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Abstract
Ripretinib  (Qinlock®) is a small molecule inhibitor of the receptor tyrosine kinases KIT and platelet-derived growth factor 
receptor α (PDGFRA) and is approved for the treatment of gastrointestinal stromal tumours as a fourth-line of therapy. After 
successive cycles of treatment, gastrointestinal stromal tumours can carry a wide array of mutations, which makes resistance 
to treatment more likely. Ripretinib has a dual mechanism of action that allows it to target a broad spectrum of mutations in 
KIT or PDGFRA. The pivotal phase III INVICTUS trial demonstrated an increase of progression-free survival in patients 
receiving ripretinib compared with placebo, with efficacy being maintained across patients with KIT exon 9, 11, 13 and 
17 mutations. Ripretinib has acceptable tolerability, with the most common drug-related grade 3 or 4 adverse events being 
lipase increases, hypertension, fatigue and hypophosphataemia. Ripretinib is therefore a valuable additional line of therapy 
available for the management of gastrointestinal stromal tumours.

Plain Language Summary
The receptor tyrosine kinases KIT and platelet-derived growth factor receptor α (PDGFRA) regulate cell growth and survival; 
mutations in the genes of these proteins are the most common causes of gastrointestinal stromal tumours. Drugs that target 
kinases are a mainstay in the treatment of these cancers; however, new mutations often occur that make tumours resistant to 
kinase inhibitors. Ripretinib  (Qinlock®) is approved for patients with gastrointestinal stromal tumours after the tumour has 
become resistant to three or more other kinase inhibitors. In a pivotal phase III clinical trial in patients with gastrointestinal 
stromal tumours and who had failure with three or more prior treatments, ripretinib significantly delayed disease progression 
compared with placebo. Ripretinib has an acceptable side effect profile, with the most common drug-related side effects 
being alopecia, muscle pain and nausea. Thus, ripretinib is a valuable treatment option in the management of advanced 
gastrointestinal stromal tumours.
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1 Introduction

Gastrointestinal stromal tumours are soft tissue sarcomas 
that can occur anywhere in the gastrointestinal tract [1]. 
They have an estimated annual incidence of 6–22 per million 
worldwide [1]. The molecular drivers of these malignancies 
are fairly well understood, with the majority of cases being 
driven by mutations in the genes that encode the receptor 
tyrosine kinase proteins KIT (69–83%) and platelet-derived 
growth factor receptor α (PDGFRA) (5–15%) [1–3].

Mutation of receptor tyrosine kinase proteins often leads 
to unregulated initiation of phosphorylation cascades, 
which promotes cellular proliferation and survival [1]. In 
KIT, mutations in the juxtamembrane domain (exon 11) or 
membrane proximal extracellular region (exon 9) lead to 
signalling molecule-independent activation; these mutations 
account for around 60% and 9–10% of all gastrointestinal 
stromal tumours, respectively [1, 3]. In contrast, mutations 
in PDGFRA are frequently in the activation loop (exon 18) 
[4], which interacts with the juxtamembrane domain to regu-
late the activity state of the protein [1]. The D842V mutation 
in exon 18 of PDGFRA account for 9–10% of all gastroin-
testinal stromal tumours [1].

Imatinib was the first kinase inhibitor used to treat 
advanced gastrointestinal stromal tumours [1]. It works by 
binding to the kinase adenosine triphosphate (ATP)-binding 
pocket of kinase proteins and locking the protein in an inac-
tive state [5]. While imatinib is an effective treatment for 
advanced gastrointestinal stromal tumours, tumours often 
develop secondary mutations and become resistant to treat-
ment [6]. Secondary mutations frequently occur in the ATP-
binding pocket (e.g. KIT exons 13 and 14) or in the activa-
tion loop (e.g. KIT exons 17 and 18) [1]. Newer generations 
of kinase inhibitors, such as sunitinib and regorafenib, are 
able to target some, but not all, of these mutants [2]. One of 
the main issues is inter-tumour heterogeneity, whereby over 
time different clones of the primary tumour develop separate 
resistance mechanisms resulting in a subset of malignancies 
within a patient escaping treatment [1]. Therefore, a drug 
that is capable of inhibiting a broad spectrum of receptor 
tyrosine kinase mutants represented an unmet clinical need.

Ripretinib  (Qinlock®) is a kinase inhibitor indicated in the 
USA [7] and the EU [8] for the treatment of adult patients 
with advanced gastrointestinal stromal tumour who have 
received prior treatment with three or more kinase inhibitors, 
including imatinib. Ripretinib has shown activity against a 
wide range of KIT and PDGFRA mutants [9]. This article 
reviews the efficacy and tolerability of ripretinib as fourth- 
or later-line treatment of gastrointestinal stromal tumours, 
with a brief overview of its pharmacological properties.

