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Background: The aim of this study was to construct a nomogram to predict the prognosis of patients with gastrointestinal

stromal tumor (GIST).

Material/Methods: We enrolled 4086 GIST patients listed in the SEER database from 1998 to 2015. They were separated to 2

groups: an experimental group (n=2862) and a verification group (n=1224). A nomogram was constructed by
using statistically significant prognostic factors.

Result: A nomogram that included age, sex, marital status, tumor location, grade, SEER stage, tumor size, and surgical
management was developed. It can be used to predict overall survival (OS), while adding AJCC 7" TNM stage
can predict cancer-specific survival (CSS). The C-index used to forecast OS and CSS nomograms was 0.778
(95% Cl, 0.76-0.79) and 0.818 (95% Cl, 0.80-0.84), respectively.

Conclusions: The nomogram can effectively predict 3- and 5-year CSS in patients with GIST, and its use can improve clinical

practice.
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Background

Gastrointestinal stromal tumors (GIST) are interlobar tumors
that most often occur in the gastrointestinal tract [1]. They
originate from the stromal cells of Cajal or their stem cell pre-
cursors. In histology, GIST consists of fusiform cells, epithelial
cells, or mixed cells, that are arranged in bundles or are dif-
fused [2]. GIST includes 3 types: benign, uncertain malignant
potential, and malignant [1]. They occurs in every part of the
digestive tract and are most common in the gastric stroma,
accounting for about 60-70% of all cases. GIST has a broad
prognostic spectrum; therefore, forecasting the prognosis of
GIST patients based on clinicopathological factors is important
and contributes to developing treatment plans.

The American Joint Committee on Cancer (AJCC) TNM staging
system is now the most extensively used clinical tool in deter-
mining the treatment of tumor patients, but it fails to accu-
rately reflect differences in the prognosis of various patients
because the same TNM stage can have different clinical out-
comes and is influenced by the assessment of clinicians [3-5].
The same treatment may then lead to inadequate or exces-
sive treatment. A new type of line map has been established
by Joensuu [6], in which the recurrence rate of patients with
GIST was individually evaluated by mitotic count, tumor size,
tumor location, and rupture, using magnetic resonance imag-
ing (MRI). Compared with the TNM staging system, the mod-
el can provide a more accurate prognosis. However, age and
sex can still affect the prognosis of patients, so we still need
an improved system to analyze the clinical prognosis of pa-
tients with GIST.

A nomogram is considered a reliable tool for clinicians to use
in predicting prognosis of patients with tumors. Compared
with the AJCC system, TNM staging system can more accu-
rately predict the survival time of patients with different tu-
mors, and TNM staging system has been recognized in vari-
ous studies [7,8]. Research using nomograms for GIST patients
alone based on population-based data have not been reported.
Thus, we used the database to develop a nomogram to more
precisely predict the prognosis of GIST patients.

Material and Methods

Patients

We obtained patient data from the SEER database, and SEER*stat
software (version 8.3.5; http://seer.cancer.gov/seerstat/) was
used to screen the data. All patients were pathologically diag-
nosed as having GIST by morphological code (C22.0) between
1998 and 2015 from the SEER database. In accordance with the
third edition of ICDO-3 for GIST (code 8936), 5381 patients with
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GIST were listed. Then, 4086 patients were selected from among
the 5381 patients based on the following criteria: 1) no history
of malignant tumor; 2) diagnosed with GIST; 3) followed up
with known results; 4) detailed clinicopathological information.

Study variables

We calculated CSS and OS. For each patient, were obtained
data on clinical variables, including age at diagnosis, race, sex,
marital status, size, tumor grade, tumor site, SEER historical
stage A, AJCC 7% edition TNM stage, mitotic count, surgical
management, follow-up data, and cause of death. Tumor size
and age were regarded as continuous variables.

Statistical analysis

We used the t test to construct nomogram baseline patient
demographics. Differences between survival curves were an-
alyzed using the log-rank test. We used univariate and multi-
variate Cox proportional hazards models to screen key prog-
nostic factors. Univariate prognostic analysis was performed
via log-rank and Kaplan-Meier analysis. The Cox proportional
hazards model was used to obtain hazard ratios and 95% con-
fidence intervals. A graphical nomogram was constructed from
multivariate logistic regression models.

Verification of the nomogram

The nomogram was validated by measuring discrimination in-
ternally (training set) and externally (validation set). The dis-
criminatory ability of every model was assessed using the
concordance index (C-index). A high C-index indicates good ca-
pacity to distinguish patients with different survival conditions.
SPSS 20.0 (IBM, Inc., Armonk, NY) and R software programs
were used for analysis. P<0.05 indicated statistical significance.

Results

Demographic and pathological characteristics

We selected 4086 patients diagnosed with GIST. Patients
were separated into a training group (n=2862) and a valida-
tion (n=1224) group.

