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Introduction

ABSTRACT

Gastrointestinal stromal tumors (GISTs) are relatively rare in the population (0.4 to 2 cases per 100 000 per year)
and account for approximately 1-2% of gastrointestinal cancers. According to the latest 2020 World Health
Organization (WHO) classification of sarcomas, all GISTs are malignant, regardless of their size or mitotic index. In
the systemic treatment of GIST, KIT tyrosine kinase receptor and platelet-derived growth factor receptor (PDGFRA)
inhibitors, such as imatinib, sunitinib, or regorafenib, are used. The effectiveness of imatinib is significantly reduced
in the case of secondary mutations in the KIT gene. The latest drug from the group of KIT inhibitors, ripretinib, was
the first to show efficacy against most mutations associated with resistance, as well as in wild-type GIST, in which
mutations in KIT and PDGFRA are not found. Analysis of the INVICTUS study showed a beneficial effect of ripretinib
at the recommended dose of 150 mg/day on progression-free survival (PFS) in patients with advanced or meta-
static GIST previously treated with at least three other inhibitors. However, the preliminary results of the phase Ill
INTRIGUE study did not show an improvement in PFS in patients receiving ripretinib compared to sunitinib in the
second-line therapy of GIST patients. Ripretinib has a favorable and acceptable safety profile and is recommended
for treating patients with advanced GIST in the fourth line of treatment. In this article, we summarize the most es-
sential data on the efficacy and safety of ripretinib in treating GIST patients and the recommendations for its use.
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stomach (60-65%) and the small intestine (20-25%);
to a lesser extent, the large intestine (6%), esophagus

Gastrointestinal stromal tumors (GISTs) are among
the most common mesenchymal tumors developing
in the digestive tract [1, 2]. Compared to other tumors in
this localization, they are very rare. The incidence is
estimated as from 0.4 to 2 cases per 100 000 people per
year, 1-2% of all gastrointestinal cancers [3]. They can
develop at any age, with the peak incidence at 65 years
of age and similar frequency in women and men [4, 5].
The most common primary location of GIST is the

(0.7%), and other locations (5.5%) [4, 6, 7]. Symptoms
of gastrointestinal stromal tumors are not specific and
depend on the tumor’s location, stage of advancement,
and its size. The most common symptoms are chronic
bleeding from the gastrointestinal tract, anemia, bloat-
ing, abdominal pain, and an early feeling of satiety [8].

Gastrointestinal stromal tumors is most often
caused by an activating somatic mutation in the genes
of the tyrosine kinase receptor (KIT) (Tab. 1) or the
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Table 1. Molecular classification of gastrointestinal stromal tumors (GISTs)

Estimated
frequency [%]

Mutation

Most common
location

Characteristics

KIT-mutated (approximately 80%)

Exon 9 (or exon 8) 5-10 Small intestine, Lower sensitivity to imatinib at a dose of 400 mg/d.
stomach, colon, Sensitivity to sunitinib, regorafenib, avapritinib,
rectum ripretinib

Exon 11 60-70 Stomach, small Responds best to imatinib; sensitive to sunitinib,

(deletions, including del. 557- intestine, colon, regorafenib, avapritinib, ripretinib.

558, missense mutations, rectum Present in familial GISTs

insertions, other)

Exon 13 <1 Clinical response to imatinib only in some

(K542E) patients. Less sensitive to sunitinib. Sensitive to

regorafenib, avapritinib, ripretinib.
Present in familial GISTs
Exon 17 1 Not sensitive to imatinib. Sensitive to avapritinib
(D820Y, N822K, Y823D) and ripretinib, some to sunitinib and regorafenib.
Present in familial GISTs

PDGFRA-mutated (approximately 15%)

Exon 12 (e.g. V561D) <1 Stomach Observed response to imatinib except — D842V

Exon 14 (N659K) <1 mutation (insensitive). D842V mutation highly

Exon 18 (e.g. D842V) 10-15

sensitive to avapritinib

KIT and PDGFRA wild-type, SDH-competent

NF1 mutation 1-2 Small intestine Indolent course, associated with type
I neurofibromatosis.
Possibly insensitive to available KIT inhibitors
BRAF mutation <1 Small intestine, Possibly insensitive to available KIT
stomach inhibitors. Ripretinib inhibits BRAF in vitro
HRAS, NRAS, or KRAS mutation Very rare Unknown Insensitive to KIT inhibitors

Translocations (fusions of Very rare

Small intestine, colon,

Insensitive to KIT inhibitors. Sensitive to NTRK

FGFR1, NTRK3 RTK, or other) rectum

inhibitors (for NTRK rearrangements)

KIT and PDGFRA wild-type, SDH-deficient

SDHA, SDHB, SDHC, or SDHD
mutation (including Carney-
-Stratakis Syndrome)

Approximately 3

Stomach, small
intesitne (less often)

Epithelial cells. Common in pediatric and young
adult GISTs. Often metastases to lymph nodes,
indolent course. Insensitive to imatinib, better