2  Pharmacodynamic Properties 
of Ripretinib

Ripretinib and its equally potent active metabolite, DP-5439, 
are small molecule switch control tyrosine kinase inhibi-
tors which potently inhibit a range of kinases including KIT 
and PDGFRA, as well as many of their clinically relevant 
activating mutants [9]. Other kinases inhibited by ripretinib 
include B-Raf, vascular endothelial growth factor recep-
tor-2 (VEGFR2), platelet-derived growth factor receptor β 
(PDGFRB) and TEK receptor tyrosine kinase (TIE2); these 
off-target interactions may have implications for potential 
adverse events (Sect. 5.1). Co-crystallography studies of 
inhibitors with KIT have shown that ripretinib analogues 
act through binding to the juxtamembrane domain switch 
pocket of activated tyrosine kinase and displacing the acti-
vation loop; this promotes switching of the kinase back to 
an inactive state. It then forms further interactions with the 
activation loop and locks the protein in the inactive state [9].

Based on in vitro studies, ripretinib inhibits wild-type 
KIT and PDGFRA as well as a broad range of KIT and 
PDGFRA mutants [9]. Notably, in these experiments, 
ripretinib was able to inhibit KIT and PDGFRA activity in 
clinically relevant mutant variants that were resistant to other 
kinase inhibitors. For example, ripretinib inhibited recom-
binant KIT carrying V654A (exon 13), T670I (exon 14), 
D816H/V (exon 17) mutations with concentrations required 
for 50% inhibition  (IC50) of 9.2–25 nM, whereas  IC50 val-
ues were all > 3300 nM for these mutants with imatinib 
and were ≥ 1450 nM for D816H/V mutants with sunitinib 
and regorafenib. Similarly, ripretinib had an  IC50 value for 
recombinant PDGFRA D842V of 36 nM compared with val-
ues of 270 nM for imatinib and 550 nM for sunitinib. The 
ability of ripretinib to inhibit kinase activity in tumours that 
are resistant to other kinase inhibitors is further supported 
by studies in cell lines and animal models [9].

Ripretinib also arrests proliferation of KIT and PDGFRA 
mutant gastrointestinal stromal tumour cell lines. Further-
more, ripretinib has been shown to prevent the emergence 
of secondary KIT mutants in saturation mutagenesis assays. 
Ripretinib anti-tumour activity has also been demonstrated 
in vivo in gastrointestinal stromal tumour and lung cancer 
xenograft mouse models [9].

3  Pharmacokinetic Properties of Ripretinib

The pharmacokinetics of ripretinib and DP-5439 have been 
evaluated in patients with advanced malignancies [7, 8, 10]. 
In a phase I trial (NCT02571036) after a single oral dose of 
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ripretinib 150 mg in patients with advanced malignancies, 
mean peak plasma concentrations  (Cmax) of ripretinib and 
DP-5439 were reached in 4.0 h and 15.6 h, respectively [10]. 
The area under the concentration-time curve from 0 to 24 h 
(AUC 24) increased roughly dose proportionally over a dose 
range of 20–250 mg for ripretinib but the  Cmax was less than 
dose proportional, while both  Cmax and AUC 24 increased 
less than dose proportionally for DP-5439 over the same 
dose range [10].

The binding of ripretinib and DP-5439 to plasma proteins 
is ≥ 99% [7, 8]. Ripretinib and DP-5439 are extensively dis-
tributed to peripheral tissues, with mean apparent volumes 
of distribution of 302–307 L and 491–507 L, respectively. 
The drug and its active metabolite reached steady state 
concentrations after 14 days [7, 8], with an accumulation 
ratio for AUC 12 of 1.7 and 5.29, respectively [7]. In patients 
with advanced malignancies, at day 15 of once-daily doses 
of ripretinib 150 mg, mean trough plasma concentrations 
 (Ctrough) for ripretinib and DP-5439, respectively, were 284 
ng/mL and 546 ng/mL, while AUC 12 values were 5678 ng·h/
mL and 7138 ng·h/mL [10].

In vitro, both ripretinib and DP-5439 were metabolised by 
CYP3A4/5, CYP2D6 and CYP2C8 enzymes [11]. The mean 
apparent oral clearance of ripretinib and DP-5439, respec-
tively, is approximately 15 L/h and 18 L/h and their mean 
half-lives are 13–15 h and 16–18 h [7, 8]. A negligible (< 
1%) amount of the ripretinib dose is excreted in the urine as 
ripretinib or DP-5439, while 34% and 6% of the oral dose 
is eliminated as ripretinib and DP-5439 in the faeces [7, 8].

