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Abstract

Purpose Primary tumor location has been identified as an important prognostic factor among patients with gastrointestinal
stromal tumors (GISTs). The purpose of this study is to identify how primary tumor location may affect outcomes after resection
for patients with metastatic GISTs.

Methods Patients with GISTs and distant metastases at diagnosis were identified in the Surveillance Epidemiology and End
Results (SEER) database. Patients that underwent surgery were matched to patients that did not undergo surgery using propensity
score matching (PSM) analysis.

Results After PSM, 570 patients were identified (males 334 [58.6%], females 236 [41.4%], age 62 + 13.9 years). Gastric tumors
constituted the majority (325 [57%]), followed by small intestinal (136 [23.9%]), colorectal (19 [3.3%]), and retroperitoneal/
peritoneal tumors (23 [4%]). Median follow-up was 25.5 months (95% CI 23-29 months). Undergoing surgery was associated
with improved disease-specific survival (DSS) on both univariate (median not reached vs. 51 months, p < 0.001) and multivariate
analyses (HR 4.98, 95% CI 2.23-11.12, p<0.001). A sub-analysis of patients with gastric GISTs showed that undergoing
surgery was the only significant factor associated with improved DSS (median not reached vs. 39 months, p <0.001, HR
2.95, 95% CI 1.92-4.53). In contrast, undergoing surgery was not associated with improved survival for small intestinal,
colorectal, or retroperitoneal/peritoneal tumors.

Conclusions Surgery for gastric metastatic GISTs is associated with improved survival. No discernible benefit after surgical
resection was identified for patients with small intestinal, colorectal, retroperitoneal, or peritoneal metastatic GISTs.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most frequent
digestive tumors of mesenchymal origin, with an estimated
incidence of 7.8 cases per million persons per year [1]. The
most common location for these tumors is the stomach (40—
51%), followed by the small intestine (20—40%), while men
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are affected more often than women [2, 3]. Metastatic disease
at the time of diagnosis is quite common and is found in 15—
50% of patients with GISTs [3, 4]. Major advances have been
recorded during the past decades in unraveling the pathogen-
esis of these tumors and several associated sporadic and
germline mutations have been described. The most frequent
sporadic mutation is a gain-of-function mutation in ¢-KIT7,
which is found in 70-80% of all GISTs and may be detected
in tissue samples through immunohistochemistry for CD117
[, 6]. Mutations in the PDGFRA gene, which encodes for the
platelet-derived growth factor receptor A, are the second most
common sporadic mutations and are encountered in 30—40%
of patients with K/T'negative GISTs [5, 7].
Recommendations for surgical management suggest the
resection of primary tumors >2 cm, due to an elevated risk
of malignancy, but the risk of recurrence after surgical resec-
tion is 40-50% [8, 9]. Imatinib mesylate, a tyrosine kinase
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inhibitor (TKI), was granted approval by the United States
Food and Drug Administration (FDA) for metastatic or
unresectable GISTs in 2001 [10]. This drug inhibits signaling
through the pathways involving the proteins coded by the c-
KITand PDGFRA genes and when given in an adjuvant fash-
ion may prolong the recurrence-free and overall survival of
patients with GISTs [11-13]. These advances in targeted treat-
ments have placed surgical treatment of patients with ad-
vanced disease into question. However, several retrospective
series have suggested that surgical treatment may still hold a
therapeutic role in the era of TKIs, although not all patients
benefit from it and hence careful selection of patients for sur-
gical treatment (e.g., stable disease or limited progression,
imatinib-responsive disease) is mandatory [14-22]. Based on
these findings, National Comprehensive Cancer Network
(NCCN) and European Society for Medical Oncology
(ESMO) guidelines currently recommend surgical resection
for imatinib-responsive cases where complete resection may
be achieved or imatinib-refractory disease with limited pro-
gression [23, 24].

Primary tumor location has previously been identified as an
important prognostic factor and nongastric GISTs tend to be
associated with higher rates of recurrence after resection, as
well as more aggressive overall clinical course [25-29]. The
purpose of this study is to examine whether primary tumor
location may impact survival after resection for patients with
metastatic GISTs and thus contribute towards improved pa-
tient selection for surgery.

