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Abstract

Background Patients with unresectable and metastasized gastrointestinal stromal tumor (GIST) experienced a remarkable
improvement of progression-free survival (PFS) and overall survival (OS) after the introduction of imatinib. Our hypothesis
is that the outcomes of treatment with imatinib are even better nowadays compared with the registration trials that were
performed two decades ago. To study this, we used real-life data from a contemporary registry.

Methods A multicenter, retrospective study was performed by exploring clinical data from a prospective real-life clinical
database, the Dutch GIST Registry (DGR). Patients with advanced GIST treated with first-line imatinib were included and
PFS (primary outcome) and OS (secondary outcome) were analyzed. Results of our study were compared with published
results of the European Organisation for Research and Treatment of Cancer (EORTC) 62005 trial, which marked the first
era of imatinib in the treatment of GIST.

Results Overall, 420 of the 435 patients treated with imatinib in the DGR had recorded response evaluation and were included
in the analysis. During a median follow-up of 35.0 months (range 2.0-136.0), progression of GIST was eventually observed in
217 patients (51.2%). The DGR cohort showed a longer median PFS (33.0 months, 95% confidence interval [CI] 28.4-37.6)
compared with the EORTC 62005 trial (an estimated PFS of 19.5 months). Additionally, the median OS of 68.0 months
(95% CI 56.1-80.0) was longer than the exposed median OS (46.8 months) published in the long-term follow-up results of
the EORTC 62005 trial (median follow-up duration 10.9 years).

Conclusion This study provides an update on outcomes of imatinib in the treatment of advanced GIST patients and demon-
strates improved clinical outcomes since the first randomized studies of imatinib 2 decades ago. Furthermore, these results
represent outcomes in real-world clinical practice and can serve as a reference when evaluating effectiveness of imatinib in

patients with advanced GIST.
Key Points

In the early 2000s, the introduction of imatinib led to
impressive improvement of progression-free survival
(PFS) and overall survival (OS) of advanced gastrointes-
tinal stromal tumor (GIST).

Nowadays, clinical outcomes provided by a real-life
database exhibit a further improvement in PFS and OS.

This updated effectiveness of imatinib in advanced GIST
is of a great importance for researchers and clinicians.

<l Mahmoud Mohammadi
m.mohammadi @Ilumc.nl
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1 Introduction

Gastrointestinal stromal tumors (GISTs) represent the most
common mesenchymal neoplasm of the gastrointestinal
tract, affecting 17 patients per million per year [1]. Most
primary GISTs are found in the stomach and the small
intestine, while the remaining minority is located at other
sites of the gastrointestinal tract (e.g. esophagus, colon,
and rectum). The majority of cases present with localized
disease, however about 15% of patients have metastatic
disease at presentation [2]. Furthermore, 5 years after
complete surgical removal of GIST, 30% of patients will
have recurrence or metastases [3].

The introduction of imatinib, a tyrosine-kinase inhibi-
tor with activity against BCR-ABL, KIT, and PDGFRA
receptors, led to greatly improved prognosis of patients
with advanced GIST. In early 2000s, two phase III trials
[4, 5], including the 62005 trial conducted by the Euro-
pean Organization for Research and Treatment of Cancer
(EORTC), demonstrated the efficacy of imatinib in the
treatment of unresectable and metastatic GIST [4]. Since
then, imatinib became the indisputable first-line treatment
in metastasized and unresectable GIST. With a median
follow-up of over 10 years, long-term results demonstrated
a median progression-free survival (PFS) of 1.7-2.0 years
in patients receiving imatinib, with an estimated PFS at
10 years of 9.2-9.5% [6].

Now, almost 2 decades after the introduction of
imatinib, it is of interest for patients, clinicians, and
researchers to know the current outcomes of imatinib treat-
ment. In other soft tissue sarcoma’s, it has been reported
that outcomes can improve a.o. due to better supportive
care [7, 8]. To explore this in GIST, we compared the
clinical outcomes in a large and recent patient cohort with
clinical outcomes of patient populations in early phase III
trials.

2 Methods
2.1 Patients and Study Design

Patients with histologically proven GIST diagnosed
between January 2009 and June 2021 were included in
this retrospective, multicenter study. The source of the
data was the prospective Dutch GIST Registry (DGR), a
real-life database containing the clinical data of all GIST
patients treated in five GIST specialized centers in The
Netherlands. These centers include Antoni van Leeuwen-
hoek—Netherlands Cancer Institute, Leiden University
Medical Center (LUMC), Erasmus MC, Radboudumc, and
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UMC Groningen. The inclusion criteria were age 18 years
or older and metastasized or unresectable GIST treated
with first-line imatinib in a palliative setting. Patients were
excluded in case of missing response evaluation (not per-
formed or not recorded). The local Medical Ethics Review
Committee of LUMC confirmed that the Medical Research
Involving Human Subjects Act did not apply for this study
(registration no. G19.122).