In healthy adult subjects concurrent usage of a strong 
CYP3A inhibitor (itraconazole) or inducer (rifampicin) 
with a single dose of ripretinib resulted in clinically relevant 
increases and reductions, respectively, in ripretinib exposure 
[11]. As ripretinib and its active metabolite are metabolised 
by CYP3A4/5, coadministration with strong or moderate 
CYP3A inducers should be avoided. If coadministration of 
ripretinib with moderate [7, 8] or strong [8] CYP3A induc-
ers cannot be avoided, an increase in the ripretinib dosing 
frequency may be required. Patients receiving known CYP3-
family inhibitors should be closely monitored for adverse 
events. Ripretinib and DP-5439 are also substrates of P-gly-
coprotein [8]. Inhibitors of P-glycoprotein could hinder the 
clearance of the drug and its active metabolite from the 
body; caution is advised when using ripretinib with strong 
P-glycoprotein inhibitors [7, 8].

4  Therapeutic Efficacy of Ripretinib

An open-label phase I trial (NCT02571036) in adult (age 
≥ 18 years) patients with advanced gastrointestinal stro-
mal tumours (with progression or intolerance to ≥ 1 line 
of prior systemic therapy) or other advanced malignancies 

established the recommended dose of ripretinib as 150 
mg once daily based on pharmacological and tolerability 
data [10]. In this study, the maximum tolerated dose was 
not reached at the highest dose (200 mg twice daily) but 
ripretinib exposure with 150 mg once daily was above the 
predicted threshold (based on preclinical models) required 
for efficacy in > 90% of patients. In addition, the phase I 
trial provided early evidence for the efficacy of ripretinib in 
the treatment of refractory advanced gastrointestinal stro-
mal tumours [10]. This section will focus on the subsequent 
INVICTUS trial [12], which was the basis for the approval 
of ripretinib in the USA and EU.

INVICTUS was a multicentre, randomised, double-
blinded, placebo-controlled phase III trial [12]. Patients 
were eligible for the study if they had gastrointestinal stro-
mal tumours and had progressed while on, or were intol-
erant to, imatinib, sunitinib and regorafenib. Patients with 
all types of gastrointestinal stromal tumours were included 
in the study, including those with no KIT and PDGFRA 
mutations. Patients had a performance status of 0–2 on the 
Eastern Cooperative Oncology Group (ECOG) scale, had 
adequate organ function and bone marrow reserves. Patients 
were excluded if they had left ventricular function < 50% 
[13] or if they received anticancer therapy 14 days or five 
times the half-life of the therapy drug prior to the first dose 
of study drug, whichever was longer [12].

The clinical trial design is summarised in Fig. 1. Par-
ticipants were randomised to ripretinib 150 mg or placebo 
once daily with stratification by both the number of therapies 
they had previously received (three vs four or more) as well 
as their ECOG performance status (0 vs 1 or 2) (Table 1, 
Fig. 1) [12]. Treatment was given in 28-day cycles, with 
patients assessed for tumour progression every cycle for the 
first four cycles and every two cycles thereafter. Disease 
progression was determined by blinded independent central 
review as defined by the Response Evaluation Criteria in 
Solid Tumours (RECIST) version 1.1 criteria [14], modified 
for gastrointestinal stromal tumours [15]. Dosage interrup-
tion and/or reduction at the discretion of the investigator 
was permitted to manage adverse events. Upon disease pro-
gression, patients from both groups were given the option 
to continue into the open-label phase of the trial [12]. In 
the open-label phase, patients in the ripretinib group could 
escalate the dose to ripretinib 150 mg twice daily or, if show-
ing clinical benefit, continue ripretinib 150 mg once daily; 
patients in the placebo group could cross over to ripretinib 
150 mg once daily, with the option of dose escalation to 
ripretinib 150 mg twice daily upon further disease progres-
sion [12].

The primary endpoint was progression-free survival and 
the key secondary endpoint was objective response rate; 
endpoints were assessed hierarchically [12]. At the time of 
primary analysis (May 31, 2019), the median duration of 
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follow-up for patients in the ripretinib and placebo groups 
in the double-blinded phase was 6.3 months and 1.6 months, 
respectively [12].

Baseline characteristics were generally well balanced 
across groups, although patients randomised to ripretinib 
were slightly younger (median age 59 vs 65 years in the 
placebo group) and had slightly better performance status 
(44 vs 39% with ECOG performance status 0) [12]. In the 
ripretinib and placebo groups, respectively, 64% and 61% 
had received three prior therapies and 36% and 39% had 
received four or more prior therapies. In the ripretinib and 
placebo groups, respectively, the primary mutation was in 
KIT exon 11 in 55% and 64% of patients, in KIT exon 9 in 
17% and 14%, other KIT in 2% and 5%, and in PDGFRA in 
4% and 0%; 8% and 7% had wild-type KIT and PDGFRA, 
and 14% and 11% did not have mutation data available [12].