Lack of SDHB expression <1
(including Carney’s triad)

Stomach

response to sunitinib

platelet-derived growth factor alpha (PDGFRA) genes,
which leads to disruption of the process of replacing
old cells with new ones and causes their excessive pro-
liferation and formation of a neoplastic lesion [9]. KIT,
PDGFRA, and PDGFRB belong to the same family
of type III tyrosine kinase receptors, and their muta-
tions are mutually exclusive [7, 10, 11]. Both KIT and
PDGFRA are structurally and functionally homolo-
gous. Both consist of an extracellular domain, a trans-
membrane domain, a transmembrane fragment, and
a cytoplasmic kinase domain. For KIT, the stem cell
factor (SCF) is the activating ligand, while for PDGFRA,
it is the platelet-derived growth factor (PDGFA) [2].

Gastrointestinal stromal tumors probably originate from
precursors of Cajal cells that express KIT (CD117) and
are located in the muscular layer of the gastrointesti-
nal tract and are responsible for intestinal peristaltic
movement [9].

In most cases (85%), the mutation associated
with GIST is known [2]. The ratio of the frequency of
key mutations, along with their typical location and
characteristics, is presented in Table 1 [7, 12]. From
70 to 80% of patients have activating mutations in the
KIT proto-oncogene (CD117), leading to constitutive
activation of KIT, with the largest number (60-70%)
of mutations affecting the paramembrane domain
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encoded by exon 11 [13], followed by the extracellular
domain encoded by exon 9 (7-10%) [14]. Exon 11 mu-
tations are most often deletions in the reading frame,
insertions, substitutions, missense mutations, or their
combinations [7, 15]. The kinase domain of KIT with
exon 9 mutation is essentially the same as in wild-type
KIT, which is essential in sensitivity to inhibition [7].
Mutations in exon 13 within the activation loop and
exon 17 are sporadic. These mutations occur in tumors
arising in the small and large intestines, rarely observed
in gastric GISTs, and their gene expression profile dif-
fers from tumors with the KIT exon 11 mutation [16].
Mutations associated with KIT lead to the arrest of
intracellular pathways, i.e., MAPK (RAF, MEK, and
MAPK), PI3K-AKT, and STAT3, which regulate gene
expression, cell division, differentiation, motility, and
apoptosis [7, 17].

Further 10-15% of GIST cases involve mutations in
the PDGFRA gene [18]. From 10 to 15% of patients with
no detectable KIT or PDGFRA mutations are classified
as “wild-type” GIST [18]. Most new cases of GIST are
spontaneous, and only 5% are associated with genetic
syndromes such as neurofibromatosis type 1 (NF1),
succinate dehydrogenase (SDH) enzyme deficiency;
Carney’s triad, primary familial GIST syndrome; and
Carney-Stratakis syndrome [19].

The most effective and, indeed, the only method
that can ensure a complete cure of primary and local-
ized GISTs is surgical resection of the tumor [20]. In the
case of inoperable tumors, neoadjuvant treatment with
imatinib can reduce the tumor mass [11, 21].

Imatinib is also used as an adjuvant treatment in
patients after complete resection of the primary GIST
with a high risk of recurrence [22-24]. It is not used
for wild-type or PDGFRA-D842V mutant GISTs or for
NFI-associated GISTs without SDH expression, as well
as for BRAF mutations or NTRK rearrangements [5].

In the case of unresectable and metastatic GISTs,
systemic treatment with kinase inhibitors is the stand-
ard. In the first-line treatment, international guidelines
recommend the use of imatinib, which, after observation
for more than 4 years, showed an approximately 4-fold
increase (from 12-15 months to approximately 5 years)
in median overall survival (mOS) in the group of patients
with advanced GIST. Imatinib therapy for inoperable
or metastatic GISTs rarely gives a complete response
—itis found only in about 5-7% of patients [11]. About
half are partial remissions, and in 36%, the disease is
stabilized. From 10 to 15% of cases, correctly qualified
for treatment (GIST CD117+), are characterized by
primary and early resistance to treatment observed dur-
ing the first 6 months of treatment [25]. On the other

hand, in about 40-50% of patients, secondary resistance
and disease progression are observed within 2-3 years
of imatinib treatment [11, 26]. Imatinib is most effective
in treating GIST with primary mutations, including KIT
mutations within exon 11 (intracellular paramembrane
domain) (Fig. 1). In the case of the presence of KIT
exon 9 mutations, which are less sensitive to imatinib,
according to the meta-analysis of the studies EORTC
62005 and SWOG S0033/CALGB 15105, a higher start-
ing dose of imatinib (800 mg/day) should be used as
opposed to the standard dose of 400 mg/day [11, 27].
The second line of treatment is sunitinib [median pro-
gression-free survival (PFS) 6-8 months] [11], and the
third line is regorafenib (median PFS 4.4-4.8 months)
[28], which are also KIT inhibitors [29].

