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ABSTRACT

Background. Neoadjuvant imatinib is considered for gas-
trointestinal stromal tumors (GISTs) when decreased tumor
size provides less extensive surgery and higher RO resec-
tion rates. This study evaluates the effectivity and safety of
neoadjuvant imatinib for large or locally advanced GIST.
Patients and Methods. From the prospective database of
the Dutch GIST Consortium, all patients who underwent sur-
gery after neoadjuvant imatinib at our center between 2009
and 2022 were selected. Independent and blinded assessment
of surgical strategy was performed by two surgeons, based
on anonymized computed tomography (CT) scans before
and after neoadjuvant imatinib.

Results. Of 113 patients that received neoadjuvant imatinib,
108 (95%) [mean age 61.6, standard deviation (SD) 11.5,
54% male] underwent a GIST resection. Of all GISTs, 67%
was localized in the stomach and 25% in the duodenum or
small intestine. In 74% of the patients with GIST, a KIT
exon 11 mutation was found. Decreased tumor size was seen
in 95 (88%) patients. Having a KIT exon 11 mutation [odds
ratio (OR) 5.64, 95% confidence interval (CI) 1.67-19.1, p <
0.01] or not having a mutation (OR 0.19, 95% CI 0.04—0.89,
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p = 0.04) were positive and negative predictive values for
partial response, respectively. In 55 (51%) patients, there
was deescalation of surgical strategy after neoadjuvant
imatinib. Surgical complications were documented in 16
(15%) patients (n = 8, grade II; n = 5, grade Illa; n = 3,
grade IIIb) and RO resection was accomplished in 95 (89%)
patients. The 5-year disease-free and overall survival were
80% and 91%, respectively.

Conclusion. This study shows that neoadjuvant imatinib is
effective and safe for patients with large or locally advanced
GIST.

A gastrointestinal stromal tumor (GIST) is a rare type of
mesenchymal cancer arising from the gastrointestinal tract,
with an incidence of 1-1.5 per 100,000 persons per year. '
Despite the low incidence, it is the most common type of
soft tissue sarcoma.>* It arises predominantly in the stomach
(60%) and small intestine (35%), and 5% are located in the
colon, rectum, or oesophagus.’ The mainstay of treatment
for localized and locally advanced disease is surgery and
varies from small wedge excisions to extensive multivis-
ceral resections.®® Nowadays, 3-year adjuvant treatment
with imatinib is considered standard of care for high risk
GISTs with imatinib-sensitive mutations in ¢c-KIT exon 11,
¢-KIT exon 9, or PDGFR exon 18 (non-D842V mutations)
have been shown to improve disease-free survival (DFS) and
overall survival (0S).”%!° The definition of high risk GISTs
is based on mitotic rate, tumor size, and origin according to
the Miettinen criteria.’
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The role of neoadjuvant imatinib has not been well
defined to date, although it is frequently applied in GIST
expertise centers.!! Neoadjuvant imatinib can reduce the
size of the GIST by 10-50% before surgery.'>'* This reduc-
tion in size potentially leads to less extensive surgery, i.e., a
wedge excision of the duodenum instead of a pancreaticodu-
odenectomy.'*2° Several studies have shown that neoadju-
vant imatinib has significantly improved 0S.2->2 However,
this was not compared with adjuvant imatinib. Because of
the potential positive effect of neoadjuvant imatinib on the
surgical strategy, many patients with GIST in our center are
treated with neoadjuvant imatinib. It is considered for large,
often locally advanced GISTs of any origin when downsiz-
ing of the tumor might lead to a less extensive surgical pro-
cedure or higher RO rate. Also, it is taken into consideration
if a patient would be eligible for adjuvant imatinib anyway.

In this study, we aim to evaluate the effectivity and safety
of neoadjuvant imatinib in our patient cohort. Also, we aim
to identify predictive factors for downsizing the primary
tumor and to analyze oncological outcomes in terms of DFS
and OS.

PATIENTS AND METHODS

For this study, we used the prospective Dutch GIST con-
sortium database to select all patients who received imatinib
as neoadjuvant treatment for a primary GIST at the Nether-
lands Cancer Center (NKI). Patients were excluded if aged
< 18 years or if metastasized disease was seen at the start of
treatment with neoadjuvant imatinib. For further analysis,
patients that did not undergo surgery were excluded.

