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Abstract The objective of the study is to investigate and
analyze clinicopathological features of gastrointestinal
stromal tumor (GIST) and relevant prognostic factors.
Between September 2008 and April 2014, 168 patients who
presented with pathologically confirmed GIST and under-
went surgical resection of the tumors in our institution were
included in this study. A retrospective study on clinico-
pathological features of the disease and follow-up study on
1-year, 3-year, and 5-year survival rates were performed.
Of 168 patients, 113 were males and 55 females of age
ranging from 18 to 78 years (mean age 52.6 + 10.1 years).
Seventy patients (41.7 %) presented abdominal distension,
74 (44.0 %) abdominal pain, and 82 (48.8 %) bloody
stools. Of all patients, 115 (68.4 %) developed tumors in
GI tract, 51 (30.4 %) presented multiple tumors, 88
(52.4 %) tumors displayed a maximal diameter >5 cm,
mitotic count >5/50HPF were observed in 80 patients.
Positive rate of CD117 was 92.9 % (156/12), DOGI1
97.0 % (163/5), CD34 53.0 % (89/79) and S-100 25.6 %
(43/125). Follow-up study achieved in 149 patients. Sur-
vival analysis and Cox regression analysis demonstrated
that no significant prognostic effects were observed for
gender, clinical presentations, tumor location, number of
tumors, CD34 and S-100 expression (p > 0.05). However,
tumor diameter and mitotic count were factors with sig-
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nificant effect on prognosis of GIST (p < 0.05). Tumors
with diameter >5 c¢m and mitotic count >5/50HPF resulted
in poor prognosis. Common symptoms of GIST include
abdominal pain and blood stools. Tumor diameter and
mitotic count are helpful for the evaluation of prognosis
with favorable clinical value.
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Introduction

Gastrointestinal stromal tumors (GISTs) [1, 2] are mes-
enchymal tumors arising from the wall of the gastroin-
testinal (GI) tract, accounting for 1-3 % of malignancies of
GI tract and majority of mesenchymal tumors of alimentary
cannel. GISTs mainly affect middle aged to elderly adults,
but are uncommonly seen in patients younger than 40 and
with no significant gender predilection. GISTs rarely occur
in the mesentery, omentum, and retroperitoneum. The
majority of GISTs are seen in the stomach (50-70 %) as
well as in the small intestine (20-30 %), and 0-6 % of
GISTs are located in the esophagus and 10-20 % in the
colon and the rectum. Currently, surgery still remains a
radical treatment of GISTs [3]. Due to the fact that
20-30 % of GISTs are malignant and 11-47 % of patients
show metastases at the first clinical visit, the study on
prognostic factors has significant implications for GIST
treatment. In the present study, a retrospective study and
follow-up study are conducted on 168 patients with GISTs
to investigate and analyze clinicopathological features and
relevant prognostic factors of GISTs, aiming to provide
evidence for guiding clinical treatment of GISTs.
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Materials and Methods
Patients

Between September 2008 and April 2014, 168 patients who
presented with pathologically confirmed GIST and under-
went surgical resection in our institution were included in
this study. All patients were evaluated according to stan-
dard diagnostic criteria [4, 5]. Tumors primarily located in
GI tract with spindle, pleomorphic or epithelioid tumor
cells, and CD117 positivity was confirmed as GIST. Pa-
tients with other severe diseases or other epithelial, myo-
genic, and neurogenic tumors as well as lymphatic system
tumors within the past 5 years were excluded.

Clinical Data and Parameters

(1) General conditions of patients including gender, age,
and rate of abdominal distension, abdominal pain as well as
bloody stool were recorded.

(2) Pathological data were documented, including lo-
cation of tumor, number of tumors, tumor size, mitotic
count (count in 50 randomly selected high power fields
(HPF)), and positive rate of CD34, CD117, DOGI, S-100
(samples are considered positive when >10 % of cells
display positive immunohistochemical staining).

(3) Survival parameters including time of death and
survival time were obtained.