2.2 Variables of Interest

Demographic data and clinicopathological features,
including localization, tumor size, stage at diagnosis,
mitotic count, and mutational status, were collected.
Mitotic count was specified as the number of mitotic fig-
ures per 50 high-power fields (HPFs), equivalent to 5 mm?.

2.3 Outcomes

The response evaluation was assessed according to
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1 [9] by local investigators. Objective response
rate was defined as partial or complete response. PFS was
specified as primary outcome, and the secondary outcomes
were overall survival (OS) and objective response rate
(ORR).

Response evaluation was performed by a standardized
schedule, formulated by the Dutch GIST consortium in the
standard-of-care guidelines for the treatment of GIST, in
accordance with international guidelines [10]. A computed
tomography (CT) scan was performed every 3 months. If the
patient had symptoms or complaints that might be caused
by progression of GIST, the CT scan was performed earlier.

2.4 Statistical Analysis

The duration of follow-up was calculated from date of the
start of first-line palliative imatinib to date of last follow-up
or date of death. PFS was determined from date of the start
of first-line palliative imatinib to date of progression or death
caused by GIST. To estimate survival, the Kaplan—Meier
method was performed and the groups were compared using
the log-rank test. Cox proportional hazards regression was
used to analyze prognostic factor(s). Potential prognostic
factors that were included in a multivariable model were
sex, age, performance status, location of primary GIST,
mutational status, and sum of the target lesion. IBM SPSS
Statistics 25 (IBM Corporation, Armonk, NY, USA) was
used to perform the statistical analysis. A p-value <0.05 was
labeled as significant.
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3 Results

Overall, 435 patients with advanced GIST registered in the
DGR were treated with imatinib as first-line palliative treat-
ment. Of these patients, 420 had recorded response evalua-
tion and could be included in the analysis (Fig. 1). Fifteen
patients (3.4%) were lost to follow-up and were not included
in the analysis. Demographic and clinical features are listed
in Table 1. The starting dose of imatinib was 400 mg daily,
except for patients with a KIT-exon 9 mutation who were
treated with 800 mg daily. Dose reduction (due to intol-
erance) was observed in 59 (14.0%) patients. Six patients
underwent metastasectomy (liver, n=2; peritoneal, n =4)
in addition to systemic treatment. In the majority of patients
(n=328, 78.1%), the first systemic treatment received was
palliative imatinib, while the remainder of the patients
(n=92, 21.9%) had a history of treatment with (neo)adju-
vant imatinib.

The median follow-up duration was 35.0 months (range
2.0-136.0). Treatment of first-line imatinib resulted in
complete or partial response as best response in 238/420
patients: ORR 56.7% (Table 2). During the follow-up, 217
patients (51.2%) eventually showed progression of disease.
The median PFS in our cohort was 33.0 months (95% CI
28.4-37.6) (Fig. 2).

After treatment with imatinib, 180 patients were treated
with sunitinib, with an ORR of 19%. In 82 patients receiv-
ing third-line therapy with regorafenib, an ORR of 14% was
observed.

Exploring the survival data of the DGR revealed that
159/420 (37.9%) patients died during the follow-up. The
causes of death were progression of GIST in 132 patients,
other malignancies (rectal cancer, lung cancer, metastatic
melanoma, leukemia, and adenocarcinoma of the stomach)
in six patients, and non-malignant diseases (cardiovascular
diseases, sepsis, hepatic failure) in 10 patients. An unspec-
ified cause of death was reported in 9 patients. A median
OS of 68.0 months (95% CI 56.1-80.0) was observed in
patients with first-line imatinib, and the OS estimates at
1 and 2 years were 94% and 84 %, respectively (Fig. 3).

Patients with a KIT-exon 11 mutation had a median PFS
of 38.0 months (95% CI 30.0-46.0), while a median PFS
of 25 months (95% CI 7.4-42.6) was observed in patients
having a KIT-exon 9 mutation (p =0.034). OS analysis
showed the same trend; patients with a KIT-exon 11 had
a longer OS (73.0 months, 95% CI 57.1-88.9) compared
with KIT-exon 9 patients (57 months, 95% CI 48.0-66.0;
p=0.042). The Kaplan—Meier curves for PFS and OS for
both KIT-exon 11 and KIT-exon 9 are shown in Figs. 4
and 5.

Studying potential prognostic variables for PFS using
Cox regression multivariable analysis (Table 3) showed
that sex, age, performance status, location of the primary
GIST, and sum of target lesions were not significant prog-
nostic factors. Although just not significant, patients with
wild-type KIT/PDGFGR/SDH/BRAF GIST had shorter
PFS.