Before starting neoadjuvant imatinib, all patients were
discussed in a dedicated multidisciplinary tumor board
(MDT) to determine the indication for neoadjuvant imatinib.
As mentioned in the introduction, neoadjuvant imatinib was
considered if a primary resection of tumors would result in
extensive or morbid surgery or low anticipated RO rates and/
or if it was already known that there was an indication for
adjuvant imatinib anyway. The timing of the resection was
determined during the MDT based on follow-up with a com-
puted tomography (CT) scan or magnetic resonance imag-
ing (MRI). Surgery was usually performed when the plateau
phase of tumor shrinkage was achieved. Adjuvant imatinib
was given to patients who had a 5-year recurrence risk of
> 50% according to the Miettinen criteria over a period of
3 years in total.’ The mitotic rate for risk assessment was
determined on material obtained from biopsy before the start
of imatinib.

Treatment with neoadjuvant imatinib was considered
safe if no patients developed metastasis during treatment,
if no patients had to stop treatment due to toxicity, and if
the complication rate and RO rate were comparable with
other studies. The effectiveness of neoadjuvant imatinib was

evaluated on the basis of a decrease in size of the tumor
and the anticipation of less extensive surgery. The change
in size was categorized by decreased size, no change in
size (visible on imaging), or an increased size. To assess
if neoadjuvant imatinib resulted in less extensive surgery,
two surgeons blindly assessed all CT and MRI scans inde-
pendently, before and after neoadjuvant imatinib. They both
completed a questionnaire to determine: (1) which organs
were involved with the GIST, (2) if a RO resection was fea-
sible, (3) if a laparoscopic resection was possible, and (4)
what surgical procedure was necessary (e.g., gastric wedge
excision or partial gastrectomy). All scans were anonymized
and assessed in randomized order. Less extensive surgery
after neoadjuvant imatinib was determined as monovisceral
resection instead of a multivisceral resection or a deescala-
tion of surgery based on the completed questionnaire (e.g.,
from partial gastrectomy to gastric wedge excision). Further-
more, the results of the questionnaires were used to analyze
whether neoadjuvant imatinib would increase the number
of anticipated RO resections and the number of anticipated
laparoscopic resections. Performed surgical strategies were
compared with the anticipated strategies.

With approval of the local institutional review board,
clinical data such as age, sex, size of the tumor before neo-
adjuvant imatinib, mutational status, duration and dosage
of Imatinib, complications after surgery, RO resections, and
long-term outcomes (recurrence, metastasis, and death) were
retrieved from the prospectively kept database. Race/eth-
nicity was not a variable in the database and therefore not
included. Additional data, such as body mass index (BMI),
American Society of Anesthesiologists (ASA) classifica-
tion,? size of the tumor after neoadjuvant imatinib, and
date of last contact were retrospectively extracted from the
electronic patients files. Furthermore, patients were classi-
fied according to the Miettinen risk score in the categories
very low to low, or intermediate to high. These two clas-
sifications were chosen because the mitotic rate is neces-
sary to differentiate between very low and low, and between
intermediate and high, but the mitotic rate was missing or
unreliable because of the effect of imatinib on the resected
material. Rupture was defined as either a rupture described
at the operation report, or a capsular tear in the pathology
report.

Statistical Analysis

SPSS version 27 was used to analyze the data. To
describe normally distributed data, a mean was used, and not
normally distributed data was described with a median. The
Shapiro—Wilk normality test and interpretation of histogram
were used to determine the normality of distribution. Means
were compared with the paired #-test, and paired nominal
data was compared with McNemar’s test. Multivariate
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regression analyses were done to search for predictors of
decreasing tumor size and for positive perioperative out-
comes. Variables with p < 0.2 in a univariate regression
analysis were used for the multivariate regression analyses.
In the case of insufficient number of events, backward selec-
tion was done to select the maximum number of variables.
To analyze OS and DFS, Kaplan—Meier curves were made.
OS was measured from the start of treatment and DFS from
the moment of surgery. A p < 0.05 was considered statisti-
cally significant.

