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Abstract

Background The prognosis of patients with advanced gastrointestinal stromal tumor (GIST) has improved greatly after
the introduction of imatinib. However, primary or secondary resistance to imatinib occurs in the majority of patients. Suni-
tinib is the standard second line treatment in exon-9 mutated GIST.

Objective We compared the clinical outcomes of sunitinib with imatinib dose escalation in patients with progressive
advanced non-KIT exon 9 mutated GIST after failure of first line imatinib.

Patients and Methods A retrospective study was performed, retrieving data from a real-life database (Dutch GIST Registry)
including patients with GIST treated with sunitinib or imatinib dose escalation after failure on first line imatinib 400 mg
daily. Primary outcome measures were progression free survival (PFS) and overall survival (OS).

Results In total, 110 patients were included, 72 (65.5%) patients were treated with sunitinib (group A) and 38 (34.5%)
received an imatinib dose escalation (group B). Important prognostic features at baseline, such as tumor size, stage at diag-
nosis, mitotic count and localization were equally distributed in both groups. No significant difference (p = 0.88) between
median PFS in group A [8.7 months (95% CI 5.6-11.3)] and group B [5.6 months, (95% CI 2.6-8.7)] was observed. Moreover,
the OS was similar between group A and group B; 63.2 months and 63.4 months, respectively.

Conclusion This study represents a proper sample size cohort containing detailed data on mutational status of patients with
advanced GIST. We illustrated that imatinib dose escalation could serve as a good alternative for sunitinib as second-line
treatment in patients with a non-KIT exon 9 mutation.
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1 Introduction

Gastrointestinal stromal tumors (GISTs) are rare tumors
accounting for less than 1% of gastrointestinal malignan-
cies. Nevertheless, GISTs represent the most common type
of sarcoma, with an incidence of 15 patients per million
per year [1]. Primary GIST occurs most frequently in the
stomach (56%) and small intestines (32%), while localiza-
tion of GIST in colon (6%), rectum (1%), esophagus (<
1%) and other sites (4%) is rare [2]. Approximately 80%
of GISTs are a result of oncogenic mutations in KIT recep-
tor and 10-15% of patients exhibit mutations in platelet-
derived growth factor receptor (PDGFR) genes [3, 4]. In
the remaining 10%—-15% of GIST (formerly labeled as
wild-type GIST) NF1, NTRK and BRAF-mutations and
mutations leading to succinate dehydrogenase (SDH)-
deficiency, are identified [5-7].

Localized GIST is treated with complete surgical resec-
tion and, depending on risk assessment, adjuvant therapy
is indicated [8]. For patients with locally advanced (unre-
sectable) GIST or metastasized GIST, imatinib is the
treatment of choice [9, 10]. While imatinib 400 mg daily
is the standard dose, the MetaGIST study illustrated that
imatinib dose of 800 mg daily is more effective in patients
with a KIT exon 9 mutation and is therefore the recom-
mend dose in this type of mutation [11].

When treatment with imatinib fails, sunitinib is the
standard second-line therapy [12]. However, the Euro-
pean Society for Medical Oncology (ESMO) guidelines
suggest that high-dose imatinib (800 mg daily) may be an
option in patients with progression on first-line imatinib
[8]. It is unclear whether imatinib dose escalation or suni-
tinib should be preferred in case of disease progression on
imatinib 400 mg, as they have not been compared head-
to-head in a prospective study. Prospectively collected
real-life data, such as the Dutch GIST Registry, are then
the next best method to evaluate this. In the current study,
we compared the efficacy of sunitinib with imatinib dose
escalation after failure on first-line imatinib in patients
with advanced GIST.

2 Methods

2.1 Patients and Study Design

A retrospective, multicenter study was conducted, which
included patients with histologically proven GIST diagnosed

between January 2009 and July 2020. Data were retrieved
from the Dutch GIST Registry (DGR), which contains data
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of all GIST patients treated in five GIST specialized centers
in the Netherlands since January 2009. These centers include
the Netherlands Cancer Institute, Leiden University Medical
Center, Erasmus MC Rotterdam, Radboudumc, and UMC
Groningen. The inclusion criteria were aged > 18 years and
RECIST 1.1 [13] progressive GIST on first-line imatinib at
a dose of 400 mg/day, and (for the imatinib dose escala-
tion group) imatinib dose escalation for reason of disease
progression. Patients with dose escalation for reasons of
therapeutic drug monitoring (personalized dosing based on
imatinib drug concentrations in the blood) were excluded.
Other exclusion criteria were KIT exon 9 or unknown muta-
tional status, ongoing first-line imatinib and absence of sec-
ond-line treatment. Furthermore, patients treated with an
agent other than imatinib as first-line therapy were excluded.
The local Medical Ethics Review Committee of LUMC con-
firmed that the Medical Research Involving Human Subjects
Act did not apply for this study (registration no. G20.003).

