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Results of Tyrosine Kinase Inhibitor Therapy Followed
by Surgical Resection for Metastatic Gastrointestinal
Stromal Tumor
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Introduction: Gastrointestinal stromal tumor (GIST) is the most
common sarcoma of the intestinal tract. Nearly all tumors have an
activating mutation in the KIT or, less often, PDGFR␣, gene.
Therapy with tyrosine kinase inhibitors benefits over 80% of patients with advanced GIST, but most patients eventually develop
drug resistance.
Methods: Forty patients with metastatic GIST were treated with
tyrosine kinase inhibitors and then underwent surgical resection.
Based on the growth of their tumors by serial radiologic imaging,
patients were categorized at the time of operation as having responsive disease, focal resistance (1 tumor growing), or multifocal
resistance (more than 1 tumor growing). Patients were followed for
a median of 15 months (range, 6 – 46 months) after surgery.
Results: Initially, molecular therapy achieved stable disease or a
partial response in all but 1 patient. Surgery was performed after a
median of 15 months, and there were no perioperative deaths. After
operation, the 20 patients with responsive disease had a 2-year
progression-free survival of 61% and 2-year overall survival of
100%. In contrast, the 13 patients with focal resistance progressed
after surgery at a median of 12 months and the 2-year overall
survival was 36%. There were 7 patients with multifocal resistance
and they progressed postoperatively at a median of 3 months and
had a 1-year overall survival of 36%.
Conclusion: Selected patients with metastatic GIST who have
responsive disease or focal resistance to tyrosine kinase inhibitor
therapy may benefit from elective surgical resection. Surgery for
patients with metastatic GIST who have multifocal resistance is
generally not indicated, and these patients should be considered for
clinical trials of new systemic agents.
(Ann Surg 2007;245: 347–352)
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astrointestinal stromal tumor (GIST) is the most common sarcoma of the intestinal tract. GIST most often
originates in the stomach or small intestine but can also arise
in extraintestinal sites, such as the mesentery and omentum.
Patients with primary localized GIST who undergo complete
resection of their disease often develop tumor recurrence, and
the 5-year survival can be as low as 54%.1 Historically, the
outcome of patients with advanced GIST (unresectable primary disease or metastatic disease) has been poor, with a
median survival of approximately 1.5 years.1 The response
rate to conventional cytotoxic chemotherapy was only 5%.2
In 1998, Hirota et al identified activating mutations in the KIT
proto-oncogene in GIST.3 Subsequent reports have found
KIT mutations in up to 85% of GIST while another 3% to 5%
have a PDGFR␣ mutation.4 – 6 Imatinib mesylate (Gleevec,
Novartis Pharmaceuticals, Basel, Switzerland) inhibits the
KIT and PDGFR␣ tyrosine kinases and was first applied to
GIST in 2000.7 Imatinib achieves a partial response or stable
disease in nearly 80% of patients, and remarkably the 2-year
survival in advanced GIST is now 75% to 80%.7,8 More
recently, sunitinib (Sutent, Pfizer, New York, NY), which
inhibits VEGFR in addition to KIT and PDGFR␣, has proven
efficacious in patients who are intolerant or refractory to
imatinib.9
While the majority of patients initially benefit from
tyrosine kinase inhibitors, it is now clear that resistance
commonly develops. Indeed, the median time to progression
on imatinib mesylate is 2 years.8 Previously, we and others
have defined the major mechanisms of acquired imatinib
resistance in GIST.10 –13 To improve the results of targeted
therapy in metastatic GIST, we have used a multimodality
approach that includes surgery. Here, we report the clinical
outcome of 40 patients with metastatic GIST who were treated
with tyrosine kinase inhibitors and then underwent surgery.

METHODS
Patients
From 2001 to July 2005, we performed surgery on 40
patients with metastatic GIST who were being treated with
tyrosine kinase inhibitors. Pathologic material was examined
and the diagnosis was confirmed using standard hematoxylin/
eosin staining and CD117 immunohistochemistry on formalin-fixed, paraffin-embedded tissue as previously described.5
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Patient data were collected and recorded in a departmental
sarcoma database. This study was approved by our Institutional Review Board.

