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Abstract

Surgery is the cornerstone of gastrointestinal stromal tumor (GIST) treatment, and
adjuvant therapy with imatinib has improved survival for high-risk tumors. The use of
imatinib preoperatively has been increasing, but efficacy and impact on patient out-
comes have not been formally investigated. This is a retrospective study from a single-
center cohort of patients diagnosed with GIST and treated with neoadjuvant imatinib
at Karolinska University Hospital in Stockholm, Sweden over a 20-year period. Eighty-
four patients diagnosed with GIST and treated with neoadjuvant imatinib were identi-
fied and included. Tumors were located throughout the whole gastrointestinal tract
but most frequently in the stomach (n = 29; 35%) and the small intestine (n = 30;
36%), followed by the rectum (n = 12; 14%) and the gastroesophageal junction
(n = 10; 12%). The tumors were large (mean 10.5 cm) and decreased after treatment
(mean 7.6 cm). Main indications for neoadjuvant imatinib were tumor size or anatomi-
cal location. None of the patients with stomach tumors and four patients with tumors
near the gastroesophageal junction underwent gastrectomy. Three patients with
tumors in the small intestine underwent pancreaticoduodenectomy, whereas seven
patients with rectal tumors underwent rectal amputation. After surgery, 94% (n = 79)
of the tumors had RO-resection. About one-fourth experienced local relapse or distant
metastasis. In conclusion, neoadjuvant imatinib can reduce tumor size and prevent high
morbidity due to more extensive surgery, or at least reduce the extent of the surgery,

especially for tumors in the stomach or small intestine.

KEYWORDS
GIST, imatinib, neoadjuvant, surgery

Abbreviations: ALS, amyotrophic lateral sclerosis; CT, computed tomography; EFS, event-free survival; GIST, gastrointestinal stromal tumor; HPF, high-power field; NIH criteria, National Institute
of Health criteria; OS, overall survival; PDGFRA, platelet-derived growth factor-alpha; PET-CT, positron emission tomography-computed tomography.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any
medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. International Journal of Cancer published by John Wiley & Sons Ltd on behalf of UICC.

906 wileyonlinelibrary.com/journal/ijc

Int. J. Cancer. 2022;151:906-913.


https://orcid.org/0000-0002-4232-4658
mailto:andri.papakonstantinou@ki.se
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://wileyonlinelibrary.com/journal/ijc

RENBERG ET AL.

What's new?

1 | INTRODUCTION

Gastrointestinal stromal tumors (GISTs) originate from the Cajal cells
of the gastrointestinal tract and have a vyearly incidence of
1/100 000.> GISTs are most commonly located in the stomach
(50%-60%), followed by the small intestine (30%-40%) and then the
colon and rectum (5%) and esophagus (5%),? and radical surgery is the
cornerstone of treatment.® However, about half of the patients expe-
rience relapses within a few years after surgery.* Since the early 21st
century, imatinib has had a significant impact on the management and
prognosis of GIST patients. Most GISTs have a mutation in the proto-
oncogene c¢-KIT, which codes for the KIT transmembrane receptor
tyrosine kinase.® Imatinib inhibits this receptor activation and thereof
prevents cell survival and proliferation, that is, tumor growth.6 The
second most common gene mutated in GISTs is platelet-derived
growth factor-alpha (PDGFRA),” where the exon 18 D842V mutation
has demonstrated resistance to imatinib.

Imatinib is an established treatment both in the adjuvant setting for
high-risk GISTs® and as first-line therapy for the majority of metastatic
GISTs.? Administration of imatinib in the neoadjuvant setting is also
gaining ground and aims to: (a) reduce tumor size and thereof facilitate
RO resection and organ or function preserving surgery and (b) to reduce
the risk of tumor rupture. Some studies tried to evaluate the benefits of
neoadjuvant imatinib in locally advanced tumors, showing a high rate of
RO resection and the chance of organ-preserving surgery after preopera-
tive treatment with imatinib.'®*2 Even so, large, randomized studies are
lacking, probably due to the difficulty of formalizing criteria related to the
surgical assessment of the individual tumors and conducting clinical trials
in this context. Identifying the patients most likely to benefit from neo-
adjuvant imatinib, the optimal duration of such an approach and the
impact on survival, remains an unmet need.