RESULTS

From 2009 to 2022, 113 patients with GIST were treated
with neoadjuvant imatinib in our center. Of these patients,
5 (5%) did not undergo resection and were excluded from
further analyses. Three patients refused surgery because of
their high age (average 82 years) and expected morbidity
of the procedure, which would be two abdominal perineal
resections (APR) and a Whipple procedure, and they contin-
ued imatinib treatment. One patient had to stop neoadjuvant
imatinib because of toxicity and metastasized disease was
found shortly after, before an operation could take place. The
fifth patient was 52 years old and had a GIST with a KIT
exon 11 mutation in the esophagus and showed progression
of disease with new metastases within 2 months after start
of neoadjuvant imatinib.

Of the 108 patients with GIST who underwent opera-
tion, the tumors originated in the stomach in 72 patients
(67%) and in the small bowel in 18 patients (17%). The other
GISTs originated in the duodenum, rectum, and esophagus.
Pathological examination showed a KIT exon 11 mutation
in 80 (74%) patients. The mitotic rate after biopsy was <
5/5 mm? in 42 patients (39%), while 17 patients (16%) had
a mitotic rate of > 5/5 mm?. For the rest of the patients,
the mitotic rate was missing because the amount of biopsy
material was limited. Neoadjuvant imatinib was given for
a median duration of 31 weeks [interquartile range (IQR)
24-43]. Of all the patients, 62% received the standard dos-
age of 400 mg once a day, the other 38% received either a
(temporary) lower dosage due to toxicity, or a higher dos-
age if the standard dosage did not have the desirable effect.
Toxicity with a Common Terminology Criteria for Adverse
Events (CTCAE) grade > 2 was seen in 12 patients (11.2%).
All patient characteristics are shown in Table 1.

Tumor Size Reduction

The median size of a GIST before starting neoadjuvant
imatinib was 10 cm (IQR 64-149) and this was reduced to
6.4 cm (IQR 44-102) after treatment, a statistically signifi-
cant decrease of 36% (p < 0.001) (Fig. 1). Decreased tumor
size was seen in 95 (88%) patients, while 4 (4%) patients had

TABLE 1 Patient characteristics

N =108
Age (mean; SD) 61.6 (11.5)
Sex (male; %) 58 (53.7)
BMI (median; IQR) 25.8 (24.0-29.5)
Missing (%) 2 (1.8)
ASA score (%)
1 41 (38.0)
2 53 (49.1)
3 8 (7.4)
4 1 0.9)
Missing 5 (4.6)
Mutation
KIT exon 9 6 (5.6)
KIT exon 11 80 (74.1)
KIT exon 13 2 (1.9)
PDGFR 18 (D842V) 5 “.7)
PDGFR 18 (other) 5 “.7)
No mutation 7 (6.5)
Missing 3 (2.8)
Tumor location (%)
Stomach 72 (66.7)
Small bowel 18 (16.7)
Duodenum 9 (8.3)
Rectum 7 (6.5)
Esophagus 2 (1.9)
Tumor size before imatinib
<5cm 9 (8.3)
5-10 cm 46 (42.6)
> 10 cm 53 (49.1)
Tumor size after imatinib
<5cm 35 (32.4)
5-10 cm 45 41.7)
> 10 cm 28 (25.9)
Mitotic rate after biopsy < 5/5 mm? (%) 42 (38.8)
Mitotic rate after biopsy > 5/5 mm? (%) 17 (15.7)
Missing 49 (45.4)
Miettinen
Very low—low 11 (10.2)
Intermediate—high 71 (65.7)
Missing 26 (24.1)
Number of weeks of imatinib (median; 31.0 (24.0-42.0)
IQR) (temporary) dosage of imatinib
< 400 mg 8 (7.4)
400 mg 67 (62.0)
> 400 mg 33 (30.6)
Toxicity (CTCTAE grade > 2)
3 11 (10.2)
4 1 0.9)

BMI body mass index, ASA American society of anesthesiology,
CTCAE Common Terminology Criteria for Adverse Events
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FIG.1 Median tumor size in mm before and after neoadjuvant
imatinib

no change in size, and 9 (8%) patients showed an increase
in tumor size. The 13 tumors without decreased tumor size
originated in the stomach, small bowel, and duodenum in
seven, three, and three patients, respectively. Two of these
patients had a KIT exon 9 mutation, one patient a KIT exon
13 mutation, five patients a KIT exon 11 mutation, two
patients a PDGFR 18 mutation (of which one was a D842V
mutation), and in three patients no mutation was found
(Fig. 2). Univariate regression analyses showed that having
a KIT exon 11 mutation was a statistically significant posi-
tive predictive value [odds ratio (OR) 5.64 95% confidence
interval (CI), 1.67-19.1, p < 0.01] for size reduction and
not having a mutation had a statistically significant negative
predictive value (OR 0.19, 95% CI 0.04-0.89, p = 0.04). The
other mutational types did not have a significant predictive
value for tumor size reduction. Tumor location, size before
neoadjuvant imatinib, age, and sex did not have a p < 0.2
after univariate regression analyses.