Definitions
Based on the recent growth status of their tumors by serial
cross-sectional imaging performed preoperatively, patients were
classified at the time of surgery as having responsive disease,
focal resistance, or multifocal resistance to tyrosine kinase inhibition. Patients with responsive disease had either a partial
response or stable disease just prior to surgery. Patients with
focal resistance had radiologic evidence of growth in 1 tumor.
Multifocal resistance denotes growth in more than 1 tumor.
Disease remaining at the completion of surgery was categorized
based on whether there was gross residual tumor. Gross disease
was further distinguished as suboptimal debulking when sarcomatosis was present or any residual tumor was larger than 1 cm.
Postoperative complications are graded at our institution on a 1 to 5 scale.14 Grade 1 complications require only
supportive care. Grade 2 complications necessitate moderate
intervention, such as intravenous medications. Grade 3 complications require invasive surgical or radiologic treatment.
Grade 4 complications produce chronic disability and grade 5
complications result in death. There were no grade 4 or 5
complications in the current study.

Statistics
No patient was lost to follow-up and the status of each
patient was updated to within 4 weeks of the present analysis.

All patients had a minimum follow up of 6 months. All times
are reported in months. Actuarial progression-free survival
and overall survival were calculated from the time of surgery
for metastatic GIST. Kaplan-Meier and log rank analyses
were performed using SPSS statistical software (SPSS, Chicago, IL). A P value ⬍0.05 was considered significant.

RESULTS
Patients and Medical Therapy
We performed surgery in 40 patients with metastatic
GIST who were being treated with tyrosine kinase inhibitors.
The median age was 55 years and 45% were female (Table
1). The primary tumors originated mostly (85%) in the
stomach or small intestine. At the initiation of tyrosine kinase
inhibitor therapy, 8 patients had a primary GIST in addition
to metastases, and the majority of patients had either extrahepatic intra-abdominal metastases alone (43%) or in combination with liver metastases (38%).
The best response during preoperative tyrosine kinase
inhibitor therapy was partial response or stable disease in all
but 1 patient. At the time of surgery, all patients were being
treated with imatinib mesylate (400 – 800 mg per day), except
for 3 patients who had been switched to sunitinib. The
median time of preoperative molecular therapy was shorter in
patients with responsive disease (7 months) than in those with
focal (21 months) or multifocal (26 months) resistance.

TABLE 1. Clinical Characteristics

Age (yr)
Female
Site of primary
Stomach
Small intestine
Other
Extent of disease
Primary ⫹ metastases
Metastases
Abdominal disease at TKI start*
Extrahepatic only
Hepatic only
Extrahepatic ⫹ hepatic
Prior tumor recurrences
0
1
2
3
Best response PR/SD/POD
Months since start of TKI therapy
preoperative

Responsive
Disease
(n ⴝ 20)

Focal
Resistance
(n ⴝ 13)

Multifocal
Resistance
(n ⴝ 7)

Total
(n ⴝ 40)

52 (23–79)
12

59 (38–68)
3

50 (37–79)
3

55 (23–79)
18

8
11
1

5
4
4

1
5
1

14
20
6

4
16

1
12

3
4

8
32

11
4
5

4
3
5

2
0
5

17
7
15

11
6
2
1
12/8/0
7 (1–48)

7
4
2
0
9/4/0
21 (10–41)

5
2
0
0
4/2/1
26 (2–42)

23
12
4
1
25/14/1
15 (1–48)

*One other patient in the focal resistance group had only a chest wall recurrence; 1 patient with responsive disease also had
a bone metastasis.
TKI indicates tyrosine kinase inhibitor; PR, partial response; SD, stable disease; POD, progression of disease.
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TABLE 2. Surgical Characteristics
Responsive Disease
(n ⴝ 20)
No. of tumors removed
1
2–4
5–10
ⱖ10
Largest tumor removed (cm)
Tissue resected
Liver
Pancreas
Stomach/intestine
Other peritoneal tumors*
Postop residual tumor†
Gross tumor clearance
Optimal debulking
Suboptimal debulking
Operative blood loss
Hospital stay