2.2 Variables of Interest

Demographic data and clinicopathological features includ-
ing localization, tumor size, stage at diagnosis, mitotic count
and mutational status were collected. The mitotic count was
specified as number of mitotic figures per 50 High Power
Fields (HPF) or 5 mm?, which was considered as equivalent.

2.3 Outcomes

Our main focus was on patients with a non-KI7T exon 9 muta-
tion. The primary outcomes were progression-free and over-
all survival (PFS and OS) of imatinib dose escalation versus
sunitinib after failure of first-line imatinib. The secondary
outcome was the duration of sunitinib treatment in the direct
second-line cohort (group A) compared to duration of suni-
tinib treatment following imatinib dose escalation (group B).

2.4 Statistical Analysis

The median follow-up was calculated from date of diagnosis
to date of last follow-up or death. Progression-free survival
second-line therapy was determined from date of start of
imatinib dose escalation or sunitinib to date of progression
or death. To estimate survival, the Kaplan Meier method was
performed and the groups were compared by log-rank test. The
Mann-Whitney U test was used to compare time (interval) to
sunitinib failure. Categorical variables were analyzed using y*
test. The IBM SPSS Statistics 25 was used to perform the sta-
tistical analysis. A p value of < 0.05 was labeled as significant.
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3 Results
3.1 Patient Characteristics

In the DGR, 463 patients with advanced GIST were
treated with first-line imatinib in a palliative setting.
After excluding patients with ongoing first-line imatinib,
patients with no further treatment after first-line treat-
ment and patients with a KIT exon 9 mutation or unknown
mutational status, 118 patients were eligible. Of the 118
patients who started with imatinib 400 mg, 8 patients
stopped imatinib due to intolerance and were therefore
excluded from further analysis (Fig. 1). In the remaining
110 patients, reason to stop imatinib 400 mg was pro-
gressive disease. After failure of imatinib 400 mg, 72
(65.5%) patients were treated with sunitinib (group A)
and 38 (34.5%) received imatinib 800 mg as second-line
treatment (group B: imatinib dose escalation). In group A,
42 patients (58.3%) were treated with sunitinib in a con-
tinuous dosing schedule (37.5 mg daily) and 30 patients
(41.7%) received an intermittent dosing schedule (4 weeks
on, 2 weeks off) with a daily dose of 50 mg. Reason
for failure of sunitinib (n = 59) was due to progressive

disease in 46 (78.0%) patients and toxicity in 13 (22.0%)
patients. Numbers of patients who started with third-line
treatment, numbers of patients with ongoing treatment of
second- and third-line treatment and number of patients
with no further treatment after ending second- and third-
line treatment are specified in Fig. 1.

3.2 Duration of First-Line Therapy and PFS
of Second-Line Treatment

The demographic and clinicopathological features are
listed in Table 1. There was no significant difference
between group A and group B in localized or metasta-
sized GIST at diagnosis, localization of primary tumor,
mitotic count, or mutational status. Furthermore, no sig-
nificant difference was observed in the duration of first-
line imatinib. The median duration of first-line imatinib
was 18.6 months (01.2-94.3) in group A and 16.3 months
(range 1.1-105.9) in group B. The median follow-up time
for patients in group in group A was 46.5 months (range
6.4-127.7 months) and 55.3 months (range 5.3-140.3
months) in group B. During the follow-up period, pro-
gression of GIST was observed in 64 (89.9%) patients in

Total 1% line
n=463

Ongoing n= 162
1%t line ended, no further treatment n= 86
exon 9, n=48

mutation unknown/not reported n=30

Imatinib 400mg ceased due |_
to intolerance n=8

non-KIT exon 9
Imatinib 400mg
n=118

*other agents than imatinib as 1° line n=19

non-KIT exon 9

Imatinib 400mg 1tline
n=110
A
B
Ongoing n=2 Imatinib 800mg Ongoing: n=13 Sunitinib 2" Jine
no further treatment n=5 <« 4( n=38 no further treatment n= 21 n=72
\ ‘ % \\ \
ongongne? | sunitinib | | Mmasitinib Ongoing n=5 B Regorafenib || IMABOD || Other** 34 ine
no further treatment: n= 16 n=27 n=4 no further treatment= 27 n=32 n=1 n=5
v
Regorafenib 4t line

n=9

*Other (n=19): masitinib, imatinib/Regorafenib alternating, nilotinib,
Sunitinib
** Other (n=5): imatinib, buparlisib/imatinib, avapritinib, nilotinib

Fig. 1 Flowchart of patients, treated in palliative setting. *Other (n = 19): masitinib, imatinib/regorafenib alternating, nilotinib, sunitinib.