Ripretinib as fourth- or later-line therapy significantly 
improved progression-free survival in patients with 
advanced gastrointestinal stromal tumours (Table 1). Com-
pared with placebo, ripretinib reduced the risk of progres-
sion or death by 85% (hazard ratio 0.15, 95% CI 0.09–0.25; 
p < 0.0001). Kaplan–Meier-estimated 6-month progres-
sion-free survival rates were 51% (95% CI 39.4–61.4) for 
ripretinib recipients and 3.2% (95% CI 0.2–13.8) for placebo 
recipients [12]. The benefits of ripretinib were consistent in 
patient subgroups across a broad range of KIT mutation pro-
files, based on an exploratory analysis [13]. In the analysis, 
improved Kaplan–Meier progression-free survival in favour 
of ripretinib over placebo (hazard ratio 0.13–0.16) was seen 

in patients with exon 11, 9, 13 and 17 KIT mutations as 
detected in baseline tissue and/or liquid biopsies (patients 
were included in multiple groups if they had mutations in 
> 1 exon) [13].

Eight patients in the ripretinib group and no patients in 
the placebo group had a confirmed objective response (first 
key secondary endpoint), although the between-group dif-
ference did not reach statistical significance (p = 0.0504) 
(Table 1) [12]. All responses were partial responses. In 
addition, 47% of ripretinib recipients versus 5% of placebo 
recipients had stable disease at 12 weeks. At data cut-off, 
one of the eight responders had progressed and the median 
duration of response had not been reached [12].

Although not formally assessed for statistical signifi-
cance due to the hierarchical design of the study and the 
lack of statistical significance for the objective response rate, 
median overall survival was 15.1 months in patients ran-
domised to ripretinib and 6.6 months in patients randomised 
to placebo (Table 1) [12]. The overall survival analysis 
included both the double-blind phase and the open-label 
phase of the trial, where 66% of placebo recipients crossed 
over to ripretinib. With longer-term follow up (for 19 months 
beyond the primary analysis), the median overall survival 
was 18.2 months in patients randomised to ripretinib and 6.3 
months in patients randomised to placebo [16].

Fourteen months after initial data cut-off, 65 of the 85 
patients randomised to ripretinib had developed progressive 
disease and of these, 43 patients had received a dose escala-
tion of ripretinib to 150 mg twice daily [17]. In the patients 

Fig. 1  Trial design of the randomised, double-blind, placebo-
controlled, multicentre, phase III INVICTUS trial in adults with 
advanced gastrointestinal stromal tumours [12], with further informa-
tion available in Table 1. Efficacy results are reported in the animated 

figure (available online). BD twice daily, BSC best supportive care, 
GIST gastrointestinal stromal tumour, OD once daily, OS overall sur-
vival, PFS progression-free survival, PL placebo, pts patients, RIP 
ripretinib, TKIs tyrosine kinase inhibitors
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who received ripretinib 150 mg twice daily, the median sec-
ond progression-free survival period (measured from start 
of dose escalation to disease progression or death) was 3.7 
months [17].

5  Tolerability of Ripretinib

Ripretinib 150 mg once daily had acceptable tolerability in 
patients with gastrointestinal stromal tumours across clinical 
trials [10, 12, 18]. In INVICTUS, tolerability was assessed 
in the double-blinded phase in patients who received at least 
one dose of study drug (ripretinib n = 85, placebo n = 43) 
[12]. Patients receiving ripretinib compared with placebo 
were treated for longer in the double-blinded phase, with a 
median follow-up period of 6.3 and 1.6 months, respectively 
(Sect. 4). Treatment-emergent adverse events were generally 
manageable with dose reduction or interruption [12].

The most common (incidence ≥ 20%) treatment-related 
adverse events with ripretinib were alopecia (49 vs 2% with 
placebo), myalgia (28 vs 9%), nausea (26 vs 2%), fatigue (26 
vs 16%), palmar–plantar erythrodysesthesia syndrome (21 
vs 0%) and diarrhoea (21 vs 7%) [12]. The most common 
(incidence ≥ 2%) study drug-related treatment-emergent 
adverse events of grade 3 or 4 with ripretinib were lipase 
increase (5 vs 0% with placebo), hypertension (4 vs 0%), 
hypophosphataemia (2 vs 0%) and fatigue (2 vs 2%). Treat-
ment-related serious adverse events were experienced in 
eight (9%) patients in the ripretinib and three (7%) patients 
in the placebo group [12].