For the PDGFRA-D842V mutation, insensitive to
imatinib regardless of the dose, treatment with avapritin-
ib is indicated [30], which in the phase I NAVIGATOR
clinical trial achieved a response rate of 91%, with me-
dian PFS (mPFS) of 34 months and an estimated 3-year
overall survival (OS) rate of 71% [31].

Disease progression during treatment with kinase
inhibitors is most often due to new secondary muta-
tions in KIT or PDGFRA, which are located mainly in
the KIT ATP binding domain (exons 13 and 14) or the
activation loop (exons 17 and 18) and, in the case of
PDGFRA, in the ATP binding domain (exons 13, 14,
15) [32]. Recent studies show that ripretinib is advan-
tageous in treating secondary mutations, as it inhibits
other kinases, such as PDGFRB, TIE2, VEGFR2, and
BRAF in vitro (Fig. 1) [33-35].

Mechanism of action, pharmacokinetics,
and pharmacodynamics of ripretinib

Ripretinib is a new inhibitor of tyrosine kinases,
particularly KIT kinase, which has found its application
in treating unresectable and resistant forms of GISTs
[33, 36]. Unlike its predecessors — imatinib, sunitinib,
and regorafenib — it has the broadest spectrum of ac-
tivity [35]. Ripretinib, as the first of the KIT inhibitors,
is applicable in inhibiting all tested KIT and PDGFRA
mutations, except for the D842V mutation, but also
in wild-type GISTs. It inhibits other kinases such as
PDGFRB, TIE2, VEGFR2, and BRAF in vitro [33-35].

All three currently used KIT inhibitors — imatinib,
sunitinib, and regorafenib — bind to the inactive con-
formation of KIT or PDGFRA; therefore, they are clas-
sified as type II inhibitors [35, 37]. On the other hand,
ripretinib, which belongs to the same group, exhibits
exceptional activity in active KIT structures, which was
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Figure 1. Comparison of the activities of kinase inhibitors used in the treatment of gastrointestinal stromal tumor (GIST) in relation
to the most common primary and secondary mutations found in GISTs; AV — avapritinib; IM — imatinib; RE — regorafenib;

RI — ripretinib; SU — sunitinib

previously attributed only to type I inhibitors [35]. For
this reason, ripretinib can inhibit not only primary but
also secondary mutations [35, 38]. Its innovative mecha-
nism of action is based on the inhibition of two domains
related to exon 11 and exon 9, regardless of the type of
mutation, primary or secondary [39].

Ripretinib has a dual-pronged effect. It is an antago-
nist because it blocks the phosphorylation of the switch
and the activation loop, preventing the transformation
of KIT into the active form. At the same time, it plays
a stabilizing role [34, 36]. In in vitro studies, ripretinib
potently inhibited further tumor cell proliferation and
KIT phosphorylation and induced apoptosis in all cell
lines harboring mutations in KIT (exons 9, 11, 13, 14, 17,
18) and PDGFRA (exons 12, 14, 18). Therefore, it has
a beneficial effect in the treatment of other myelopro-
liferative diseases, e.g., in mast cell leukemia (MCL) or
systemic mastocytosis (SM), where KIT mutations can
be detected in over 90% of cases [35, 40].

Preclinical studies aimed at determining ripretinib
safety profile were conducted on research groups
of mice [35], rats, and dogs. Common side effects
observed in all groups included skin changes, hyper-
pigmentation, and an increase in the activity of liver
enzymes [41]. In addition, vomiting and abnormal
stools were observed in the group of tested dogs [41].
Studies in pregnant rats and rabbits have shown that
ripretinib can be teratogenic and cause fetal harm
or complete pregnancy loss. On this basis, women of
childbearing age and their partners should use effec-
tive contraception during treatment with ripretinib

and one week after its completion [42]. The effect of
ripretinib on oral contraceptives has not been stud-
ied [35, 41].

Ripetinib is metabolized in hepatocytes by CYP3A,
while excretion is renal. Co-administration of ripretinib
with CYP3A inhibitors (ketoconazole, erythromycin,
clarithromycin, itraconazole, ritonavir, posaconazole,
voriconazole, and grapefruit juice) potentiates its ef-
fects and increases the risk of adverse reactions. At the
same time, using ripretinib with strong CYP3A induc-
ers reduces its anticancer effect [34]. Mild or moderate
renal or hepatic impairment is not an indication for
dose reduction [41]. In the INVICTUS study, of the
85 patients who received 150 mg daily ripretinib, 24%
were aged 65-74, and only 9% were aged > 75. This
group was too small to determine significant clinical
differences in the effect of the same dose in different
age groups [42].

