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Abstract: Data on treatments and specific outcomes of primary

gastrointestinal stromal tumors (GISTs) �10 cm are limited. We here

report the treatments and survival outcomes concerning a subgroup of

primary giant GISTs.

Data of 83 consecutive patients with primary GISTs �10 cm in a

single institution were retrospectively collected. Fifty-eight patients

underwent surgery before imatinib mesylate (IM) treatment (Group A),

10 underwent surgical resection following IM therapy (Group B),

whereas 15 patients took IM as drug therapy alone (Group C).

The baseline clinical characteristics were similar among the 3 groups.

However, a lower proportion in Group A had metastatic disease at the time

of diagnosis or surgery compared with Groups B and C (8.6% vs 40.0% vs

40.0%, P< 0.05). The median follow-up duration was 21.5 months. No

statistically significant differences were observed on progression-free

survival (PFS) among the groups. However, patients in Group B showed

significantly better overall survival (OS) compared with those in Group C

(P¼ 0.044). Multivariate analysis showed that patients treated with

adjuvant IM were associated with better PFS (hazard ratio [HR] 3.01;

95% confidence interval [CI] 1.13–7.97; P¼ 0.027) and OS (HR 29.11;

95% CI 3.32–125.36; P¼ 0.004). The subgroup with mitotic count>10/

50 high-power fields (HPF) showed worse PFS (HR 3.50; 95% CI 1.19–

10.25; P¼ 0.022) and OS (HR 20.04; 95% CI 1.67–143.79; P¼ 0.018)

than that of mitotic count �5/50 HPF.

Clinical treatment patterns for primary giant GISTs are different, and

the outcomes of different interventions vary. The optimal treatments for

these subgroup of patients still require further long-term investigation.

Moreover, mitotic count and adjuvant IM are closely associated with PFS

and OS in giant GISTs.

(Medicine 94(28):e1117)

Abbreviations: CT = computerized tomography, GISTs =
Yin, MD, Jiaju Che Tang, MD,
Chen, PhD, and Jiaping Chen, PhD

growth factor receptor alpha, PFS = progression-free survival, RFS

= recurrence-free survival.

INTRODUCTION

G astrointestinal stromal tumors (GISTs) are a group of
mesenchymal tumors found within the abdominal cavity

(stomach, small intestine, and occasionally, mesentery, liver,
retroperitoneum, and omentum), with an estimated incidence of
10 to 20 per million.1–3 Nowadays, surgery is the mainstay
treatment for GIST patients. However, approximately 30% to
50% of GIST patients who underwent complete resection may
experience tumor progression within 2 years postoperatively,
particularly those with GISTs >10 cm,4,5 thereby affecting
long-term outcomes. Combined resection may be adopted for
GISTs �10 cm because of invasion into adjacent organs,6,7 and
the proportion of tumor rupture and extensive intraoperative
hemorrhage may also increase at surgery. As a consequence,
treating giant GISTs is often a challenge for the attending
clinicians.

The majority of GISTs harbor a gain-of-function mutation
in either KIT or platelet-derived growth factor receptor alpha
(PDGFRA).8 The introduction of imatinib mesylate, which
targets KIT or PDGFRA-activated GISTs, has revolutionized
the management of this disease.9 However, secondary resist-
ance eventually develops in most cases.10 As such, surgical
resection of residual tumors after preoperative IM treatment in
patients with advanced or recurrent/metastatic GISTs is
beneficial to improve their survival outcomes.11,12 Thus, a
combination of preoperative IM treatment and surgical inter-
vention has gained wider acceptance. However, data on clinical
care for giant GISTs are still rare to date.