Herein we present a long-term retrospective study from a single-
tertial referral center investigating the clinical and tumor characteristics

and GIST-related outcomes of patients treated with neoadjuvant imatinib.

2 | MATERIALS AND METHODS
This retrospective cohort study included all patients diagnosed with
GIST and treated with neoadjuvant imatinib at Karolinska University

Hospital in Stockholm, Sweden, from January 2000 to December
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Imatinib has had a significant impact on the management and prognosis of patients with gastro-
intestinal stromal tumors. However, which patients are most likely to benefit from neoadjuvant
imatinib, the optimal treatment duration and the impact on survival remains to be clarified. This
long-term retrospective study suggests that neoadjuvant imatinib can reduce tumor size and the
extent of surgery, potentially preventing high morbidity. The findings support neoadjuvant
imatinib as a feasible, low-toxicity approach for increasing the chance of radical and organ-
preserving surgery. The study adds important information to ongoing discussions on the optimal

management of localized gastrointestinal stromal tumor.

2019. Patient demographics, tumor characteristics, radiological find-
ings, surgical outcomes and recurrence rates were recorded after
reviewing medical records.

Neoadjuvant imatinib was recommended if tumor size, location
and patient physical status suggested that preoperative imatinib could
lead to more minor or less morbid surgery or in primary localized inop-
erable tumors. A multidisciplinary team of sarcoma specialists in
oncology, surgery, radiology and pathology had previously discussed
all patients who received neoadjuvant treatment. Usually, a period of
6 to 9 months of neoadjuvant treatment was preliminary planned, but
the patient was always reconsidered at the multidisciplinary confer-
ence, and more extended treatment was recommended if clinical ben-
efit and further facilitation of surgery were expected.

Tumor location was categorized as the esophagus, gastroesopha-
geal junction, stomach, small intestine, colon or rectum. Tumor size
before and after treatment was defined as the largest transverse diame-
ter in centimeters, and the pretreatment size assessment was based on
radiological findings (computed tomography [CT] and/or positron emis-
sion tomography-computed tomography [PET-CT]). Time of diagnosis
was defined as the date of pathological confirmation of the diagnosis
by biopsy or cytology. Time of local relapse or distant metastasis was
defined as the time of radiologically confirmed relapse. Classification of
surgical margins as RO, R1 and R2 were according to Wittekind et al.*®
According to Joensuu, risk stratification for selecting patients for adju-
vant treatment followed the modified National Institute of Health (NIH)
criteria, in line with institutional guidelines.2* Mitotic count is reported
as per 50 high-power fields (HPF) based on the risk stratification model
being used at the institution and that was employed in this analysis.
The stratification was made ad hoc based on the available information
to provide more homogeneity in the data.

Continuous variables are presented as medians and ranges,
whereas categorical variables are frequencies. Comparisons between
patients treated preoperatively and patients with high-risk GISTs are
mostly for hypothesis-generating since the groups were formed by
retrospective material. Event-free survival (EFS) was defined as time
from GIST diagnosis to any relapse, local or metastatic, or death,
whatever occurred first and overall survival (OS) as time of diagnosis
to death. A Kaplan-Meier curve was utilized to visualize relapse and
metastasis data, and a post hoc exploratory analysis compared the
two groups. All statistical analyses were performed using Stata soft-

ware version 14.



INTERNATIONAL

@Quicc

» | @

RENBERG ET AL.

JOURNAL of CANCER

Patients diagnosed with GIST
in Stockholm, Sweden between
2000 to 2019 (n=457)

FIGURE 1 Flow diagram of the
cohort of patients with GIST diagnosed at
Karolinska University Hospital
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3 | RESULTS

3.1 | Cohort characteristics

As shown in Figure 1, a total of 457 patients were identified in the
local database, and after reassessment by the pathologist, two were
considered leiomyomas and were excluded. Of the remaining
455, 30 had primary metastatic GIST at the time of diagnosis. In total,
84 patients out of the 425 nonmetastatic patients included in the
analysis received neoadjuvant imatinib: 35 women and 49 men. A
slight overrepresentation of men was observed in this cohort com-
pared to the whole cohort of GIST patients, where the gender distri-
bution was equal (n = 229 females, n = 226 men). The mean age of
diagnosis for those who received neoadjuvant treatment was
62.5 years (range 31.4-84.9 years).