The half-life for ripretinib is four hours, and for
its equally active metabolite DP-5439, 15.6 hours [34].
Ripretinib and DP-5439 are highly bound to plasma
proteins (both human serum albumin (99.8% and
99.7%, respectively) and a-1-acid glycoprotein (99.4%
and > 99.8%) [34], which is a contraindication to its use
in patients with extreme renal or hepatic insufficiency.
The elimination half-life of ripretinib and DP-5439 is
14.8 and 17.8 hours, respectively [34]. So far, studies on
the presence of ripretinib in breast milk have not been
conducted [42]. Due to the long half-life of ripretinib
and its metabolites, breastfeeding is not recommended
during and up to one week after treatment [43].
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Efficacy of ripretinib in clinical trials

Phase I/Il trials

The first open-label multicenter phase I clinical trial
of ripretinib was conducted in 2015-2019 [44]. Two hun-
dred fifty-eight adult patients were enrolled, including
184 patients with advanced GIST who were intolerant
or had progressed to more than one line of systemic
therapy. The main objective was to evaluate the safety,
dose-limiting toxicity (DLT), maximum tolerated dose
(MTD), and initial anticancer activity [44].

Patients in the dose escalation phase (n = 68) re-
ceived ripretinib 20-200 mg twice daily or 100-250 mg
once daily in repeated 28-day cycles until disease pro-
gression, unacceptable toxicity, or withdrawal of con-
sent. Three dose-limiting adverse events were reported
during the study — an asymptomatic grade 3 increase in
lipase that occurred with 100 mg twice daily and 200 mg
twice daily and an asymptomatic increase in creatine
phosphokinase grade 4 with 150 mg once daily. An MTD
could not be established, and the final determination of
the recommended phase 2 dose (RP2D) of 150 mg/day
was based on analysis of the safety profile, pharmacoki-
netics, and pharmacodynamics [44].

The study showed that ripretinib showed beneficial
results already in earlier lines of treatment. For sec-
ond-line patients, median PFS was 10.7 months [95%
confidence interval (CI) 5.5-13.8]; in the third-line
— 8.3 months (95% CI5.5-11.1) and 5.5 months (95% CI
3.6-6.2) in the fourth and subsequent lines. The objec-
tive response rate (ORR) was 19.4%, 14.3%, and 7.2%,
respectively [44].

The results of this study contributed to initiation
of further studies on ripretinib in the treatment of ad-
vanced GISTs, including a phase III study (INVICTUS
study, NCT03353753) and a study comparing ripretinib
with sunitinib in the second-line treatment (INTRIGUE
study, NCT03673501).

Phase Ill INVICTUS trial

The randomized phase III INVICTUS trial
(NCT03353753) was a double-blind placebo-controlled
trial [33]. The study aimed to test the efficacy and safety
of ripretinib as a fourth-line therapy in GIST. The study
enrolled 129 adult participants diagnosed with advanced
GIST who were intolerant to or had failed prior treat-
ment with at least three lines of anticancer therapy (in-
cluding imatinib, sunitinib, and regorafenib).

Patients were randomized into two groups in
a2:1 ratio to receive either ripretinib (n = 85) or placebo

(n = 44). Patients took 150 mg of ripretinib daily, and
in case of adverse reactions, the dose was reduced to
100 mg and 50 mg. In patients with disease progression,
the dose was escalated to 300 mg/day [42]. It has been
shown that the use of ripretinib at a dose of 150 mg/day
may correlate with the occurrence of cardiac dysfunc-
tion; therefore, it was recommended to assess ejection
fraction before starting treatment and to monitor it
during treatment [33].

The primary endpoint was PFS, and the secondary
was ORR and OS. Median PFS in the blinded central as-
sessment was 6.3 months (95% CI 4.6-8.1) for ripretinib
versus 1.0 months (95% CI 0.9-1.7) for placebo [hazard
ratio (HR) = 0.16; 95% CI 0.10-0.2] [33, 45]. For com-
parison, median PFS in clinical trials for sunitinib in the
second line was 5.6 months, and for regorafenib in the
third line — 4.8 months [28, 46]. Objective responses
were found in 9.4% of patients treated with ripretinib.
Long-term data from the INVICTUS study demon-
strated that ripretinib showed a clinical improvement in
overall survival (OS) from 6.3 months (95% CI 4.1-10.0)
to 18.2 months (95% CI 13.1-30.7) (HR = 0.41; 95%
CI0.26-0.65) [45].

Interesting data are provided by the analysis of
29 patients receiving placebo who subsequently received
ripretinib after progression. Clinical benefit in this group
was already observed after one month of treatment, and
two patients had a partial response to treatment. Median
PFES in this group was 4.6 months [95% CI 1.8-not
reached (NE)]. Median OS, calculated from the start
of the study, was 11.6 months in the cross-over group
(95% CI 6.3-NE) [47].

When assessing the impact of ripretinib on quality
of life (QoL), the INVICTUS study (NCT03353753)
showed that patients in the drug group rated their quality
of life higher than patients in the placebo group. Self-
assessment of health status using the VAS EQ-5D-5L
questionnaire in patients receiving ripretinib showed
an increasing trend, while it decreased in the placebo
group [48]. Patients treated with ripretinib assessed their
physical functioning as improving, while patients from
the placebo group reported its deterioration [48, 49]. In
summary, patients receiving ripretinib showed a statisti-
cally significant improvement in general health and QoL
compared to patients receiving placebo, which showed
that ripretinib, apart from favorable PFS and OS, also
showed a favorable safety profile [48].

