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ABSTRACT

Introduction: Discovery of oncogenic mutations in the KIT and PDGFRA tyrosine kinase receptor was
a crucial step for the development of tyrosine kinase inhibitors (TKIs). Since then, GIST became a model
for the development of molecular-targeted therapy, which led to dramatically improved median overall
survival of advanced GIST. Still, further progress is needed after third-line or for TKI resistant mutations.
Areas covered: In this review, after a brief introduction on imatinib, sunitinib, and regorafenib, an
overview of TKIs that was evaluated beyond these drugs is provided, with a main focus on the novel
approved TKiIs.

Expert opinion: Combination therapies have thus far not fulfilled their promise in GIST, nor did
immunotherapy. Increased understanding of GIST and advances in the development of molecular-
targeted drugs led to the introduction of ripretinib and avapritinib. Furthermore, NTRK inhibitors
became available for ultrarare NTRK fusions. Solutions for NF1 and BRAF mutated and SDH-deficient
GIST are still to be awaited. This all underlines the need for adequate molecular profiling of high-risk
GISTs before treatment is started. Possibly by using circulating tumor DNA in the future, targeting
resistance mutations with specific drugs along the course of the disease would be easier, avoiding
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multiple tumor biopsies.

1. Introduction

Although gastrointestinal stromal tumors (GISTs) are a rare
type of cancer with an incidence of around 15 patients
per million per year [1], they are the most prevalent mesench-
ymal neoplasm. Reported incidence rates of GIST are variable
across different geographical regions, although most popula-
tion-based studies share similar epidemiological features of
GIST around the globe [2]. At diagnosis, patients have
a median age of mid-sixties with a slight predominance in
males [1]. While GIST can arise along the entire gastrointestinal
tract, most primary are found in the stomach (56%) and in the
small intestine (32%). The minority of GISTs is located in the
colon and rectum (6.0%), esophagus (0.7%), and other sites
(5.5%) [2]. The recognition of overexpression of the KIT pro-
tein, a receptor tyrosine kinase, also known as CD-117 was
crucial for accurately diagnosing GIST more than two decades
ago. Simultaneously, the discovery of a gain of function muta-
tion resulting in uncontrolled activation of KIT was a practice-
changing breakthrough [3]. These mutations in KIT or platelet-
derived growth factor receptor (PDGFRA) genes lead via acti-
vation of sustained growth, proliferation, and inhibition of
apoptosis to — development of GIST [3,4]. Approximately
80% of GISTs arise from oncogenic KIT mutations while
PDGFRA mutations are in 10-15% responsible for GIST. In
the remaining 5-10% of GIST, the formally so-called wild-
type GIST, other stigmata such as SDH-deficiency, NF1 muta-
tion, and occasional NTRK and BRAF mutations are identified.

The discovery of KIT and PDGFRA receptor tyrosine kinase
inhibitors (TKls) allowed GIST to be one of the first types of
cancer successfully treated with molecular-targeted therapy.
Despite this, most advanced GIST will eventually exhibit
resistance to a TKI, making the switch to a subsequent line
of therapy necessary. In this review, we will first briefly
describe the currently approved first-, second-, and third-
line TKls. We will focus on an update of progress beyond
these approved TKls. An overview of the human kinome that
is targeted by currently registered drugs for advanced GIST is
given in Figure 1 and a schematic mechanism of action is
shown in Figure 2.

2. Approved first-, second-, and third-line TKI’s:
imatinib, sunitinib, and regorafenib

Since GIST is insensitive to conventional chemotherapy [5],
the introduction of imatinib, a selective TKI of BCR-ABL, KIT,
and PDGFR (Figure 1), revolutionary changed the prognosis
of patients with advanced and metastatic GIST. A single
case report in 2000 [6] led to rapid initiation of phase 1
and 2 trials [7-9] and eventually to confirmation of efficacy
and safety in two parallel phase 3 trials [10,11], studying
400 versus 800 mg once daily. No difference in response
rates between the two doses was observed in both trials.
Based on these results, an imatinib dose of 400 mg daily is
the standard first-line therapy. An exception applies to the
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Article highlights

e GIST is one of the first type of cancers that served as a successful
model for molecular-targeted therapy.

o Despite the success of TKls, most advanced GISTs eventually exhibit
resistance to TKI due to secondary mutations or rare primary
resistance.

o Multiple other TKls, immune and combination therapies have failed
to be successful beyond the standard treatment of GIST.

e Increased knowledge of molecular pathogenesis led recently to the
development of highly potent agents.