Change in Surgical Strategy after Neoadjuvant Imatinib

Analysis of the surgical strategy of both surgeons based
on the CT scans showed they anticipated 41 (38%) less

FIG. 2 A waterfall plot show- 120
ing the mutation of all patients

multivisceral resections after neoadjuvant imatinib. Also,
when analyzing the strategies on open versus minimally
invasive surgery (MIS) and the chance of a RO resection,
more minimally invasive surgery and more RO resections
after neoadjuvant imatinib were anticipated compared with
before the start of neoadjuvant imatinib. The decrease in
anticipated multivisceral resections and open surgery was
statistically significant for both surgeons, while the increase
of anticipated RO resection was statistically significant for
only one surgeon. The anticipated number of multivisceral
resection was comparable with the actual number of mul-
tivisceral resections, while more open surgery and less RO
resections were seen than anticipated (Fig. 3A—C). Further
analyses showed that in nine patients (8%), less extensive
surgery on a single organ was anticipated, for example a
wedge resection instead of a partial gastrectomy. Thus, less
extensive surgery was anticipated in a total of 55 patients
(51%). An interesting extra finding was that the seven
patients with a rectal GIST all responded well in terms of
tumor size reduction, but there was no decrease in extensive-
ness of surgery since the tumor did not reach the threshold
of a transanal endoscopic microsurgery/transanal minimally
invasive surgery (TEM/TAMIS) procedure. Six APRs and
one low anterior resection were performed.

Perioperative and Postoperative Results

The surgical characteristics are shown in Table 2. Suc-
cessful RO resections were achieved in 96 patients (89%)
and univariate regression analyses showed that a smaller size
after neoadjuvant imatinib (OR 1.02, 95% CI 1.005-1.015,
p < 0.01) and no multivisceral resection (OR 3.8, 95% CI
1.1-13.1, p = 0.03) was significantly correlated with a higher
chance of RO resection. Complications [Clavien—Dindo
(CD) with grade > 2] were seen in 16 patients (15%; n =
8, grade II; n = 5, grade IIIA; n = 3, grade IIIb). Reopera-
tion was necessary for the CD IIIb complications because

. 100 KIT exon 11
together with the percentage of KIT exon 9
size reduction of the tumor 30 B XIT exon 13
PDGFR exon 18
60 PDGER exon 18 (D842V)
§ I No mutation
g 40 B Unknown
3
=
3 20
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FIG. 3 Anticipated surgery before and after neoadjuvant imatinib
per surgeon compared with the actual performed surgery. A shows the
number of patients with anticipated multivisceral resections before
and after neoadjuvant imatinib per surgeon and the actual number of
multivisceral resections. B shows the number of patients with antici-
pated open surgical resections before and after neoadjuvant imatinib

TABLE 2 Surgical characteristics

N =108
Type of surgery (%)
Gastric wedge resection 53 (49.1)
Partial gastrectomy 18 (16.7)
Small bowel segment resection 18 (16.7)
Duodenal segment resection 7 (6.5)
Abdominal perineal resection 6 (5.6)
Other 6 (5.6)
Multivisceral resection (%) 26 (24.1)
Surgical technique:
Open surgery (%) 97 (89.8)
Laparoscopic surgery: 11 (10.2)
Margins:
RO (%) 96 (88.9)
R1 (%) 12 (11.1)
Intraoperative rupture (%) 5 (4.6)
Duration in surgery in minutes (median; IQR) 111 (82-150)
Missing (%) 5 (4.6)
Blood loss in ml (median; IQR) 200 (50-631)
Missing (%) 26 (24.1)
Complications > CD grade 2 (%) 16 (15.0)
Grade 2 (%) 8 (7.5)
Grade 3a (%) 5 4.6)
Grade 3b (%) 3 2.8)
Missing (%) 1 0.9)
Mitotic rate after surgery < 5/5 mm? (%) 75 (69.4)
Mitotic rate after surgery > 5/5 mm? (%) 9 (8.3)
Missing (%) 24 (22.2)

CD Clavien-Dindo

Surg 2 AS Surg 1 Surg 2 AS

per surgeon and the actual number of open resections. C shows the
number of patients with anticipated RO resections before and after
neoadjuvant imatinib per surgeon and the actual number of RO resec-
tions. *Statistical significant difference according to McNemar’s test.
Surg surgeon, AS actual surgery

of a bleeding, anastomotic leakage, and bile leakage after a
Whipple procedure.