The flowchart of data selection for the training group (n=2841)
and validation group (n=2781) is presented in Figure 1, and
patient characteristics are listed in Table 1. The average age
was 62.67 years old, and 49.7% of patients were male. Most
patients in the 2 sets were married (56.3%) and 61.6% were
white. In addition to the unknown location, the most common
tumor site was the fundus (15.4%), followed by the great-
er curvature (13.3%), lesser curvature (11.6%), body (9.2%),
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Gastric GIST
(N=5381)

Excluded 956 patients had more
than 1 primary cancer and the (—L
gastric GIST was not forst

N=4425
Excluded 27 patients adge
<18/ years

N=4398
Excluded 191 patients
without follow-up time

N=4207

N=4086
Training set Validation set
(N=2861) (N=1224)

Excluded 121 patients without
information regagarding
surgical management

Figure 1. Flowchart of data selection.

Table 1. Patient demographics and pathological characteristics.

All patients (n=4086)
Variables
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Table 1 continued. Patient demographics and pathological characteristics.

All patients (n=4086) Training set (n=2862) Validation set (n=1224)

Variables

Antrum 314 7.7 213 74 101 8.3
"""" Pyos 12 o3 9 o3 3 02
"""" lessercurvature 474 116 37 14 47 12
"""" Greatercurvatwre  sas 133 383 134 162 132
"""" Overlapping stomach lesion 257 63 13 67 e 52
"""" StomachNos 170 286 81 287 349 285

<5 1329 325 926 324 403 33
"""" si0 1016 249 703 246 313 256
"""" s0 o7& 193 s 188 249 203
"""" Unknown  9sa 233 e 243 259 212

<5 1237 30.3 849 29.7 388 31.7
"""" st00 0 a2 19 a5 a1 33
"""" s0wa a3 w3 a3 st 42
"""" Unknown 2505 613 1751 615 744 608
Corade
"""" o s.u me 37 15 157 128
"""" “ s es 20 98 1 99
"""" w1 a4  ug a1 4 37
"""" v o a0 s9 1w  s7 718 64
"""" Unknown 278 6.7 1945 e 83 &2
Cstage
"""" localized 273 7 194 65 85 682
"""" Regonal 37 97 20 103 101 83
"""" pistant 710 174 4% 174 21 172
"""" Unknown 240 s9 13 57 77 63
Cswgey
"""" Pefformed 3371 85 2361 85 1010 85
"""" Nwe 75 15 s, 175 214 175
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Table 2. Univariate and multivariate analyses of overall survival in the training set.

Univariate analysis Multivariate analysis
Variable
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Table 2 continued. Univariate and multivariate analyses of overall survival in the training set.

Univariate analysis Multivariate analysis

Variable

Regional 1.464 (1.181-1.815) <0.001
"""" pistant 2339 1931-283) <0001
"""" Unknown 1264 (99-1649) 008
mCCTUstge 000
"""" o Refeence
"""" . o603 (028-1289 o012
"""" w1504 (es43309 031
"""" v o 1069 (o612-1845 o812
"""" Unknown 1270 (0734219 0392
Csugey 000l
"""" Nove  Referexce
"""" Peformed ~ 043% (03650518 <0001

antrum (7.7%), cardia (7.5%), overlapping stomach lesion
(6.3%), and pylorus (0.3%). The tumor size was mostly less
than 5 ¢cm (32.5%). Except for tumors in unknown locations,
most tumor mitotic rates were under 5 mitoses/50 high-power
field (HPF). About 67% of the patients had GIST in the local-
ized stage, 17.4% (710) had distant stage, and 9.7% (397)
had regional stage, in accordance with the SEER stage sys-
tem. The median time for follow-up was 47 months in the
training group and 46 months in the validation group. In the
training group, 539 patients died from GIST and 327 patients
died from other causes.

Nomogram construction

In the training group, all variables in the nomogram were related
to OS. Table 2 shows the independent prognostic variables, such
as age, race, sex, marital status, size, grade, tumor site, SEER
historical stage A, AJCC 7t TNM stage, mitotic count, and sur-
gical management. Results of multivariate analysis identified 8

independent predictive factors: age, sex, marital status, tumor
location, grade, SEER stage, tumor size, and surgical manage-
ment. On the basis of these 8 variables, we built the overall
survival (0S) nomogram in the training set (Figure 2A). For
cancer-specific survival (CSS), 9 independent predictive factors
were identified: age, sex, marital status, tumor location, grade,
SEER stage, tumor size, AJCC 7t TNM stage, and surgical man-
agement (Table 3). The CSS nomogram is shown in Figure 2B.