¢ Ripretinib is a novel TKI targeting secondary mutations with activity
as fourth-line therapy in advanced GIST which recently led to its
approval by the FDA.

o Avapritinib is the first FDA and EMA approved TKI with high potency
in the treatment of GIST exhibiting PDGFRA D842V mutation.

o Molecular profiling of high-risk GIST at diagnosis and identifying
secondary mutations in the course of the disease is crucial for the
application of adequate-targeted therapy.

This box summarizes the key points contained in the article.

patients with a KIT exon 9 mutation, where an imatinib dose
of 800 mg daily is more effective as demonstrated by the
MetaGIST combined analysis [12]. Long-term results in

imatinib sunitinib

regorafenib

O bindingtoKIT @ binding to other kinases

patients receiving imatinib, with a median follow-up of
over 10 years, demonstrate a median progression-free sur-
vival (PFS) of 1.7-2.0 years, with an estimated PFS at
10 years of 9.2%-9.5% [13].

When the failure of imatinib occurs, due to the develop-
ment of secondary mutations [14,15], sunitinib is the drug
of choice. Similar to imatinib, it targets KIT and PDGFR,
however, sunitinib is effective in imatinib-resistant GIST
probably through to different and broader binding charac-
teristics and affinities (Figure 1). Sunitinib is more effective
in KIT exon 13 and exon 14 mutations and less active in KIT
exon 17 and exon 18 mutations [16]. Patients treated with
sunitinib after progression on imatinib, have a median PFS
of nearly 6 months [17]. Two standard dosing schedules are
common; 50 mg daily in 6-week cycles with 4 weeks on and
2 weeks off-treatment and the continuous daily dose of
37.5 mg [18].

The approved third-line therapy for advanced GIST is regor-
afenib. This TKI has the ability to block a broad range of
kinases (Figure 1). Treatment with regorafenib provides bene-
fit for patients with resistance to both imatinib and sunitinib
with a median PFS of 4.8 months versus 0.9 months in the
placebo group [19].

avapritinib ripretinib

Figure 1. Kinome illustrations of imatinib, sunitinib, regorafenib, avapritinib, and ripretinib. Red circle represent various kinases. Avapritinib specifically inhibits
PDGFRA D842V. lllustration reproduced courtesy of Cell Signaling Technology, Inc. (www.cellsignal.com).
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Figure 2. Schematic illustration of mechanism of action of approved TKIs.
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3. Results of studies with TKIs beyond standard
therapy for GIST

3.1. Nilotinib

Before regorafenib was approved as third-line therapy, the
activity of nilotinib was tested to serve as a solution for
patients with advanced GIST resistant to both imatinib and
sunitinib. A phase 3 study was undertaken based on
a retrospective study of patients treated with nilotinib within
a compassionate use program and a phase 2 trial that demon-
strated encouraging results, suggesting activity of nilotinib in
imatinib and sunitinib resistant GIST [20,21].

In the phase 3 trial [22], 165 patients were treated with
nilotinib as third-line therapy and 85 patients in the control
arm were treated with: (1) best supportive care alone, (2) best
supportive care plus imatinib or (3) best supportive care plus
sunitinib. Although PFS assessed by the unblinded local inves-
tigator was longer in the nilotinib group compared to control
(median 4.0 months vs 2.3 months, p = 0.0007), the primary
endpoint defined as PFS assessed by blinded central radiology
review was not significantly different between the 2 arms
(median 3.7 months in both groups). Post-hoc analysis of
patients that truly received third-line therapy (n = 197, thus
excluding the so-called prior imatinib or sunitinib intolerant
patients in the control group) showed a median overall survi-
val advantage of 4 months in patients treated with nilotinib.
However, the primary endpoint for this study was not met and
exploratory analyses did not support registration and there-
fore further development of nilotinib as third-line treatment
for GIST was ceased.

3.2. Sorafenib

In vitro studies demonstrated the activity of sorafenib against
secondary mutations in imatinib-resistant cell lines by inhibi-
tion of tumor angiogenesis and inhibition of several kinases
such as KIT, BRAF, and FLT-3 [23,24]. A retrospective analysis of
124 patients with sorafenib as third- or fourth-line treatment
for advanced GIST showed a median PFS of 6.4 months [25]. In
two phase 2 trials, safety evaluation showed moderate toler-
ability with managable adverse effects. One phase 2 trial
including 31 patients, with sorafenib mainly given as third-
line therapy, demonstrated a median PFS of 4.9 months and
a disease control rate of 36% [26], while in the other phase 2
trial performed with 38 patients, an even higher disease con-
trol rate of 68% was observed [27] with a median PFS of
5.2 months. No phase 3 trials were performed in GIST, possibly
due to the registration of a similar drug of the same company
in GIST (regorafenib).