A numerically higher proportion of ripretinib than pla-
cebo recipients experienced treatment-emergent adverse 
events leading to dose reduction (6 vs 2%), treatment inter-
ruption (14 vs 7%) and treatment discontinuation (5 vs 
2%) [12]. Of the four patients in the ripretinib group who 
discontinued treatment, the reason for discontinuation was 
cardiac failure, death of unknown cause, general physical 

health deterioration and palmar–plantar erythrodysesthesia. 
Deaths occurred in 14% and 30% of patients in the ripretinib 
and placebo groups, respectively; deaths were mainly due 
to disease progression. Of the deaths considered possibly 
treatment-related, one occurred in the ripretinib group 
(unknown cause) and one occurred in the placebo group 
(septic shock and pulmonary oedema) [12]. No new safety 
concerns for ripretinib were raised with longer-term follow-
up (19 months beyond the primary analysis) [16].

Dose escalation of ripretinib to 150 mg twice daily had 
acceptable tolerability, with the most frequent (≥ 5%) new or 
worsening grade 3 or 4 treatment-emergent adverse events 
being anaemia [in 6 of 43 (14%) dose-escalated patients] 
and abdominal pain [3 of 43 (7%) dose-escalated patients] 
[17]. With treatment at this dosage, 19% of dose-escalated 
patients required a dose reduction, 26% a dose interruption 
and 7% had a treatment-emergent adverse event leading to 
discontinuation of ripretinib [17].

Based on the multinational, randomised, open-label, 
phase III INTRIGUE trial, it appears that ripretinib may 
have improved tolerability compared with sunitinib [18]. In 
INTRIGUE, patients with advanced gastrointestinal stro-
mal tumours who had progressed on or had intolerance to 
imatinib were randomised 1:1 to ripretinib 150 mg once 
daily (continuous) or sunitinib 50 mg once daily (cycles 
of 4 weeks on, 2 weeks off). Whilst similar proportions of 
ripretinib recipients (n = 223; median treatment duration, 
7.9 months) and sunitinib recipients (n = 221; median treat-
ment duration, 6.5 months) experienced treatment-emergent 
serious adverse events (25.6 vs 25.8%), numerically fewer 
ripretinib than sunitinib recipients had treatment-emergent 
adverse events leading to dose reduction (20.2 vs 48.0%), 
dose interruption (29.1 vs 41.6%) or study drug discontinu-
ation (3.6 vs 7.7%). Furthermore, the incidence of grade 3 
or 4 treatment-emergent adverse events was lower among 
ripretinib recipients compared with sunitinib recipients 
(41.3 vs 65.6%; nominal p < 0.0001) as was the incidence of 

Table 1  Efficacy of ripretinib as fourth or later-line treatment for patients with gastrointestinal stromal tumours

Data from the phase III INVICTUS trial [12]
* p  < 0.0001 vs placebo
a Endpoints are listed in the pre-specified order of hierarchical testing
b Intention to treat population; presented data are based on analyses using the Kaplan-Meier method
c Primary endpoint
d No statistical analysis was performed because of hierarchical study design and the lack of statistical significance for the objective response rate

Endpointa Ripretinib (n = 85)b Placebo (n = 44)b

Median progression-free survival [months (95% CI)]c 6.3 (4.6–6.9) 1.0 (0.9–1.7)
Hazard ratio (95% CI) 0.15 (0.09–0.25)*
Objective response rate [% (95% CI)] 9.4 (4.2–17.7) 0 (0–8)
Median overall survival [months (95% CI)]d 15.1 (12.3–15.1) 6.6 (4.1–11.6)
Hazard Ratio (95% CI) 0.36 (0.21–0.62)
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grade 3 or 4 drug-related treatment emergent adverse events 
(26.5% vs 55.2%) [18].

5.1  Specific Adverse Events

Kinase inhibition is often associated with cutaneous adverse 
events [19]. Among the 142 patients with advanced gastroin-
testinal stromal tumours treated with ripretinib 150 mg once 
daily in the phase I trial (NCT02571036), seborrheic kera-
tosis was reported in 16.2% of patients and actinic keratosis 
was reported in 15.5% [10]. Furthermore, cutaneous squa-
mous cell carcinomas developed in 7% of ripretinib recipi-
ents across the phase I trial and INVICTUS trial [20]. Der-
matopathological analysis of biopsy samples from these skin 
lesions did not show aggressive histopathological features; 
lesions were manageable with local interventions without 
the need for dose modifications or interruptions.

Ripretinib weakly inhibits VEGFR2 [9], which may 
increase the risk to hypertension. In INVICTUS, hyperten-
sion was reported as a treatment related adverse event in 8% 
of ripretinib recipients versus 2% of placebo recipients [12]. 
Inhibition of the vascular endothelial growth factor signal-
ling pathway also has the potential to slow wound healing, 
and a temporary interruption to ripretinib treatment before 
surgical procedures is recommended [7, 8].