Methods

A retrospective search of the Surveillance Epidemiology and
End Results (SEER) database was performed for cases diag-
nosed during years 2004-2013. The SEER database collects
data on multiple clinical and pathologic aspects associated
with cancer management and encompasses approximately
28% of the US population [30]. GISTs were identified based
on the ICD-O-3 code 8936. Distant metastases at diagnosis
were identified based on the variable “CS mets at dx (2004+)”
and codes 40, 45, 50, and 60. No included patient had
metachronous metastatic disease. Cases without microscopic
diagnosis, unavailable survival information, or unavailable
information regarding surgical management were excluded.
Surgery refers to at least primary tumor resection with curative
intent, while information regarding resection of distant sites
was not available for the majority of patients. AJCC T stages
were coded based on the seventh edition system. N stage was
derived from variables “SEER historic stage A,” “Regional
nodes positive (1988+),” and AJCC stage. The study was
exempted from Institutional Review Board approval, due to
SEER’s inclusion of unidentifiable patient information.

Statistical Analysis

Propensity score matching (PSM) was employed to limit con-
founders between patients that underwent curative surgery
and those that did not in order to allow their comparison.
Propensity scores were calculated using a logistic regression
model after consideration of all clinically relevant parameters
(age, sex, race, primary tumor location, tumor grade, mitotic
count, AJCC T and N stages). Initial comparison between
patients undergoing and those not undergoing curative surgery
was performed with Pearson’s correlation coefficient and all
significant variables were included in the logistic regression
model. Cases were matched with a 1:1 ratio using the nearest-
neighbor method.

Survival univariate analysis with the log-rank test and mul-
tivariate analysis using Cox proportional hazards model were
performed. The primary end-points were disease-specific sur-
vival (DSS) and overall survival (OS). Cases with missing
values were excluded from multivariate analysis. Only vari-
ables significant on univariate analysis were included in mul-
tivariate analysis. Statistical tests employed two-tailed p
values and 0.05 was used as a threshold for significance. All
statistical analyses were performed on SPSS v.24 (IBM Corp.,
Armonk, NY).

Results

Prior to PSM, 1130 patients were identified, of which 514
underwent surgery and 616 did not. The median age for the
cohort was 64 years (range 14-96 years, IQR, 21.3 years),
while male and female patients constituted 58.8 and 41.2% of
the cohort, respectively. Demographic, clinical, and pathologic
characteristics for the entire cohort are displayed in Table 1.

Among the 514 patients that underwent surgical resection
with curative intent (median follow-up 33 months [95% CI
30-36 months]), age > 64 years (p = 0.021) and primary tumor
location (p < 0.001) were associated with worse DSS. On mul-
tivariate analysis, colorectal (HR 4.9, 95% C12.32-10.33, p <
0.001) and retroperitoneal/peritoneal primary tumor location
(HR 2.99, 95% CI 1.33-6.71, p=0.008), as well as age >
64 years (HR 1.6, 95% CI 1.1-2.33, p=0.014), were inde-
pendent prognostic factors of worse DSS. In the same group
of patients, age > 64 years (p < 0.001), primary tumor location
(p=0.004), and presence of nodal metastasis (p = 0.04) were
associated with worse OS in univariate analysis. Multivariate
analysis identified colorectal (HR 4.54, 95% C12.12-9.72, p
<0.001) and retroperitoneal/peritoneal primary tumor loca-
tion (HR 2.69, 95% CI 1.32-5.49, p =0.007), as well as age
> 64 years (HR 2.72, 95% CI 1.77-4.19, p<0.001), were
independent prognostic factors of worse OS (Table 2).

After PSM, 570 patients were identified (males 334
[58.6%], females 236 [41.4%]). The median age of the cohort
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Table 1

Patient characteristics before and after propensity score matching

Initial cohort (n=1130)

After PSM (n=570)

Surgery No surgery Pvalue Standardized  Surgery No surgery P Standardized
(n=514) (n=616) difference (n=285) (n=285) value difference

Age (years) 61.5+£14.6 64.9+13.9 <0.001 -0.239 61.1+14.1 63+13.6 0.111 -0.137

<64 years 291 (56.6%) 303 (49.2%) 0.149 158 (55.4%) 165 (57.9%) —0.050

> 64 years 223 (43.4%) 313 (50.8%) —0.149 127 (44.6%) 120 (42.1%) 0.050
Sex 0.008 0.932