Verification of the nomogram

Internal and external validation was performed for the nomo-
gram. Internal validation showed that the C-index used to pre-
dict OS and CSS nomograms was 0.778 (95% Cl, 0.76-0.79)
and 0.818 (95% Cl, 0.80-0.84), respectively (Table 4), and it
was consistent with the actual OS and CSS. When the valida-
tion cohort for external validation was used, the C-index was
0.794 for OS (95% Cl, 0.77-0.82) and 0.843 (95% Cl, 0.82-0.87)
for CSS, respectively. Moreover, the nomogram in the training
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Figure 2. Construction of nomograms. (A) Nomogram for predicting the OS of GIST. (B) Nomogram for predicting CSS. CSS— cancer-
specific survival; OS — overall survival; GIST — gastrointestinal stromal tumor.
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Table 3. Univariate and multivariate analyses of CSS in the training set.

Univariate analysis Multivariate analysis
Variable
P value
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Table 3. Univariate and multivariate analyses of CSS in the training set.

Univariate analysis Multivariate analysis
Variable
P value

Regional 1.917 (1.469-2.504) <0.001
”””” pistant 3103 (43399 <001
"""" Unknown 1360 (0959-1928 0085
mCC7Ustage 000l
"""" o Refeence
"""" . 1929 (06026179 029
”””” wo s qee-1809) 0005
”””” v 301 @as-s13) oo
”””” Uknown 406 (@ss-1073) 0005
Csugey w0001
"""" Nove  Referece
"""" Performed 0402 (0324-0499) <0001

Table 4. Discrimination efficiency.

Nomogram 0.778 0.76-0.79 0.794 0.77-0.82
| SEERstage oe6s 065-068 oees 064-070
ACCTNM 7% stage osss 0s7-060 o6 057-063
Nomogam 018 080084 0843 082-087
| SEERstage 072 070074 o737 070077
AICCTNM 7Mstage 0625 061064 063 061-066
s s ersd st ommon . [RURRORMIRRR ot (G Contr il Medrl (st (5 Mt e
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group, the SEER stage, and the AJCC 7t TNM staging system
were compared. The results showed that a nomogram for dis-
criminating patients with GIST performed better than the SEER
and TNM 7 edition staging systems (Table 4).

Discussion

Nomograms were introduced into the medical field by schol-
ars in 1928 [9]. They are currently used in various cancers to
evaluate the individualized prognosis [10-12]. Nomograms
are simple and easy to use and exhibit high clinical precision.
Moreover, they can elevate staging systems from the group
level to the individual level and can be used to predict ap-
proximate survival under any circumstances [13]. In the pres-
ent study, a nomogram was built to predict patient prognosis.
We compared the performances of our nomogram, SEER stag-
ing, and the AJCC 7t TNM stage system in the training group.
Our results showed the nomogram performed better than the
SEER and TNM 7t staging systems.

We identified 9 factors that could predict the CSS of patients
with GIST — age, sex, marital status, tumor location, grade, SEER
stage, tumor size, AJCC 7t TNM stage, and surgical manage-
ment — which were consistent with previous studies [14-16].
Age has been regarded as a key prognostic factor in some re-
ports and old age as an independent risk factor in other stud-
ies, indicating a reduced survival rate [17-19]. The older and
more anxious the patients were, the less their desire to know
the prognostic outcome [20]. Moreover, most women prefer to
talk with others, whereas men usually choose deal with their
cancer on their own. Some studies suggest patients commu-
nicate without reservation with family members [21]. Women
with lower education levels were much more interested in
knowing their survival rate [22]. Moreover, the partner can
improve the prognosis [23-25]. Notably, the prognosis in the
cardia and pylorus is better than that in the antral and oth-
er parts, which may be related to the obvious obstruction of
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the gastric cardia and the pylorus than that of the gastric an-
trum, and the earlier clinical findings.

The method used in this study has several advantages. Our
nomogram is more accurate than the AJCC TNM staging sys-
tem [26]. It effectively uses a rigorous design to provide a solid
foundation for the individualized treatment of different gastric
stromal tumors for clinicians. The prognoses of stage-Ill patients
with the same TMN stage vary according to sex, age, marital
status, and location of the tumor in the stomach. Prognostic
differences are visually observed in the nomogram, which may
result in different treatments. We calculated the scores of
each individual. Discrimination and calibration indicated that
the models were valid. Different nomogram-integrating anti-
cancer treatments might further improve survival prediction.
From the nomogram, 9 variables were obtained, which provid-
ed information on GIST and could also determine the correla-
tion of developed tools. Although the model was built on the
basis of a large population-based cohort and could increase
the accuracy of the nomogram, the SEER database contained
no data on chemotherapy and other targeted therapy, which
could lead to bias. In addition, many possible predictive vari-
ables were excluded, such as pain, C-reactive protein, albu-
min, and molecular markers. Therefore, the use of this model,
combined with tumor markers and other indicators, may more
accurately predict patient prognosis.

Conclusions

The nomogram in our study was constructed by using statis-
tically significant prognostic factors, including age, sex, mari-
tal status, tumor location, grade, SEER stage, tumor size, and
surgical management. It performs better than the SEER and
TNM 7t edition staging systems in discriminating patients with
GIST. Our nomogram can more precisely predict the prognosis
of GIST patients, and has clinical significance as it can guide
individualized treatment.
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