3.2 | Neoadjuvant therapy and outcomes

Patient and tumor characteristics for those who received neoadjuvant
treatment are presented in Table 1. Most tumors were large and located
in the stomach or small intestine. Tumor locations are presented in
Figure 2. Indications for neoadjuvant treatment were mainly tumor loca-
tion (n = 40) or size (n = 35), based on the surgeon's operability assess-
ment. In a minority of the cohort, the decision to offer neoadjuvant
imatinib was based on tumor-related symptoms (n = 5) or other factors
(n = 4). The four patients who received neoadjuvant imatinib due to
other factors included: (a) a patient with a second malignancy of more
aggressive character where GIST surgery was postponed, (b) a patient

with pulmonary embolism, (c) a patient initially evaluated as nonoperable

due to amyotrophic lateral sclerosis (ALS) and therefore received imatinib
before a reevaluation after which the patient underwent surgery and
finally, (d) a patient that was initially misdiagnosed with an abdominal
abscess and received a drain prior to GIST diagnosis, thus neoadjuvant
imatinib was recommended. All but two patients were prescribed a stan-
dard dose of imatinib 400 mg/day, and eight of them required dose
reduction due to adverse events. The remaining two patients received
neoadjuvant sunitinib due to the physician's choice.

Tumor location was the most determining factor for tumors in the
gastroesophageal junction (n = 10 out of 10) and rectum (n = 11 out
of 12), and size for tumors in the stomach (n = 21 out of 29). Both
location and size were important for tumors in the small intestine
(n = 14 and n = 12, respectively, out of 30).

The mean tumor size at diagnosis, based on radiological findings,
was 10.5 cm (range 2-27 cm) and reduced to a mean of 7.6 cm (range
1.3-30 cm) after neoadjuvant treatment. A box plot in Figure 3 dem-
onstrates tumor size before and after neoadjuvant imatinib. The pre-
treatment size was defined according to the radiological findings,
whereas the posttreatment size was based on pathological reports
(only 82 patients were reported) since the radiological size preopera-
tively was not always available. The mean duration of neoadjuvant
imatinib was 7.1 months (range 0.9-20.9 months). Mitotic count from
surgery samples is also presented in Table 1 but since the assessment
is after neoadjuvant imatinib, risk-stratification is not feasible.

Forty-five patients (54%) had a size reduction of >30%, and the
remaining 39 patients (46%) had a size reduction of less than 30%.
Tumor size reduction was different based on mutational status;
among the 51 tumors with a c¢-KIT exon 11 mutation, two thirds
(n = 33; 65%) had a size reduction 230% and one-third (n = 18; 35%)
had a size reduction <30%. Out of the three tumors with a c-KIT exon
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TABLE 1 Tumor and patient characteristics for the patients
treated with neoadjuvant imatinib

Neoadjuvant
imatinib, n (%)
(N =284)
Gender
Female 35 (42)
Male 49 (58)
Tumor location
Esophagus 2(2)
Gastroesophageal junction 10(12)
Stomach 29 (35)
Small intestine 30 (36)
Colon 1(1)
Rectum 12 (14)
Tumor size at diagnosis (cm)
<2 1(1)
2.1-5 19 (23)
5.1-10 32(38)
>10 32(38)
Number of mitosis (/50 HPF)
<5 61 (73)
6-10 3(4)
>10 2(2)
Not available 18 (21)
Mutations
c-KIT
Exon 9 3(3)
Exon 11 51 (61)
PDGFRA
Exon 18 5(6)
Unknown 1(1)
No c-KIT/PDGFRA mutation identified 10(12)
Not available 14 (17)
Indication neoadjuvant imatinib
Location 40 (47)
Size 35 (42)
Tumor symptoms 5(6)
Other 4(5)

Abbreviation: HPF, high-power field, evaluated after neoadjuvant imatinib.