3.3. Pazopanib

Pazopanib, which is approved for metastatic nonadipocytic
soft-tissue sarcoma is also investigated as a third-line treat-
ment for advanced GIST. In a single-arm, open-label, phase 2
study [28] including 25 GIST patients with resistance to imati-
nib and sunitinib, 36% of the participants received pazopanib
as third-line treatment and 40% as fourth-line treatment. Due
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to the low number of patients without progression after
6 months (3 of 15 first included patients), enrollment of new
patients in the trial was stopped according to a predefined
study design. In the total cohort, the progression free rate
after 24 weeks was 17% with a PFS of 1.9 months. The inves-
tigators concluded that the activity of pazopanib in advanced
GIST is minimal.

In contrast, PAZOGIST, a French multicenter, randomized
phase 2 trial [29] showed more positive results. Eighty-one
patients with failure of at least 2 TKls, were treated with
pazopanib plus best supportive care (n = 40) or best suppor-
tive care only (n = 41). The 4-month PFS rate, assessed by local
investigators was significantly higher with pazopanib com-
pared to the best supportive care only group, 45.2% vs 17.6,
respectively. However, this significant difference was lost
when the 4-month PFS rate was assessed by central reviewers.
The median PFS was only 1.1 months different with 3.4 months
in the pazopanib plus supportive care group and 2.3 months
in the supportive care only group. Based on the results of
these phase 2 trials, pazopanib seems to be less active com-
pared to regorafenib as third-line agent for advanced GIST.

3.4. Cabozantinib

In addition to KIT and VEGFR2, cabozantinib is active against
MET and AXL. These receptors are important in processes of
tumor growth, angiogenesis, and metastasis [13]. When the
activity of KIT is inhibited by imatinib in GIST, compensatory
MET activation and upregulation of AXL follows, resulting in
resistance to imatinib [14,15]. In patient-derived mouse GIST
xenografts, cabozantinib exhibits anti-tumor activity by inhibi-
tion of tumor growth proliferation and angiogenesis in imati-
nib-resistant models [16]. In the EORTC 1317 phase 2
CaboGIST study [30], 50 patients with metastatic GIST, pro-
gressive on imatinib and sunitinib were included. The study
decision rule to justify further investigation with cabozantinib
was defined as, if at least 21 of the first 41 evaluated patients
were progression-free at week 12. This condition was met, as
24 (58.5%) of the first 41 patients had no signs of progression
at week 12. Of 50 patients, 30 (60%) were progression-free at
12 weeks after starting cabozantinib. The disease control rate
(sum of partial response and stable disease) was 82%.
A median PFS of 5.5 months was observed. Notably, 4 (8%)
of 50 patients were still using cabozantinib at the clinical
cutoff point. Safety analysis showed similar adverse events as
sunitinib and regorafenib, such as hypertension, hand-foot
syndrome, and diarrhea. The major reason (84.8%) for discon-
tinuation of cabozantinib was a progressive disease and in
8.7% of the cases cabozantinib was ceased due to toxicity.
The effectiveness, in terms of PFS rate at 12 weeks and median
PFS is comparable with regorafenib. The same applies for
adverse events rate and severity. The exact position of cabo-
zantinib in the treatment of GIST can only be established if
a phase 3 trial would be performed.

3.5. Buparlisib

The hypothesis that buparlisib has potential activity in GIST is
based on the activation of alternative signaling pathways such



146 M. MOHAMMADI AND H. GELDERBLOM

as phosphoinositide 3-kinase (PI3K) in imatinib resistant GIST
[31,32]. Buparlisib, an inhibitor of the PI3K pathway, had
demonstrated anti-growth effects in patient-derived GIST
xenograft models [33]. In a multicenter, phase 1b study [34],
a combination of imatinib with buparlisib was given in
patients with resistance to both imatinib and sunitinib. In
the dose-escalation phase, 35 patients received the maximum-
tolerated dose of 80 mg buparlisib along with 400 mg imati-
nib. The best overall response observed was in 54.3% of the
patients a stable disease, while none of the patients achieved
a partial response or complete response. The median PFS was
3.5 months. The toxicity profile showed, besides the common
side effects of imatinib (nausea, diarrhea), neuropsychiatric
adverse events, probably due to blood-barrier penetration of
buparlisib. Overall the combination of imatinib and buparlisib
has limited activity.

3.6. Dasatinib

Similar to imatinib, dasatinib is a potent inhibitor of BCR-ABL
and KIT; additionally, it inhibits the nonreceptor kinases (SRC
family) and ephrin receptor kinases. Dasatinib has shown
activity in imatinib-resistant cells [35,36] and its efficacy has
been observed in chronic myelogenous leukemia, as first-line
and second-line treatment [37,38]. The efficacy and safety of
dasatinib in GIST as first-line treatment has been explored in
a single-arm phase 2 trial [39]. Seventy-four percent of the 42
treated patients had a metabolic response (complete plus
partial), assessed by 18 F-fluorodeoxyglucose-positron emis-
sion tomography combined with CT (FDG-PET/CT). At
a median follow up of 67.2 months, all patients were off trial
having a median PFS of 13.6 months. Grade 3 toxicity was
observed in 38% of the patients with gastrointestinal and
pulmonary (dyspnea or pleural effusion) as the most common
reported adverse events. Although dasatinib has activity as
first-line therapy, imatinib provides more benefit and has
a more favorable toxicity profile.

