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Abstract
Background: Long-term complete remissions remain a rare exception in patients with metastatic gastrointestinal stromal tumors (GIST)
treated with IM (imatinib). To date the therapeutic relevance of surgical resection of metastatic disease remains unknown except for the
use in palliative intent.
Patients and methods: We analyzed overall survival (OS) and progression-free survival (PFS) in consecutive patients with metastatic GIST
who underwent metastasectomy and received IM therapy (n ¼ 239).
Results: Complete resection (R0þR1) was achieved in 177 patients. Median OS was 8.7 y for R0/R1 and 5.3 y in pts with R2 resection
( p ¼ 0.0001). In the group who were in remission at time of resection median OS was not reached in the R0/R1 surgery and 5.1 y in the R2surgery ( p ¼ 0.0001). Median time to relapse/progression after resection of residual disease was not reached in the R0/R1 and 1.9 years in
the R2 group of patients, who were resected in response. No difference in mPFS was seen in patients progressing at time of surgery. Conclusions: Our analysis implicates possible long-term survival in patients in whom surgical complete remission can be achieved. Incomplete
resection, including debulking surgery does not seem to prolong survival. Despite the retrospective character and likely selection bias, this
analysis may help in decision making for surgical approaches in metastatic GIST.
Ó 2014 Elsevier Ltd. All rights reserved.
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Gastrointestinal stromal tumors (GIST) are the most
common sarcomas of the gastrointestinal tract and are characterized by constitutive activation of the KIT or PDGFRA
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receptor tyrosine kinases.1 Localized GIST represents a
potentially curable disease if complete resection can be
achieved. However, the risk of a metastatic spread substantially increases with size, growth rate (as measured by mitotic
counts) and primary anatomic location outside the stomach e
regardless of effective local tumor control.2 The adjuvant
treatment with imatinib may improve overall survival (OS)
but may not prevent a predetermined relapse.3 Sequential
treatment with tyrosine kinase inhibitors has more than
tripled the median survival of metastatic and/or inoperable
GIST which was estimated 18 months in the pre-imatinib
era4,5 and a small subset of patients even remains continuously stable on imatinib. However, the vast majority of patients eventually progresses and dies of their disease.
Surgical removal of metastases may cure a subset of patients with colorectal cancer or other soft tissue sarcomas
but most oncological teams would advise against the
same procedure e.g. in pancreatic cancer.6 Several, mostly
single-center analyses have shown that metastasectomy in
GIST is safe and perioperative morbidity low, at least in
those patients that do not have a generalized tumor progression.7e10 Macroscopic complete resection in patients
responding to imatinib was associated with long-term progression-free survival while patients who were operated at
time of progression often relapsed briefly after intervention
indicating a limited window of opportunity for meaningful
surgical interventions. On the other hand imatinib cannot be
stopped even after surgical complete remission, indicating
that surgery has an ancillary role e if any e in achieving
durable disease control in metastatic patients. In addition
the risks of postoperative complications need to be taken
into account when deciding for metastasectomy as severe
postoperative abdominal complications may hamper the
obligatory imatinib continuation.
However, the lack of any randomized trial on the role of
surgery in this setting precludes unequivocal recommendations for surgery. We have sought to retrospectively investigate prognostic factors that may help in decision
making until a prospective trial substantiates.
Methods
Patients and methods, perioperative management
A consecutive series of 239 patients with GIST’s who
had undergone surgery for metastatic GIST (until 2011)
were reviewed (Table 1). Four large institutions, members
of the EORTC Soft Tissue/Bone Sarcoma Group, participated in this retrospective study (Amsterdam, Essen, Milano, Warsaw) for which patient data was extracted from
prospectively kept institutional databases. Where necessary,
data was complemented through retrospective chart review.
All patients had confirmed histopathological diagnosis of
metastatic GIST and been treated with imatinib. In most
cases (84%) patients received imatinib before metastasectomy. Nonetheless, for the analysis we included only those
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Table 1
Patient and disease characteristics (FU ¼ Follow-UP; IM ¼ imatinib).
Total number
Male
Female
Median age at time of diagnosis
Location of primary
Gastric
Small intestine
Other
Location of metastases at time of metastasectomy
Liver
Peritoneum
Liver and peritoneum
Other
Number of resection
R0/R1
R2
Median age at time of metastasectomy
Median time from first IM to metastasectomy
Median FU since diagnosis of metastases
Median FU since first IM
Median FU since metastasectomy
Genotyping
Exon 11 KIT
Exon 9 KIT
Wild-type
Other

