 to 6.843)
pT2 classification 0.800 (0.558) 0.152 2.225 (0.745 to 0.644)
pT3/T4 classification 1.498 (0.570) 0.009 4.471 (1.464 to 13.65)
Lymph node metastases 0.730 (0.324) 0.024 2.075 (1.100 to 3.915)

Performance of the nomogram in
training set

A nomogram for predicting the
recurrence-free probability at 2- and
5-year was constructed with the six
variables that had most significant values
in multivariate analysis (Figure 2). The
performance of the nomogram in training
set was evaluated by the c-index and the
calibration plot. The c-index of this
model was 0.822 (95% CI, 0.771 to 0.873).
In calibration plot, the performance of the
ideal nomogram was plotted by the
dotted line, in which the solid line
showed that the actual relapse probabil-
ity corresponded closely to present
nomogram predicted recurrence-free
probability at 2-years (Figure 3a) and
5-years (Figure 3b) after operation.

All patients were categorized
tertiles according to the score generated
by the nomogram. The RFS curve in
patients from different groups is shown
in Figure 4a. The 5-year RFS rate of
patients in tertile 1 was 100% vs. in tertile
2, 80.1%, and in tertile 3, 47.3%. A
significant statistical ~difference was
identified within these three groups
(Log-rank p <0.001).

Compare the performance of the
AJCC staging system and
nomogram in the training set.

We compared the performance of
the nomogram with that of the AJCC
staging system for predicting recurrence-
free probabilities (Table 3). The homog-
eneity likelihood ratio was 54.4 and 71.8
of the AJCC system and nomogram
(p=0.004), respectively, indicated that
present nomogram had a smaller differ-
ence within the model, and a better

homogeneity than the AJCC system. The linear trend
chi-square test was 80.5, and 96.0 of the AJCC system
and nomogram, respectively. The c-index was 0.76
(95% ClI, 0.70 to 0.83) and 0.82 (95% CI, 0.77 to 0.87) of
the AJCC system and nomogram (p=0.023), respect-
ively. Both tests indicated that present nomogram had
better discrimination ability than the AJCC system.
The AIC was 471.9 of the AJCC system and 464.5 of
the nomogram. The smaller AIC value indicated
better predictive stratification ability by using the

nomogram than the AJCC system.
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Table 3. Assessing the prognostic performance of the AJCC stage
and nomogram in training set and validation set

Cohort ~ Model Homogeneity Monotonicity and Akaike
discriminatory ability information
Likelihood  Linear  c-index™ criterion
ratio trend x2  (95% CI) (AIC)
(LR) test* test**
Training AJCC7th  54.4 80.5 076 (0.70to 4719
set stage 0.83)
Present 71.8## 96.0 0.82# (0.77to  464.5
nomogram 0.87)
Validation AJCC 7t 129 14.0 071 (062t0 2696
set stage 0.80)
Present 32.2# 324 0.778# (0.70 to  260.2
nomogram 0.86)

*Higher homogeneity likelihood ratio indicates a smaller difference within the
staging system, it means better homogeneity

**Higher discriminatory ability linear trend indicates a higher linear trend between
staging system, it means better discriminatory ability and gradient monotonicity
***A higher c-index means better discriminatory ability.

****Smaller AIC values indicate better optimistic prognostic stratification

# if p<0.05, ## if p<0.01

External validation of the nomogram in
validation set.

The nomogram was externally validated based
on 139 patients from the validation set. The
nomogram assigned a score to each patient in the
validation set, and the c-index for the model was 0.78
(95% CI, 0.70 to 0.86). The calibration plot suggested
that the actual relapse probability corresponded
closely to nomogram-predicted relapse probability at
2-year (Figure 3c) and 5-year (Figure 3d) after
operation. The RFS curve had significant in-group
differences among patients in the validation cohort
which categorized by the same score as in training set
(Figure 4b). Again, a significant statistical difference
was identified within these three groups (Log-rank
p<0.001). The performance of the nomogram is better
than that of the AJCC staging system in terms of the
homogeneity likelihood ratio (32.2 vs. 12.9), the linear
trend chi-square test (324 vs. 14.0), the c-index
(0.78[95% CI, 0.70 to 0.86], vs. 0.71 [95% CI, 0.62 to
0.80]), and the AIC value (260.2 vs. 269.6) (Table 3).
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Discussion