Another single-arm phase 2 trial studied the activity of
dasatinib as a third-line treatment in 58 GIST patients with
failure on both imatinib and sunitinib. The preliminary results
illustrate a disease control rate of 62% and a median PFS of
3.0 months 40. While dasatinib is active as a third-line treat-
ment, compared to regorafenib it seems to be less effective.

3.7. Heat shock protein 90 (HSP90) inhibitor

HSP90 is a molecular chaperone, assisting many proteins, includ-
ing KIT and PDGFRA, in normal cellular functions by folding and
stabilizing them [40]. Activation of KIT and PDGFRA depends on
their stabilization by HSP90 [41,42]. In GIST xenograft models,
inhibition of HPS90 resulted in anti-tumor activity [43]. In an
open-label phase 2 trial [40,44] patients with advanced GIST
refractory to imatinib, sunitinib, and regorafenib received the
oral HPS90 inhibitor TAS-116. A median PFS of 4.4 months,
which is valuable as fourth-line therapy, was achieved. None of
the patients had a complete or partial response; the disease
control rate and progression-free rate at 12 weeks were 85%
and 73.4%, respectively. The most common adverse events were
gastrointestinal disorders, while 20% of the patients experienced

ocular toxicity (visual impairment, night blindness) which may
impair quality of life. However, in this trial the ocular adverse
events and all other grade 3 or higher adverse events were
resolved after dose modification. This encouraging result is
promising for HSP90 inhibition as a potential novel therapy in
patients with advanced GIST. Currently, a phase 3 trial in Japan is
ongoing to evaluate TAS-116 in GIST (JapicCTl no. 184094).

3.8. Fibroblast growth factor pathway inhibitors

Various physiological processes during embryogenic and postna-
tal devolvement, among others differentiation and angiogenesis,
are regulated through the fibroblast growth factor (FGF) signaling
pathway [45]. The dysregulation of the FGF pathway (e.g. as
a result of mutations) is involved in oncogenic development in
different types of cancer [46]. In GIST, particularly in wild type and
SDH-deficient molecular subgroups, abnormalities in FGF recep-
tor (FGFR) kinases is implicated to contribute to the pathogenesis
of GIST [47,48]. With this rationale, targeting the FGFR could be
effective in GIST. TKls such as pazopanib, dovitinib, and regora-
fenib with multitarget activity are evaluated in the treatment of
GIST. They inhibit one or more FGFR kinases in addition to their
broader activity against multiple other kinases.

Since the specific role of the FGF pathway is suspected in
the development of GIST, selective inhibition of FGFR in GIST
might be promising. The only reported study with a selective
inhibitor in GIST is a combination therapy of BGJ398 and
imatinib [49]. In this phase 1 trial, 16 patients with advanced
GIST, with failure on imatinib were included. The study was
closed early, due to the toxicity of the combination therapy.
The efficacy results showed limited clinical benefit, as stable
disease (best clinical response) was observed in 7 (44%)
patients with a median PFS of 12.1 weeks. However, the
studied population was mostly pretreated with three or
more TKIs and none of the patients had an alternation in the
FGFR gene. It would be interesting to study the effects of
a selective FGF inhibitor in SHD-deficient or wild-type GIST.

3.9. Neurotropic receptor tyrosine kinase (NTRK)
inhibitors

The NTRK genes (NTRK1, NTRK2, NTRK3) encode the tropo-
myosin receptor kinase (TRK) proteins. NTRK gene fusions
leading to the sustained activity of TRK, occur in various
cancer types [50,51]. In genomic profiling of 24 GIST patients
with no mutations in the KIT/PDGFRA/RAS pathway, two
patients with an ETV6-NTRK3 gene fusion were identified
[47]. A phase 1 study >, evaluating the efficacy of larotrectinib,
a selective NTRK inhibitor, included 55 patients with various
tumors exhibiting NTRK fusions. Three of them were GIST
patients. A partial response was observed in all 3 GIST
patients. Although an NTRK fusion is rare in GIST, results
with NTRK inhibitors are promising and therefore a screening
strategy to identify patients with NTRK fusions will be needed.