Cardiac dysfunction is a common serious adverse event 
associated with other tyrosine kinase inhibitors [21]. There 
was a single instance of cardiac failure in the ripretinib 
group from the INVICTUS trial [12]. Ripretinib should be 
discontinued immediately in patients who develop grade 3 
or 4 left ventricular systolic dysfunction [7, 8].

6  Dosage and Administration of Ripretinib

Ripretinib is approved for the treatment of adult patients 
with advanced gastrointestinal stromal tumours who have 
received prior treatment with three or more kinase inhibi-
tors, including imatinib, in the EU [8], USA [7] and other 
countries around the world. The recommended dosage is  
150 mg once daily taken orally at the same time each day 
with or without food. Dose interruptions or dose reductions 
may be required for adverse events. Ripretinib should be per-
manently discontinued in patients who are unable to tolerate 
a 100 mg dose once daily [7, 8].

No recommendations are available for patients with 
impaired kidney function with a creatinine clearance  (CLcr) 
of 15–29 mL/min, as well as for patients with moderate 
to severe liver dysfunction [7, 8], although there is some 
evidence that moderate and severe hepatic impairment can 
increase ripretinib exposure by ~ 100% and 163%, respec-
tively [22].

Local prescribing information should be consulted for 
detailed information regarding recommended dose modifi-
cations for adverse events, contraindications, potential drug 
interactions, use in special patient populations and warnings 
and precautions.

7  Current Status of Ripretinib in Advanced 
Gastrointestinal Stromal Tumours

The mutational status of the tumour plays a crucial role 
in determining the sensitivity of the cancer to a particular 
molecular-targeted therapy, with some mutants requiring 
changes to dosing or a different inhibitor entirely [23, 24]. 
Patients with tumours containing KIT exon 9 mutation ben-
efit from a higher dose or a more frequent dose of imatinib. 
Further, tumours with a PDGFRA exon 18 D842V mutation 
are typically resistant to imatinib, and avapritinib instead of 
imatinib is recommended as the standard first-line therapy 
[23, 24]. Secondary resistance mutations that emerge can 
further add to the complexity of treating these tumours. 
Thus, activity against a broad spectrum of mutants is a likely 
requirement for an effective fourth-line treatment.

According to the ESMO-EURACAN-GENTURIS [23] 
and National Comprehensive Cancer Network (NCCN) [24] 
clinical practice guidelines, ripretinib 150 mg once daily 
is the recommended treatment for gastrointestinal stromal 
tumours after disease progression while on imatinib, suni-
tinib and regorafenib as the first, second and third lines of 
treatment, respectively. Ripretinib is also the only approved 
treatment in the USA and EU for this indication [7, 8], 
while in Japan the heat-shock protein 90 inhibitor pim-
itespib recently gained approval for treatment of patients 
with gastrointestinal tumours who have failed chemotherapy 
and so is another fourth-line treatment option in Japan [25]. 
The NCCN guidelines also suggest that dose escalation to 
ripretinib 150 mg twice daily may be beneficial for patients 
who have progressed while on ripretinib 150 mg once daily 
[24].

Currently available clinical evidence supports the use 
of ripretinib as a fourth-line treatment. In INVICTUS, sig-
nificant gains in progression-free survival and a favourable 
overall survival was seen in patients receiving ripretinib 
compared with placebo (Sect. 4). Patients included in the 
trial presented with a broad spectrum of activating and sec-
ondary resistance mutations [13]. Ripretinib had efficacy 
in the majority of these mutation profiles (Sect. 4), which 
can be attributed to its unique dual mechanism of action 
(Sect. 2).

Ripretinib had acceptable tolerability in patients with 
advanced gastrointestinal stromal tumours (Sect.  5). 
Generally, dose-limiting toxicities could be managed 
through dosage interruption and/or reduction. Many of 
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the treatment-emergent adverse events (diarrhoea, nausea, 
fatigue, myalgia, palmar-plantar erythrodysesthesia syn-
drome, hypertension and cardiac toxicities) are similar to 
those seen with other kinase inhibitors, such as imatinib and 
sunitinib [2, 24]. Compared with sunitinib, ripretinib was 
associated with a lower incidence of grade 3 or 4 treatment-
emergent adverse events (Sect. 5) [18].

One of the limitations of the INVICTUS trial was that 
it had a relatively small number of participants and, as a 
result, lacked sufficient power to assess secondary end-
points or fully explore the impact of mutation subgroups 
[particularly for less common mutations (e.g. KIT exon 14, 
18 and PDGFRA mutants)] on efficacy (Sect. 4). Addition-
ally, because of the small numbers of participants, despite 
randomisation, there was a slight imbalance of baseline char-
acteristics, including age of patients, between ripretinib and 
placebo groups [12].