Numerous patients with GISTs �10 cm have been
described, but most reports present case reports.6,13–15 In a
retrospective study by Wada et al7, they reported the prognoses
of this subset of patients, but no patient underwent neoadjuvant
or adjuvant treatment until recurrence. Hence, clinical manage-
ment and prognostic predictors remain unknown. To the best of
our knowledge, studies that specifically target patients with
primary GISTs �10 cm with such a large sample in a single
institution are rare. Therefore, we aimed to explore the optimal
the prognostic factors based on data of

83 patients with primary GISTs �10 cm who were consecu-
tively admitted in our institution.

MATERIALS AND METHODS
ds of all consecutive patients with GISTs
ital, Sichuan University between January
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FIGURE 2. The computed tomography (CT) scan showed a giant
tumor located in the abdominal cavity with a size of 22cm�16cm
(A). This patient underwent surgery after IM treatment, but even-
tually experienced tumor recurrence within 14 months postopera-
tively. Huge mass located in the pelvic cavity was observed by CT

Shen et al Medicine � Volume 94, Number 28, July 2015
2011 and September 2014 were retrospectively reviewed. The
inclusion criteria are as follows: patients were histologically
diagnosed with primary GISTs by the pathologists at our

FIGURE 1. Gastrointestinal stromal tumors presented as a giant
mass (15 cm�15cm) located in the greater curvature (A1, A2);
total gastrectomy was performed for thispatient. B1 and B2 showed
a lesion located in the stomach with a size of 16cm�14cm.
institution; all tumors were�10 cm, as determined by computed
tomography (CT) and intraoperative findings (Figures 1 and 2).
Patients with GISTs synchronous with other malignancies and

TABLE 1. Clinicopathologic Characteristics of Patients With Prim

Variables Group A

Sex (M/F) 35/2
Age (median, range) 57 (39
Tumor size (cm, mean�SD) 15.6�
Tumor location (%)

Stomach 23 (39
Small intestine 13 (22
Others

�
22 (37

Mutation status (%)
KIT exon 11 11 (19
KIT exon 9 1 (1.7
Wild-type 1 (1.7
Not available 45 (77

Mitotic count (%)
�5/50 HPF 20 (34
6–10/50 HPF 21 (36
>10/50 HPF 17 (29

Metastasis at the time of diagnosis or surgery (case, %) 5 (8.6
Preoperative IM therapy (case) —

Duration of preoperative IM therapy, months —

Postoperative IM therapy (case) 20
Duration of postoperative IM therapy, months 12 (2–

F¼ female, GISTs¼ gastrointestinal stromal tumors, HPF¼ high power�
Others including omentum, mesentery of small intestine and large inte

2 | www.md-journal.com
scans (B, C). The operative photo showed that the patient under-
went proximal gastrectomy combined with splenectomy, which
was attributed to the density adherent to the spleen (D).
insufficient medical charts were excluded in this study. Data of
83 eligible patients with primary GISTs were collected during

ary Giant GISTs Among 3 Groups (n¼83)

(n¼ 58) Group B (n¼ 10) Group C (n¼ 15) P value

3 8/2 12/3 0.290
–79) 52(31–66) 50 (26–87) 0.385
6.6 14.6� 4.9 15.4� 4.3 0.795

0.623
.7) 3 (30.0) 7 (46.7)
.4) 3 (30.0) 1 (6.7)
.9) 4 (40.0) 7 (46.7)

0.173
.0) 3 (30.0) 0 (0.0)
) 0 (0.0) 1 (6.7)
) 0 (0.0) 1 (6.7)

.6) 7 (70.0) 13 (86.7)
0.938

.5) 4 (40.0) 4 (26.7)

.2) 3 (30.0) 6 (40.0)

.3) 3 (30.0) 5 (33.3)
) 4 (40.0) 6 (40.0) 0.005

10 15 —

8.5 (1–29) 7 (2–29) —

7 — —

31) 5(3–19) — —

fields, IM¼ Imatinib mesylate, M¼male, SD¼ standard deviation.
stine, retroperitoneal and pelvic mass.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Surgery Information and Postoperative Complications Between 2 Groups (n¼68)