Male 280 (54.5%) 385 (62.5%) -0.163 166 (58.2%) 168 (58.9%) -0.014

Female 234 (45.5%) 231 (37.5%) 0.163 119 (41.8%) 117 (41.1%) 0.014
Race 0.034 0.53

White 376 (73.2%) 409 (66.4%) 0.149 194 (68.1%) 188 (66%) 0.045

Black 79 (15.4%) 116 (18.8%) -0.09 59 (20.7%) 58 (20.4%) 0.007

Other 56 (10.9%) 90 (14.6%) —0.111 30 (10.5%) 39 (13.7%) —0.098
Primary tumor <0.001 0.141

location

Stomach 209 (40.7%) 318 (51.6%) -0.220 164 (57.5%) 161 (56.5%) 0.020

Small intestine 237 (46.1%) 78 (12.7%) 0.788 71 (24.9%) 65 (22.8%) 0.049

Colon/rectum 16 3.1%) 30 (4.9%) -0.092 8 (2.8%) 11 3.9%) —0.061

Retroperitoneum/ 18 3.5%) 30 (4.9%) -0.070 17 (6%) 6 (2.1%) 0.199

peritoneum

Other 34 (6.6%) 160 (26%) —0.544 25 (8.8%) 42 (14.7%) —0.184
Histologic grade 0.162 0.019

WD 18 (3.5%) 11 (1.8%) 0.106 7 (2.5%) 8 (2.8%) -0.019

MD 36 (7%) 8 (1.3%) 0.289 21 (7.4%) 4 (1.4%) 0.296

PD/UD 108 21%) 45 (7.3%) 0.401 67 (23.5%) 19 (6.7%) 0.483
Mitotic count 0.07 0.106

<5/50 HPF 85 (16.5%) 32 (5.2%) 0.369 46 (16.1%) 17 (6%) 0.326

> 5/50 HPF 81 (15.8%) 16 (2.6%) 0.469 45 (15.8%) 7 (2.5%) 0.474
AJCC T Stage <0.001 0.001

T1/T2 65 (12.6%) 47 (7.6%) 0.167 30 (10.5%) 30 (10.5%) 0.000

T3 125 (24.3%) 81 (13.1%) 0.290 66 (23.2%) 45 (15.8%) 0.188

T4 221 (43%) 74 (12%) 0.740 128 (44.9%) 44 (15.4%) 0.679
AJCC N Stage 0.652 0.612

NO 253 (49.2%) 175 (28.4%) 0.437 141 (49.5%) 93 (32.6%) 0.349

NI 56 (10.9%) 43 (7%) 0.137 28 (9.8%) 15 (5.3%) 0.171

PSM propensity score matching, WD well-differentiated, MD moderately differentiated, PD poorly differentiated, UD undifferentiated, HPF high-power

field, AJCC American Joint Committee on Cancer

after PSM was 63 years (range 18-94 years, IQR 19 years)
and mean age was 62 + 13.9 years. Most primary tumors were
located in the stomach (325 [57%]), followed by the small
intestine (136 [23.9%]), colon/rectum (19 [3.3%]), and
retroperitoneum/peritoneum (23 [4%]). Median survival was
79 months for gastric tumors, 107 months for small intestinal
tumors, 24 months for colorectal tumors, and 31 months for
retroperitoneal/peritoneal tumors. Median follow-up for the
cohort after PSM was 25.5 months (95% CI 23-29 months,
range 1-119 months). Univariate survival analysis in the co-
hort after PSM showed that primary tumor location (p =
0.001), higher tumor grade (p =0.027), and not undergoing
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surgery (51 months vs. median not reached, p <0.001,
Fig. 1) were significantly associated with worse DSS. On
multivariate analysis for DSS, not undergoing surgery was
independently associated with worse DSS (HR 4.98, 95% CI
2.23-11.12, p < 0.001), along with tumor location (p = 0.002,
small intestine: HR 0.54, 95% C10.21-1.43, p =0.216, colon/
rectum: HR 12.4, 95% CI 3.07-49.9, p<0.001,
retroperitoneum/peritoneum: HR 1.66, 95% CI 0.46-6, p=
0.441) and tumor grade (p =0.049, MD: HR 3.12, 95% CI
0.31-31.26, p=0.334, PD/UD: HR 8.04, 95% CI 1.05-61.4,
p =0.045). Univariate analysis for OS, age > 64 years (p <
0.001), primary tumor location (p=0.011), higher tumor
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Table 2 Survival analysis for

patients that underwent surgical P value univariate Adjusted HR (95% CI) P value multivariate
resection
DSS