In summary, ripretinib as fourth- or later-line therapy 
prolongs progression-free survival relative to placebo in 
patients with advanced gastrointestinal stromal tumours, 
with efficacy shown across a range of KIT and PDGFRA pri-
mary and secondary mutation profiles (Sect. 4). Ripretinib 
has acceptable tolerability (Sect. 5) and is currently the only 
approved fourth-line therapy for gastrointestinal stromal 
tumours in both the USA and EU. Ripretinib is therefore a 
valuable addition to the therapies used in the management 
of this disease.

Data Selection Ripretinib: 161 records identified 

Duplicates removed 51

Excluded during initial screening (e.g. press releases; 
news reports; not relevant drug/indication; preclinical 

study; reviews; case reports; not randomized trial)

29

Excluded during writing (e.g. reviews; duplicate data; 
small patient number; nonrandomized/phase I/II trials)

56

Cited efficacy/tolerability articles 10

Cited articles not efficacy/tolerability 15

Search Strategy: EMBASE, MEDLINE and PubMed from 1946 
to present. Clinical trial registries/databases and websites were 
also searched for relevant data. Key words were: ripretinib* or 
“DCC 2618” or “DCC-2618” or “DCC2618” or QINLOCK* 
and “gastrointestinal stroma*” or “gastro–intestinal stroma*” 
or “GIST” or “GISTs” or stomach or intestine*; INTRIGUE 
or INVICTUS and “phase III” or “phase 3” or NCT04148092 
or NCT03673501 or NCT03353753 or NCT04633122 or 
NCT04282980 or NCT04530981 or NCT02571036. Records 
were limited to those in English language. Searches last updated 
28 Sep 2022

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40265- 022- 01794-0.

Acknowledgments During the peer review process, the manufacturer 
of ripretinib was also offered an opportunity to review this article. 
Changes resulting from comments received were made on the basis of 
scientific and editorial merit.

Declarations 

Funding The preparation of this review was not supported by any 
external funding.

Authorship and conflict of interest S. Fung and M. Shirley are salaried 
employees of Adis International Ltd/Springer Nature, and declare no 
relevant conflicts of interest. All authors contributed to the review and 
are responsible for the article content.

Ethics approval, Consent to participate, Consent to publish, Availability 
of data and material, Code availability Not applicable.

References

 1. Klug LR, Khosroyani HM, Kent JD, et al. New treatment strate-
gies for advanced-stage gastrointestinal stromal tumours. Nat Rev 
Clin Oncol. 2022;19(5):328–41.

 2. Patel SR, Reichardt P. An updated review of the treatment land-
scape for advanced gastrointestinal stromal tumors. Cancer. 
2021;127(13):2187–95.

 3. Verschoor AJ, Bovee J, Overbeek LIH, et al. The incidence, muta-
tional status, risk classification and referral pattern of gastro-intes-
tinal stromal tumours in the Netherlands: a nationwide pathology 
registry (PALGA) study. Virchows Arch. 2018;472(2):221–9.

 4. Corless CL, Schroeder A, Griffith D, et al. PDGFRA mutations in 
gastrointestinal stromal tumors: frequency, spectrum and in vitro 
sensitivity to imatinib. J Clin Oncol. 2005;23(23):5357–64.

 5. Manley PW, Cowan-Jacob SW, Buchdunger E, et al. Imatinib: a 
selective tyrosine kinase inhibitor. Eur J Cancer. 2002;38(Suppl 
5):S19-27.

 6. Heinrich MC, Corless CL, Blanke CD, et al. Molecular correlates 
of imatinib resistance in gastrointestinal stromal tumors. J Clin 
Oncol. 2006;24(29):4764–74.

 7. US FDA.  Qinlock® (ripretinib) tablets: US prescribing informa-
tion. 2021. https:// www. qinlo ckhcp. com/. Accessed 28 Sep 2022.

 8. European Medicines Agency. QINLOCK 50 mg tablets: sum-
mary of product characteristics. 2021. https:// www. ema. europa. 
eu/. Accessed 28 Sep 2022.

 9. Smith BD, Kaufman MD, Lu WP, et al. Ripretinib (DCC-2618) 
is a switch control kinase inhibitor of a broad spectrum of onco-
genic and drug-resistant KIT and PDGFRA variants. Cancer Cell. 
2019;35(5):738-51.e9.

 10. Janku F, Abdul Razak AR, Chi P, et al. Switch control inhibi-
tion of KIT and PDGFRA in patients with advanced gastrointes-
tinal stromal tumor: a phase I study of ripretinib. J Clin Oncol. 
2020;38(28):3294–303.