The risk of bias in the study was assessed as low. The
study’s limitations include the randomization process, as
aresult of which the compared groups were heterogene-
ous regarding age. In the placebo group, the percentage
of patients aged > 65 years was 50% while in the study
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group, itwas 33%. Patients aged > 75 years also prevailed
in the group treated with a placebo (22.7%) compared
to the group treated with ripretinib (9.4%) [50].

Phase Il INTRIGUE trial

The randomized multicenter open-label phase III
trial INTRIGUE was completed in March 2022 [51].
The study aimed to compare the efficacy and safety
profile of ripretinib with sunitinib in the second line of
treatment in patients with advanced GISTs with disease
progression on imatinib treatment. The study included
453 patients aged > 18 years, assigned into two groups
in a 1:1 ratio — 226 in the ripretinib group and 227 in
the sunitinib group [52].

Inclusion criteria included confirmed KIT/PDGFRA
mutation, disease progression or insensitivity to imatin-
ib, and ECOG performance status < 2. Ripretinib was
used at a dose of 150 mg/day for 42 days, and sunitinib
at 60 mg/day according to the schedule of 4 weeks of
treatment and two weeks off [52].

The primary endpoint was PFS studied in two inten-
tion-to-treat (ITT) populations: patients with KIT exon
11 mutations and the entire study population. Secondary
endpoints included ORR, OS, safety, and QoL.

Median PFS for ripretinib and sunitinib in the KIT
exon 11 mutation group was 8.3 and 7.0 months, respec-
tively (HR = 0.88; 95% CI 0.66-1.16; p = 0.36) and in
the overall population 8.0 and 8.3 months, respectively
(HR = 1.05; 95% CI 0.82-1.33; p = 0.72), which showed
no benefit of ripretinib over sunitinib [51]. The ORR
was higher for ripretinib than sunitinib in the KIT exon
11 ITT population (23.9% vs. 14.6%, p = 0.03) and
the overall group (21.7% vs. 17.6%, p = 0.27). When
comparing the safety profiles, ripretinib was associated
with fewer grade 3-4 adverse events (41.3% vs. 65.6%,
p < 0.0001) and better patient-reported tolerance [51].

The results showed that ripretinib was not superior
to sunitinib in terms of PFS. However, it showed a more
favorable safety profile and a higher response rate than
sunitinib. The study’s authors emphasize that a longer
follow-up is indicated to make an adequate comparison
of OS because median OS has not yet been reached [51].

An exploratory analysis of the effect of mutations
found in circulating DNA (ctDNA) on treatment out-
comes was also performed. Patients with exon 11 muta-
tions in addition to exon 17 or 18 KIT mutations had long-
er PFS (14.2vs. 1.5 months), OS (NEvs. 17.5 months), and
higher ORR (44.4% vs. 0%) for ripretinib than sunitinib,
while sunitinib was superior in PFS (4.0 vs. 15.0 months),
OS (24.5 vs. NE month), and ORR (9.5% vs. 15.0%) for
mutations in KIT exon 13 or 14 [53].

A QoL assessment using the European Organization
for Research and Treatment of Cancer (EORTC) quality
of life questionnaire QLQ-C30 showed that patients on
sunitinib experienced greater impairment than patients
on ripretinib (C7 D29: —22.7 vs. —8.7). In patients treated
with sunitinib, side effects intensified with each subse-
quent day of the cycle, while in the case of ripretinib, side
effects did not show cyclical variability [51]. The impact of
skin lesions on patients’ quality of life as measured by the
Dermatology Life Quality Index was significantly lower for
ripretinib than for sunitinib (C7 D29: 14.3%vs. 26.0%) [51].

Adverse events

Patients (n = 450) treated with ripretinib had similar
drug-related adverse events in phase I-1I and phase III
studies. Most were grade 1 or 2[33, 44, 51] (Tab. 2). The
most common adverse event was alopecia (Tab. 2), which
occurred in 62% of patients in the phase I-II study
and 49% and 64.1% in the two phase III studies. Other
common (> 20%) adverse events were fatigue, myalgia,
constipation, nausea, palmar-plantar erythrodysesthesia
syndrome, anorexia, and diarrhea.

In grades 3 and 4, most adverse events were associ-
ated with increased blood pressure (5.6% in phase I-11,
4%, and 8.5% in phase I1I studies) and increased lipase
(17.6% in phase I-1I and 5% in phase III of the study).
Equally common (> 2%) were abdominal pain, fatigue,
anemia, and hypophosphatemia [33, 44, 51].

A total of 20 (4.4%) patients discontinued treatment
due to drug-related adverse events [33, 44, 51], namely:
5.6% in phase I-11, 5% in phase IIl INVICTUS, and 3.6%
in the phase III INTRIGUE trial. One treatment-related
death was reported in the phase III INVICTUS study
(cause unknown; death during sleep) [33].