Age > 64 years 0.021 1.6 (1.1-2.33) 0.014

Sex 0.768

Race 0.4

Primary tumor location <0.001 <0.001
Stomach Reference
Small intestine 1.36 (0.91-2.04) 0.132
Colon/rectum 4.9(2.32-10.33) <0.001
Retroperitoneum/peritoneum 2.99 (1.33-6.71) 0.008

Histologic grade 0.234

Mitotic count 0.464

AJCC T stage 0.15

Nodal metastases 0.107

oS

Age > 64 years <0.001 2.72 (1.77-4.19) <0.001

Sex 0.788

Race 0.664

Primary tumor location 0.004 <0.001
Stomach Reference
Small intestine 1.09 (0.68-1.74) 0.722
Colon/rectum 4.54 (2.12-9.72) <0.001
Retroperitoneum/peritoneum 2.69 (1.32-5.49) 0.007

Histologic grade 0.069

Mitotic count 0.546

AJCC T stage 0.163

Nodal metastases 0.04 1.58 (0.99-2.52) 0.055

HR hazard ratio, CI confidence interval, DSS disease-specific survival, WD well-differentiated, MD moderately
differentiated, PD poorly differentiated, UD undifferentiated, AJCC American Joint Committee on Cancer, OS

overall survival

grade (p =0.022), and not undergoing surgery (median 32 vs.
74 months, p <0.001) were significantly associated with
worse survival. Multivariate analysis for OS identified prima-
ry tumor location (p = 0.01, small intestine: HR 0.73, 95% CI
0.36-1.47, p=0.376, colon/rectum: HR 6.66, 95% CI 1.86—
23.76, p = 0.004, retroperitoneum/peritoneum: HR 1.89, 95%
CI10.76-4.74, p = 0.173), higher tumor grade (p = 0.021, mod-
erately differentiated [MD]: HR 1.17, 95% CI 0.3-0.63, p=
0.824, poorly differentiated [PD]/undifferentiated [UD]: HR
3.33,95% CI 1.06-10.45, p =0.039) and not undergoing sur-
gery (HR 3.37,95% CI 1.75-6.5, p < 0.001) to be independent
predictors of worse survival (Table 3).

Sub-Analysis of Patients with Gastric Tumors

A sub-analysis of 325 patients with gastric tumors was
then performed, of which 164 patients underwent surgery
and 161 did not. Demographic, clinical, and pathologic
characteristics are displayed in Table 4. Survival analysis

for these patients showed that not undergoing curative sur-
gery was the only variable associated with worse DSS
among all variables examined (39 months vs. median not
reached, p <0.001, HR 2.95, 95% CI 1.92-4.53). On uni-
variate analysis for OS, higher tumor grade (p =0.02) and
not undergoing surgery (median 30 months vs. 76 months,
p<0.001) were associated with worse survival. On multi-
variate analysis for OS, higher tumor grade (p =0.027,
MD: HR 1.12, 95% CI 0.18-7.18, p=0.903, PD/UD: HR
3.98, 95% CI 0.91-17.41, p=0.067) and not undergoing
surgery were independent predictors of worse survival (HR
2.4,95% CI 1.12-5.15, p=0.025, Table 5).

Sub-Analysis of Patients with Small Intestinal Tumors

Next, a sub-analysis of 136 patients with small intestinal tu-
mors was performed. Demographic, clinical, and pathologic
characteristics are displayed in Table 4. Undergoing surgery
was not associated with either improved DSS (median not

@ Springer



754

J Gastrointest Canc (2019) 50:750-758

a) All primary tumor locations

104 ~ No surgery
- Surgery
+ No surgery - censored
— Surgery - censored
— 08
s
£
4
=
w
o 06
=
=
<
v
2
@
@ 049
w
«
v
B §
Q L aans
02
0.0
T T T y T T T
.00 20.00 40.00 60,00 80.00 100.00 120.00
Months
b) Gastric GISTs
1.0
~ No surgery
- Surgery
+ No surgery - censored
= 0.8 —+ Surgery - censored
£
£
2
o 0.6+
g
“
<
2
wn
@ 04
w
g Lttt
2
=]
02
0.0