3.10. Immunotherapy

There is limited knowledge on the role of the immune system
in the pathogenesis and progression of GIST. However, the



possible prognostic value of immune infiltrates in GIST has
been reported [52] and preclinical studies in transgenic mice
show the enhanced antitumor activity of imatinib when
immunotherapy is given [53]. Two clinical trials with immune
therapy in GIST patients have been published. In a phase 2
study, pembrolizumab (programmed death-1 receptor inhibi-
tor) in combination with cyclophosphamide was studied in
patients with various sarcoma subtypes. Ten patients with
GIST refractory to at least imatinib and sunitinib showed
a median PFS of 1.3 months expressing the limited clinical
benefit of combination therapy.

Another phase 1 study included 20 GIST patients with fail-
ure on at least two TKIs. In this trial, ipilimumab (cytotoxic
T-lymphocyte antigen-4 inhibitor) was combined with dasati-
nib, resulting in a median PFS of 2.8 months and no objective
responses. The contribution of ipilimumab in this study is
likely to be limited as dasatinib itself has activity in GIST
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showing a PFS of 3.0 months in another trial, as third-line
therapy [40]. Based on published results so far, there is limited
evidence yet for use of immunotherapy in GIST.

3.11. Ongoing clinical trials

Various agents and therapy strategies are studied in ongoing
clinical trials. An overview of ongoing, recruiting clinical trials
with novel therapy strategies involving GIST is given in Table 1.

4. Novel registered agents in advanced/metastatic
GIST

4.1. Ripretinib

Ripretinib is a so-called switch-control TKI. It is recognized that
both KIT and PDGFRA contain an inhibitory switch in the

Table 1. Overview of ongoing recruiting clinical trials for metastatic or locally advanced GIST with agents in development according to clinicaltrials.gov, date

assessed: 6 October 2020.

ClinicalTrials.
Trial Mechanism/target of action Phase Inclusion criteria in GIST gov identifier
MEK162 in combination with imatinib MEK inhibition 1+ 2 Pretreatment with imatinib (phase 1b), NCT01991379
untreated or off adjuvant imatinib (phase 2)
Regorafenib (REGISTRI) Broad TKI 2 Wild-type, first line NCT02638766
Ponatinib Inhibition of KIT, FGFR, PDGFR, VEGFR, FLT3, 2 Pretreatment with at least imatinib NCT03171389
RET
HQP1351 in GIST or other solid tumors Inhibition of both wild type and mutant KIT 1 Primary imatinib resistance mutation or NCT03594422
kinases imatinib plus 1 other TKI
Lenvatinib versus placebo (LENVAGIST) Inhibition of VEGFR1-3, FGFR1-4, KIT, RET, 2 Pretreatment with at least imatinib and NCT04193553
PDGFRA sunitinib
Crenolanib versus placebo Inhibition of PDGFRA D842V 3 PDGFRA D842V mutation, any line NCT02847429
Spartalizumab in combination with Immunotherapy (anti PD-1¥) 1 + 2 Pretreatment with imatinib, sunitinib and NCT03609424
imatinib regorafenib
Paclitaxel in low P-glycoprotein expressed Spindle cell inhibitor 2 Pretreatment with imatinib, sunitinib and NCT03944304
GIST regorafenib
Temozolomide Alkylating agent 2 Advanced SDH-deficient NCT03556384
DS-6157a in advanced GIST GPR20*** directed antibody drug conjugate 1 Pretreatment with imatinib NCT04276415
Ripretinib versus sunitinib TKI switch pocket inhibitor 3 Pretreatment with imatinib NCT03673501
Nivolumab versus nivolumab combined Anti PD-1* (nivolumab), plus anti CTLA-4**** 2 Pretreatment with imatinib NCT02880020
with ipilimumab (ipilimumab)
Axitinib in combination with avelumab Inhibition of VEGFR 1-3 (axitinib), anti PD- 2 Pretreatment with two or three approved TKIs NCT04258956
L1** (avelumab)
Anlotinib in advanced GIST Inhibition of VEGFR, FGFR, PDGFR, KIT 2 Pretreatment with imatinib NCT04106024
Selinexor in combination with imatinib Selective inhibition of nuclear transport 1+ 2 Pretreatment with imatinib NCT04138381
(Selinexor)
Regorafenib in combination with Broad TKI (regorafenib), anti PD-L1** 1 + 2 Pretreatment with imatinib, sunitinib and NCT03475953
avelumab (avelumab) regorafenib
(REGOMUNE)
Tidutamab in neuroendocrine tumors and Anti-CD3 and Anti-SSTR2****#** 1 Pretreatment with imatinib, sunitinib and NCT03411915
GIST regorafenib
TNO155 in advanced solid tumors Inhibition of SHP2***** (TNO155) 1 Pretreatment with imatinib, sunitinib and NCT03114319
regorafenib
TNO155 in combination with Inhibition of SHP2***** (TNO155), anti PD-1* 1 Pretreatment with imatinib, sunitinib and NCT04000529
spartalizumab (spartalizumab) regorafenib
Ipilimumab in combination with imatinib  Inhibition of CTLA-4**** (ipilimumab) 1 Pretreatment with imatinib, sunitinib and NCT01738139
regorafenib
Nivolumab in combination with Anti PD-1* (nivolumab), plus anti CTLA-4**** 2 Pretreatment with imatinib, sunitinib and NCT02834013
ipilimumab in rare tumors (ipilimumab) regorafenib
Pembrolizumab in combination with Immunotherapy anti PD-1* (pembrolizumab), 2 Pretreatment with imatinib, sunitinib and NCT02406781
cyclophosphamide in advanced alkylating agent (cyclophosphamide) regorafenib
sarcomas
LY2880070 in advanced or metastatic Inhibition of checkpoint kinase 1 14 2 Pretreatment with at least one TKI NCT02632448
cancer