 11. Li X, Shelton MJ, Wang J, et al. Effects of CYP3A inhibition, 
CYP3A induction, and gastric acid reduction on the pharmacoki-
netics of ripretinib, a switch control KIT tyrosine kinase inhibitor. 
Clin Pharmacol Drug Dev. 2022. https:// doi. org/ 10. 1002/ cpdd. 
1110.

 12. Blay J-Y, Serrano C, Heinrich MC, et al. Ripretinib in patients 
with advanced gastrointestinal stromal tumours (INVICTUS): a 

https://doi.org/10.1007/s40265-022-01794-0
https://www.qinlockhcp.com/
https://www.ema.europa.eu/
https://www.ema.europa.eu/
https://doi.org/10.1002/cpdd.1110
https://doi.org/10.1002/cpdd.1110


1548 S. Fung, M. Shirley 

double-blind, randomised, placebo-controlled, phase 3 trial. Lan-
cet Oncol. 2020;21(7):923–34.

 13. Bauer S, Heinrich MC, George S, et  al. Clinical activity of 
ripretinib in patients with advanced gastrointestinal stromal tumor 
harboring heterogeneous KIT/PDGFRA mutations in the phase III 
INVICTUS study. Clin Cancer Res. 2021;27(23):6333–42.

 14. Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evalu-
ation criteria in solid tumours: revised RECIST guideline (version 
1.1). Eur J Cancer. 2009;45(2):228–47.

 15. Demetri GD, Reichardt P, Kang Y-K, et al. Efficacy and safety of 
regorafenib for advanced gastrointestinal stromal tumours after 
failure of imatinib and sunitinib (GRID): an international, mul-
ticentre, randomised, placebo-controlled, phase 3 trial. Lancet. 
2013;381(9863):295–302.

 16. von Mehren M, Heinrich MC, George S, et al. Ripretinib as ≥ 
4th-line treatment in patients with advanced gastrointestinal 
stromal tumor: long-term update from the phase III INVICTUS 
study [abstract no. 1540P and poster]. Ann Oncol. 2021;32(Suppl 
5):S1120–1.

 17. Zalcberg JR, Heinrich MC, George S, et al. Clinical benefit of 
ripretinib dose escalation after disease progression in advanced 
gastrointestinal stromal tumor: an analysis of the INVICTUS 
study. Oncologist. 2021;26(11):e2053–60.

 18. Bauer S, Jones RL, Blay JY, et al. Ripretinib versus sunitinib 
in patients with advanced gastrointestinal stromal tumor after 
treatment with imatinib (INTRIGUE): a randomized, open-label, 
phase III trial. J Clin Oncol. 2022;2022:JCO2200294.

 19. Robert C, Soria JC, Spatz A, et  al. Cutaneous side-effects 
of kinase inhibitors and blocking antibodies. Lancet Oncol. 
2005;6(7):491–500.

 20. Patel A, George S, Janku F, et al. Dermatopathological review 
of cutaneous squamous cell carcinoma events in patients with 
gastrointestinal stromal tumors treated with ripretinib [abstract 
no. P-107 and poster]. Ann Oncol. 2021;32(Suppl 3):S134–5.

 21. Chen MH, Kerkela R, Force T. Mechanisms of cardiac dysfunc-
tion associated with tyrosine kinase inhibitor cancer therapeutics. 
Circulation. 2008;118(1):84–95.

 22. Li X, Psoinos CM, Shelton MJ, et al. Effect of hepatic impairment 
on the pharmacokinetics of ripretinib [abstract no. e16031]. J Clin 
Oncol. 2022;40(16 Suppl):e16031.

 23. Casali PG, Blay JY, Abecassis N, et al. Gastrointestinal stromal 
tumours: ESMO–EURACAN–GENTURIS clinical practice 
guidelines for diagnosis, treatment and follow-up. Ann Oncol. 
2022;33(1):20–33.

 24. National Comprehensive Cancer Network. Gastroinestinal stromal 
tumors (GISTs): NCCN guidelines version 2.2022. 2022. https:// 
www. nccn. org/. Accessed 28 Sep 2022.

 25. Taiho Pharmaceutical Co. Taiho pharmaceutical obtains approval 
to manufacture and market HSP90 inhibitor Jeselhy® tablets 40 
mg (pimitespib) for gastrointestinal stromal tumor (GIST) [media 
release]. 20 June 2022. https:// www. taiho. co. jp/.

Springer Nature or its licensor holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); 
author self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement and 
applicable law.

https://www.nccn.org/
https://www.nccn.org/
https://www.taiho.co.jp/


Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.


