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BACKGROUND: Patients with advanced gastrointestinal stromal tumors (GIST) are at high risk for recurrence
after surgery. The aim of this study was to characterize outcomes of advanced GIST treated
with surgery from a large multi-institutional database in the tyrosine kinase inhibitor (TKI) era.

STUDY DESIGN: Patients who underwent surgery for an advanced GIST from 1998 through 2012 were iden-
tified. Demographic, clinicopathologic, perioperative, and survival data were collected and
analyzed.

RESULTS: There were 87 patients with locally advanced GIST and 71 patients with recurrent/metastatic
GIST. The vast majority (95%) of patients with locally advanced GIST required a multivisceral
resection; most patients (87%) underwent a microscopically complete (R0) resection. Although
82% of patients had high-risk tumors according to modified NIH criteria or had recurrent/
metastatic disease, only 56% of patients received adjuvant TKI therapy. Among patients with
locally advanced GIST, 3-year recurrence-free survival and overall survival rates were 65% and
87%, respectively. In contrast, 3-year recurrence-free survival and overall survival rates among
patients with recurrent/metastatic GIST were 49% and 82%, respectively. On multivariate
analysis, predictors of worse outcomes included high mitotic rate and male sex for patients with
locally advanced GIST, and age and lack of adjuvant TKI therapy were associated with adverse
outcomes among patients with recurrent/metastatic GIST (all p < 0.05).

CONCLUSIONS: Resection of advanced GIST can be safely accomplished with high rates of R0 resection.
Among patients with advanced GIST, TKI therapy was underused. Barriers to the use of
TKI therapy in this population should be explored. (J Am Coll Surg 2014;219:439e449.
� 2014 by the American College of Surgeons)
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Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumor of the gastrointestinal tract,
with an annual incidence of 10 to 15 cases per million.1-3

Gastrointestinal stromal tumors most commonly arise
from the stomach (50% to 60%) and small bowel (30%
to 35%) and less frequently arise from the colon and
rectum (5%) or esophagus (<1%).4 Less than 5% of
GISTs are not associated with the gastrointestinal
tractdthese tumors are most commonly found in the
omentum, mesentery, and retroperitoneum.4 Of note,
75% to 80% of patients with GIST have mutations in
the receptor tyrosine kinase KIT (CD117), which lead to
KIT overexpression.5 In turn, imatinib mesylate (Gleevec;
Novartis)da tyrosine kinase inhibitor (TKI) targeted at
http://dx.doi.org/10.1016/j.jamcollsurg.2014.02.037
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Abbreviations and Acronyms

GIST ¼ gastrointestinal stromal tumor
HPF ¼ high-powered field
HR ¼ hazard ratio
IQR ¼ interquartile range
OS ¼ overall survival
RFS ¼ recurrence-free survival
TKI ¼ tyrosine kinase inhibitor
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KITdis an effective treatment option for most patients
with GIST.6-8

The main treatment modality for primary GIST is com-
plete surgical resection. Surgery alone for primary GIST is
associated with a 5-year recurrence-free survival (RFS) rate
of 70%.9,10 Although many patients with primary GIST
have excellent prognoses, certain subsets of patients are
at higher risk for recurrence. Typically, higher-risk patients
include individuals with large tumors, a high mitotic rate,
and history of tumor rupture at the time of surgery.10-13

These factors have been combined in a number of
consensus classification systems to select high-risk patients
for adjuvant imatinib after surgery.14-16 For those patients
who do recur with metastatic disease, imatinib is the pri-
mary therapeutic option, as its use is associated with an
improved overall survival (OS) compared with historic
controls.17 Imatinib has also been recommended in the
neoadjuvant setting for patients with primary GIST that
are locally advanced, with the goal of improving resect-
ability and decreasing surgical morbidity by reducing the
need for extensive multivisceral resections.18-21 In fact,
the National Comprehensive Cancer Network currently
recommends neoadjuvant imatinib in cases where down-
staging the tumor would decrease surgical morbidity.22

Most data on the topic of surgical management of
advanced GIST come from small, single-institution expe-
riences.20,21,23-26 In addition, there has been no consistent
definition of locally advanced GIST in the literature, lead-
ing to difficulty interpreting these data. Data on surgical
management of metastatic GIST are similarly limited.
Although a few small studies have advocated adjuvant sur-
gery for patients with metastatic GIST to decrease tumor
bulk,27,28 a prospective trial addressing the efficacy of sur-
gery after imatinib therapy in patients with recurrent/met-
astatic GIST was closed due to poor accrual.29 The aim of
the current study was to characterize outcomes after surgi-
cal resection among patients with advanced GIST. Specif-
ically, we sought to define the perioperative, as well as
long-term oncologic, outcomes of patients with locally
advanced, recurrent, or metastatic GIST using a large
multi-institutional database.
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METHODS

Patient population and data collection

Between January 1998 and December 2012, six hundred
and nine patients who underwent surgery for a GIST
were identified from 7 major cancer centers in the United
States (Johns Hopkins University, Baltimore, MD; Duke
University, Durham, NC; Emory University, Atlanta,
GA; Medical College of Wisconsin, Milwaukee, WI;
and University of Virginia, Charlottesville, VA) and Can-
ada (University Health Network, Toronto, ON and Sun-
nybrook Health Sciences Centre, Toronto, ON). The
IRBs of each institution approved this study. Patients
who underwent surgical resection of locally advanced or
recurrent/metastatic GIST were included in the study.
Locally advanced GIST was defined as a primary tumor
with multivisceral involvement on preoperative imaging
or at the time of surgery. There were 87 patients with
locally advanced GIST and 71 patients with recurrent/
metastatic GIST identified. All patients were evaluated
with a baseline history and physical examination and
appropriate imaging studies at the discretion of the treat-
ing physician before surgery. Pre- and postoperative ther-
apy with TKIs was administered at the discretion of the
treating physician. After surgery, all patients were fol-
lowed with cross-sectional imaging of the abdomen every
3 to 6 months for 5 years and annually thereafter.
Standard demographic and clinicopathologic data were

collected on each patient, including sex, age, and symp-
toms at the time of diagnosis. Data were collected on tu-
mor characteristics, including site of the tumor, tumor
size, involvement of other organs on preoperative imaging
and presentation (locally advanced, recurrent, or metasta-
tic). Operative details, including the operation performed,
need for multivisceral resection, duration of surgery, esti-
mated blood loss, and complications (graded using the
Clavien-Dindo classification system) were recorded.30 In
addition, pathologic details, including tumor size on final
pathology, mitotic rate, and margin status (negative [R0],
microscopically positive [R1], macroscopically positive
[R2]) were collected. Details of preoperative and postoper-
ative therapy with a TKI, date of last follow-up, vital status,
and recurrence-related information were collected on all
patients. Data on response to therapy were also recorded
using the Choi criteria.31 Recurrence was defined as
biopsy-proven recurrent GIST or a lesion deemed suspi-
cious on cross-sectional imaging.