Fig. 1 Flowchart of patients
treated with palliative imatinib
in the Dutch GIST Registry.

Diagnosis GIST
n= 1451

aReasons no palliative therapy
in patients: resection of primary
tumor and metastasis, patient’s
performance score, death due to

progressive GIST before initia-
tion of palliative therapy and
patient’s decision. 15 of 435
patient were lost to follow up

Unresectable or metastasized GIST
N=475

40 patients didn’t receive palliative
treatment*

and therefore were not included
in the analysis. GIST gastroin-
testinal stromal tumor

First-line imatinib 400mg
n=435

Response evaluation
n=420

15 patients lost to follow up**
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Table 1 Clinicopathological characteristics

Characteristics Imatinib
400 mg daily
(n=420)
Sex
Male 251 (60)
Female 169 (40)
Age at diagnosis, years (mean [SD]) 63 [12.0]
Localization primary tumor
Gastric 197 (47)
Small bowel 130 (31)
Duodenal 24 (6)
Rectum 13 (3)
Esophagus 4(1)
Colon 13 (3)
Other 39 (9)
Sum target lesion(s) at the start of palliative 117 [66]
imatinib, mm (mean [SD])
Mutational status
KIT-exon 9 43 (11)
KIT-exon 11 281 (70)
KlIT-exon 13 6(2)
KIT-exon 17 4(1)
PDGFRA-exon 12 1(1)
PDGFRA-exon 14 2(D)
PDGFRA-exon 18 D842V 10 (2)
PDGFRA-exon 18 non-D842V 7Q2)
SDHA/SDHB mutation 2(D)
WT KIT/PDGFGR 18 (4
WT KIT/PDGFGR/SDH/BRAF 9(2)
Not reported 22 (5)
WHO performance score®
0 176 (47)
1 149 (39)
2 45 (12)
3 8(2)
Time to start of palliative imatinib since the primary diagnosis,
months
<12 294 (70)
12-24 26 (6)
>24 100 (24)
Table2 Best overall response
Response Imatinib
400 mg
(n=420) (%)
Complete response 58 (13.8)
Partial response 197 (46.9)
Stable disease 118 (28.1)
Progression 47 (11.2)
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4 Discussion

There is no doubt that imatinib revolutionarily improved
the prognosis of GIST patients after confirmation of its
efficacy in clinical trials. In a US/Finland phase II trial
[11] with a median follow-up duration of 63 months,
patients taking imatinib (400 or 800 mg) had an overall
median time to progression of 24 months, with a median
OS of 57 months. The phase III S0033 trial [5] demon-
strated a median PFS of 18 months and median OS of
55 months in patients receiving imatinib 400 mg/day. In
EORTC 62055, imatinib 400 mg/day led to an estimated
median PFS of 19.5 months.

In the 62005 EORTC phase III trial [4], having a
median follow-up duration of 760 days (25.3 months),
473 patients received 400 mg once daily and 473 patients
were treated with high-dose imatinib of 800 mg (400 mg
twice daily). In patients who were allocated to a daily
dose of 400 mg, the proportion of patients with a com-
plete response (n=24) or partial response as best response
(n=213) was 52.9%. Progression of disease occurred in
263 patients (56%) assigned to imatinib 400 mg and 235
patients (50%) treated with imatinib 800 mg. In the pub-
lished results of the 62005 trial, the exact duration of PFS
was not mentioned in the article; however, when assessing
the provided Kaplan—Meier curves, a PFS of 19.5 months
can be estimated for patients treated with imatinib 400 mg
once daily [4].

In our study, we observed a considerably longer PFS
(33 months) than in EORTC 62005 and the other two tri-
als, which were the trials resulting in approval of imatinib
400 mg/day as first-line treatment of advanced GIST and
marked the beginning of the era of imatinib in GIST. Fur-
thermore, a higher proportion of patients in the DGR had
partial or complete response as best response compared
with the 62005 and S0033 trials (Table 4). While median
OS in the EORTC 62005 trial was not reached at the time
of the published article in 2004, long-term results [6]
reported an OS of 3.9 years (46.8 months) among patients
treated with imatinib 400 mg. In our cohort, the median
OS of 5.7 years (68.0 months) is markedly longer than the
introduction time of imatinib in the early 2000s.