Different groups of patients, pharmacokinetics, and
pharmacodynamics of individual KIT inhibitors prevent
absolute comparison of their safety profile; however,
it allows for visualing the type and frequency of their
occurrence (Tab. 3 [28, 33, 52, 54-57]). When using
ripretinib, the most common side effect is alopecia, for
regorafenib and sunitinib — hand-foot syndrome, and
for imatinib — edema [26, 33, 46, 58]. Moreover, it has
been shown that sunitinib can cause leukopenia, neutro-
penia, lymphopenia, and thrombocytopenia [46, 58]. The
majority of adverse events for all KIT inhibitors were in
Grades 1-2[28, 58]. In the INTRIGUE study comparing
the safety profile of ripretinib to sunitinib in the second
line of treatment, ripretinib was associated with fewer
grade 3—4 adverse events (41.3% vs. 65.6 for sunitinib)
and better self-measured tolerability outcomes [51].
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Table 2. Comparison of the incidence of adverse events with ripretinib (150 mg) in clinical trials [33, 44, 51]

Adverse events Phase Il trials [44] Phase Il INVICTUS Phase Il INTRIGUE Overall

(n = 142) trial [33] trial [51] n = 450

No. (%) (n = 85), (n = 223) No. (%)
No. (%) No. (%)
Grade 1-2 Grade 3-4 Grade 1-2 Grade 3-4 Grade 1-2 Grade 3-4 Grade 1-2 Grade 34

Alopecia 88 (62.0) - 42 (49.0) - 143 (64.1) - 273 (60,7) -
Fatigue 74 (52.1) 4(2.8) 20.0 (24) 2 (2.0) 84 (37.3) 7 (3.1) 178 (39.6) 13(2.9)
Myalgia 69 (48.6) 0 23 (27.0) 1(1.0) 81 (36.3) 4(1.8) 173 (38.4) 5(1.1)
Nausea 63 (44.4) 2(1.4) 21 (25.1) 1(1.0) 53 (23.8) 2(0.9) 137 (30.4) 5(1.1)
Hand-foot syndrome 61 (43.0) 1(0.7) 18 (21.0) - 59 (26.5) 3(1.3) 138 (30.7) 4(0.9)
Constipation 56 (39.4) 0 13 (15.0) 0 78 (35.0) 1(0.4) 147 (32.7) 1(0.2)
Lack of appetite 46 (32.4) 2(1.4) 12 (14.0) 1(1.0) 60 (26.9) 2(0.9) 118 (26.2) 5(1.1)
Diarrhea 44 (31.0) 3(2.1) 17 (20.0) 1(1.0) 42 (18.8) 2(0.9) 103 (22.9) 6(1.3)
Stomach pain 29 (20.4) 13(9.2) - - 58 (26.0) 6(2.7) 84 (18.7) 19 (4.2)
Muscle cramps 42 (29.6) 0 10 (12.0) - - - 52 (11.6) -
Lipase elevation 14 (9.9) 25 (17.6) 4 (5.0) 4 (5.0) - - 18 (4) 29 (6.4)
Body weight loss 39 (27.5) 0 13 (15.0) - - - 52 (11.6) -
Vomiting 37 (26.1) 1(0.7) - - - - 37 (8.2) 1(0.2)
Headache 36 (25.4) 1(0.7) - - - - 36 (8) 1(0.2)
Arthritis 32 (22.5) 0 10 (12.0) - - - 42 (9.3) -
Dry skin 32 (22.5) 0 - - - - 32(7.1) -
Hypertension 24 (16.9) 8 (5.6) 4 (5.0) 3 (4.0) 59 (26.5) 19 (8.5) 87 (19.3) 30 (6.7)
Anemia 19 (13.4) 10 (7.0) 2 (2.0) 1(1.0) - - 21 (4.7) 11 (2.4)
Back pain 27 (19.0) 2(1.4) - - - - 27 (6) 2(0.4)
Dyspnea 25 (17.6) 3(2.1) - - - - 25 (5.6) 3(0.7)
Cough 25 (17.6) 0 - - - - 25 (5.6) -
Vertigo 25 (17.6) 0 - - - - 25 (5.6) -
Hypophosphatemia 17 (12.0) 7 (4.9) 3 (4.0) 2(2.0) - - 20 (4.4) 9(2)
Rash 23 (16.2) 0 - - - - 23 (5.1) -

Real-world evidence

The results of the INVICTUS study are confirmed by
data from clinical pratice. Administration of ripretinib
to 22 patients from Taiwan and Hong Kong diagnosed
with advanced unresectable or metastatic GIST showed
efficacy similar to that obtained in the INVICTUS study.
The final survival analysis included 20 patients treated
with ripretinib at 150 mg daily [59]. The observation
period was one year, and the median observation period
after treatment with ripretinib was 10.4 months [59].
Median PFS was 6.1 months, and median OS was not
reached [59]. The safety profile of ripretinib was com-
parable to the INVICTUS study, and the most common

adverse event reported by patients was alopecia, which
was observed in 55% of patients [59]. The study also
showed that an albumin level below 3.5 was an independ-
ent adverse prognostic factor for PFS [59].