9 mutation, one had a size reduction 230% and two had a size reduc-
tion <30%. Out of the five tumors with a PDGFRA exon 18 mutation,
four had a D842V activating mutation and one had an exon 18 hetero-
zygote deletion. One of the patients with a D842V mutation had a
size reduction 230%, and the remaining four with a PDGFRA exon
18 mutation had a size reduction <30%. All patients with a PDGFRA
mutation that were treated with neoadjuvant imatinib were diagnosed

before institutional guidelines regarding management of patients with
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FIGURE 2 Anatomical distribution of the tumors among patients
receiving neoadjuvant imatinib. Created with BioRender [Color figure
can be viewed at wileyonlinelibrary.com]
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FIGURE 3 Box plot showing tumor size before and after

neoadjuvant imatinib

PDGFRA mutations were updated. In concordance to international
guidelines,® neoadjuvant imatinib is no longer recommended in
patients with PDGFRA D842V mutations.

3.3 | Follow-up

None of the patients with gastric tumors underwent gastrectomy
after the neoadjuvant treatment, but 4 out of 10 with tumors in the
gastroesophageal junction did. Only 3 out of 30 patients with tumors
in the small intestine underwent a pancreaticoduodenectomy
(Whipple procedure). However, despite preoperative imatinib admin-
istration, 7 out of 12 patients with rectal tumors had to undergo rec-
tum amputation. In total, 94% of the patients that received
neoadjuvant therapy had an RO resection (n = 79 patients). Among
the patients who were recommended adjuvant imatinib (n = 71), one
patient declined and two patients received sunitinib instead; one had
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FIGURE 4 Kaplan-Meier estimates of event-free survival for the
group treated with neoadjuvant imatinib [Color figure can be viewed
at wileyonlinelibrary.com]
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FIGURE 5 Kaplan-Meier estimates of overall survival for the
group treated with neoadjuvant imatinib [Color figure can be viewed
at wileyonlinelibrary.com]

also received sunitinib preoperatively and the other one had an aller-
gic reaction to imatinib.

Sixteen (19%) of the patients treated with neoadjuvant imatinib
died, six of whom due to GIST. Seven patients (8%) experienced a
local relapse, and 16 (19%) developed distant metastasis (three with
previous local relapse). Median EFS and OS was 89.23 months (95%
confidence intervals [Cl]: 78.3-NA) and 166.74 months (95% ClI:
166.74-NA), respectively. Two Kaplan-Meier curves, depicted in
Figures 4 and 5 respectively, were used to describe EFS and OS for
the neoadjuvant treated group.

A logistic regression analysis including gender, tumor location,
tumor size and resection margin in terms of RO, R1 and R2 identified
positive resection margin R1 to negatively impact risk of relapse

despite small numbers (Table 2).

34 | Comparison with high-risk tumors not
treated with neoadjuvant imatinib

As shown in Figure 1, 98 patients were classified as high-risk tumors
and had not received neoadjuvant imatinib. Median age was
66.7 years and n = 42 were women. Tumor and patient characteris-
tics of this cohort are presented in Table S1. Sixty-seven high-risk
patients received adjuvant imatinib and all but one was prescribed a
standard dose of imatinib 400 mg daily. One patient was prescribed
800 mg imatinib daily, despite a lack of identifiable mutation and the

dose was reduced shortly after, due to toxicity. Dose reduction or

TABLE 2 Logistic regression analysis of clinical characteristics and relapse for the 84 patients treated neoadjuvant

Overall population,

Gender
Female
Male
Tumor location
Esophagus
Gastroesophageal junction
Stomach
Small intestine
Colon
Rectum
Tumor margin
RO
R1
R2
Tumor size at diagnosis (cm)
<2
2.1-5
5.1-10
>10

N = 84 (%)

2(2)
10(12)
29 (35)
30 (36)

1(1)
12 (14)

79 (94)
4(5)
1(1)

1(1)
19 (23)
32(38)
32(38)

Relapse population,

Nonrelapse population,

N = 20 (%) N = 64 (%) P-value
8 (40%) 27 (42%) Ref.
12 (60%) 37 (58%) .86
0 2(3) 1
4(20) 6(9) .99
2(10) 27 (42) .99
12 (60) 18 (28) .99
0 1(2) Ref.
2(10) 10 (16) .99
17 (85) 62 (97) Ref.
3(15) 1(1.5) .044
0 1(1.5) .99
0 1(2) Ref.
3(15) 16 (25) .99
7 (35) 25 (39) .99
10 (50) 22 (34) .99
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premature treatment discontinuation due to toxicity was observed
inn=15.