Statistical methods

Baseline characteristics and statistical analysis of the study
population were summarized and stratified according to
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whether the tumor was locally advanced or recurrent/
metastatic. The data were correspondingly reported as
numbers (percentage) or medians with interquartile
ranges (IQR). Trends in TKI use over time were assessed
using Pearson’s correlation. Overall survival and
RFS were estimated using the Kaplan-Meier method
and differences in survival were examined with the
log-rank test.32 The association of relevant clinicopa-
thologic variables with RFS and OS was assessed using
Cox proportional hazards models; the prognostic power
of covariates was expressed by calculating hazard ratios
(HRs) with 95% CIs.33 Recurrence-free survival was
calculated from the date of surgery, and OS was calcu-
lated from the date of diagnosis. Date of diagnosis was
used to calculate OS to avoid lead-time bias because of
the use of neoadjuvant therapy. Date of surgery was
used to calculate RFS because recurrence can only occur
after resection. A sensitivity analysis was completed
using date of diagnosis to calculate RFS to assess the
impact of any lead-time bias on RFS. The variables
considered in the analysis included age, sex, tumor site,
tumor size at diagnosis, mitotic rate group, neoadjuvant
TKI, margin status, tumor rupture, and adjuvant TKI.
All analyses were carried out with STATA version 12.0
(Stata Corp), and a p value <0.05 was considered statis-
tically significant.
Table 1. Preoperative Characteristics of Patients with Advance

Locally advanced

Age, y, median (IQR) 63.9 (55.4e7

Male sex, n (%) 53 (60.9)

White race, n (%) 29 (58.0)

Any symptom, n (%) 68 (80.9)

Pain 38 (43.7)

Overt bleeding 15 (17.2)

Obstruction 13 (14.9)

Abdominal distension 6 (6.9)

Occult bleeding 4 (4.6)

Site, n (%)

Stomach 62 (71.3)

Duodenum 9 (10.3)

Small bowel 14 (16.1)

Rectum 1 (1.1)

Extragastrointestinal 0 (0.0)

Liver 0 (0.0)

Esophagus 1 (1.1)

Multifocal 0 (0.0)

Unknown 0 (0.0)

Size, cm, median (IQR) 11.0 (5.5e15

Preoperative biopsy, n (%) 50 (57.5)

IQR, interquartile range.
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RESULTS

Locally advanced gastrointestinal stromal tumors

There were 87 patients who underwent surgery for locally
advanced GIST (Table 1). Most patients were symptom-
atic at presentation (n ¼ 68 [80.9%]) and the most com-
mon presenting symptoms were pain (n ¼ 38 [43.7%]),
overt bleeding (n ¼ 15 [17.2%]), and obstruction (n ¼
13 [14.9%]). The majority of tumors arose in the stom-
ach (n ¼ 62 [71.3%]), and a minority arose in the small
intestine (n ¼ 23 [26.4%]), rectum (n ¼ 1 [1.1%]), and
esophagus (n ¼ 1 [1.1%]). Median tumor size at the time
of diagnosis was 11.0 cm (IQR 5.5 to 15.0 cm).
Eighteen patients (20.7%) with locally advanced GIST

received neoadjuvant therapy with imatinib for a median
duration of 7 months (IQR 6 to 13 months) (Table 2).
The proportion of patients who received neoadjuvant
therapy with a TKI increased during the study period
(p < 0.001; Fig. 1). On univariate analysis, younger
age was predictive of receiving neoadjuvant therapy
(odds ratio ¼ 0.95; p ¼ 0.01); sex, tumor size, mitotic
rate, and presence of symptoms were not associated
with receipt of neoadjuvant therapy (all p > 0.05). Using
the Choi criteria, 16 (88.9%) patients had a favorable
response to neoadjuvant therapy. Specifically, 2 patients
(11.1%) had a complete response, 9 (50.0%) had a partial
d Gastrointestinal Stromal Tumors

(n ¼ 87) Recurrent/metastatic (n ¼ 71)

1.8) 54.5 (49.6e65.4)

34 (47.9)

43 (76.8)

52 (73.2)

36 (50.7)

8 (11.3)

8 (11.3)

7 (9.9)

5 (7.0)

32 (45.1)

2 (2.8)

15 (21.1)

4 (5.6)

3 (4.2)

12 (16.9)

0 (0.0)

2 (2.8)

1 (1.4)

.0) 8.8 (3.5e16.7)

46 (64.8)
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Table 2. Preoperative Treatment of Advanced Gastrointestinal Stromal Tumors with a Tyrosine Kinase Inhibitor

Treatment Locally advanced (n ¼ 18) Recurrent/metastatic (n ¼ 27)

Preoperative TKI,* n (%) 18 (20.7) 27 (38.0)

Imatinib 18 (100) 27 (100.0)y

Sunatinib 0 3 (11.1)*

Duration of neoadjuvant, mos, median (IQR) 7 (6e13) 10 (6e13)

Response to neoadjuvant (Choi), n (%)

Complete response 2 (11.1) 0 (0.0)

Partial response 9 (50.0) 12 (42.9)

Stable disease 5 (27.8) 7 (25.0)

Progressive disease 1 (5.6) 5 (17.9)

Unknown 1 (5.6) 3 (11.1)

Indication for neoadjuvant, n (%)

Tumor size 7 (38.9) NA

Morbidity of resection 5 (27.8) NA

Multivisceral involvement 2 (11.1) NA

Unresectable, n (%) 2 (11.1) NA

Downstaging to attempt minimally invasive resection, n (%) 2 (11.1) NA

*Percentage calculated using all patients in series.
yThree patients received both preoperative imatinib and sunitinib.
NA, not applicable; TKI, tyrosine kinase inhibitor.
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response, 5 (27.8%) had stable disease, and 1 (5.6%) had
progressive disease. The indications for neoadjuvant ther-
apy were tumor size (n ¼ 7 [38.9%]), anticipated
morbidity of the resection (n ¼ 5 [27.8%]), multivisceral
involvement (n ¼ 2 [11.1%]), unresectable tumor (n ¼ 2
Figure 1. Proportion of patients with advanced gastrointe
neoadjuvant or adjuvant tyrosine kinase inhibitor stratifie
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[11.1%]), and downstaging to attempt laparoscopic resec-
tion (n ¼ 2 [11.1%]).
The vast majority of patients (n¼ 83 [95.4%]) who un-

derwent surgery for locally advanced GIST required a mul-
tivisceral resection (Table 3). A median of 3 organs per
stinal stromal tumors who received treatment with a
d by year of diagnosis.
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Table 3. Operative and Pathologic Details and Postoperative Tyrosine Kinase Inhibitor Therapy for Patients Undergoing
Surgery for Advanced Gastrointestinal Stromal Tumors