Similar results were also obtained in a single-arm phase
II study (NCT04282980) in the Chinese population. The
final analysis included 38 patients diagnosed with advanced
GIST who underwent therapy with at least three kinase in-
hibitors [60]. Median PFS was 7.2 months (90% CI 2.9-7.3),
and the ORR was 18.4% (95% CI 7.7-34.3) [60]. The ma-
jority of adverse events that occurred in 37 (94.9%) patients
were Grade 1-2, reflecting the well-tolerated treatment in
the INVICTUS study. The most common side effect was
alopecia, which occurred in 17 patients (43.6%) [60].
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Table 3. Comparison of the incidence of the most common adverse reactions by KIT inhibitor in phase I clinical

trials [28, 33, 52, 54-57]

Adverse Imatinib 400 mg Imatinib 800 mg Sunitinib Regorafenib Ripretinib
event n = 428 [54, 55] n = 472 [56] n = 228 [57] n = 132 [28] n = 308 [33, 52]
No. (%) No. (%) No. (%) No. (%)
Overall Grade Overall Grade Overall Grade Overall Grade Overall Grade
314 34 3-4 3-4 3-4
Hand—foot - - - - 24(10.5) 8(3.5) 56(42.42) 20(15.2) 77(25.0) 3(1.0)
syndrome
Edema 274(64.0) 7(1.6) 412(87.3) 43(9.1) - - - - - -
Nausea 156(36.4) 9(2.1) 286(60.6) 15(3.2) 63(27.6) 3(1.3) 16 (12.1) 1(0.8) 75 (24.4) 3(1.0)
Diarrhea 151(35.3) 12(2.8) 268(56.8) 25(5.3) 77(33.8) 8(3.5) 40 (30.3) 5(3.8) 60 (19.5) 3(1.0)
Myalgia - - - - - - 14 (10.6) 1(0.8) 105(34.1) 5(1.6)
Fatigue 178(41.6) 8(1.9) 374(79.2) 51(10.8) 85(37.3) 18(7.90 39(29.6) 2(1.5) 106(34.4) 9(2.9)
Dermatitis, 101(23.6) 11(2.6) 220(46.6) 25(5.3) 36(15.8) 2 (0.9) 18 (13.6) 2(1.5) - -
rash
Stomach pain  109(25.5) 14 (3.3) - - - - - - - -
Alopecia - - - - - - 24 (18.2) 2(1.5) 185(60.1) -
Hypertension - - - - 27 (11.8) 9(3.9) 49 (37.1) 23(17.4) 66(21.4) 22(7.1)
Stomatitis - - - - 36 (15.8) 1(0.4) 38 (28.8) 2(1.5) - -
Skin - - - - 62 (27.2) 0(0.0) - - - -
discoloration
Constipation - - 87 (18.4) 7 (1.5) - - - - 91 (29.5) 1(0.3)
Lack of - - - - 46 (20.2) 0(0.0) - - 73 (23.7) 3(1.0)
appetite
Vomiting 78(18.22) 8(1.9) 180(38.1) 13(2.8) 39(17.1) 1(0.4) - - - -
Anemia - - 461(97.7) 79(16.7) 133(58.3) 9(3.9) - - - -
Fever - - 81(17.2) 6(1.3) - - - - - -

In both studies, in case of disease progression, pa-
tients had the option of increasing the dose of ripretinib
to 300 mg daily [59, 60].

In a retrospective study conducted in Great Britain
on a group of 45 patients, after 21.5 months of obser-
vation, ripretinib at a dose of 150 mg/day achieved
mPFS of 7.4 months (95% CI 5.6-10.0) [61]. In the case
of 23 patients with disease progression after receiv-
ing the 300 mg dose, mPFS was further 5.9 months
(95% CI 3.5-9.2) [61]. Overall, PFS and OS were
12.2 (95% CI 7.9-17.6) and 14.0 (95% CI 9.9-NA)
months, respectively. There was no relationship be-
tween the number of previous lines of treatment and
survival after ripretinib initiation. Primary mutation in
KIT exon 11 was associated with a better prognosis [61].