239
122 (51%)
117 (49%)
55 years
(range: 9e79)
82 (34%)
134 (56%)
23 (10%)
60 (25%)
110 (46%)
44 (18%)
25 (11%)
189 (79%)
50 (21%)
58 years
(range: 18e81)
1.1 years (0e6.7)
5.3 years (0.25e22)
5.1 years (0.4e10)
3.6 years (0.1e9.9)
164 patients
102 (62%)
23 (14%)
24 (15%)
15 (9%)

patients who then received imatinib within 3 months after
metastasectomy. Patients were continued on imatinib after
surgical procedures until progression. Data on postoperative morbidity was available in 191 patients.
End points and statistics
Prognostic factors investigated included sex, status of
resection, location of metastases, mutational status, number
of resected lesions, and remission status at the time of
metastasectomy. With regard to the status of resection patients were divided into two groups comparing those in
whom complete macroscopic resection [R0 plus R1] was
achieved with those in whom residual macroscopic disease
was left [R2]). Intra-operative rupture was defined as R2resection. The remission status was defined as remission
(non-progressive disease) versus progressive disease. Patients were classified as progressive when either new lesions occurred or an undisputable increase in size was
observed. This includes patients with less than 20% increase in size as per RECIST, For the multivariate analysis,
the number of resected metastases was divided into patients
with 1 metastasis versus those with 2e4 and more than 4
resected metastases.
Progression-free survival (PFS) was calculated as the
length of time from both the beginning of imatinib treatment for metastatic disease or from the date of surgery to
the date of documented progression of residual disease,
recurrent disease or death from any cause, whichever
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Figure 1. Overall survival curves calculated from the time of first imatinib for metastatic disease according to gender (1A), resection status (1B), restricted to
non-progressive patients at time of surgery (1C) and restricted to patients with exon 11 mutations (1D). Overall survival curves calculated from time of surgery for metastatic disease in nonprogressing patients (1E) and in progressing patients (1F).

occurred first. Overall survival (OS) was defined as the
length of time from the time of first imatinib for metastatic
disease or the date of surgery for metastatic disease to death
from any cause. PFS and OS estimates and standard errors

were obtained by the KaplaneMeier method and statistical
comparisons were performed using the log-rank test. Twosided p values less than 0.05 were considered statistically
significant. A multivariable analysis of OS from the date
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Figure 2. A and B): Overall survival curves for patients who underwent metastasectomy depending on affected organ system in the complete population (2A)
and restricted to non-progressive patients (2B). Time-to progression curves calculated from date of surgery until progression for non-progressing GIST (2C)
and progressing GIST at the time of surgery (2D). Time to progression curves calculated from date of first imatinib for metastatic disease until progression or
death in all patients (2E) and restricted to non-progressing patients only (2F).
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Table 2
Multivariable analysis of overall survival.
Covariates
Sex:
Age (year)
Interval IM start to surgery (mo)
Resection status
Status of disease
response to imatinib at surgery
No. of metastases
Metastatic site

Mutation

HR (95% CI)

p

Male vs female
66 vs 55a
25 vs 8a
R2 vs R0/R1
PD vs PR/NC

1.90
1.50
2.04
2.26
3.98

(1.00,3.59)
(1.02,2.22)
(1.14,3.65)
(1.09,4.68)
(1.95, 8.15)

0.038
0.107
0.044
0.001
<0.0001

2e4 vs 1
>4 vs 1
Peritoneum vs liver
Liver þ peritoneum vs liver
Other vs liver
KIT 9 vs WT
KIT 11 vs WT
KIT 11 vs 9