*PD-1: programmed death receptor-1
**PD-L1: programmed death-ligand-1

***GPR20: G protein-coupled receptor 20, is a transmembrane receptor, which is highly expressed in GIST.

**¥* CTLA-4: cytotoxic T-lymphocyte-associated protein 4
**%%*SHP2: Src homology region 2 domain-containing phosphatase-2
**x%%*¥CD3: T-cell surface antigen, SSTR2: somatostatin receptor 2.
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juxtamembrane domain and an activating loop switch in the
kinase domain [2,54]. These switches regulate kinase activity
by binding to the kinase switch pocket, which is located near
the kinase domain 1. In contrast to most primary GIST muta-
tions, which are loss-of-function mutations in the inhibitory
switch, virtually all secondary mutations are gain-of-function
mutations located in the activating loop switch or the related
switch pocket. These mutations lead to sustained on-state of
the switch pocket resulting in uncontrolled activation of the
kinase [55].

Ripretinib turns the kinase into an off-state, leading to
inhibition of downstream signaling. It binds to the switch
pocket and to the activation loop preventing its entry to the
switch pocket. This dual mechanism of action results in locking
KIT and PDGFRA in its inactive state [56]. Accordingly, broad
inhibition of multiple secondary (and some primary) mutations
can be accomplished. The strong antineoplastic effect of ripre-
tinib was illustrated in in vitro studies by inhibition of mutated
KIT receptors (exons 9, 11, 13, 14, 17, and 18) and PDGFRA
receptors (exons 12, 14, and 18) [57,58].

The first evaluation of ripretinib in GIST patients was
a phase 1 study [59] in which a recommended phase 2 dose
of 150 mg once a day was established. Ripretinib was well
tolerated and no maximum-tolerated dose was reached. The
efficacy result was promising with a median PFS of 5.5 months
in patients received ripretinib as fourth line. Patients treated
with ripretinib as second line had a median PFS of
10.7 months.

In patients with advanced GIST, the activity of ripretinib as
a fourth-line treatment was recently established in the
INVICTUS trial [60]. In this phase 3, double-blind, placebo-
controlled trial, 129 patients with advanced GIST with failure
to at least imatinib, sunitinib, and regorafenib, were rando-
mized to receive ripretinib (n = 85) or placebo (n = 44).
Although the objective response rate (9.4%) of ripretinib is
similar to other TKIs, it demonstrated a significant improve-
ment in PFS, as patients in ripretinib group had a median PFS
of 6.3 months compared to 1.0 month in the placebo group
(p < 0.001). At 6 months, the PFS rate was 51% for ripretinib
and 3.2% for placebo. Analysis of subgroups (such as age,
gender, number of previous treatments) all showed
a significant longer PFS compared to placebo. Besides the
improvement in PFS, a superior overall survival was observed
in patients receiving ripretinib compared to placebo:
15.1 months vs 6.6 months, respectively. Gastrointestinal
adverse events and hypertension were common, but alopecia
was more often observed than in other TKiIs, as it was reported
in half of the patients receiving ripretinib. However, in general,
adverse events were of low grade and manageable, leading to
a low rate of dose reductions (8.2%) and interruptions (21.2%).

After recently obtained approval by FDA, ripretinib has
provided the clinicians a potent agent in the treatment of
patients with advanced GIST resistant to approved first-, sec-
ond-, and third-line therapy. In the EU, the regulatory assess-
ment by EMA has started and an expanded access program is
ongoing.

In the Intrigue study (ClinicalTrials.gov, ID No
NCT03673501), a global open-label randomized trial, ripretinib
is compared to sunitinib as second-line therapy with PFS

(assessed by blinded independent central review) as the pri-
mary outcome.