A major reason for the superiority of clinical out-
comes in our study compared with the EORTC trial and
other clinical trials is probably patient selection. Before
the introduction of imatinib, no effective treatment was
available for advanced GIST (GIST is unresponsive to
conventional chemotherapy) [12] and therefore patients
participating in the early phase III trials (e.g. EORTC
62005) were mainly those with metastatic GIST who
had multiple voluminous lesions. It is very likely that
these patients had poorer prognosis than patients treated
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Table 3 Cox regression analysis of PFS in patients treated with pal-
liative imatinib

Multivariable analysis

HR (95% CI) p-value
Sex

Male 1 (ref)

Female 0.98 (0.88-1.77) 0.225
Age 1.24 (0.98-1.77) 0.660
Performance status

WHO 0 1 (ref)

WHO 1 0.92 (0.36-2.35) 0.975

WHO 2 0.99 (0.39-2.52) 0.860

WHO 3 1.59 (0.56-4.47) 0.383
Location primary GIST

Gastric 1 (ref)

Small bowel 1.11 (0.54-2.28) 0.783

Duodenum 0.86 (0.57-1.28) 0.447

Rectum 0.40 (0.12-1.28) 0.121

Esophagus 2.07 (0.62-6.81) 0.234

Colon 0.63 (0.24-1.66) 0.349

Other 0.90 (0.39-2.06) 0.803
Sum target lesion, mm 1.03 (0.98-1.30) 0.823
Mutational status

KlIT-exon 11 1 (ref)

KIT-exon 9 1.13 (0.25-5.11) 0.871

KIT-exon 13 0.57 (0.14-2.40) 0.43

KIT-exon 17 1.34 (0.18-9.90) 0.773

PDGFRA-exon 18 1.67 (0.32-8.56) 0.548

D842V

PDGFRA-exon 18  0.51 (0.44-5.87) 0.589

non-D842V

WT KIT/PDGFGR 1.39 (0.28-6.72) 0.684

WT KIT/PDGFGR/ 4.91 (0.95-25.27) 0.051

SDH/BRAF

PFS progression-free survival, HR hazard ratio, CI confidence inter-
val, GIST gastrointestinal stromal tumor

nowadays (e.g. patients in the DGR), as we know from
previously published data that a high tumor burden is a
negative prognostic factor in metastatic GIST [13, 14].
Due to advancements in recognizing and diagnosing GIST
and timely starting of imatinib, patients are treated when
tumor burden is lower. Furthermore, acquired experience
in managing the adverse events of imatinib, and the avail-
ability of second-, third- and fourth-line therapy, have led
to improved prognosis of patients with advanced GIST
since the initial phase of the introduction of imatinib.

Better outcomes of treatment with established tyrosine
kinase inhibitors (TKIs; the ‘control arm’) for GIST have
been reported in several recent clinical trials compared
with older data from registration trials. For example, in the
Intrigue trial comparing the efficacy of ripretinib (new TKI)
with sunitinib (established second-line) as second-line ther-
apy of advanced GIST, patients treated with sunitinib had
a median PFS of 8.3 months [15], which is longer than the
observed PFS in the registration trial (PFS of 5.6 months)
[16]. The same trend applies for the Voyager trial, in which
avapritinib was compared with regorafenib in GIST patients
who did not respond to prior treatment with imatinib and
sunitinib. Patients treated with regorafenib showed a
median PFS of 5.6 months as third-line therapy in advanced
GIST [17], while in the registration trial, a median PFS of
4.8 months was observed [18].

In the current study, nearly two decades after the intro-
duction of imatinib, we present an update on the outcomes
of treatment with imatinib in patients with unresectable and
metastasized GIST. The data were retrieved from a real-life
database, including clinical details of GIST patients treated
in five sarcoma specialized centers in The Netherlands. The
results of this study are a fair representation of the outcomes
of treatment of GIST patients in a real-world setting. There-
fore, these outcomes could serve as an updated reference
model when outcomes of (new) agents are compared with
imatinib.

Table 4 Brief overview of the results of treatment with imatinib 400 mg/day in clinical trials (beginning era of imatinib)

Results DGR (n=365) EORTC 62005 (n=473) S0033 trial (n=345) US/Finland
phase II
(n=173)
Median follow-up duration 35 months 25.3 months 54 months 63 months
Progression-free survival 33 months 19.5 months 18 months 20 months
Overall survival 68 months 46.8 months 55 months 57 months
Response rate
Complete response 14% 5% 5% 0%
Partial response 47% 45% 40% 69%
Stable disease 28% 32% 25% 14%
Progression 11% 13% 12% 15%

DGR Dutch GIST Registry, EORTC European Organisation for Research and Treatment of Cancer
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The limitations of this study were the retrospective study
design and the absence of response status in a proportion
(3.4%) of patients, which may have biased the results. Nev-
ertheless, our study contains detailed information on clinical
features and outcomes of a relatively large cohort of GIST
patients with advanced disease.

5 Conclusion

This study presents an update of the efficacy of imatinib in
the treatment of advanced GIST, and demonstrates that clini-
cal outcomes of first-line imatinib are improved compared
with the beginning era of imatinib in GIST. Furthermore,
these results represent outcomes in real-world clinical prac-
tice and can serve as a reference for what can be expected
from imatinib in the first-line setting in advanced GIST.
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