High-risk patients who did not receive neoadjuvant treatment
had numerically R1- and R2-resection to a greater extent, 12% com-
pared to 6% of the patients treated neoadjuvant. An exploratory com-
parison between the two groups with Fischer's exact test did not
reveal statistical significance (P = .294). However, the numbers are
small, and the data heterogeneous, hence this comparison should be
interpreted with caution and serve primarily as hypothesis-generating.

The surgical methods employed in the two groups did not differ
significantly. There were only five patients who had a Whipple proce-
dure; three had received neoadjuvant treatment and two were classi-
fied as high-risk tumors but had not received neoadjuvant treatment.
Among patients with stomach or gastroesophageal junction tumors,
four out of the 39 neoadjuvant treated patients and two out of the
47 high-risk tumors underwent gastrectomy. All patients who under-
went rectum amputation had received neoadjuvant treatment.

Median EFS was 87.6 months (95% Cl: 67.84-146.43 months) and
OS at 108 months was 70.7% (95% Cl: 60.1%-83%) whereas median OS
was not reached in the high-risk group. An exploratory analysis did not
demonstrate statistically significant differences between patients with
high-risk GIST vs neoadjuvant treated patients regarding EFS (hazard
ratio [HR] 0.79; 95% Cl: 0.49-1.26, P = .32) or OS (HR 0.84; 95% Cl:
0.44-1.61, P = .61). Figure S1AB demonstrate EFS and OS, respectively,
comparing the neoadjuvant treated group with the group with high-risk
tumors that did not receive neoadjuvant treatment.

4 | DISCUSSION

In this retrospective study, 84 out of 425 GIST patients received neo-
adjuvant treatment with imatinib. Large tumors near vulnerable ana-
tomical structures with increased risk of high morbidity with surgery,
became candidates for neoadjuvant treatment. In general, tumors
reduced in size after neoadjuvant treatment and therefore extensive
surgery such as gastrectomy, pancreaticoduodenectomy or rectum
amputation was most likely prevented for several patients, even
though it was not achieved to the same extent for the rectal tumors
as for the tumors in the stomach and small intestine. A control arm is
lacking, and therefore a formal comparison of the utility of neo-
adjuvant imatinib is not possible. Even though an effort was made to
compare the outcomes of neoadjuvant treatment and high-risk
patients operated upfront, this comparison should be regarded only as
hypothesis-generating. Our cohort goes back 20 years, thus some
patients received adjuvant imatinib only for 1 year, a duration known
to be inferior to 3 years and that can impact comparisons with preop-
eratively treated patients.

The decision of whom to operate or not is usually considered sub-
jective since there is an unquestionable intersurgeon variability and
on institutional level. However, even though this is a retrospective
nonrandomized cohort, the same surgeons were involved in assessing
the cases providing some level of homogeneity. Interestingly, the
observed outcomes between the patients with high-risk tumors oper-
ated upfront and those that received neoadjuvant imatinib are similar.
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Our data support the use of neoadjuvant imatinib as a downstaging
treatment and provide evidence that delaying surgery with neo-
adjuvant imatinib does not have a negative impact on clinical out-
comes. On the other hand, it is unclear whether neoadjuvant imatinib
could also benefit high-risk patients considered for upfront surgery.
Designing a randomized control trial of neoadjuvant vs no neo-
adjuvant imatinib would be troublesome, given the potential good
effect of neoadjuvant imatinib. Also, selecting and randomizing
patients in a standardized fashion would be almost impossible due to
the multifactorial nature of whether to offer neoadjuvant imatinib or
not, and the intraoperative assessments about the extent of the
surgery.