T T T T T T
00 20.00 40.00 60.00 80.00 100.00 120.00

Months

¢) Small intestinal GISTs

~ No surgery
- Surgery

+ No surgery - censored
—+ Surgery - censored

Disease-specific survival

0.2

T T T T T T T
.00 20.00 40,00 60.00 80,00 100.00 120.00

Months

Fig. 1 Kaplan-Meier curves for undergoing curative surgery. a All
primary tumor locations (p <0.001, HR 4.98; 95% CI 2.23-11.12). b
Gastric GISTs (p<0.001, HR 2.95, 95% CI 1.92-4.53). ¢ Small
intestinal GISTs (p = 0.206, HR 1.56, 95% CI1 0.77-3.2)

reached vs. 94 months, p=0.206) or OS (median 87 vs.
57 months, p = 0.062) for these patients.
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Sub-Analysis of Patients with Colorectal
and Retroperitoneal/Peritoneal Tumors

Sub-analyses were then performed for 19 patients with colo-
rectal tumors and 23 patients with retroperitoneal/peritoneal
tumors were performed. Undergoing curative resection was
not associated with either improved DSS or OS for both colo-
rectal (DSS: median 24 months vs. 13 months, p =0.647, OS:
median 24 months vs. 13 months, p = 0.924) or retroperitoneal/
peritoneal tumors (DSS: median not reached vs. 25 months,
p=0.67, OS: median 26 months vs. 22 months, p =0.738).

Discussion

The results of this study show that outcomes after surgical
resection differ among different primary tumor locations in
patients with metastatic GISTs. Among all patients that
underwent curative resection, primary tumor location was an
independent prognostic factor of both worse DSS and OS, as
colorectal and retroperitoneal/peritoneal tumors had signifi-
cantly worse prognosis. In addition, there was a significant
survival benefit for patients with gastric GISTs undergoing
surgical resection. In contrast, no benefit after surgical resec-
tion was identified for patients with small intestinal metastatic
GISTs. Finally, no benefit after resection was found for colo-
rectal, retroperitoneal, and peritoneal tumors, but the low
numbers of cases in these sub-analyses may limit the general-
izability of these conclusions.

Gastrointestinal stromal tumors represent the most frequent
gastrointestinal malignancies of mesenchymal origin, com-
prising 0.2% of all gastrointestinal malignancies [31].
Distant metastatic disease at diagnosis is fairly common, since
15-50% of all patients present with metastatic disease [3, 4].
Administration of imatinib is a dominant treatment approach
for metastatic GISTs and its use has increased 2-year overall
survival rates from 41 to 72% [5, 32]. Newer agents, such as
sunitinib and regorafenib, can also be employed as second-
and third-line agents, respectively, when resistance to imatinib
develops [33]. Notably, continuing therapy with a TKI even
after disease progression has been found to lead to better OS
rates than stopping systemic treatment altogether [34]. Several
retrospective studies have demonstrated a survival benefit in
selected patients with metastatic GISTs after undergoing cu-
rative surgery [14-22] and subsequent NCCN and ESMO
guidelines recommend surgery for patients with imatinib-
responsive tumors where complete resection may be achieved
or imatinib-refractory tumors with limited disease progression
[23, 24]. Interestingly, in our analysis, we identified that pri-
mary tumor location had a significant impact on outcomes
after resection, as gastric metastatic GISTs portended a more
pronounced benefit after resection when compared to small
intestinal, colorectal, retroperitoneal, or peritoneal metastatic
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Table 3 Results of univariate and

multivariate survival analyses for P value univariate Adjusted HR (95% CI) P value multivariate
all primary tumor locations
DSS

Age > 64 years 0.094

Sex 0.694

Race 0.439

Primary tumor location 0.001 0.002
Stomach Reference
Small intestine 0.54 (0.21-1.43) 0.216
Colon/rectum 12.4 (3.07-49.9) <0.001
Retroperitoneum/peritoneum 1.66 (0.46-6) 0.441

Histologic grade 0.027 0.049
WD Reference
MD 3.12 (0.31-31.26) 0.334
PD/UD 8.04 (1.05-61.4) 0.045