Locally advanced (n ¼ 87) Recurrent/metastatic (n ¼ 71)

Multivisceral resection, n (%) 83 (95.4) 50 (70.4)

Organ resected,* n (%)

Stomach 62 (71.3) 29 (40.9)

Spleen 32 (36.8) 14 (19.7)

Liver 13 (14.9) 39 (54.9)

Colon/rectum 20 (23.0) 23 (32.4)

Pancreas 38 (43.7) 10 (14.1)

Gallbladder 27 (31.0) 11 (15.5)

Small bowel 19 (21.8) 14 (19.7)

Duodenum 12 (13.8) 11 (15.5)

Esophagus 2 (2.3) 0 (0.0)

No. of organs resected, median (IQR) 3 (2e3) 2 (1e3)

EBL, mL, median (IQR) 500 (300e1,400) 525 (250e1,200)

Transfusion, n (%) 35 (40.2) 23 (32.4)

LOS, d, median (IQR) 9 (6e13) 7 (5e12)

Complication, n (%)

Grade 1 7 (8.0) 2 (2.8)

Grade 2 25 (28.7) 24 (33.8)

Grade 3 6 (6.9) 9 (12.7)

Grade 4 3 (3.4) 6 (8.5)

Grade 5 1 (1.1) 0

Size of final path, cm, median (IQR) 11.0 (5.2e17.0) 9.1 (5.5e15.5)

Mitotic rate group (n ¼ 117),y n (%)

�5/50 HPF 41 (51.3) 15 (40.5)

6e10/50 HPF 8 (10) 3 (8.1)

>10/50 HPF 31 (38.7) 19 (51.4)

R0 margin 76 (87.4) 49 (69.0)

Tumor rupture 2 (2.3) 5 (7.0)

KITþ 86 (98.9) 65 (91.5)

Exon mutation tested 17 (19.5) 11 (15.5)

No mutation 2 (11.8) 3 (27.3)

Exon 9 1 (5.9) 0 (0.0)

Exon 11 12 (70.6) 6 (54.5)

Exon 13 0 1 (9.1)

Exon 17 1 (5.9) 0 (0.0)

Exon 18 PDGFRA 1 (5.9) 1 (9.1)

Recurrence riskz

Very low 3 (3.5) NA

Low 12 (14.0) NA

Intermediate 13 (15.1) NA

High 58 (67.4) NA

Adjuvant TKI 39 (44.8) 49 (69.0)

Imatinibx 38 (97.4) 48 (98.0)

Sunatinibx 1 (2.6) 1 (2.0)

Duration of adjuvant therapy, mos, median (IQR) 12 (7e24) 12 (6e25)

*Total >100% due to multivisceral nature of the majority of resections.
yOne hundred and seventeen patients had information available on the mitotic rate of the tumor: 80 of 87 of patients in the locally advanced group and 37 of
71 patients in the metastatic group.
zEighty-six of 87 patients had sufficient information available to calculate recurrence risk using the modified NIH criteria.
xPercentage calculated using patients who received postoperative tyrosine kinase inhibitor.
EBL, estimated blood loss; IQR, interquartile range; LOS, length of stay; PDGFRA, platelet-derived growth factor receptor�a; TKI, tyrosine kinase inhibitor.
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patient (IQR 2 to 3) were resected. The most common or-
gans resected were stomach (n ¼ 62 [71.3%]), pancreas
(n¼ 38 [43.7%]), spleen (n¼ 32 [36.8%]), colon/rectum
(n ¼ 20 [23.0%]), and small bowel (n ¼ 19 [21.8%]).
Median estimated blood loss was 500 mL (IQR 300 to
1,400 mL); 35 patients (40.2%) received a perioperative
blood transfusion. Nine patients (10.3%) had a grade 3
or higher postoperative complication and there was 1 post-
operative death (1.1%). Median length of stay was 9 days
(IQR 6 to 13 days). On univariate analysis, receipt of neo-
adjuvant therapy was not associated with rate of postoper-
ative complications or with number of organs resected
(both p > 0.05).
The median tumor size on final pathology was 11.0 cm

(IQR 5.2 to 17.0 cm) (Table 3). Forty-one patients
(51.3%), 8 patients (10.0%), and 31 patients (38.7%)
had tumors with mitotic rate �5 mitoses/50 high-
powered field (HPF), 6 to 10 mitoses/50 HPF, and >10
mitoses/50 HPF, respectively. The majority of patients
(n ¼ 76 [87.4%]) underwent an R0 resection. Tumor
rupture occurred in 2 patients (2.3%). All but 1 patient
(n ¼ 86 [98.9%]) were KIT positive. Among patients
who underwent mutational analysis (n ¼ 17 [19.5%]),
the most commonmutation identified was an exon 11mu-
tation (n ¼ 12 [70.6%]). The recurrence risk using the
modifiedNIHconsensus criteria was very low for 3 patients
(3.5%), low for 12 patients (14.0%), intermediate for 13
patients (15.1%), and high for 58 patients (67.4%).16

Thirty-nine patients (44.8%) received adjuvant therapy
with a TKI for a median of 12 months (IQR 7 to 24
months) (Table 3). Thirty-eight of these patients
(97.4%) received imatinib and 1 (2.6%) received suniti-
nib. The proportion of patients who received adjuvant
therapy with a TKI did not change during the time
period examined (p ¼ 0.72, Fig. 1).
Median follow-up time was 41.2 and 30.0 months,