Several factors should be considered before deciding on neo-
adjuvant treatment. Since different mutational status indicates sensi-
tivity for imatinib or not, it is essential to do mutation analysis before
determining if neoadjuvant imatinib treatment is eligible.! Whereas a
mutation in c-KIT implies a response to imatinib treatment, a PDGFRA
D842V mutation indicates resistance and imatinib should therefore
not be used in the neoadjuvant or in the adjuvant setting. Other more
uncommon PDGFRA mutations do not show the same resistance to
imatinib,*® and in those cases imatinib could be indicated. In our retro-
spective study, five tumors with PDGFRA mutation were treated with
neoadjuvant imatinib and describe size reduction. This could possibly
be affected due to different modalities employed to measure tumor
size pre- and posttreatment. Pretreatment tumor size was based on
the radiological findings, a method less rigid than pathological assess-
ment of the specimen. The tumor with PDGFRA mutation that
responded with a 230% size reduction after neoadjuvant imatinib
measured in fact the same size radiologically pre and post neo-
adjuvant treatment, whereas it in the pathological report was reported
a smaller tumor size, hence can have led to possible size reduction
overestimation. This should be taken into consideration when
interpreting the results.

With neoadjuvant treatment, there is a slight risk of preoperative
complications such as bleeding or intraabdominal tumor rupture,*¢
which in some cases may lead to an acute operation in a worse physi-
cal state than an elective surgery.l” There is also a risk of missing out
on a potential curative situation when the patient does not get oper-
ated upfront if the surgeon considers it possible. Therefore, a close
follow-up during initiation of neoadjuvant imatinib is crucial to pro-
vide supportive measures and, not least, to ensure the response to
imatinib.

Our study demonstrated that patients treated with neoadjuvant
imatinib reached RO resection to a very high extent, which has been
the case in previous studies, 1820 put it is not certain whether that
affects the risk of relapse and long-time survival. Some studies have
shown that RO-resection enhances the chance of local disease-free
survival?® and tumor progression?? as well as overall survival,??
whereas others have shown that the risk of relapse is not reduced
despite radical surgery.?® Our results suggest that R1 resection after
NA imatinib led to increased risk for relapse, although there were very
few patients with R1 in this group and therefore results should be
interpreted with caution. Maybe the ambiguity regarding the value of
RO resection is due to the fact that it includes marginal as well as wide
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surgical margin. A previous study from our center has shown a lower
rate of local relapse with a wide surgical margin?* compared to mar-
ginal margin, but this type of analysis was not possible in the current
20 (24%) experienced local

relapse or distant metastasis after the primary operation, which is

material. Out of our 84 patients, n =

fewer than usually described for the total GIST population.® This could
be explained by the fact that also small tumors had been included due
to their anatomical location, but it might also indicate that
neoadjuvant treatment could influence the risk of recurrence and/or
long-time survival.

Despite the lack of formal evidence, imatinib demonstrates bene-
fit in the neoadjuvant setting, but there is an unmet need to adopt
methods to identify the patients who will benefit the most. In our
study, we identified patients where a primary operation was not feasi-
ble or was combined with a high risk for morbidity; in other words,
patients with large tumors and/or tumors located near the gastro-
esophageal junction, ligament of Treitz or the lower part of the rec-
tum. The connection was most apparent for tumors in the stomach or
small intestine. Our findings are concordant with previous studies and
suggest that neoadjuvant treatment with imatinib reduces the risk for
more extensive surgery.“’l‘(”ls’z‘:"29 For example, a multicenter phase
Il study by Kurokawa et al demonstrated that among 53 neoadjuvant
treated gastric GISTs, only three had to undergo total gastrectomy
and, additionally, 48 achieved RO resection, with the vast majority
(n = 42) keeping at least 50% of their stomach after surgery.!* In our
study, we did not grade the extent of gastric surgery more than total
gastrectomy or not, but the results are consistent given that none of
the 29 patients with gastric GIST had to undergo total gastrectomy.

In conclusion, although the benefit of neoadjuvant imatinib on
the risk of relapse or long-time survival for patients with high-risk
GISTs remains to be established, it seems clear that this approach is
feasible, with low toxicity and increases the chance of radical and
organ preserving surgery. Future studies should be investigating the
potential role of neoadjuvant imatinib in large, high-risk GISTs in
terms of local or distant recurrence risk reduction and in the longer

term, also increase the chance of survival.
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