Mitotic count 0.86

AJCC T stage 0.542

Nodal metastases 0.114

Surgery not performed <0.001 498 (2.23-11.12) <0.001

oS

Age > 64 years <0.001 1.79 (0.97-3.3) 0.061

Sex 0.948

Race 0.481

Primary tumor location 0.011 0.01
Stomach Reference
Small intestine 0.73 (0.36-1.47) 0.376
Colon/rectum 6.66 (1.86-23.76) 0.004
Retroperitoneum/peritoneum 1.89 (0.76-4.74) 0.173

Histologic grade 0.022 0.021
WD Reference
MD 1.17 (0.3-.63) 0.824
PD/UD 3.33 (1.06-10.45) 0.039

Mitotic count 0.439

AJCC T stage 0.269

Nodal metastases 0.233

Surgery not performed <0.001 3.37 (1.75-6.5) <0.001

HR hazard ratio, CI confidence interval, DSS disease-specific survival, WD well-differentiated, D moderately
differentiated, PD poorly differentiated, UD undifferentiated, AJCC American Joint Committee on Cancer, OS

overall survival

GISTs. This finding is in accord with previous reports of sim-
ilar findings [25-29]. This difference in survival outcomes
may be traced to the different histologic findings between
gastric and small intestinal GISTs [26], as well as the limited
malignant potential of microscopic gastric GISTs [25].
Additionally, nongastric GISTs have higher recurrence rates,
both after surgery [28, 29] and treatment with imatinib [35].
Furthermore, mutational patterns also differ between different
tumor locations, with exon 9 and 17 mutations being more
commonly identified in small intestinal tumors [36-38]. As
such, tumor site is now implemented as a major independent
predictor of recurrence in pertinent GIST nomograms [39]. In

this way, higher recurrence rates after resection as well as
underlying differences in disease behavior may explain why
surgery exerted a beneficial effect for gastric GISTs but failed
to do so for tumors in other locations.

One of the proposed ways in which operative management
may assist in prolonging survival is the reduction of tumor
bulk in order for imatinib to act more efficiently in the remain-
ing cells. At the same time, surgery may also potentially re-
move clones that have developed resistance to TKI treatment
or at least reduce the speed of the inevitable development of
resistant clones [5]. In this way, commencement of second-
line agents, such as sunitinib and regorafenib, and eventual
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Table 4 Characteristics of
patients with gastric and small

Gastric (n=325)

Small intestinal (n = 136)

intestinal tumors

Surgery No surgery p value Surgery No surgery p value
(n=164) (n=161) (n=171) (n=165)
Age (years) 0.505 1.00
<64 years 84 (51.2%) 89 (55.3%) 40 (56.3%) 36 (55.4%)
> 64 years 80 (48.8%) 72 (44.7%) 31 (43.7%) 29 (44.6%)
Sex 0.649 0.598
Male 98 (59.8%) 101 (62.7%) 46 (64.8%) 39 (60%)
Female 66 (40.2%) 60 (37.3%) 25 (35.2%) 26 (40%)
Race 0.436 0913
White 107 (65.2%) 102 (63.4%) 53 (74.6%) 50 (76.9%)
Black 46 (28%) 44 (27.3%) 4 (5.6%) 4 (6.2%)
Other 9 (5.5%) 15 (9.3%) 14 (19.7%) 11 (16.9%)
Histologic grade 0.03 0.466
WD 4 (2.4%) 7 (4.3%) 1 (1.4%) 1 (1.5%)
MD 15 (9.1%) 3 (1.9%) 5 (7%) 1 (1.5%)
PD/UD 34 (20.7%) 15 (9.3%) 17 (23.9%) 3 (4.6%)
Mitotic count 0.429 0.288
<5/50 HPF 33 (20.1%) 14 (8.7%) 11 (15.5%) 3 (4.6%)
>5/50 HPF 24 (14.6%) 6 (3.7%) 18 (25.4%) 1(1.5%)
AJCC T stage 0.022 0.027
T1U/T2 19 (11.6%) 21 (13%) 8 (11.3%) 7 (10.8%)
T3 44 (26.8%) 31 (19.3%) 19 (26.8%) 13 (20%)
T4 80 (48.8%) 33 (20.5%) 35 (49.3%) 7 (10.8%)
AJCC N stage 0.52 1.00
NO 86 (52.4%) 67 (41.6%) 33 (46.5%) 18 (27.7%)
N1 17 (10.4%) 9 (5.6%) 7 (9.9%) 4 (6.2%)