MSGC is an uncommon malignancy in Taiwan,
as well as worldwide. Though some models had been
established for prediction of its recurrence, the clinical
use was limited for difference in tumor types, lack of
validation in Asian population, no reproducible
results and need of detailed pathological work [5-7].
The AJCC staging system was proposed for overall
survival prediction [18]. The T and N-classification of
AJCC system were not only important predictive
factors for recurrence across all predictive models in
previous studies [5-7] but we also found the AJCC
staging system could be used for recurrence predi-
ction. However, other important predictive clinical
variables, including tumor grade [4,6,7,12], perineural
invasion [6,7], and lymphatic invasion [13], were not
taken into account in the AJCC staging system. We
developed a nomogram using clinical variables in

conjunction with the anatomic extent to predict the
tumor recurrent probability of patients with MSGC
based on 231 patients from one medical institute. The
nomogram accurately predicted tumor recurrence-
free probability, with a bootstrapped corrected
c-index of 0.822, and 0.778 with an external
independent validation cohort of 139 patients from
three different institutes. Our study showed that this
nomogram might be informative for the clinicians and
patients with MSGC to estimate the recurrent risk
after the surgical treatment.

The Memorial Sloan Kettering Cancer Center
(MSKCC) recently proposed a prognostic nomogram,
which constructed using the five most predictive
cliniopathologic variables, including age, tumor grade
vascular invasion, lymphatic invasion, and lymph
node metastases, that predicted recurrent risk of
major salivary gland carcinomas based on their cohort

of 301 patients [7]. We previously
externally validated the clinical utility
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004 § e, predicting recurrent risk and our result
80- ‘\‘ hax.. WO — showed a similar performance of the
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= 60+ I...._Ll sy.s’fem [19]. Most importantly, the
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150 provided clear information in coun-
seling on adjuvant therapy. In the
current study, the performance of the
nomogram to predict tumor relapse

probability is better than the AJCC
staging system in terms of better
homogeneity, and higher ability of
discrimination and risk stratification of
the model both in the training set and
validation  set. The superior
performance of the present nomogram
was because it integrated clinicopatho-
logic variables, which were important
for predicting the relapse risk, that are
not accessible by the AJCC staging
system. MSGC included a broad
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Figure 4. Kaplan-Meier recurrence-free survival curves for patients categorized tertiles according to

the nomogram of the training set (4a) and validation set (4b).

, spectrum of tumor subtypes, which
150 might present heterogeneous clinical
course from an indolent behavior to a
rapid lethal condition [3]. Therefore,
overlook the impact of the clinicopath-
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ologic characteristics of the MSGC might limit the
predictive value of clinical utility. Our analysis
showed that incorporated clinicopathologic variables
on the T- and N-classification increased the accuracy
of the present nomogram than the AJCC staging
system in Asian populations of patient with MSGC.

In addition to anatomic extent, our study
identified that tumor grade, perineural invasion,
lymphatic invasion, and smoking history were all
important predictive factors of tumor relapse in Asian
patients with MSGC. Tumor grade, perineural
invasion, and lymphatic invasion are the most
frequent reported prognostic factors of patients with
MSGC [4,6,7,12,13]. Our analysis showed that
addition of smoking history into our nomogram
increased the risk stratification power of the
nomogram (AIC value decreased from 464.9 to 464.5
and 260.6 to 260.2 after added smoking variable in the
training cohort and validation cohort, respectively).
Smoking was associated with increasing risk of
developed benign salivary gland tumor [20],
however, the relation of smoking and malignant
salivary gland cancer still under debated [21], and
seen probably influenced male only [16, 21]. Smoking
induced oncogenic TP-53 mutation [22], which
significantly associated higher relapse rate [24] and
reduced survival [23], in head and neck squamous cell
carcinoma. TP53 gene alternation also associated with
a poor outcome in salivary gland cancer [25].
However, the mutation rate of TP53 in MSGC was
lower than other type of cancer [26], indicated that the
TP53 might not play a critical role of the
tumorgienesis in MSGC. Some studies reported that
smoking history is a poor prognostic factor of patients
with MSGC in univariate analysis, however, the
prognostic value of smoking was less diminished after
adjusted for other clinicopathological characteristics
[7]. Though the effect of smoking on survival outcome
in patients with MSGC is inconclusive, our results
suggest that smoking was a negative predictor and
should be taken into account while predicting relapse
risk in Asian patients with MSGC.

In Table 4, we summarized and compared
known nomograms in prediction outcome for patients
with MSGC from retrospective studies [7, 27, 28]. All
the nomograms were developed based on
combination of patient’s clinical factor (age, sex, and
smoking history) and pathologic characteristics of
tumor (T-N-M classification, tumor grade, lymphatic
invasion, perineural invasion, tumor dimension, and
tumor site) with a similar performance in regard of
concordance index. Ali S. et al developed two
nomograms in prediction tumor recurrence and
overall survival, respectively, based on 301 patient
cohorts from the MSKCC in the United States [7, 27],
however, the models were lack of external validation.
Li Y. et al developed the nomogram in prediction of
overall and cancer-specific survival based on 4218
patients from SEER database [28], the model was
externally validated from an independent patient
cohort in China. As the retrospective analysis of SEER
database, the author incorporated treatment modal-
ities including surgery and radiotherapy into the
model, the model might have selection biased because
some patients were medical unfit for those treatment.
In addition, the use of antitumor therapy might be
confounded by the clinician’s preference, therefore,
this model could not be routine use at the time of
MSGC diagnosis. Most importantly, all three
nomograms were developed based on patients in the
United States, while ours was developed based on
Asian population in Taiwan. We believed our
nomogram might provide valuable clinical
information to predict tumor recurrent probability in
Asian patients with MSGC.