calculated from the date of diagnosis and the date of sur-
gery, respectively. Median RFS for patients with locally
advanced GIST was 59.8 months (Fig. 2). Calculated
from the date of surgery, the 1-, 3-, and 5-year RFS rates
were 90.1%, 64.7%, and 49.9%, respectively. Of note,
when RFS was calculated from date of diagnosis, it was
the same for patients treated with neoadjuvant TKI vs pa-
tients who did not receive preoperative treatment (p ¼
0.55). On univariate analysis, factors associated with
recurrence were tumor size (HR ¼ 1.06; p ¼ 0.02) and
mitotic rate >10 mitoses/50 HPF (HR ¼ 4.18; p ¼
0.001) (Table 4). On multivariate analysis, male sex
(HR ¼ 4.32; p ¼ 0.02) and mitotic rate >10 mitoses/
50 HPF (HR ¼ 5.59; p ¼ 0.01) were associated with
increased risk of recurrence. Median OS was not reached
and the 1-, 3-, and 5-year OS rates were 95.2%, 86.5%,
Downloaded from ClinicalKey.com at Rutg
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and 71.0%, respectively (Fig. 2). There were no factors
that were associated with OS on univariate or multivariate
analysis (Table 4).
Twenty-five patients had recurrences after undergoing

surgical resection of locally advanced GIST (local only,
n ¼ 9 [36.0%]; hepatic only, n ¼ 6 [24.0%], peritoneal
only, n ¼ 1 [4.0%]; retroperitoneal only, n ¼ 1 [4.0%];
chest wall only, n ¼ 1 [4.0%]; and multiple sites, n ¼ 7
[28.0%]). Five of these patients (20.0%) were on a TKI
at the time of recurrence. The vast majority of recurrences
were treated medically with a TKI (n ¼ 22 [88.0%]);
however, 8 patients (32.0%) underwent surgery to treat
the recurrence.
Recurrent/metastatic gastrointestinal stromal
tumors

During the study period, there were also 71 patients who
underwent surgery for recurrent/metastatic GISTs
(Table 1). Twenty-seven patients (38.0%) with recur-
rent/metastatic GISTs underwent preoperative therapy
with a TKI for a median duration of 10 months (IQR
6 to 13 months) (Table 2). The proportion of patients
who received preoperative therapy with a TKI did not
significantly vary during the study period (p ¼ 0.58,
Fig. 1). Using Choi criteria, the majority of patients
had a favorable response to preoperative therapy; 12
(42.9%) had a partial response, 7 (25.0%) had stable dis-
ease, and 5 (17.9%) had progressive disease. Fifty patients
(70.4%) who underwent surgery for recurrent/metastatic
GIST required a multivisceral resection (Table 3). Fifteen
patients (21.1%) had a grade 3 or higher complication
and there were no postoperative mortalities. Median
length of stay was 7 days (IQR 5 to 12 days).
Among patients with recurrent/metastatic disease, the

median size of the largest resected tumor on final pathol-
ogy was 9.1 cm (IQR 5.5 to 15.5 cm) (Table 3). Data
assessing the mitotic rate was available for 37 patients
(52.1%), the majority of which had a mitotic rate >10
mitoses/HPF (n ¼ 19 [51.4%]). Forty-nine patients
(69.0%) underwent a R0 resection. Tumor rupture
occurred in 5 patients (7.0%). The vast majority of pa-
tients (n ¼ 65 [91.5%]) were KIT positive. Among those
who underwent a full mutational analysis (n ¼ 11
[15.5%]), the most common mutation identified was
an exon 11 mutation (n ¼ 6 [54.5%]). Forty-nine pa-
tients (69.0%) received adjuvant therapy with a TKI for
a median of 12 months (IQR 6 to 25 months)
(Table 3). Similar to patients with locally advanced dis-
ease, the proportion of patients who received adjuvant
therapy with a TKI did not vary significantly over time
(p ¼ 0.34; Fig. 1).
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Figure 2. (A) Recurrence-free and (B) overall survival for patients after surgical therapy for advanced gastro-
intestinal stromal tumors.
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Median follow-up time was 42.0 months and 25.6
months, calculated from the date of diagnosis and the
date of surgery, respectively. Median RFS for patients
with recurrent/metastatic GIST was 33.2 months
(Fig. 2). When calculated from the date of surgery, the
1-, 3-, and 5-year RFS rates were 82.2%, 48.8%, and
33.7%, respectively. Of note, when RFS was calculated
from date of diagnosis, it was the same for patients treated
with preoperative TKI vs those patients who did not
receive preoperative treatment (p ¼ 0.23). On multivar-
iate analysis, age (HR ¼ 1.09; p ¼ 0.03) and adjuvant
therapy with a TKI (HR ¼ 0.04; p ¼ 0.02) were associ-
ated with recurrence. Median OS was 115.4 months and
Table 4. Univariate/Multivariate Analyses for Recurrence-Fre
Gastrointestinal Stromal Tumors

Recurrence-free survival

Univariate analysis Multivariate analy

HR 95% CI p Value HR 95% CI p

Age 1.02 1.00e1.05 0.08 1.02 0.98e1.07

Male sex 1.51 0.71e3.19 0.28 4.32 1.26e14.78

Site

Stomach Ref d d Ref d

Small bowel 1.59 0.64e3.98 0.32 2.46 0.69e8.70

Rectum NA d d NA d

Others 0.42 0.10e1.76 0.23 0.83 0.13e5.22

Size at diagnosis 1.06 1.01e1.11 0.02 1.04 0.98e1.11

Mitotic rate group

�5/50 HPF Ref d d Ref d

6e10/50 HPF 0.96 0.20e4.57 0.96 3.67 0.51e26.33

10þ/50 HPF 4.18 1.82e9.59 0.001 5.59 1.65e18.95

Neoadjuvant TKI 0.73 0.25e2.09 0.55 0.58 0.13e2.65

R1 or R2 margin 1.56 0.64e3.82 0.33 1.94 0.64e5.93

Tumor rupture 1.96 0.47e8.22 0.36 5.19 0.66e40.76

Adjuvant TKI 0.89 0.45e1.79 0.75 0.33 0.09e1.27

HPF, high-powered field; HR, hazard ratio; NA, not applicable; TKI, tyrosine
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the 1-, 3-, and 5-year OS rates were 97.1%, 81.8%, and
72.9%, respectively (Fig. 2). Use of adjuvant TKI therapy
was associated with OS on multivariate analysis (HR ¼
0.01; p ¼ 0.03) (Table 5).
When analyses were limited to patients with recurrent/

metastatic GIST who received preoperative TKI therapy,
responsive or stable disease was found to be associated
with improved RFS (HR ¼ 3.90; p ¼ 0.03) and OS
(HR ¼ 7.1; p ¼ 0.02) (Fig. 3). Median RFS was 13.5
months for patients with progressive disease vs 71.9
months among patients with responsive or stable disease
(p < 0.01). Similarly, median OS was 17.1 months for
patients with progressive disease, and median OS was
e and Overall Survival in Patients with Locally Advanced