0.68
1.05
1.49
3.05
3.24
0.48
0.93
1.91

(0.25,1.68)
(0.44, 2.49)
(0.68,3.26)
(0.94, 9.93)
(0.63,16.60)
(0.13, 1.79)
(0.38, 2.31)
(0.67,5.41)

0.506
0.012

0.418

HR: hazard ratio. PR ¼ partial remission; NC ¼ no change; PD ¼ Progressive disease CI: confidence interval. p: p value at two-sided Wald test.
All p-values of the Wald test, which are less than .05 were underlined as statistically significant.
a
The covariate was modeled by means of a 3-knot restricted cubic spline.11 The two values are, respectively, the 3rd and 1st quartiles of the covariate
distribution.

of surgery for metastastic disease was performed using Cox
regression model; the results were shown as Hazard ratios
(HR), corresponding 95% confidence intervals and p-values
at Wald test.11 Patients for whom no genotyping information was available were excluded from the analysis
(n ¼ 58). The statistical analyses were carried out with
SPSS 19.0 and R 2.15.2 (http://www.r-project.org/, last access July 9th, 2013).

Results

We then compared the outcome of patients depending
on metastatic organ involvement. In the overall population, median OS was not reached in patients who were
affected only by liver metastases, 7 years in those with
peritoneal disease and 3.7 years in those with both liver
and peritoneal metastases (Fig. 2A; p ¼ 0.003, log-rank
test). Notably, in patients who were operated in remission
and in whom complete macroscopic resection was
achieved, the median OS was not reached in the liveronly group, 8.7 years in the peritoneal but also 8.1 years
in patients who had both liver and peritoneal disease
( p ¼ 0.018).

Univariable OS analyses (univariate)
Female patients exhibited a median OS of 8.7 years
compared to 6.8 years in male patients (Fig. 1A,
p ¼ 0.025). We further compared the OS data of patients in
whom macroscopically complete resection could be
achieved (R0/R1) and those with residual tumor (R2). Median OS was 8.7 years for the R0/R1 group compared to
5.3 years in the R2 group ( p ¼ 0.0001; Fig. 1B). When patients with progressing disease (focal or general progression)
at time of surgery were excluded, the mOS was not reached in
the R0/R1 group and 5.1 years in the R2 arm ( p ¼ 0.0001;
Fig. 1C). When calculated from time of metastasectomy,
the mOS was not reached in patients with R0/R1 surgery
and 4.0 years for R2 surgery operated in response (Fig. 1E;
p < 0.0001). Median OS from time of metastasectomy was
3.8 years versus 1.5 years ( p ¼ 0.2) in patients progressing
at the time of surgery (Fig. 1F). The median time from first
imatinib for metastatic disease to surgery was 14 months in
the R0/R1 group and 16 months in the R2 arm.
In patients with KIT exon 11 mutated GIST (Fig. 1D)
complete resection of metastatic disease was also associated with significantly longer (8.7 years) median overall
survival compared to patients with R2-situation (5.2 years,
p ¼ 0.001).