Variables Group A (n¼ 58) Group B (n¼ 10) P

Intraoperative transfusion (%) 0.189
Yes 12 (20.7) 0 (0.0)
No 46 (79.3) 10 (100.0)

Tumor rupture at surgery (%) 1.000
Yes 5 (8.6) 1 (10.0)
No 53 (91.4) 9 (90.0)

Completeness of surgery (%) 0.581
R0 52 (89.7) 10 (100.0)
Not R0 6 (10.3) 0 (0.0)

Type of surgery (%) 0.667
Partial/total gastrectomy 28 (48.3) 3 (30.0)
Partial bowel resection 14 (24.1) 3 (30.0)
Hepatic resection 2 (3.4) 0 (0.0)
Low anterior resection 1 (1.7) 0 (0.0)
Peritoneal mass resection 13 (22.4) 4 (40.0)

Cumulative multivisceral resection (%) 16 (27.6) 1 (10.0) 0.431
Gastrectomyþ splenectomy 2 (3.4) 1 (10.0)
Hepatectomyþ cholecystectomy 1 (1.7) 0 (0.0)
Gastrectomyþ hepatectomyþ cholecystectomy 1 (1.7) 0 (0.0)
Gastrectomyþ cholecystectomy 1 (1.7) 0 (0.0)
Bowel resectionþcolon resectionþ partial pancreatectomy 1 (1.7) 0 (0.0)
Gastrectomyþ splenectomyþ pancreatectomy 2 (3.4) 0 (0.0)
Bowel resectionþ colon resection 1 (1.7) 0 (0.0)
Peritoneal mass resectionþ bowel/spleen/stomach resection 7 (12.1) 0 (0.0)

Postoperative complications (%) 4 (6.9) 1 (10.0) 1.000
Wound dehiscence 0 (0.0) 1 (10.0)
Wound infection 1 (1.7) 0 (0.0)
Intestinal obstruction 2 (3.4) 0 (0.0)
Pulmonary infection 1 (1.7) 0 (0.0)
Perioperative death 0 (0.0) 0 (0.0)

radi
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the specified period, from which 58 received surgical resection
before IM therapy as initial treatment (Group A), 10 underwent
surgery following IM treatment (Group B), whereas 15 took IM
as drug therapy alone (Group C). Though surgery was recom-
mended, the patients in Group C refused surgical resection
because of their fear of potential surgical risks until last follow-
up. Written informed consent was obtained from all patients.
The institutional review board and Ethics Committee of the
West China Hospital of Sichuan University deemed that an
ethical review was not needed for this retrospective analysis.

Surgery and IM Treatment
Patients with GISTs underwent surgical treatment with

curative intent. However, combined resection should be per-
formed for tumors that invaded adjacent tissues and organs in
some patients (Figure 2). Frozen slices of incisal margin and
surgical specimen were routinely collected during surgery. The
surgery was classified into 3 categories: R0 (complete gross and
microscopic resection), R1 (microscopic residual lesions), and
R2 resections (the presence of any gross residual tumors).
Patients who underwent preoperative IM therapy were con-
firmed as GISTs by endoscopic ultrasound-guided fine-needle

‘‘Not R0’’ includes surgeries of R1 and R2 resections (4 cases),
chemoembolization (1 case).
aspiration biopsy or needle biopsies guided by CT, according to
the National Comprehensive Cancer Network (NCCN) guide-
lines.16 The risk stratification of GISTs was evaluated according

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
to the modified National Institutes of Health classification.17

The suggested IM dosage was 400 mg/day, and response was
evaluated based on the Choi criteria.18

Data Collection and Follow-Up
Data on age at diagnosis, sex, tumor location and size,

preoperative and adjuvant IM duration, type of surgery, surgical
outcome, mitotic count, and survival outcome of the patients
were retrospectively collected. Follow-up was conducted by
office visit, telephone call, or outpatient clinic visit from
January 2015 to February 2015. Abdominal CT and ultrasono-
graphy, blood routine examination, and evaluation of liver and
kidney functions were also performed.