**Qther (n = 5): imatinib, buparlisib/imatinib, avapritinib, nilotinib
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Table 1 Clinicopathological features non-KIT exon 9 patients

Characteristics Second-line: sunitinib, n (%) Second-line: imatinib

dose escalation, n (%)

Number of patients 72 38
Gender*
Male 43 (59.7) 27 (71.1)
Female 29 (40.3) 11 (28.9)
Age at diagnosis, mean (SD)** 61.2 (12.4) 58.2 (12.7)
Tumor size in cm, median (range) 11.0 (3.0-35.0) 12.0 (3.5-26.0)
Stage at diagnosis
Localized 11 (15.3) 6 (15.1)
Locally advanced 6(8.3) 4 (10.5)
Metastasized 54 (75.0) 27 (71.1)
Multiple localization 1(1.4) 1(2.6)
Localization primary tumor***
Gastric 40 (55.6) 16 (42.1)
Small bowel 20 (27.8) 12 (31.6)
Duodenal 2(2.8) 2(5.3)
Rectum 1(1.4) 1(2.6)
Esophagus - 1(2.6)
Colon 2(2.8) 1(2.6)
Pelvic cavity - 1(2.6)
Peritoneum 1(1.4) 1(2.6)
Unknown 6 (8.6) 3(7.9)
Mitotic count’
Low (< 5/50 HPF) 32 (44.4) 13 (34.2)
High (> 5/50 HPF) 23 (31.9) 17 (44.7)
Not reported 17 (23.6) 8 (21.1)
Mutation'"
KIT exon 11 47 (65.3) 27 (71.1)
KIT exon 13 4(5.6) 3(7.9)
KIT exon 17 1(1.4) 1(2.6)
PDGFRA exon 14 - 1(2.6)
PDGFRA exon 18, D842V - 1(2.6)
PDGFRA exon 18, non-D842V 8(11.1) 3(7.9)
SDHA/SDHB mutation 2(2.8) -
WT KIT/PDGFR/SDH 6(8.3) 2(5.3)
WT KIT/PDGFR 4(5.6) -
Duration first line imatinib, median (range)§ 18.5 months (0.9-94.3) 16.3 months (0.1-105.9)

HPF High Power Fields, SD standard deviation, SDH succinate dehydrogenase

*Gender: p = 0.20 (¢~ test), **Age at diagnosis: p = 0.15 (independent ¢ test), ***Localization tumor: p = 0.45 test), "Mitotic count: p = 0.21
p g ag p p p p
( test), ""mutation: p = 0.39 (5 test), *Duration first-line imatinib: p = 0.31 (Mann Whitney U test)

group A and in 34 (89.5%) patients in group B. Patients
who received sunitinib showed a median PFS of 8.4
months (95% CI 5.6—-11.3) and treatment with imatinib
dose escalation led to a median PFS of 5.6 months (95%
CI 2.6-8.7). There was no significant difference in PFS
between both groups (Fig. 2A).
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3.3 Overall Survival

In total, death occurred in 65 (59.1%) patients, with progres-
sive GIST as cause of death in 61 patients, toxicity (small
bowel perforation) as a consequence of regorafenib use in
1 patient, non-GIST-related cause of death (urosepsis) in 1
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Fig.2 A Progression free A 1.0 PFS second line therapy
survival (PFS) of second-line
therapy. B Overall survival (OS) —— Sunitinib: mPFS 8.4 months

— Imatinib dose escalation: mPFS 5.6 months

Proportion without progression

p=0.86

0.0 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

Duration Second line (months)

Number at risk
Imatinib dose escalation: 38 21 1 8 8 8
Sunitnib: 72 43 24 16 14 6
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B 1.0- Overall survival

— Sunitinib; mOS 63.4 months
— Imatinib dose escalation: mOS 63.2 months
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P=0.49
0.0 T T T T T T T
0 20 40 60 80 100 120 140
Duration Second line (months)

Number at risk
Imatinib dose escalation: 38 30 26 17 11 7 5 1
Sunitnib: 72 59 37 24 9 7 2 0

patient, and 2 patients had unspecified cause of death. Ana-  dose escalation had a median OS of 63.2 months (951
lyzing overall survival, no significant difference between  CI 47.6-78.9) and a median OS of 63.4 months (95% CI
group A and B was observed. Patients with imatinib  50.4-76.3) was observed in sunitinib group (Fig. 2B).
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After progression on imatinib dose escalation, 27
patients proceeded to next-line treatment with sunitinib.
These patients had a median time to sunitinib failure of 8.2
months (range 1.3-24.7).

4 Discussion

The discovery of KIT and PDGFRA receptor tyrosine
kinase inhibitors (TKIs) allowed GIST to become a model
for molecular-targeted therapy. Introduction of imatinib
radically improved the prognosis of patients with inop-
erable and metastatic GIST, leading to a median PFS of
approximately 2 years, with nearly 10% of patients having
progression-free disease at 10 years after start of treatment
[13].