Ripretinib in clinical practice guidelines

According to the latest Polish [Polish Society
of Clinical Oncology (PTOK)] and international
[European Society for Medical Oncology (ESMO),
European Reference Network on Rare Adult Cancers
(EURACAN), European Reference Network on
GENetic TUmour RIsk Syndromes (GENTURIS),
National Comprehensive Cancer Network (NCCN)
2022] guidelines, the standard in the treatment of ad-
vanced, inoperable, or metastatic GIST is the inclusion
of KIT inhibitors. In the case of imatinib-sensitive GISTs,
it is the first line of treatment at a dose of 400 mg/day. If
KIT exon 9 mutation is present, an increased dose of ima-
tinib of 800 mg/day can be considered, according to the
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Figure 2. Treatment algorithm in advanced or metastatic gastrointestinal stromal tumors (GISTs) [5, 11]

scheme presented in Figure 2 [5, 11]. In patients with the
PDGFRA D842V mutation, neoadjuvant treatment with
avapritinib achieves a favorable result [5]. In the case of
further progression of inoperable lesions, the remaining
KIT inhibitors: sunitinib, regorafenib, and ripretinib,
are recommended in the appropriate order, according
to the scheme presented in Figure 2 [5].

According to the latest Polish and international
guidelines (ESMO 2022 and NCCN 2022), ripretinib
is the preferred option for fourth-line treatment in
patients with inoperable, progressive, or metastatic
GIST after treatment with imatinib, sunitinib, and re-
gorafenib at a dose of 150 mg/day [5]. The guidelines
also include increasing the dose of ripretinib to 150 mg
twice daily as an option for patients whose disease has
progressed while taking the drug at a dose of 150 mg/day
[62, 63]. Further clinical trials are needed to confirm
the efficacy of ripretinib in the treatment of GIST with
PDGFRA D842V mutations. In the case of progression
of GIST with the PDGFRA D842V mutation after the
use of avapritinib or dasatinib, the guidelines allow

the use of ripretinib at a dose of 150 mg/day as an op-
tion that may show a positive treatment effect [35]. It is
also possible to consider increasing the dose to 150 mg
twice daily [62].

Practical recommendations

Ripretinib is an oral-only drug. It should be taken at
the same time every day, with or without food [5]. The
tablets should not be divided, crushed, or chewed [41,
42]. The standard dose is 150 mg/day, as three 50 mg
tablets taken together [5]. The recommended dose in
patients with severe renal impairment has not been
established, and clinical data on the use of ripretinib at
creatinine clearance (CLcr) < 30 mL/min are limited
[41]. Mild hepatic impairment is not an indication for
dose modification. In patients with moderate or severe
hepatic impairment, the overall effectiveness of treat-
ment should be closely monitored; the recommended
dose in this case is not known [41].
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Table 4. Summary of clinical trial results with ripretinib in patients with advanced gastrointestinal stromal tumor

(GIST) [33, 44, 51]

Phase Il trial [44]

Phase Il INVICTUS Phase IIl INTRIGUE trial [51]

(n = 142) trial [33] (n = 223)
(n = 85)

Line of therapy 2 3 4 4 2
Mutations All patients All patients All patients KIT exon 11
Median PFS 10.7 (5.5-13.8) 8.3 (5.5-11.1) 5.5(3.6-6.2) 6.3 (4.6-8.1) 8.0 (0.82-1.33) 8.3 (0.66-1.16)
[months] (95% CI)
Median OS Not reached 18.2 (13.1-30.7) Not reached
[months] (95% CI)
ORR [%] (95% CI) 19.4 (7.5-37.5) 14.3(4.0-32.7) 7.2(2.7-15.1) 9.4 (4.2-17.7) 21.7 23.9 (17.6-31.2)

Cl — confidence interval; ORR — objective response rate; OS — overall survival; PFS — progression-free survival

Clinical trials have shown no clinically significant
differences between elderly patients (> 65 years) and
younger patients (age > 18 years to < 65). The drug’s
safety profile in children has not been studied [42].

Contraindications to the use of ripretinib include
hypersensitivity to the active substance or any of the
excipients listed in the list of excipients, i.e., crospovi-
done (E1202), hypromellose acetate succinate, lactose
monohydrate, magnesium stearate (E470b), microcrys-
talline cellulose (E460), silica, colloidal hydrate (ES51)
[5, 41, 42].

Conclusions

The identification of activating mutations in the
KIT gene and the confirmation of the effectiveness of
imatinib, which was initially used in the treatment
of chronic myeloid leukemias, was a breakthrough in
the treatment of GISTs. However, longer-term fol-
low-up showed the presence of primary or secondary
resistance to imatinib treatment and, thus, the need
for new therapeutic options. In the following years,
sunitinib, sorafenib, and regorafenib were added to the
standard set of drugs for GIST patients, and the latest
molecule that is used in this indication is ripretinib.
The studies conducted so far indicate the activity of
this drug in a particular group of patients, and it al-
lows them to achieve median PFS of over 6 months
in the 4™ line of treatment and over 8 months in the
second line of treatment (Tab. 4 [33, 44, 51]). The
higher efficacy of ripretinib compared to sunitinib
in the second line of treatment has not been demon-
strated; therefore, according to the national and inter-
national guidelines, it can be used only in the fourth
line after prior treatment with imatinib, sunitinib,
and regorafenib. Treatment tolerance is satisfactory

and allows for maintaining a good quality of life.
Further studies and analyses are underway to iden-
tify the subgroups of patients in whom the drug is
most effective.
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