Focal Resistance
(n ⴝ 13)

4
11
1
4
5 (1–40)

4
1
4
4
10 (3–27)

Multifocal Resistance
(n ⴝ 7)

Total
(n ⴝ 40)

2
1
3
1
8 (6–19)

10
13
8
9
9 (1–40)

9
2
8
14

6
1
6
8

2
2
5
5

17
5
19
27

17
1
2
635 (50–3500)
8 (4–12)

6
5
2
500 (100–10,500)
8 (4–17)

2
1
4
740 (100–8000)
10 (10–24)

25
7
8
500 (50–10,500)
8 (4–24)

*Not requiring removal of a major organ.
†
Optimal debulking, residual tumors ⬍1 cm; suboptimal, any residual tumor ⱖ1 cm or sarcomatosis.

Surgical Results

Outcome

Nearly all of the operations were performed on an elective
basis. One patient had tumor debulking to control tumor hemorrhage induced by response to imatinib. A semi-urgent operation was performed for a patient with multifocal resistance in
the liver who had gastrointestinal bleeding from the primary
tumor. One operation was performed 3 weeks earlier than
planned because of a contained bowel perforation. Two patients
required 2 operations to remove all gross disease. Each had
the first operation to clear all peritoneal disease followed by a
hemi-hepatectomy to remove all liver disease.
Only 25% of the patients had a solitary tumor and 43%
had at least 5 tumors (Table 2). The median size of the largest
tumor removed was 9 cm. Liver resections were performed in
43% of patients, pancreatic resections (including 2 Whipple
procedures) in 13%, and stomach/intestine resections in 48%.
Liver resections included 3 wedge resections, 7 segmental
resections, 4 lobectomies, and 3 extended lobectomies. Peritoneal tumors not requiring resection of a major organ were
removed in 68% of patients. Gross tumor clearance was
achieved in 85% of patients with responsive disease, but only
46% of those with focal resistance and 29% of those with
multifocal resistance.
The median blood loss was 500 mL and exceeded 1 L in
8 patients. The median hospital stay was 8 days. There were no
perioperative deaths. Complications occurred in 58% of patients
but were mostly grade 1 or 2 (Table 3). There were 9 grade 3
complications, which occurred in 8 patients. Five patients required percutaneous drainage of a postoperative fluid collection
or abscess. In addition, there were 2 pancreatic fistulas and 1
colonic fistula, all of which resolved with percutaneous drainage. One patient required intubation for transient respiratory
failure. There were 5 hospital readmissions but no patient required reoperation for a complication.

The median follow up time was 15 months (6 – 46
months) (Table 4). Progression-free survival was significantly different between the 3 patient groups (Fig. 1). The
median time to progression was not reached in patients with
responsive disease and the 1- and 2-year progression-free
survival was 70% and 61%, respectively. Notably, 4 of the 7
patients in this group who had postoperative progression did
not resume tyrosine kinase inhibitor therapy immediately
after surgery because of patient refusal due to prior toxicity or
delayed recovery from surgery. The other 3 patients in the
responsive disease group who developed postoperative tumor
progression had gross residual disease after surgery, 2 of

© 2007 Lippincott Williams & Wilkins

TABLE 3. Perioperative Complications
Total
None
Intra-abdominal abscess/fluid
Fistula
DVT
Pulmonary embolus
Respiratory failure
Pleural effusion
Wound infection
Gastritis
Delayed GI function
Urine retention/infection
Postoperative bleed
Weakness/dehydration
Readmission
Reoperation
Mortality

17
6
3
1
1
1
1
7
1
4
3
1
2
5
0
0

Grade 1

Grade 2

1

Grade 3
5
3

1
1
1
1
5
2

2
1
2
3
1
2
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TABLE 4. Patient Outcome Following Surgery

Months follow-up for survivors
Progression
Progression-free survival
Median
1 yr
2 yr
Postoperative progression site*
Peritoneum
Liver
Other
Status
NED
AWD
DOD
Overall survival
Median
1 yr
2 yr