Overall survival

sis Univariate analysis Multivariate analysis

Value HR 95% CI p Value HR 95% CI p Value

0.31 1.03 0.99e1.07 0.12 1.03 0.97e1.09 0.30

0.02 0.94 0.36e2.47 0.90 1.91 0.44e8.30 0.39

d Ref Ref d d

0.16 1.10 0.31e3.87 0.88 2.64 0.54e12.98 0.23

d NA d d NA d d

0.84 0.45 0.06e3.42 0.44 1.51 0.10e22.37 0.76

0.22 1.04 0.97e1.11 0.25 0.99 0.90e1.08 0.80

d Ref d d Ref d d

0.20 0.78 0.09e6.71 0.82 1.85 0.13e26.27 0.65

0.01 2.65 0.91e7.77 0.08 2.70 0.57e12.75 0.21

0.48 0.82 0.18e3.65 0.79 1.25 0.13e12.50 0.85

0.24 0.96 0.22e4.23 0.96 1.39 0.27e7.19 0.70

0.12 1.67 0.22e12.64 0.62 3.55 0.19e67.09 0.40

0.11 0.46 0.16e1.30 0.14 0.28 0.05e1.67 0.16

kinase inhibitor.
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Table 5. Univariate/Multivariate Analyses for Recurrence-Free and Overall Survival in Patients with Recurrent/Metastatic
Gastrointestinal Stromal Tumors

Recurrence-free survival Overall survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value HR 95% CI p Value

Age 1.00 0.98e1.03 0.73 1.09 1.01e1.18 0.03 1.02 0.99e1.06 0.23 1.06 0.97e1.15 0.19

Male sex 1.16 0.65e2.08 0.61 0.53 0.07e3.80 0.53 1.67 0.71e3.91 0.24 5.00 0.13e194.47 0.39

Site

Stomach Ref d d Ref d d Ref d d NA d d

Small bowel 0.68 0.29e1.60 0.38 0.60 0.07e4.96 0.64 1.11 0.37e3.29 0.87 NA d d

Rectum 1.44 0.48e4.31 0.51 0.23 0.00e15.09 0.49 2.11 0.44e10.06 0.35 NA d d

Others 1.76 0.90e3.44 0.10 0.48 0.05e4.98 0.54 0.86 0.30e2.43 0.78 NA d d

Size at diagnosis 1.01 0.96e1.05 0.79 0.98 0.81e1.18 0.84 1.07 1.01e1.14 0.03 0.87 0.65e1.16 0.34

Mitotic rate group

�5/50 HPF Ref d d Ref d d Ref d d Ref d d

6e10/50 HPF NA d d NA d d NA d d NA d d

10þ/50 HPF 2.77 1.05e7.29 0.04 6.29 0.94e41.95 0.06 1.17 0.38e3.62 0.78 2.58 0.08e80.32 0.59

Neoadjuvant TKI 0.69 0.37e1.28 0.24 0.71 0.08e6.42 0.76 0.87 0.35e2.13 0.75 2.89 0.20e42.21 0.44

R1 or R2 margin 1.04 0.53e2.02 0.91 0.20 0.01e3.86 0.29 1.42 0.55e3.70 0.47 10.84 0.16e731.55 0.27

Tumor rupture 1.94 0.68e5.54 0.22 18.32 0.36e940.64 0.15 4.68 1.53e14.35 0.01 10.48 0.10e1131.43 0.33

Adjuvant TKI 0.84 0.44e1.60 0.59 0.04 0.003e0.62 0.02 0.50 0.21e1.20 0.12 0.01 0.00e0.62 0.03

HPF, high-powered field; HR, hazard ratio; NA, not applicable; TKI, tyrosine kinase inhibitor.
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not reached in patients with responsive or stable disease
(p ¼ 0.02).
Forty-three patients had recurrences after undergoing

surgical resection of recurrent/metastatic GIST. Fourteen
of these patients (32.6%) were on a TKI at the time of
recurrence. Recurrences were fairly evenly distributed:
local only (n ¼ 13 [30.2%]), hepatic only (n ¼ 10
[23.3%]), peritoneal only (n ¼ 8 [18.6%]), and multiple
sites (n ¼ 12 [27.9%]). Most recurrences were treated
medically with a TKI (n ¼ 36 [83.7%]), however, the
majority of patients with recurrences were also treated
with additional surgical therapy (n ¼ 24 [55.8%]).
DISCUSSION
Although uncommon, GISTs are the most common
mesenchymal tumor of the gastrointestinal tract. As
such, surgeons need to be familiar with the management
of not only early primary GIST, but also locally advanced
and recurrent/metastatic disease. Surgical resection re-
mains the cornerstone of treatment for primary GIST
and also has an important role in the therapy of patients
with more advanced disease. In addition, integration of
surgery with systemic TKI therapy is critical to optimize
the prognosis of patients with high-risk GIST. To date,
most literature on the topic of patients with advanced
GIST has included data from single-institutional series,
which often suffer from small sample size and lack of
generalizability. The current study is important because
Downloaded from ClinicalKey.com at Rutg
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we used a broad, multi-institutional cohort of patients
who underwent surgery for advanced GIST. Of note, pre-
operative TKI was administered to only 21% of patients
with locally advanced GIST and 38% of patients with
recurrent/metastatic GIST. Among all patients treated
with a preoperative TKI, response was favorable, with
5% having a complete response, 49% a partial response,
and 28% stable disease. Although most patients with
advanced GIST required a multivisceral resection (84%),
the perioperative morbidity (29%) and mortality (1%)
were noted to be low. Prognosis after surgery for advanced
GIST was also noted to be favorable, as 3-year survival
rates among patients with locally advanced and recur-
rent/metastatic GIST were 87% and 82%, respectively.
Similar to previously reported data on primary GIST, we
noted that the factors most strongly associated with prog-
nosis after surgical resection of advanced GIST included
mitotic rate and treatment with adjuvant TKI.
Gastrointestinal stromal tumors can often present as

large masses, which often displace and sometimes invade
adjacent organ structures. In the current study, 87 patients
had locally advanced GIST, defined as a primary tumor
with multivisceral involvement on preoperative imaging
or at the time of surgery. In general, neoadjuvantTKI is rec-
ommended for patients with locally advanced primary
GISTwhen the tumor is deemed to be borderline resectable
or when downstaging of the tumor might decrease surgical
morbidity.22 In the current study, only about 1 in 5 patients
(21%)with locally advancedGISTunderwent neoadjuvant
ers University - NERL April 15, 2016.
 Copyright ©2016. Elsevier Inc. All rights reserved.