Data Collection

General conditions and pathological data were collected
from clinical medial record and pathological examination
record of patients. Surgically resected specimens were
tested for CD34, CD117, DOG1, Ki67 and S-100 proteins
using S-P immunohistochemical staining, and mitotic ac-
tivity was recorded under microscopic observation. Sur-
vival data were obtained by telephoning with patients every
6 months during follow-up, which lasted over 5 years
(range 6—64 months). Follow-up study was achieved in 149
patients with each receiving at least one follow-up study.

Statistical Study

Statistical analysis was performed using SPSS software
version 17.0. Qualitative data were presented by number of
cases or ratio of composition. Survival analysis and uni-
variate analysis were performed using Kaplan—Meier
method and Log-rank test. Multivariate analysis on factors
affecting survival was carried out using Cox proportional
hazards regression model. The best model was determined
using stepwise regression. An o = 0.05 was considered as
significant.
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Results
Clinical Characteristics of Patients with GIST

GIST is characterized by non-specific symptoms
manifested by abdominal distension, abdominal pain, and
bloody stools. Of 168 patients in this study, 113 were males
and 55 females of age ranging from 18 to 78 years (mean
age 52.6 £ 10.1 years). Seventy patients (41.7 %) pre-
sented abdominal distension, 74 (44.0 %) abdominal pain,
and 82 (48.8 %) bloody stools (Table 1).

Pathological Features of Patients with GIST

Macroscopic observation revealed that 115 out of 168 pa-
tients (68.4 %) developed tumors in GI tract and 53 pa-
tients developed tumors at other sites. Multiple tumors
were revealed in 51 patients (30.4 %) and single tumor in
117 patients. Eighty-eight (52.4 %) tumors demonstrated a
maximal diameter >5 cm. Immunohistochemical staining
showed that mitotic count >5/50HPF was observed in 80
patients. Positive rate of CD117 was 92.9 % (156/12),
DOGI1 97.0 % (163/5), CD34 53.0 % (89/79) and S-100
25.6 % (43/125). (Table 2).

Survival Analysis
Overall Survival (0S)

A follow-up study over 5 years was carried out in 168 patients
and achieved in 149 patients. The results showed that 1-year,
3-year, and 5-year OS rates were 83.9, 56.1, and 36.9 %,
respectively, with mean survival of 41.4 months and median
survival of 42.1 months. Survival data and survival rate are
presented in Table 3 and OS curve is presented in Fig. 1.

Univariate Analysis on Factors Affecting Survival

Univariate analysis was performed on more than ten factors
affecting survival, including gender, abdominal distension
and other factors. The result showed that the group of tu-
mors with maximal diameter >5 cm and mitotic count >
5/S0HPF demonstrated poorer prognosis than controls
(» < 0.05). However, gender, clinical presentations, tumor
location, number of tumors, and expression of CD34 as
well as S-100 proteins had no significant effect on prog-
nosis of patients (p > 0.05) (Table 4).

Comprehensive Analysis on Factors Affecting
Survival—Cox Model Analysis

Parameters/factors presented in Table 4 with smaller
p values served as covariates and were included in the
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Table 1 Clinical characteristics

Clinical characteristics Frequency (cases) Positive ratio (%)
of patients

Gender (male/female) 113/55 67.3

Abdominal distension (present/absent) 70/98 41.7

Abdominal pain (present/absent) 74/94 44.0

Bloody stools (present/absent) 82/86 48.8
Table 2 Pathological features Pathological features Frequency (cases) Positive ratio (%)
of patients