Follow-up

After surgery, 60 patients (56%) received adjuvant
imatinib based on the Miettinen risk profile of their
resected GIST. Median follow-up time of the patients was
54.5 months. The OS after 3 and 5 years was 94% and 91%,
respectively. For the DFS this was 86% and 80% at 3 and 5
years, respectively. Kaplan—Meier for OS and DFS showed
that patients without a decrease in tumor size during neoad-
juvant imatinib had a statistically significant worse outcome
(p = 0.037 and 0.006, respectively) (Fig. 4).

DISCUSSION

This study aimed to evaluate the effectivity and safety of
neoadjuvant imatinib in a prospective single-center cohort.
To the best of our knowledge, this is the largest single-center
study to date evaluating neoadjuvant imatinib in patients
with large and mostly locally advanced primary GISTs. Our
results demonstrate that neoadjuvant imatinib is effective
given the significant reduction in tumor size in 88% of the
patients, which led to less extensive surgery in 51% of all
patients. Furthermore, due to the fact that only one patient
metastasized during neoadjuvant imatinib, only one patient
stopped imatinib because of toxicity, the relatively high RO
rates, and acceptable complication rates observed after sur-
gery, neoadjuvant imatinib can be considered to be safe.
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FIG. 4 Kaplan—Meier for DFS A and OS B where the blue line displays the patients without a decrease in tumor size

The high percentage of patient with a decreased tumor
size (88%) and the median reduction in tumor size (36%)
is comparable with other neoadjuvant imatinib studies,
with a tumor size reduction varying from 10 to 50% before
surgery. 27161824 Of the 108 patients, only 13 patients did
not show a reduction in size of the tumor. Having a KIT
exon 11 mutation was a positive predictor for reduction in
size, which is in line with a previous study.?® Not having a
imatinib sensitive mutation was an indicator for not having
a decrease in tumor size, which confirms that performing
mutational analysis before starting neoadjuvant imatinib
is essential. Surprisingly, 4 of 5 (80.0%) PDGFR (D842V)
mutated GISTs responded well to imatinib, while this type
of mutation is known for its resistance to imatinib treatment.
In contrast, two other studies showed response to neoadju-
vant imatinib in 0/5 (0%) and 2/16 (12.5%) of GISTs with
similar mutations.'%?® This suggests that treating PDGFR
(D842V) mutated GIST with neoadjuvant imatinib could
still be attempted if primary surgery would cause large mor-
bidity and avapritinib cannot be considered for any reason.

This study illustrates that neoadjuvant imatinib fre-
quently (51%) leads to less extensive surgical proce-
dures. The studies of Shrikhande et al. and Fiore et al.
also described the effect of neoadjuvant imatinib on the
surgical strategy in patients with a primary inoperable or
locally advanced GIST at different locations in the gas-
trointestinal tract.'>!® They found an improvement of the
planned surgical procedure in 15 out of 15 (100%) patients
and 24 out of 26 (92.3%), respectively. They considered
it an improvement when an anticipated unresectable
tumor became resectable after neoadjuvant imatinib or
when less extensive surgery was necessary after neoad-
juvant imatinib. Ang et al. showed that 9 (90%) of the 10
patients with a locally advanced GIST in the duodenum
for whom a pancreaticoduodenectomy was planned, were
operated after neoadjuvant imatinib with organ preserving
surgery.”’ The percentages in these three studies are higher

compared with our study (51%), which can be explained
by the fact that in our study less tumors were inoperable
before start of treatment, and not all tumors were locally
advanced. However, the combination of tumor size reduc-
tion in 88% of patients, low percentages of > grade III tox-
icity and disease progression, and less extensive surgery
in more than half of the patients is compelling evidence
to consider neoadjuvant imatinib, especially for patients
for whom adjuvant imatinib is indicated anyway. We sug-
gest that eligible patients should always be discussed in
specialized MDTs to give personalized advice.