Figure 3. Recurrence-free and overall survival after surgery for patients with recurrent/metastatic gastroin-
testinal stromal tumors who received preoperative therapy with a tyrosine kinase inhibitor, stratified by radio-
graphic response to the tyrosine kinase inhibitor.
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therapy with imatinib. The reason for the relatively low use
of neoadjuvant TKI is undoubtedly multifactorial. In large
part, the underuse might be due to a “period” effect, as our
study cohort included patients well before the TKI era (eg,
circa 1998 to current). Of note, there was a trend observed
toward increasing use of neoadjuvant TKI over time among
patients with locally advancedGIST. Among those patients
with locally advanced GIST who were treated with preop-
erative TKI, overall response was favorable. Previous inves-
tigators have noted that Response Evaluation in Solid
Tumors (RECIST) criteria are not sensitive in assessing
GIST response to TKI therapy, as TKI administration is
often associated with decreased density of the tumor rather
than changes in tumor size.34 Choi and colleagues31 pro-
posed alternative criteria, which have been shown to corre-
late strongly with time to progression and disease-specific
survival. In our cohort, all but 1 patient with locally
advanced GIST who received neoadjuvant TKI (94%)
had a complete/partial response or stable disease based on
the Choi criteria. To date, no previous study has addressed
whether administration of neoadjuvant imatinib in pa-
tients with resectabledalbeit locally advancedd
GIST confers a survival benefit. In the current study, we
failed to find any difference in RFS when comparing pa-
tients who underwent surgery alone with patients who
received neoadjuvant TKI plus surgery. Because only 1 pa-
tient had progressive disease on preoperative TKI, we were
not able to assess for differences in RFS or OS comparing
patients with responsive or stable disease vs those with pro-
gressive disease. These data suggest that although neoadju-
vant TKI might be warranted to attempt downsizing of the
tumor to facilitate resection, preoperative therapy might
not be associated with an independent effect on long-
term prognosis.
Treatment with a TKI is recommended as the primary

therapy for all patients with metastatic GIST and surgery
Downloaded from ClinicalKey.com at Rutg
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is generally used as an adjunct to TKI therapy in patients
with stable disease.7,17,22,27,28,35 Only 3% to 5% of patients
with metastatic GIST experience a complete response after
treatment with TKI therapy.35 In fact, TKI treatment of
recurrent/metastatic GIST generally results in response last-
ing for up to 36 months; however, TKI resistance subse-
quently develops in approximately 80% of patients.36 As
such, surgery has been proposed as a potential option for a
subset of patients with metastatic GIST. We report on 71
patients who underwent surgical resection for recurrent/met-
astatic GISTs. We found that 3-year RFS and OS rates after
resection were 49% and 82%, respectively. Similar long-
term prognoses have been reported from past single-
institution series, which noted 2-year progression-free
survival after surgery for metastatic GIST to be 65% to
69%.28,37 Factors associated with prognosis after resection
of recurrent/metastatic GIST included mitotic rate, as well
as receipt of adjuvant TKI therapy (Table 5). Other investi-
gators have also noted response to preoperative TKI therapy
as an important factor in long-term prognosis. In one study
investigating surgical outcomes among patients with meta-
static GIST, Raut and colleagues27 reported that the 1-year
progression-free survival was 80%, 33%, and 0% for patients
with stable disease, limited progression, and generalized pro-
gression, respectively. Similarly, we found that patients with
responsive or stable disease had significantly improved RFS
and OS when compared with patients with progressive dis-
ease (Fig. 3). As such, patients with progressive metastatic
disease likely derive minimal benefit from resection. Collec-
tively, these data suggest that surgery for recurrent/metastatic
disease is warranted, especially among those patients with a
low-burden of disease who have demonstrated a response
to preoperative TKI therapy.
Despite the relatively good long-term prognosis of pa-

tients with advanced GISTs, recurrence was fairly com-
mon. Specifically, the 3-year RFS rates among patients
ers University - NERL April 15, 2016.
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with locally advanced and recurrent/metastatic disease
were only 65% and 49%, respectively. Factors generally
associated with an increased risk of recurrence included
tumor size, high mitotic rate, male sex, as well as lack of
adjuvant TKI (Tables 4 and 5). The risk factors for
recurrence identified here are consistent with previously
reported data.8,17,35,38 Given the risk of recurrence among
these high-risk patients, adjuvant TKI therapy might be
warranted. Adjuvant therapy with imatinib for at least 3
years has been demonstrated to improve both RFS and
OS among patients tumors >10 cm, a ruptured tumor,
a tumor with >10 mitoses/50 HPF, as well as those pa-
tients with a tumor >5 cm that has >5 mitoses/50
HPF.38 In our study, patients with both locally advanced
and recurrent/metastatic GIST had low rates of adjuvant
TKI treatment. Overall, although 82% of patients in our
study were at high risk of recurrence according to modi-
fied NIH criteria or due to the fact they had recurrent/
metastatic disease, only 56% of patients received adju-
vant TKI therapy. In addition, no trend was seen over
time for increased use of adjuvant TKI therapy. Similar
to the low use of preoperative TKI therapy, part of the
reason for the low use of adjuvant TKI was undoubtedly
related to the fact that cohort included a number of pa-
tients treated a decade before the first trial supporting
adjuvant imatinib was published.8 Our finding that
adjuvant TKI therapy was associated with improved
long-term prognoses among patients with advanced
GIST was consistent with prospective data noting the
beneficial impact of adjuvant TKI therapy.8,38 Together,
current data support the routine use of adjuvant TKI
therapy after surgical resection of all patients with
high-risk GIST.
The current study had several limitations. Despite be-

ing one of largest series of advanced GIST patients to
be reported in the literature, the current study still had
a relatively small sample size. Collaborating with multiple
institutions limited the ability to easily standardize all
diagnostic and treatment criteria, although the multi-
institutional study design did offer the benefits of higher
statistical power and generalizability of the results. In
addition, as with all other published studies on this topic,
the study was retrospective in nature, which might have
resulted in some limitations with regard to data selection,
as well as selection bias for receipt of surgery. In turn, the
data might not be representative of all patients with
advanced GIST.
CONCLUSIONS
Resection of advanced GIST can be performed safely with
high rates of R0 resection and low rates of tumor rupture.
Downloaded from ClinicalKey.com at Rutg
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Patients with recurrent/metastatic GIST with responsive
or stable disease on preoperative TKI therapy experienced
improved RFS and OS when compared with patients
with progressive disease. Predictors of recurrence among
patients with locally advanced GIST after surgery were
tumor size, high mitotic rate, and male sex. Risk factors
for recurrence among patients with recurrent/metastatic
GIST were high mitotic rate, age, and lack of postopera-
tive therapy with a TKI. Tyrosine kinase inhibitor ther-
apy was underused for both patients with locally
advanced GIST in the adjuvant setting and patients
with recurrent/metastatic GISTs. The barriers to use of
TKI therapy in this population should be explored.