Tumor site (GI tract/elsewhere) 115/53 68.4

Number of tumors (multiple/single) 51/117 304

Maximal diameter of tumor (cm) (>5/<5) 88/80 52.4

Mitotic count (number of mitoses/SOHPF) (>5/<5) 80/88 47.6

CD34 protein (+/—) 89/79 53.0

CD117 protein (+/—) 156/12 92.9

DOG]1 protein (+/—) 163/5 97.0

S-100 protein (4+/—) 43/125 25.6

Table 3 Overall survival and survival rate

Mean survival Median survival 1-Year survival rate 3-Year survival rate 5-Year survival rate
41.4 42.1 0.839 0.561 0.369
Number of months Survival rate through these months Standard error of survival rate 0.95 confidence interval
3 0.960 0.0196
0.897-0.985
6 0.930 0.0255
0.859-0.966
9 0.860 0.0347
0.775-0.915
12 0.839 0.0368
0.751-0.898
15 0.798 0.0404
0.704-0.865
18 0.787 0.0412
0.693-0.856
21 0.715 0.0456
0.614-0.794
24 0.693 0.0468
0.591-0.774
30 0.616 0.0498
0.511-0.705
36 0.561 0.0511
0.455-0.654
48 0.508 0.0527
0.400-0.605
60 0.369 0.0542
0.255-0.475
64 0.279 0.0535
0.180-0.386

analysis using Cox proportional hazard model. Variable = X3 = CD34 protein expression (1 = positive, 0 = nega-
assignment: X1 = maximal tumor diameter (1 =>5, tive), X4 = S-100 expression (1 = positive, 0 = nega-
0 =<5), X2 = mitotic count (1 =>5; 0= <5), tive), ¢+ = survival time (months), variable Y = patient
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Kaplan-Meier survival curve
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Fig. 1 Summary of survival data—Kaplan—Meier survival curve

outcome (1 = censored survival, 0 = death). Data were
screened using multivariate stepwise regression analysis
(entry level of 0.05, removal level of 0.10). Results are
presented in Table 5.

The results in Table 5 demonstrate that mitotic count (in-
creased count) was the most important factor associated pa-
tient survival (a risk factor for death) with relative risk
reaching 8.381, followed by maximal tumor diameter. Tumor
with larger size exhibits higher risk for death with relative risk
reaching 3.881. CD34 protein expression displayed no

significant impact, however, the p value was smaller and
relative risk reached 2.812. S-100 protein expression was not a
factor affecting survival and was removed by screening.

Discussion

GIST has no specific clinical manifestations and main
symptoms are associated with tumor location and size.
Clinical course of the disease can vary from several days to
over 20 years. Patients with early stage tumor or benign
tumor present no symptom, whereas those with malignan-
cies experience short clinical course of several months
mostly [6]. Common symptoms of GISTs include GI
bleeding, dysphagia and discomfort with swallowing in
patients with GIST at the gastric cardia. Some patients seek
treatment due to perforation of ulcer, which may increase
the risk for tumor cell seeding in peritoneal cavity and local
recurrence of tumor. These patients usually present several
common symptoms, including abdominal pain, masses, GI
bleeding and GI obstruction, and subsequent development
of the disease is difficult to predict. It has been reported in
literature [7, 8] that tumor recurrence or metastasis still
occurred several years after surgical resection of benign
GISTs. Hence, accurate evaluation of prognosis is ex-
tremely crucial to guiding clinical treatment. In the present
study, a retrospective study on clinicopathological features

Table 4 Univariate analysis on clinicopathological features and prognosis

Clinicopathological 1-Year survival rate 3-Year survival rate 5-Year survival rate Log-rank p
features/factors/variables (%) (%) (%) 12