Survival and Statistical Analysis
Progression-free survival (PFS) was calculated as the num-

ber of months from the date of operation or administration of
preoperative IM treatment to the day of disease progression.
Overall survival (OS) was defined as the time from the start of
treatment until death from any cause or last follow-up visit. All
statistical analyses were performed using Statistical Package for
Social Science (SPSS Inc, Chicago, IL). Measurement data were

ofrequency ablation for liver metastasis (1 case), and hepatic artery
expressed as mean� standard deviation. Differences among
groups were analyzed using analysis of variance for continuous
variables and x2 test or Fisher exact test for categorical data.

www.md-journal.com | 3



However, those of sex, age, tumor size and location, and

FIGURE 3. Progression-free survival (A) and overall survival (B) of
patients with giant GISTs calculated by the Kaplan–Meier curve
(n¼83). Progression-free survival (C) and overall survival (D) in all
patients with tumors �10 cm were stratified by different treat-

Medicine � Volume 94, Number 28, July 2015
Survival analysis was performed using the Kaplan-Meier method
and compared using a log-rank test, followed by a Cox pro-
portional hazards regression model. Differences with 2-sided
P< 0.05 indicated statistical significance.

RESULTS

Patient Characteristics
Data of 83 eligible patients with primary GISTs were

collected, including 55 males (66.3%) and 28 females
(33.7%), with a median age of 57 years (range, 26–87 years).
Table 1 summarizes the baseline characteristics of the GIST
patients. The tumor was located in the stomach, small intestine,
and other parts (omentum, mesentery of small intestine and
large intestine, retroperitoneal, and pelvic mass) in 33 (39.8%),
17 20.5%), and 33 (39.8%) cases, respectively. The mean tumor
size for the entire cohort was 15.5� 6.1 cm; all tumors were
classified as high risk. The proportion of patients with mitotic
�5, 6 to 10, and >10/50 high-power fields (HPF) was 33.7%
(n¼ 28), 36.1% (n¼ 30), and 30.1% (n¼ 25), respectively. The
baseline clinical characteristics were similar among the 3
groups; however, a lower proportion in Group A had metastatic
disease at the time of diagnosis or surgery compared with
groups B and C (8.6% v 40.0% and 40.0%, P< 0.05). Among
these patients, 8 had hepatic metastasis, whereas 7 had extensive
abdominal cavity metastasis. The median time of preoperative
medication among the 25 patients who received preoperative
IM treatment was 8 months (range 1–29 months). All patients
in Groups B and C achieved a partial response, whereas 46.7%
(7/15) experienced tumor progression with a median medication
time of 7 months (range, 2–29 months) in Group C. Adjuvant
IM was administered to 27 patients (Group A, n¼ 20 v Group B,
n¼ 7), with a median time of medication of 12 (range, 2–31)
and 5 (range, 3–19) months, respectively.

Surgical information
Table 2 describes the surgical interventions. A total of 68

patients underwent surgical resection (R0 resection, n¼ 62), in
which partial/total gastrectomy was the most common pro-
cedure (n¼ 31, 45.6%). No significant differences were
observed in tumor rupture at surgery, completeness of surgery,
and type of surgery between Group A and B patients (P> 0.05).
However, a trend for higher proportion of necessity for intrao-
perative transfusion and multivisceral resection was observed in
Group A compared with Group B (20.7% vs 0.0% and 27.6% vs
10.0%, respectively); the differences were not significant
(P> 0.05). The 30-day postoperative complications occurred
in 5 patients, with an incidence of 7.4%, including wound
dehiscence (n¼ 1), wound infection (n¼ 1), ileus (n¼ 2),
and pulmonary infection (n¼ 1). One patient in Group B
required reoperation because of wound dehiscence. No peri-
operative deaths were recorded.