Author Contributions

Study conception and design: Bischof, Pawlik
Acquisition of data: Bischof, Kim, Blazer, Behman,
Karanicolas, Law, Quereshy, Maithel, Gamblin, Bauer,
Pawlik

Analysis and interpretation of data: Bischof, Kim, Pawlik
Drafting of manuscript: Bischof, Kim, Pawlik
Critical revision: Bischof, Kim, Blazer, Behman,
Karanicolas, Law, Quereshy, Maithel, Gamblin, Bauer,
Pawlik

Final approval: Bischof, Kim, Blazer, Behman,
Karanicolas, Law, Quereshy, Maithel, Gamblin, Bauer,
Pawlik

Acknowledgment: Ryan Groeschl, M Carolina Jimenez,
Andrei Cocieru, Rebecca Dodson, Sarah Fisher, David
Kooby, Omar Hyder, and Malcolm Squires III also contrib-
uted to this study.

REFERENCES

1. Miettinen M, Lasota J. Gastrointestinal stromal tumorsd
definition, clinical, histological, immunohistochemical, and
molecular genetic features and differential diagnosis. Virchows
Arch 2001;438:1e12.

2. Nilsson B, Bumming P, Meis-Kindblom JM, et al. Gastroin-
testinal stromal tumors: the incidence, prevalence, clinical
course, and prognostication in the preimatinib mesylate erada
population-based study in western Sweden. Cancer 2005;103:
821e829.

3. Tryggvason G, Gislason HG, Magnusson MK, Jonasson JG.
Gastrointestinal stromal tumors in Iceland, 1990-2003: the
icelandic GIST study, a population-based incidence and path-
ologic risk stratification study. Int J Cancer 2005;117:
289e293.

4. Woodall CE 3rd, Brock GN, Fan J, et al. An evaluation of
2537 gastrointestinal stromal tumors for a proposed clinical
staging system. Arch Surg 2009;144:670e678.

5. Corless CL, Barnett CM, Heinrich MC. Gastrointestinal stro-
mal tumours: origin and molecular oncology. Nat Rev Cancer
2011;11:865e878.
ers University - NERL April 15, 2016.
 Copyright ©2016. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1072-7515(14)00407-4/sref1
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref1
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref1
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref1
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref1
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref2
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref2
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref2
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref2
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref2
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref2
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref2
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref3
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref3
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref3
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref3
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref3
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref3
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref4
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref4
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref4
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref4
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref5
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref5
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref5
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref5


Vol. 219, No. 3, September 2014 Bischof et al Advanced Gastrointestinal Stromal Tumors 449
6. Joensuu H, Roberts PJ, Sarlomo-Rikala M, et al. Effect of the
tyrosine kinase inhibitor STI571 in a patient with a metastatic
gastrointestinal stromal tumor. N Engl J Med 2001;344:
1052e1056.

7. Demetri GD, von Mehren M, Blanke CD, et al. Efficacy and
safety of imatinib mesylate in advanced gastrointestinal stromal
tumors. N Engl J Med 2002;347:472e480.

8. Dematteo RP, Ballman KV, Antonescu CR, et al. Adjuvant
imatinib mesylate after resection of localised, primary gastroin-
testinal stromal tumour: a randomised, double-blind, placebo-
controlled trial. Lancet 2009;373:1097e1104.

9. Hohenberger P, Ronellenfitsch U, Oladeji O, et al. Pattern of
recurrence in patients with ruptured primary gastrointestinal
stromal tumour. Br J Surg 2010;97:1854e1859.

10. Joensuu H, Vehtari A, Riihimaki J, et al. Risk of recurrence of
gastrointestinal stromal tumour after surgery: an analysis of
pooled population-based cohorts. Lancet Oncol 2012;13:
265e274.

11. Miettinen M, Sobin LH, Lasota J. Gastrointestinal stromal tu-
mors of the stomach: a clinicopathologic, immunohistochem-
ical, and molecular genetic study of 1765 cases with long-term
follow-up. Am J Surg Pathol 2005;29:52e68.

12. Miettinen M, Makhlouf H, Sobin LH, Lasota J. Gastrointes-
tinal stromal tumors of the jejunum and ileum: a clinicopath-
ologic, immunohistochemical, and molecular genetic study of
906 cases before imatinib with long-term follow-up. Am J
Surg Pathol 2006;30:477e489.

13. Dematteo RP, Gold JS, Saran L, et al. Tumor mitotic rate,
size, and location independently predict recurrence after resec-
tion of primary gastrointestinal stromal tumor (GIST). Cancer
2008;112:608e615.

14. Fletcher CD, Berman JJ, Corless C, et al. Diagnosis of gastro-
intestinal stromal tumors: A consensus approach. Hum Pathol
2002;33:459e465.

15. Miettinen M, Lasota J. Gastrointestinal stromal tumors: pa-
thology and prognosis at different sites. Semin Diagn Pathol
2006;23:70e83.

16. Joensuu H. Risk stratification of patients diagnosed with
gastrointestinal stromal tumor. Hum Pathol 2008;39:
1411e1419.

17. Blanke CD, Demetri GD, von Mehren M, et al. Long-term
results from a randomized phase II trial of standard- versus
higher-dose imatinib mesylate for patients with unresectable
or metastatic gastrointestinal stromal tumors expressing KIT.
J Clin Oncol 2008;26:620e625.

18. Rutkowski P, Gronchi A, Hohenberger P, et al. Neoadjuvant
imatinib in locally advanced gastrointestinal stromal tumors
(GIST): the EORTC STBSG experience. Ann Surg Oncol
2013;20:2937e2943.

19. Tielen R, Verhoef C, van Coevorden F, et al. Surgical treat-
ment of locally advanced, non-metastatic, gastrointestinal stro-
mal tumours after treatment with imatinib. Eur J Surg Oncol
2013;39:150e155.

20. Eisenberg BL, Harris J, Blanke CD, et al. Phase II trial of neo-
adjuvant/adjuvant imatinib mesylate (IM) for advanced
primary and metastatic/recurrent operable gastrointestinal
stromal tumor (GIST): early results of RTOG 0132/ACRIN
6665. J Surg Oncol 2009;99:42e47.