Gender (male/female) 73.6/86.7 59.9/53.2 43.2/36.1 0.027 0.897
Abdominal distension (present/absent) 72.9/88.8 60.4/66.7 54.6/39.5 0.167 0.816
Abdominal pain (present/absent) 75.5/84.2 62.6/73.7 46.5/56.3 0.325 0.805
Bloody stools (present/absent) 70.4/89.5 47.9/63.5 33.1/56.1 0.529 0.700
Tumor location (GI tract/others) 79.4/80.0 48.6/62.1 41.3/40.0 0.478 0.721
Number of tumors (multiple/single) 63.6/76.3 49.5/54.2 33.4/35.1 1.325 0.536
Maximal tumor diameter (>5/<5) (cm) 67.1/100.0 46.3/74.1 16.2/71.2 7.800 0.005
Mitotic count (>5/<5/50HPF) 60.1/100.0 21.4/100.0 0.0/82.1 29.176 0.000
CD34 protein (4+/—) 91.6/59.8 62.8/43.5 47.2/29.7 2.478 0.130
CD117 protein (+/—) 86.2/78.3 67.4/49.1 43.2/36.4 1.330 0.541
DOG]1 protein (+/—) 86.4/78.7 62.2/51.6 42.9/34.8 1.145 0.285
S-100 protein (4+/—) 80.0/79.3 69.7/53.4 44.8/47.2 2.921 0.250

Table 5 Cox analysis on risk factors affecting patient survival

Wald Xz square p

Relative risk 95 % Confidence interval

Factors Regression coefficient Standard error
X1: Maximal tumor diameter 1.356 0.605
X2: Mitotic count 2.126 0.404
X3: CD34 protein detected 1.034 0.613

5.024 0.025 3.881 1.186 12.703
27.693 0.000 8.381 3.797 18.501
2.845 0.092 2.812 0.846 9.351
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of the disease and follow-up survival analysis were con-
ducted on 168 patients with GISTs, in an effort to inves-
tigate the relationship between clinicopathological features
and survival rate the disease.

The results of this study showed that symptoms in-
cluding abdominal distension, abdominal pain, and bloody
stools, despite its non-specificity, were common clinical
manifestations of GIST. In the present study, 68.4 % of
patients developed tumors in GI tract, 30.4 % were mul-
tiple tumors and 52.4 % of patients developed tumors with
maximal diameter >5 cm, indicating that GISTs mostly
occurred in the stomach and small intestine and majorities
were single tumor with maximal diameter >5 cm [9]. Di-
agnosis of GIST relies on clinicopathological features of
the disease. CD117, product of C-kit gene, shows good
sensitivity and specificity for the diagnosis of GIST.
DOG1, known also as TMEM16A and ANOI, is currently
considered the most specific and sensitive marker of GIST,
partly because its expression does not depend on mutations
in the c-kit or PDGFRA genes, and partly because of its
expression in CDI117-negative cases. In addition, CD34
and S-100 can serve as ancillary studies for differential
diagnosis [10, 11]. CD34, known as an antigen marker for
stem cells, presents on hematopoietic stem cells in bone
marrow. CD34 expression in GIST can reach over 80 %
and its presence suggests that GIST is originated from and
closely related to primitive and undifferentiated mes-
enchymal stem cells. S-100 expression is weak in GIST,
displaying scattered and focal expression. The results of
this study confirmed that CD34 positivity reached 53.0 %,
CD117 92.9 %, DOG1 97.0 % and S-100 25.6 %. During
over 5-year follow-up study, survival analysis was per-
formed by determining 1-year, 3-year, and 5-year survival
rates and assessing the relationship between clinicopatho-
logical features of the disease and survival rate. The results
demonstrated that prognostic effect of immunohisto-
chemical parameters, such as CD34, CD117, DOGI1 and
S-100, is uncertain and they can only serve as ancillary
parameters for diagnosis. However, maximal tumor di-
ameter and mitotic count are factors affecting prognosis of
GIST. Tumors with longer tumor diameter and higher
mitotic count, especially the latter, resulted in poorer
prognosis, which is consistent with the results of most
studies [11, 12].

In conclusion, clinicopathological features including
abdominal distension, abdominal pain, bloody stools, tu-
mor location, and number of tumors, tumor diameter, and

results of immunohistochemical studies help with the di-
agnosis of GIST. In addition, tumor diameter and mitotic
count are factors affecting GIST prognosis. In clinical
practice, precautions should be taken when treating patients
with abdominal discomfort and bloody stools, to achieve
early detection, early treatment, and improve post
therapeutic survival.
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