Responsive
Disease
(n ⴝ 20)

Focal
Resistance
(n ⴝ 13)

Multifocal
Resistance
(n ⴝ 7)

Total
(n ⴝ 40)

15 (6–41)
7

16 (7–46)
8

13 (9–16)
6

15 (6–46)
21

NR
70%
61%

12 mo
48%
24%

3 mo
14%

15 mo
53%
39%

7
1
0

8
3
1

5
3
0

20
7
1

13
5
2

2
5
6

1
2
4

16
12
12

NR
100%
100%

19 mo
90%
36%

11 mo
36%

39 mo
86%
62%

*Seven patients had two sites involved.
NR indicates not reached; NED, no evidence of disease; AWD, alive with disease; DOD, died of disease.

FIGURE 1. Progression-free and overall survival after resection of metastatic GIST.

whom had sarcomatosis. The 13 (65%) other patients with
responsive disease underwent resection of all gross disease
and have not developed progression at a median follow-up of
17 months (6 – 41 months). Patients with focal resistance had
a median time to progression of 12 months, with a 1- and
2-year progression-free survival of 48% and 24%, respectively. Those with multifocal progression had a median time
to postoperative progression of only 3 months. Overall, in the
21 patients with postoperative progression, the peritoneum
was involved in 20, the liver in 7, and the lung in 1.
Twelve patients have died of disease, and no patient has
died of another cause. Patients with responsive disease had a
2-year survival of 100%, which was significantly longer than
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that of the other 2 groups (Figs. 1, 2). Patients with focal
resistance had a median survival of 19 months, and a 1- and
2-year survival of 90% and 36%, respectively. Those with
multifocal resistance had a median survival of 11 months and
a 1-year survival of 36%.

DISCUSSION
Historically, the results of surgical resection alone in
the treatment of metastatic GIST have been poor, with essentially all patients subsequently developing tumor recurrence.1,15 Therapy with tyrosine kinase inhibitors induce
partial response or stable disease in over 80% of patients and
© 2007 Lippincott Williams & Wilkins
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FIGURE 2. Timeline of treatment and outcome for 40 patients with metastatic GIST treated with molecular therapy and then
surgery. Each patient is represented by a horizontal bar. The patients are grouped by their response at the time of surgery to
tyrosine kinase inhibitor (TKI) therapy. The time period from the start of TKI therapy to surgery is shown by the black boxes.
All patients were operated upon at time zero. After surgery, patients had either no gross residual disease (white boxes) or
gross residual disease (gray boxes). Postoperative progression is shown by the striped boxes. A plus sign designates the patients who were alive at last follow-up; the other patients have died of disease.

has become the first-line treatment of metastatic GIST.7,8
However, there are several reasons to consider surgical resection in patients with metastatic GIST who are being
treated with molecular therapy. While tyrosine kinase inhibitors control tumor growth in the majority of patients with
metastatic GIST, complete responses are rarely achieved.7,8
Only 1 patient (who had a 3.1-cm peritoneal tumor) in the
present study had no viable tumor upon microscopic examination of the resected specimen. Another reason to resect
metastatic GIST is that tumors that appear nonviable by
radiologic imaging usually still harbor alive cells, and these
cells often have evidence of KIT protein activation.13 Furthermore, it is now clear that most patients who initially
respond to tyrosine kinase inhibitors eventually acquire resistance. The median time to progression is approximately 2
years.8 The predominant mechanism of acquired resistance to
imatinib is via additional mutations in KIT.16 Previously, we
found that patients who developed a second KIT mutation had
been treated for a median of 27 months of imatinib.13 Currently, once resistance to imatinib develops, there is only a
small chance of rescuing the patient. Dose escalation of
imatinib in 133 patients who progressed on 400 mg/day
resulted in a median progression-free survival of only 81
days, with 18% progression-free at 1 year.17 Meanwhile, only
about one fourth of patients who are switched to sunitinib will
have responsive disease a year later.18
© 2007 Lippincott Williams & Wilkins