However, in most GIST patients, resistance to imatinib
(e.g., due to secondary mutations) eventually occurs. Suni-
tinib is the approved second-line treatment resulting in
PFS of circa 6 months after failure on imatinib [12]. How-
ever, high-dose imatinib (800 mg daily) has also shown its
beneficial clinical outcomes (median PFS 20-25 months)
in patients with progressive disease on imatinib 400 mg
[9, 10]. It is under debate, which treatment (imatinib dose
escalation or sunitinib) is preferred as second-line therapy.
Because high-dose (800 mg) imatinib is the standard rec-
ommended dose for KIT exon 9 mutation [8] excluding
dose escalation as an option as a second-line therapy, we
excluded patients with the aforementioned mutation.

In the current study, we observed that in patients with
a non-KIT exon 9 mutation, treatment with imatinib dose
escalation as second-line therapy led to similar clinical
outcomes as sunitinib. The median PFS of imatinib dose
escalation was not significantly different compared to suni-
tinib. Additionally, OS was equal between patients who
received imatinib dose escalation and patients treated
with sunitinib. A substantial difference (i.e., inferiority)
in efficacy of imatinib dose escalation compared to suni-
tinib, might be expected due to firm position of sunitinib
as second-line therapy, but our observation does not sup-
port this. As shown in Table 1, important prognostic fac-
tors, such as stage at diagnosis, tumor size, localization
of GIST, and mitotic count were equally distributed in
patients receiving imatinib dose escalation and patients
treated with sunitinib. Furthermore, median duration of
first-line imatinib was similar in both groups. Therefore
an overrepresentation of patients with low-risk or indolent
GIST in the group treated with imatinib dose escalation
is unlikely.

Studying the role of therapeutic drug monitoring
(TDM) in previous studies showed that most patients
treated with a fixed dose imatinib had a serum imatinib
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concentration below the efficacy threshold [14], which
may affect time to progression. However, post hoc analy-
sis in our study showed that TDM was performed in 53%
of patients, demonstrating generally adequate imatinib
concentrations.

A number of patients in our study had primary muta-
tions that are generally resistant to imatinib, in particular
patients with PDGFRA exon 18-D842V mutation. Due
to lack of alternative therapy at time of diagnosis, these
patients were treated with imatinib. Nowadays, avapri-
tinib, a novel agent, has been developed to treat patients
with a D842V mutation [15]. However, for other primary
imatinib-resistant mutations (e.g., SDH-deficient GIST)
an effective therapy is not yet established.

For some secondary KIT mutations leading to
imatinib-resistance in GIST [16, 17], sunitinib is more
effective due to different and broader binding charac-
teristics and affinities [18]. Treatment of GIST would
benefit from mutational analysis at time of progres-
sion. Identification of secondary mutation resistant to
imatinib and sensitive to sunitinib, makes a decision to
initiate sunitinib more reasonable than imatinib dose
escalation.

Beside the efficacy, the safety profile, and adverse
events of imatinib dose escalation and sunitinib should
be weighed before choosing the second-line treatment
after failure of imatinib 400 mg. While hematological
toxic adverse effects of imatinib and sunitinib are com-
mon, patients treated with sunitinib generally experi-
ence more leukopenia, neutropenia, and thrombocy-
topenia than patients receiving imatinib. In addition,
the most common non-hematological adverse events of
(high-dose) imatinib are edema, fatigue, and nausea,
whereas hand-foot syndrome, diarrhea and hyperten-
sion are more frequently observed in patients receiving
sunitinib [8, 9].

There are no randomized prospective trials compar-
ing imatinib dose escalation to sunitinib as second-line
treatment. Previously published studies are either single-
center based with small sample size [19] or lack data on
important factors such as mutational status [20]. The
most important limitation of the current study is the ret-
rospective design making randomized treatment alloca-
tion impossible, which may have led to selection bias.
Moreover, data on quality-of-life parameters and (patient)-
reported side effects were not included. When available,
these parameters can contribute to shared decision-mak-
ing in choosing imatinib dose escalation or sunitinib as
treatment after failure of first-line imatinib. Furthermore,
prognostic factors (e.g., sites of metastases, tumor burden)
for metastatic GIST, which are different than for primary
GIST, were not consistently available and therefore not
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included in this study. The strength of our study is detailed
data on mutational status, tumor size, mitotic count, and
localization of primary tumor. Furthermore, the Dutch
GIST Registry represents a unique real-life database
including clinicopathological data on patients treated in
Dutch sarcoma specialized centers, allowing to study GIST
patients more specifically.

In conclusion, this study demonstrates that in patient
with advanced GIST harboring a non-KIT exon 9 mutation,
imatinib dose escalation could serve as a proper alternative
second-line strategy for sunitinib, after failure on imatinib
400 mg.
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