4.2. Avapritinib

In contrast to imatinib, sunitinib, and regorafenib, avapritinib
is a selective type | inhibitor of KIT and PDGFRA, binding to the
activation loop in its active conformation [61]. Distinctively
from all the other TKis, avapritinib is a strong inhibitor of the
imatinib-insensitive PDGFRA D842V mutated kinase activity
[62]. The D842V mutation is the most common subtype of
PDGFRA mutation as it constitutes 50% of the total PDGFRA
mutations [63]. Moreover, KIT exon 11/17 mutations in
patient-derived xenograft models with insensitivity to imatinib
were successfully inhibited by avapritinib [61].

In a phase 1 trial [64], 56 patients with a PDGFRA D842V
mutation received avapritinib at a starting dose of 400 mg
daily, which eventually because of toxicity, was reduced to
300 mg daily. The efficacy results are impressive, with the
primary endpoint overall response rate being met in 87.5%
of the patients. In these patients, complete response was
observed in 89%, and 78.6% of the patients achieved
a partial response. Patients benefited from avapritinib during
a long period of time with a median duration of response of
27.6 months. While median PFS was not reached, the 12-
month PFS rate was 81%. These clinical results led to FDA
and EMA approval of avapritinib for treatment of patients with
unresectable or metastatic GIST having a PDGFRA D842V
mutation.

It is important to give consideration to the adverse effects
of avapritinib. Although most adverse effects (e.g. edema,
nausea, vomiting, diarrhea) are similar to other TKls and fea-
sible to manage, special attention should be given to cogni-
tive side effects that were observed in 48% of the patients. In
patients with cognitive adverse effects (mostly grade 1 or 2),
memory impairment (29%), confused mental state (7%), ence-
phalopathy (1%), and other cognitive disorder (11%) were
reported. The long-term cognitive side effect is not known
yet, but how it might impair a patient’s quality of life remains
to be studied in more depth.

Apart from the treatment of D842V mutation, the activity of
avapritinib was explored as a fourth-line treatment of
advanced GIST. In an international, open-label, randomized
phase 3 trial (VOYAGER), 240 patients treated with avapritinib
were compared to 236 patients receiving regorafenib. The
overall response rate was 17% for patients treated with ava-
pritinib and 7% for the regorafenib group. But, most impor-
tantly, no improvement of PFS, the primary outcome, was
observed. Treatment with avapritinib resulted in a median
PFS of 4.2 months while patients on regorafenib had a median
PFS of 5.6 months [65].

Thus, despite the failure of avapritinib to improve clinical
outcomes as a fourth-line treatment in a broad GIST popula-
tion, it has firmly demonstrated its potency in the treatment of
advanced GIST exhibiting the imatinib-insensitive PDGFRA
D842V mutation, becoming the first registered TKI ever for
this type of mutation.



5. Conclusion

Based on result of the clinical trials, imatinib, sunitinib, and
regorafenib have established positions as first-, second-, and
third-line therapy in the treatment of unresectable or meta-
static GIST. Various TKIs, such as sorafenib, nilotinib, dasatinib,
and pazopanib, that are registered for non-GIST indications
have been investigated to serve as an alternative for later line
treatments. Some of them are being used off-label, but none
of them showed increased activity directly compared to the
registered TKls. More recently activity of two different TKis
with high affinity to specific GIST mutations have been
approved and were added to the armamentarium for the
treatment of GIST. Ripretinib, active against multiple resistance
mutations, was successful in fourth-line therapy, achieving
a median PFS of 6.3 months compared to 1.0 months in the
patients treated with placebo and is now being explored in
the second line. Patients with a PDGFRA D842V mutation,
which is insensitive to currently available TKls in GIST, have
been successfully treated with avapritinib in a phase 1 trial. In
the VOYAGER trial, avapritinib failed to improve PFS as
a fourth-line treatment.

6. Expert opinion

When accessing the results of clinical trials performed with
GIST patients, it is critical to realize that in general, the clinical
outcomes of phase 2 trials are more positive than phase 3
trials. In other words, promising results of a phase 2 trial with
a certain drug do not guarantee the same effectiveness in
a phase 3 trial performed with the same drug. This discre-
pancy is caused, amongst others, by the selection of patients
with non- or slowly progressing GIST in phase 2 trials when
PFS is the primary endpoint. The indolent behavior of meta-
static GIST is in that case more likely related to the nature of
the disease and not necessarily to the drug treatment.
Therefore, randomized studies are extremely important to
account for this bias. These trials are still based on RECIST-
criteria for their primary endpoint, while it has been known for
a long time that this method is not ideal for GIST. However,
other criteria, including CHOI have their drawbacks as well.
Regulatory agencies should be open for discussion with GIST
clinicians to explore better endpoints.