Age negatively impacts survival of patients with
MSGC in several studies [27, 28]. Contrary, Ali S. et al
reported age as a good prognostic factor [7]. Mixed
results regarding the impact of age on survival were
found in the literature. Our study showed no
statistical significance between age and tumor
recurrence. A well- designed, multicenter, prospective
study may help to elucidate the relationship of age
and tumor recurrence in patients with MSGC after
surgical treatment.

Table 4. Comparison of different nomogram of patients with major salivary gland cancer after cancer surgery

Author, Patient no. of the  Study site Validation Study Predictive factor within nomogram Concordance

published year nomogram (Country) and outcome index
period

Ali S7,2013 301 MSKCC (US), Interval Tumor age, tumor grade, vascular and perineural invasion,  0.85
1985-2009 validation recurrence  and nodal metastasis

Ali 527, 2014 301 MSKCC (US), Internal OSand CSS  age, clinical T4 stage, tumor grade, perineural 0.81 for OS, 0.86
1985-2009 validation invasion, and tumor dimension for CSS

LiY28, 2017 4,218 SEER database External OSand CSS  age, sex, tumor site, tumor grade, surgery performed, 0.83 for OS, 0.81
(US), 2004-2013 validation radiation therapy and T-N-M classifications for CSS

This study, 231 CGMH (Taiwan), External Tumor smoking history, tumor grade, perineural invasion, ~ 0.82

2017 2002-2014 validation recurrence  lymphatic invasion, pathologic T- and N-classification

MSKCC, Memorial Sloan Kettering Cancer Center; US, United States; SEER, Surveillance, Epidemiology, and End Results program; OS, overall survival; CSS, cancer-specific

survival; CGMH, Chang Gung Memorial Hospital.
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The 5-year recurrent rate in the validation and
training set of our study was 22% and 23%, which was
better than western patients with MSGC by a range
from 23-43% [4-11]. The difference might be possible
contributed by, first, the advance of modern surgery
and postoperative radiotherapy because all of our
patients were treated between 2002 and 2014, whereas
the majority of patients from the reports were treated
before 2000. Second, a significant portion of our
patients had been treated by postoperative chemo-
therapy, which was rarely provided for patients in
western countries [5-7]. Because distant metastases
were the most common site of recurrent tumor [8, 29],
treatment with postoperative chemotherapy is a
reasonable intent to reduce the recurrent probability
for those with high risk group.

To our knowledge, this is the first study
constructed a nomogram to predict recurrent risk in
Asian patients with MSGC. Nomogram is designed
based on statistical methodology to determine the
likelihood of a certain event [30, 31]. Recent studies
suggested that the use of the nomogram improved the
accuracy of predicting value in oncologic practice. In
current study, the risk of relapse event could be
calculated according to the nomogram scoring based
on clinicopathologic variables of each patient,
therefore, the present nomogram could assign numer-
ous predictions for the chances of relapse probability
at 1-, 2-, 3- and 5-year. However, there are several
limitations of this study. First, a selection bias might
exist as ours was a retrospective study in nature.
Second, we did not evaluate the influence of the
adjuvant treatment as a predictive factor. The effecti-
veness of the adjuvant treatment may potentially
affect survival, as such there was selection bias
regarding which patients were offered the adjuvant
treatment. Third, the present nomogram included
smoking history of the patient, however, we were
unable to evaluate the influence of daily smoking
amount and exposure duration relevant to the relapse
risk of MSGC. Four, the smoking history did not have
significant statistic =~ difference for recurrence
probability in the multivariate analysis, the impact of
smoking history on recurrent risk in MSGC need
further correlation. Finally, our analysis included only
patients from Taiwan with a relatively similar life
style, in addition, the healthcare system and clinical
practice in Taiwan may differ from other countries. A
prospective, multi-country study would be helpful to
validate the present nomogram before it can be used
in clinics worldwide.

In conclusion, we had developed and externally
validated an accurate nomogram for prediction the
tumor recurrent probability of patients with MSGC

after surgical treatment. This nomogram may be used
to assist clinician and patient in elaborating the
recurrent risk and in making decision for appropriate
adjuvant treatment.
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