Univariable PFS analyses
We further calculated the PFS from time of surgery until
relapse or progression in patients who were operated in
remission or stable disease (Fig. 2C). Most notably, the median PFS was not reached in the R0/R1 group and was 1.9
years in the R2 group. For these two groups, the median
time from start of imatinib for metastatic disease to surgery
was 14 (R0/R1) and 13 (R2) months.
Patients who underwent surgery at time of progression
(Fig. 2D) had a median PFS of 1.1 year in the R0/R1 group
and 0.6 year in the R2 group ( p ¼ 0.094). In this subgroup,
the median time from first imatinib for metastatic disease to
surgery was 25 (R0/R1) and 24 months (R2).
Median PFS as calculated for time of first imatinib for
metastatic disease was 6.3 years for patients in whom
complete resection (R0/R1) was achieved compared to
3.4 years in those with incomplete resection (Fig. 2E).
The median PFS was not reached when patients with progressive disease at time of surgery were excluded for those
patients with complete resection (R0/R1) and 3.9 years in
those in whom surgery resulted in incomplete resection
(Fig. 2F).
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Multivariable OS analysis
We identified female gender, short interval of imatinib to
surgery (Supplemental Fig. 1), resection status (R0/R1),
remission status at time of surgery (non-PD), and liver
site as positive prognostic factors (Table 2). Age, number
of mutations and the presence of KIT exon 11 mutations
were not statistically significant for a survival benefit.
The number of resected metastases (1 vs 2e4 vs > 4 metastases) was not prognostic in the multivariate analysis
( p ¼ 0.506).
Postoperative mortality and morbidity
None of the patients in this series died within 30 days
of the procedure. One patient died 6 weeks after surgery
due to a respiratory failure of unknown cause, that was
most likely not surgery-related. The post-operative
morbidity was low. Detailed information was available
for 191 patients, of who 17 developed complications
that needed re-surgery, endoscopic intervention, required
prolonged hospitalization or wound care. These complications included ventral hernias,3 bile leakages,2 abscesses,2
small bowel fistulas,2 hemorrhage, postoperative ileus,
gastric-outlet obstruction (requiring pylorus dilatation),
lymphatic fistula, gastric motility disorders, and postoperative
pain/weight
loss
(requiring
prolonged
hospitalization).
Discussion
The introduction of targeted drugs has revolutionized the
treatment of GIST and greatly improved survival in patients
with metastatic disease. Imatinib allows most patients to
lead a normal life for an extended period of time. Nonetheless, most patients eventually progress and despite salvage
treatments are very likely to die of their disease. Only a
small subset of patients yet remains stable on imatinib
without evidence of progression.
Surgery of metastatic disease may lead to cure or
improved survival in other solid tumors but the role of surgery in metastatic GIST remains unclear. Several, mostly
single-center analyses have hinted at long-term survival in
patients who underwent complete resection of metastatic
disease.7e10 Ideally a randomized surgical trial would
have addressed this question, which in fact was an enterprise the EORTC/STBSG-SURGIST trial attempted. But
as with many surgical trials, very few patients (and surgeons) accept the idea of a computer deciding on a major
intervention such as surgery making randomization a
serious recruitment obstacle. In clinical practice this lack
of prospective data imposes a considerable challenge on
interdisciplinary teams on how to decide on these patients.
In a rare disease such as GIST, retrospective analyses
may serve as the only reference for decision making but
one needs to be extremely careful with the high selection
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bias intrinsic to most series in this context. Nonetheless,
when risk of death is as likely as in metastatic GIST
(even with a delay) “patients who have only a small amount
of hope, will pay a high price to continue living”12 e
including major surgery.
We have sought to compile a larger body of data on patients with metastatic GIST who underwent surgery in order to have a better reference for decision making. We are
aware of the limitations of such an approach, which may
still facilitate the selection of patients most likely to
benefit.
We here present the by far largest series of patients who
were consecutively treated at high-volume centers in Europe and our data provide strong evidence that complete
resection of residual metastatic disease before disease progression on imatinib is associated with a long median
overall survival. Most importantly, we did not find evidence that surgical procedures shortened life, as we did
not observe surgery-related mortality and survival curves
that are superior to previous trials with imatinib as a single
modality. Of note, all consecutive patients who underwent
metastasectomy were included, regardless of the outcome
of surgery.
The mOS of an unselected GIST population (n ¼ 1640)
as reported in the Meta-GIST analysis has been 4.1 years
and it was slightly higher in the B2222 phase II trial.13,14
Median OS for patients with exon 11 mutation receiving
400 mg is 5.0 years and 3.2 years for those with exon 9
mutation.