WD well-differentiated, MD moderately differentiated, PD poorly differentiated, UD undifferentiated, HPF high-
power field, AJCC American Joint Committee on Cancer

tumor resistance towards them would be delayed. Based on
these mechanisms, cytoreductive surgery has also been advo-
cated for selected patients with metastatic GISTs and favor-
able outcomes have been reported, which are superior to those
of non-operative management [40, 41]. In addition, while for
many types of tumors, generalized progression is the typical
form of disease progression, GISTs demonstrate a slower
growth pattern with either progressive imatinib-responsive tu-
mor growth in distant locations or generalized disease that is
stable on TKI treatment, which renders patients with metasta-
tic GISTs candidates for surgical intervention more often com-
pared to patients with other malignancies [5, 14].

This study is limited by its retrospective design and the use
of a multi-institutional database, since such registries are sub-
ject to potential non-uniform practice. Importantly, there is no
information in SEER concerning the resistance or duration of
TKI regimens, whether an RO/R1 or cytoreductive resection
was performed and whether there was progressive or stable
metastatic disease. However, since cytoreductive surgery has
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been advocated by some authors for selected patients with
metastatic GISTs and favorable outcomes have been reported
[40, 41], the individualized performance of cytoreductive—
and not RO/R1 surgery—would be justified in selected pa-
tients. Information regarding specific TKI regimens is also
lacking, but different response rates among different primary
tumor locations [35] may partly explain the findings of this
study. In addition, several variables, such as tumor grade and
mitotic count, were not available for the majority of the cohort,
but this did not have an impact on the major findings of this
study, since only tumor grade was included in one multivariate
analysis (i.e., for all primary tumor locations) and did not affect
the results of the sub-analyses by primary tumor location. As
previously stated, the low number of patients with colorectal,
peritoneal, and retroperitoneal tumors may also limit proper
conclusions for these patient groups, but that is to be expected
due to their relative rarity. Additionally, this study is based on
results reported from multiple different pathology laboratories,
per participating institutions, rendering the data prone to tumor
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Table 5 Results of univariate and
multivariate survival analyses for

p value univariate

Adjusted HR (95% CI) p value multivariate

patients with gastric primary
tumors DSS

Age > 64 years 0.525

Sex 0.745

Race 0.875

Histologic grade 0.074

Mitotic count 0.177

AJCC T stage 0.558

Nodal metastases 0.926

Surgery not performed <0.001 2.95 (1.92-4.53)

oS

Age > 64 years 0.081

Sex 0.494

Race 0.636

Histologic grade 0.02 0.027
WD Reference
MD 1.12 (0.18-7.18) 0.903
PD/UD 3.98 (0.91-17.41) 0.067

Mitotic count 0.376

AJCC T stage 0.41

Nodal metastases 0.577

Surgery not performed <0.001 24 (1.12-5.15) 0.025

HR hazard ratio, CI confidence interval, DSS disease-specific survival, WD well-differentiated, MD moderately
differentiated, PD poorly differentiated, UD undifferentiated, AJCC American Joint Committee on Cancer, OS

overall survival

misclassifications. Unfortunately, since randomized control
trials are currently lacking in this patient population and small
retrospective studies often do not have enough statistical pow-
er to yield certain conclusions, large cancer databases may be
the best available sources for answering several questions.
Despite these limitations, the results of this study suggest that
some patients may not receive considerable benefit from sur-
gical resection, which suggests that improved case selection is
needed to improve outcomes in the population.

In conclusion, primary tumor location is an independent
prognostic factor among patients that underwent curative resec-
tion, with colorectal, peritoneal, and retroperitoneal tumors be-
ing associated with worse prognosis. Patients with metastatic
gastric GISTs have a significant benefit from surgical resection.
In contrast, there is no discernible survival benefit after surgical
resection for patients with small intestinal, colorectal, retroperi-
toneal, or peritoneal metastatic GISTs. These differences may be
explained by the distinct mutational patterns, different disease
behaviors, and higher recurrence rates among primary tumors of
different sites. Primary tumor location should be taken into con-
sideration in the design of future randomized trials, which are
needed to improve patient selection for surgical treatment.
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