Survival Outcomes
With a median follow-up duration of 21.5 months (range,

5–49 months), 29 patients experienced tumor progression
(median time to progression was 10 months), whereas14
patients died for the entire cohort. The PFS rate for the entire
cohort was 75.2% and 49.5%, whereas the OS rate was 97.4%
and 61.6%, at 1 and 3 years, respectively (Figure 3A,B). The

Shen et al
subgroups of patients who received different treatment strat-
egies did not show significant differences on PFS; however,
Group B patients revealed a trend of higher PFS rate than

4 | www.md-journal.com
Groups C (P¼ 0.096) and A (P¼ 0.467) (Figure 3C). More-
over, Group B patients showed significantly better OS com-
pared with Group C (P¼ 0.044), and revealed no statistical
significance compared with Group A (P¼ 0.056) (Figure 3D).
The details of the univariate and multivariate analyses by Cox
regression model are listed in Table 3. Patients treated with
adjuvant IM demonstrated significantly better PFS (hazard ratio
[HR] 3.01; 95% confidence interval [CI] 1.13–7.97; P¼ 0.027)
and OS (HR 29.11; 95% CI 3.32–125.36; P¼ 0.004). The
mitotic count >10/50 HPF showed worse PFS and OS than
the mitotic count �5/50 HPF ([HR 3.50; 95% CI 1.19–10.25;
P¼ 0.022] and [HR 20.04; 95% C I 1.67–143.79; P¼ 0.018]).

ments. The blue line refers to Group A, green line refers to Group
B, and red line refers to Group C.
preoperative IM therapy exhibited no notable differences on
the prognosis of GISTs.

DISCUSSION
The incidence of GISTs is increasing in the oriental popu-

lation. However, available data specifically targeting patients
with primary GISTs �10 cm are poorly described in clinical
trials. This study describes, for the first time, the treatment and
outcomes of giant GISTs with a large sample in a single institu-
tion. Our results suggest that patients who underwent preopera-
tive IM treatment followed by surgical resection exhibit better OS
compared with those who underwent IM therapy alone; mean-
while, a trend of better OS than the patients who underwent
surgery before IM treatment was also observed. Moreover,
mitotic count and adjuvant IM have been demonstrated to be
closely associated with PFS and OS in giant GISTs (�10 cm).
Resection of giant GISTs could be difficult, and sometimes
considerable morbidity may occur at the time of surgical
interventions. Giant GISTs are often supplied by multisource

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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quent in distant metastases. Moreover, we have also demon-

Department of Gastrointestinal Surgery, West China Hospital,
arteries and densely adherent to adjacent organs, which may
cause failure of surgical resection. The proportion of conco-
mitant adjacent organ invasion is as high as 26% with large
gastric GISTs (�10 cm), as previously reported in literature.19

In this study, approximately 25.0% (17/68) of the patients
underwent multiorgan resection because of tumor invasion,
which was in accordance with literature report. Primary liver
GISTs are rare,3 but liver metastasis or involvement is com-
mon.12 Our data show that giant gastric GISTs are frequent in
distant metastases; 15 patients had metastasis at the time of
initial diagnosis or surgery, including 8 with hepatic metastasis
and 7 with extensive abdominal cavity metastasis. Increasing
evidence suggests that metastasectomy of liver increases the
long-term OS and disease-free survival.20 The use of radio-
frequency ablation and/or hepatic artery embolization as an
adjunct to hepatectomy for metastasis in GISTs may achieve
radical effects.21,22