21. Wang D, Zhang Q, Blanke CD, et al. Phase II trial of neoad-
juvant/adjuvant imatinib mesylate for advanced primary and
metastatic/recurrent operable gastrointestinal stromal tumors:
Downloaded from ClinicalKey.com at Rutg
For personal use only. No other uses without permission.
long-term follow-up results of Radiation Therapy Oncology
Group 0132. Ann Surg Oncol 2012;19:1074e1080.

22. von Mehren MG, Meyer S, Riedel C, Van Tine R. Soft Tissue
Sarcoma. National Comprehensive Cancer Network Clinical
Practice Guidelines in Oncology. Fort Washington, PA: Na-
tional Comprehensive Cancer Network; 2013.

23. Andtbacka RH, Ng CS, Scaife CL, et al. Surgical resection of
gastrointestinal stromal tumors after treatment with imatinib.
Ann Surg Oncol 2007;14:14e24.

24. Bumming P, Andersson J, Meis-Kindblom JM, et al. Neoad-
juvant, adjuvant and palliative treatment of gastrointestinal
stromal tumours (GIST) with imatinib: a centre-based study
of 17 patients. Br J Cancer 2003;89:460e464.

25. Fiore M, Palassini E, Fumagalli E, et al. Preoperative imatinib
mesylate for unresectable or locally advanced primary gastroin-
testinal stromal tumors (GIST). Eur J Surg Oncol 2009;35:
739e745.

26. Rutkowski P, Nowecki Z, Nyckowski P, et al. Surgical treat-
ment of patients with initially inoperable and/or metastatic
gastrointestinal stromal tumors (GIST) during therapy with
imatinib mesylate. J Surg Oncol 2006;93:304e311.

27. Raut CP, Posner M, Desai J, et al. Surgical management of
advanced gastrointestinal stromal tumors after treatment with
targeted systemic therapy using kinase inhibitors. J Clin Oncol
2006;24:2325e2331.

28. DeMatteo RP, Maki RG, Singer S, et al. Results of tyrosine
kinase inhibitor therapy followed by surgical resection for met-
astatic gastrointestinal stromal tumor. Ann Surg 2007;245:
347e352.

29. clinicaltrials.gov. NCT00956072. Available at: http://
clinicaltrials.gov./NCT00956072. Accessed January 12, 2014.

30. Dindo D, Demartines N, Clavien PA. Classification of surgical
complications: a new proposal with evaluation in a cohort of
6336 patients and results of a survey. Ann Surg 2004;240:
205e213.

31. Choi H, Charnsangavej C, Faria SC, et al. Correlation of
computed tomography and positron emission tomography in
patients with metastatic gastrointestinal stromal tumor treated
at a single institution with imatinib mesylate: proposal of new
computed tomography response criteria. J Clin Oncol 2007;
25:1753e1759.

32. Kaplan EL, Meier P. Nonparametric-estimation from incom-
plete observations. J Am Stat Assoc 1958;53:457e481.

33. Cox DR. Regression models and life-tables. J R Stat Soc B
1972;34:187e220.

34. Benjamin RS, Choi H, Macapinlac HA, et al. We should de-
sist using RECIST, at least in GIST. J Clin Oncol 2007;25:
1760e1764.

35. Blanke CD, Rankin C, Demetri GD, et al. Phase III random-
ized, intergroup trial assessing imatinib mesylate at two dose
levels in patients with unresectable or metastatic gastrointes-
tinal stromal tumors expressing the kit receptor tyrosine ki-
nase: S0033. J Clin Oncol 2008;1[26]:626e632.

36. Joensuu H, Hohenberger P, Corless CL. Gastrointestinal stro-
mal tumour. Lancet 2013;382:973e983.

37. Mussi C, Ronellenfitsch U, Jakob J, et al. Post-imatinib sur-
gery in advanced/metastatic GIST: is it worthwhile in all pa-
tients? Ann Oncol 2010;21:403e408.

38. Joensuu H, Eriksson M, Sundby Hall K, et al. One vs three
years of adjuvant imatinib for operable gastrointestinal stromal
tumor: a randomized trial. JAMA 2012;307:1265e1272.
ers University - NERL April 15, 2016.
 Copyright ©2016. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S1072-7515(14)00407-4/sref6
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref6
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref6
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref6
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref6
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref7
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref7
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref7
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref7
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref8
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref8
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref8
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref8
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref8
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref9
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref9
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref9
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref9
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref10
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref10
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref10
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref10
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref10
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref11
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref11
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref11
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref11
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref11
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref12
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref12
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref12
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref12
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref12
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref12
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref13
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref13
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref13
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref13
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref13
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref14
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref14
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref14
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref14
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref15
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref15
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref15
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref15
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref16
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref16
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref16
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref16
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref17
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref17
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref17
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref17
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref17
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref17
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref18
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref18
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref18
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref18
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref18
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref19
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref19
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref19
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref19
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref19
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref20
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref20
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref20
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref20
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref20
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref20
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref21
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref21
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref21
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref21
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref21
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref21
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref22
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref22
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref22
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref22
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref23
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref23
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref23
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref23
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref24
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref24
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref24
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref24
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref24
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref25
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref25
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref25
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref25
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref25
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref26
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref26
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref26
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref26
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref26
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref27
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref27
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref27
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref27
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref27
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref28
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref28
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref28
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref28
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref28
http://clinicaltrials.gov./NCT00956072
http://clinicaltrials.gov./NCT00956072
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref29
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref29
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref29
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref29
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref29
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref30
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref30
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref30
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref30
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref30
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref30
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref30
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref31
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref31
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref31
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref32
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref32
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref32
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref33
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref33
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref33
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref33
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref34
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref34
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref34
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref34
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref34
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref34
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref35
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref35
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref35
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref36
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref36
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref36
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref36
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref37
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref37
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref37
http://refhub.elsevier.com/S1072-7515(14)00407-4/sref37

	Surgical Management of Advanced Gastrointestinal Stromal Tumors: An International Multi-Institutional Analysis of 158 Patients
	Methods
	Patient population and data collection
	Statistical methods

	Results
	Locally advanced gastrointestinal stromal tumors
	Recurrent/metastatic gastrointestinal stromal tumors

	Discussion
	Conclusions
	Author Contributions

	Acknowledgment
	References