GISTs are well known for their risk of rupture since they
are often very fragile, and especially in locally advanced
tumors this risk might be even higher.?® In our study popula-
tion, five patients (4.6%) had intraoperative ruptures. Other
studies with populations varying from 13 to 46 patients
treated with neoadjuvant imatinib mentioned ruptures in
0-2.2% of their patients.”’>**° However, the relatively
small number of patients in these studies might underrep-
resent the percentage of ruptures, and also the definition of
rupture in these studies is unclear while our definition is
very strict. Nishida et al.”® showed in a review of 12 stud-
ies, with 71-1198 patients, that tumors without neoadjuvant
imatinib ruptured in 3-22% of patients. However, the rup-
ture definition again was not clearly defined in these stud-
ies. We hypothesize that neoadjuvant imatinib results in less
GIST ruptures because of hyalinization. The 4.6% in our
cohort compared with the study of Nishida et al. supports
that theory.

Because of the high risk of rupture of a GIST, open resec-
tions were the standard of care in our center until 2018. This
explains the difference between the anticipated MIS of both
surgeons and the actual number of MIS. Multiple publica-
tions demonstrated that MIS did not lead to a difference in
long term outcomes for gastric GIST,?'~* or higher rupture
rates.>*% Therefore, more MIS is also performed in our
center since then.



8666

S.J. C. van der Burg et al.

The RO resection rate after a GIST resection in our
cohort was 88%, which is comparable with studies includ-
ing 27-161 patients demonstrating RO resection rates of
81.5-94.0% after neoadjuvant imatinib for locally advanced
GISTs.!#20-22:36.37 Rutkowski et al.>> demonstrated RO
rates 75.5% in a population operated without neoadjuvant
imatinib. Therefore, it appears that neoadjuvant imatinib
improves RO rates, which correlates with higher DES."7

Complications with CD > 2 were observed in only 15%
of the patients, no grade IV or V complications occurred,
and only three (2.3%) patients needed a reoperation (CD
IIIB). Since many surgeries in this cohort were quite exten-
sive, the percentage of complications is considered relatively
low. Other studies demonstrated similar complication rates
of 7.8-15.0% and reoperations in 3.0-3.9%.!3:17-20-37

We compared our survival rates with other studies about
neoadjuvant imatinib. In our population, a 3-year DFS of
86% was seen, while two single-center studies with popula-
tions of 15 and 22 patients reported a 3-year progression-
free survival (PFS) of 77% and 94%, respectively,'(”29 and
one single-center study with 13 patients reported a DFS of
76%.%* Our 5-year DFS was 80%, while two other single-
center studies with 25 and 57 patients and a multicenter
study with 31 patients showed PFS of 57-77%.!%21* A
DFS of 65% was demonstrated by only one multicenter
study with 161 patients.?’ Our study demonstrated a 3- and
5-years OS of 93 and 90%, respectively. A 3-year OS of
94% was reported in a single-center study with 51 patients
and 5-year OS of 77% and 88% were demonstrated in the
earlier mentioned multicenter study with 31 patients and
the single-center study with 57 patients, respectively.'!7-!
Overall, our 3-year survival rates were similar compared
with the other studies and the 5-year survival rates were even
slightly better. In the pre-imatinib era, 5-year DFS and OS
of 38-45% and 50-65%, respectively, were normal, which
illustrates the importance of imatinib treatment.>%~*?

This study has several limitations. First, even though this
is the largest single-center study with prospectively collected
data, this study did not compare patients with and without
neoadjuvant imatinib. Only a randomized controlled trial
could answer that question, but this is ethically not feasible
because of the already clearly demonstrated benefit judged
by common sense. Second, the interpretation of surgical
strategies was subjective and thus open for discussion. Last,
the number of patients with other mutations than KIT exon
11 was low. A larger cohort could result in more significant
predictive values for the other mutations.

CONCLUSIONS
In this single-center cohort study, we demonstrate

that neoadjuvant imatinib for large and often locally
advanced GIST results in resections in 95% of the patients.

Furthermore, it results in reduced tumor size, less extensive
surgery and low R1 and complication rates. Thus, it can be
concluded that neoadjuvant imatinib for this population is
effective and safe and should be considered after determin-
ing the mutational status.
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