Currently, surgery should be the initial treatment if the
GISTs are technically resectable, which has an acceptable
morbidity risk after preoperatively assessed by a multidisci-
plinary team. Otherwise, IM treatment before surgical resection
for some patients with advanced/metastatic/recurrent/giant
GISTs should be considered. The approval of IM has resulted
in significant improvements in the survival outcomes for
patients with GISTs.9 At most 80% of patients exhibit an initial
response to IM; however, secondary resistance eventually
develops in most cases.10 In this study, all patients (15 patients)
who underwent IM treatment alone until last follow-up
achieved a partial response, whereas 46.7% (7/15) experienced
tumor progression, with a median medication time of 7 months
(range, 2–29 months) in Group C. Data from previous publi-
cations show that removal of residual tumors after IM treatment
could benefit the patients.12,23 In such situation, surgery creates
the only opportunity to remove clones that may become resist-
ant to IM. Consistent with the results of previous studies, the
patients with primary giant GISTs who underwent surgery after
IM treatment in this study showed a trend of better OS
(P¼ 0.044) than those who underwent IM alone. Therefore,
IM should be continued as a component of the best supportive
care to limit the growth of sensitive clones in patients with
progressive disease on IM, according to the NCCN task force
recommendation.24 Careful exploration in operation is import-
ant to limit tumor rupture, specifically in giant masses with
necrosis or cystic degeneration. Preoperative IM treatment
could reduce the proportion of multiorgan resection, intrao-
perative bleeding, and downstage giant tumors and increase the
opportunity of R0 resection.25,26 However, patients who
received surgery after IM treatment in this study showed a
trend of lower proportion of necessity of intraoperative transfu-
sion and multivisceral resection than those who underwent
surgical resection before IM therapy, although the differences
were not significant (P> 0.05). This finding could be attributed
to the small number of patients in Group B. Therefore, further
study of surgical outcomes on giant GISTs treated with IM
is needed.

Limited data concerning prognoses of patients with primary
giant GISTs are available. In a retrospective study by DeMatteo
et al, the 5-year recurrence-free survival (RFS) rate in 39 patients
with giant GISTs based on subgroup analyses was approximately
45%,27 which was in accordance with the results obtained by Goh
et al.19 In the present study, the PFS rate for the entire cohort was

Shen et al
49.5% at 3 years, whereas the OS rate was 61.6%. However,
another study reported that patients with giant GISTs presented a
3-year RFS rate of 58.5%, and the 3-year OS rate was 88.1%,7

6 | www.md-journal.com
which was superior to our data. This phenomenon could be
attributed to the fact that the research only consisted of patients
who underwent resection, whereas patients who had peritoneal
dissemination/distant metastasis or with tumor rupture at the time
of surgery were excluded. Several factors have been reported as
prognostic indicators, such as mitotic index, GISTs size, tumor
location, gene mutation, and type of surgery,7,12,27–29 as well as
body mass index.30 In the present cohort of primary giant GISTs,
adjuvant IM and mitotic count were the 2 independent predictors
of PFS and OS. Furthermore, tumor location is commonly
considered as a prognostic factor; however, no significant differ-
ences in survival were observed between the tumor site of
stomach and non-stomach, which is in agreement with previous
studies.7,12 Patients older than 65 years presented a trend of worse
OS than younger patients, although statistical significance was
not reached (P¼ 0.062). Therefore, older age is associated with
poor RFS in GIST patients,31 and may somehow affect long-term
survival.

This study has some limitations. The findings should be
carefully interpreted because of the retrospective nature and
small sample of this study. Moreover, we were unable to explore
the association between genetic mutation and survival because
of limited available data. Hence, further randomized research
based on large populations is required to provide more valuable
information about the primary giant GISTs.

In conclusion, treatment patterns for primary giant GISTs
are different, and the outcomes of different interventions vary.
The optimal treatments for these subgroup patients still require
further long-term investigation. Giant gastric GISTs are fre-

Medicine � Volume 94, Number 28, July 2015
strated that mitotic count and adjuvant IM are closely associated
with PFS and OS in primary giant GISTs.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the whole staff of the
who generously provided assistance in the collection of data
throughout the duration of the study.

REFERENCES
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