Based on the above rationale, we have used a combination of molecular therapy and surgery for the treatment of
metastatic GIST in patients who have responsive disease. Our
hypothesis is that the chance of resistance is proportional to
the amount of residual GIST following therapy with tyrosine
kinase inhibitors. Our general approach in responsive disease
has been to treat patients for 3 to 6 months with tyrosine
kinase inhibition and then consider them for surgery if their
disease appears completely resectable. While it has been
shown that tumor load can continue to decrease even after a
year of imatinib therapy, the median time to best response is
approximately 3.5 months, and there is little incremental
tumor shrinkage after 9 months.8 It is critical to continue
tyrosine kinase inhibition postoperatively to delay, or possibly even prevent, subsequent progression. Several of our
patients with responsive disease who were rendered free of
gross disease but progressed postoperatively had stopped
their therapy because of prior toxicity or patient preference.
These findings are in agreement with a French study, in
which patients with metastatic GIST who were randomized to
stop imatinib after 1 year of therapy subsequently developed
disease progression.19 The optimal duration of tyrosine kinase inhibitor therapy after resection of metastatic GIST is
unknown.
The patients with responsive disease who underwent
surgery have fared well, with a 2-year actuarial survival of
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100%. These data are consistent with a previous report of
complete resection in 11 patients with metastatic GIST who
were first treated with imatinib.20 The overall survival of
patients with metastatic GIST treated with imatinib on a large
randomized phase III clinical trial has been reported to be
approximately 70% at 2 years.8 Nevertheless, the benefit of
surgery in patients with metastatic GIST who have responsive
disease remains unknown because our results are confounded
by selection bias. We chose patients because of their limited
disease, as demonstrated by our ability to remove all gross
tumor in 85%. Furthermore, there is lead time bias in comparing our results in responsive disease to those in focal or
multifocal resistance. The patients with responsive disease
had a much shorter duration of preoperative therapy with
tyrosine kinase inhibitors.
The patients with focal resistance (1 tumor increasing
in size) had variable outcomes after surgery. Clearly, focal
resistance portends subsequent progression at other sites,
since the median time to progression after surgery was 12
months. It is likely that focal resistance signifies the presence
of cumulative genetic damage in other seemingly quiescent
tumors as a result of chronic (median, 21 months) tyrosine
kinase inhibition. Nevertheless, the 1-year actuarial survival
in this group was 90%. A subset of patients with focal
resistance may have derived benefit from surgery, since in
our series there have been 3 actual 2-year survivors following
surgery, of whom 2 have not progressed.
We found that there was little benefit of surgical resection in patients with multifocal resistance (more than 1 tumor
increasing in size). Their median time to progression was 3
months. While 2 patients have survived a year after surgery,
nearly all patients with multifocal progression refractory to
targeted therapy should be considered for clinical trials testing new agents or combinations of existing agents.
Many of the operations in this series were extensive as
reflected by the number (17 patients had at least 5 tumors
removed), size (median of 9 cm for largest tumor removed),
and multifocality of tumors as well as the operative blood
loss. In addition, there were 17 liver and 5 pancreatic resections. Overall, the rate of major complications was low and
they consisted primarily of intra-abdominal fluid collections,
pancreatic leaks, and 1 intestinal leak, all of which responded
to nonoperative therapy. There were no perioperative deaths.
It is particularly important to weigh the risks of operating
electively on patients with responsive disease, since they are
typically asymptomatic and can expect to live for at least
several years on medical therapy alone.
Ideally, the question of whether surgery is beneficial for
patients with metastatic GIST who have responsive disease to
tyrosine kinase inhibition should be answered by a randomized
clinical trial. After a defined period of targeted therapy (eg, 6
months), patients with a partial tumor response or stable disease
who have resectable disease by cross-sectional imaging would
be randomized to surgery or observation. All patients would
continue tyrosine kinase inhibition. The endpoints would be time
to tumor progression and overall survival. Given the accrual in
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the multicenter North American metastatic and adjuvant GIST
trials, the trial should be feasible.
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