The position of imatinib as first-line treatment of
advanced GIST is irrefutable, as its efficacy is extensively evi-
denced along with its favorable toxicity profile. Imatinib pro-
vides an overall median PFS of 20 months, while nearly 10% of
the patients have a PFS of 10 years 13. Unlike in CML, in
responders, being patients with prolonged stable disease,
partial response, or complete remission, imatinib is continued,
even if no evidence of disease is present after a long period of
treatment. Interruption of treatment after prolonged
(>10 years) response could be an interesting strategy to
explore further. However, early termination of imatinib
seems not advisable as it was demonstrated in the BRF14-
trial that, regardless of the timing of interruption (after 1-,3-, or
5 years), GIST progressed after an interruption in most
patients, even in patients who had complete remission before
discontinuation of imatinib [66,67].
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Besides the imatinib insensitivity of PDGFRA D842V mutated
GIST, treatment of NF1 mutated and SDH-deficient GIST with
imatinib remains a challenge. Despite the success of imatinib in
patients with other mutations, most patients develop secondary
resistance. A potential solution might be an alternating TKI
regimen, as tried in renal cancer. The recently reportedly ALT-
GIST trial (ClinicalTrials.gov, ID No NCT00793871) [68], studied an
alternating regimen of imatinib and regorafenib compared to
imatinib as first-line treatment. With the use of drug-free inter-
vals in this combination therapy, it was investigated whether
allowing tumor stem cells to reenter the cell cycle will lead to
more sensitivity to TKIs, prolonging the interval to the occur-
rence of secondary resistance. However, the efficacy results of
the ALT-GIST trial were negative.

Patients with treatment failure on imatinib will gain
approximately 6 months of PFS when switching to second-
line therapy with sunitinib, although more side effects are
experienced compared to imatinib. Depending on the result
of the Intrigue trial (ClinicalTrials.gov, ID No NCT03673501), in
which sunitinib and ripretinib are compared, a shift in second-
line therapy is possible.

Regorafenib is now the established third-line therapy,
since its superiority in terms of clinical outcomes is proven.
The median PFS of patients using regorafenib is almost
4 months longer than the control arm. Sunitinib and regora-
fenib have illustrated their complementary activity against
secondary mutations [69], and therefore an alternating regi-
men of these TKIs was studied in a phase 1 trial [70] as fourth-
line therapy in 14 patients with advanced GIST. Alternation
therapy of sunitinib and regorafenib was well tolerated. Four
patients (28.6%) had stable disease at the best response, and
the median PFS was 1.9 months. Although the clinical benefit
seems to be marginal, combination therapy of TKls with com-
plementary activity might be a strategy to overcome second-
ary mutations. Cabozantinib seems to have the most
promising phase 2 results beyond standard therapy; however,
a phase 3 trial should then confirm the results of the pub-
lished phase 2 trial.

Ripretinib, a so-called switch-control TKI, has the unique
ability to bind both the inhibitory switch and activating switch
of the kinase, locking it in an inactivated state. More impor-
tantly, this mechanism of action targets all the secondary
mutations, which arise in the activating switch. As a result,
inhibition of a very broad spectrum of secondary mutations is
achieved. The results of a phase 3 trial confirm the efficacy of
ripretinib, as patients who received it as fourth-line treat-
ment, had a median PFS of over 6 months compared to
1.0 months in the placebo arm. This beneficial result led to
the approval of ripretinib by the FDA, providing clinicians the
first and the only, potent, fourth-line TKI in the treatment of
advanced GIST.

Despite the approval of four lines of treatment, and
exploration of multiple agents in clinical trials, no TKI was
yet found to be a successful treatment for the PDGFRA
D842V mutated GIST. Avapritinib, a type 1 inhibitor, distin-
guishes itself from other TKis, by its capability of strong inhibi-
tion of the D842V mutation. While this mutation is virtually
insensitive for all the approved TKIs, treatment with avapritinib
leads to an overall response of 87.5%. This achievement made
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avapritinib the only FDA-approved drug for the treatment of
GIST exhibiting a PDGFRA D842V mutation. However, the
cognitive side effects should be taken into account depending
on the results of long-term follow-up of these side effects. Due
to the rarity of the PDGFRA D842V mutation in advanced/
metastatic GIST patients, no phase 3 setting for registration
is feasible, similar to the registration of neurotrophic receptor
tyrosine kinase (NTRK) inhibitors in rare NTRK fusion-positive
cancer, including GIST. The FDA should be congratulated for
approving drugs with such high activity in ultrarare diseases
(less than 1 per 100.000) based on single-arm trials. And this
may be the way forward for the future to targeted treatment
of other ultrarare subtypes of GIST such as BRAF mutated GIST.
This also shows that mutational testing is mandatory in any
high-risk or metastatic GIST.
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