In our analysis, patients with R0/R1-surgery had a median OS of 8.7 compared to 5.3 years in those with incomplete resection (Fig. 2), suggesting a survival benefit of
more than 3 years. Exclusion of patients progressing at
time of surgery was associated with an even longer mOS
(not reached in this analysis). Complete resection had a significant positive prognostic value in the multivariate analysis compared to patients in whom complete resection
could not be achieved.
Of course, patients selected for surgery are more likely
to have fewer comorbidities, most likely a lower tumor
load, better response to imatinib therapy (per se) and
have also been treated at high volume centers which may
have given them access to more salvage therapies through
clinical trials. These outcome data may therefore only
represent our ability to pick those patients for surgery
that may have lived longer anyway. Unfortunately, the
impact of these selection errors is difficult to measure and
a matched-pair analysis may represent the second-best
approach for future studies when a randomized trial is not
available.
At least for tumor load, no published data exists at the
moment that could give an estimate on the possible negative impact on survival. From our daily experience we
believe that the “extent of disease” would not explain a positive impact of this magnitude, as there are many patients
with very advanced disease that may still respond to
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imatinib for a long time. The multivariate analysis did not
result in a statistically significant survival difference for patients with fewer metastases even though this was most
likely biased by the statistical impact of metastatic site.
For the univariate analysis ( p ¼ 0.135), HRs were 1.27
for 2e4 metastases vs 1 (0.68,2.35) and 1.51 for patients
with >4 vs 1 (0.81,2.81).
Of note, involvement of more than one organ system
was also a negative prognostic factor and patients with
disease limited to the liver showed the longest median
overall survival. Of course the median follow-up of this
patient population was only 5 years since start of first imatinib for metastatic disease, and the survival might still
go down with longer follow-up. Quality of life after surgery was also not investigated, however, in our experience the rate of postoperative complications that
required surgical intervention or prolonged hospitalization was low (<10%). Only few patients reported longterm surgical morbidity and we also did not have evidence for compromised tolerability of subsequent TKI
treatments. With regard to pretreatment of imatinib we
routinely observed delineation of liver metastases facilitating radical surgery (R0). This was in contrast to patients with intraperitoneal spread in whom preoperative
staging more frequently underestimated the extent of
metastatic disease.
Interestingly, female patients had a better prognosis than
male patients, which had also been an observation in the
Meta-GIST analysis.13 A trend towards shorter survival
was found for age in keeping with the large clinical trials
possibly reflecting the fact, that surgery may be less aggressive in patients with advanced age. Notably, the multivariate analysis independently identified a hazard ratio of 2
for patients who received surgery after a long imatinib
treatment (25 months) compared to those with a short
pretreatment (8 months). While this could be explained
by a selection bias of patients with less favorable responses
it could still indicate that surgery of metastatic disease may
be meaningful only in a short “window of opportunity”. In
clinical practice we believe that surgery, if it seems feasible
for an individual patient, should be discussed after 6e12
months after initiation of imatinib treatment for metastatic
disease.
In concordance with previous analyses, patients who
were operated at the time of progression were much more
likely to have early progression after surgery compared to
those operated in remission. However some benefit might
be anticipated for patients having limited progression and
we consider surgery before switching to higher doses or
second line therapies.
Interestingly, the mutational status did not have a statistically significant prognostic value in the multivariate analysis
implicating that surgery for metastatic disease may counterbalance the negative prognostic impact of exon 9 mutations.
However, the low number of patients with exon 9 mutations
may limit the conclusions of this analysis. To no surprise,

wild-type or GIST with PDGFR mutations very often have
a more indolent course of disease. Against this background,
surgery for metastatic disease has to be very carefully
weighed against the risks, given many examples of longterm survival despite slowly growing metastases.
In summary, we have observed long-term survival in patients in whom complete macroscopic resection of metastatic disease can be achieved. We believe that this data does
not allow an unequivocal recommendation for surgery but
that it does support a surgical approach in carefully selected
patients, especially with metastases restricted to one organ
system (liver or peritoneum). The decision for surgery and
the procedure itself should exclusively be done in experienced, interdisciplinary teams. Our data do not support
the routine use of debulking procedures except for symptom relief.
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