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ABSTRACT
Background. Ripretinib 150 mg once daily (QD) is indicated for
advanced gastrointestinal stromal tumors (GISTs) as at least
fourth-line therapy. In INVICTUS, ripretinib intrapatient dose
escalation (IPDE) to 150 mg b.i.d. was allowed after progressive
disease (PD) on 150 mg QD by blinded independent central
review using modiﬁed RECIST 1.1. We report the efﬁcacy and
safety of ripretinib IPDE to 150 mg b.i.d. after PD among patients
randomized to ripretinib 150 mg QD in the INVICTUS study.
Materials and Methods. Tumor imaging was performed every
28-day cycle for the ﬁrst four cycles in the ripretinib 150 mg QD
period and then every other cycle, including the 150 mg b.i.d.
period. Among the ripretinib IPDE patients, progression-free
survival (PFS)1 was the time from randomization until PD; PFS2
was the time from the ﬁrst dose of ripretinib 150 mg b.i.d. to PD
or death.

Results. Among 43 ripretinib IPDE patients, median PFS1 was
4.6 months (95% conﬁdence interval [CI], 2.7–6.4) and median
PFS2 was 3.7 months (95% CI, 3.1–5.3). Median overall survival was 18.4 months (95% CI, 14.5–not estimable). Ripretinib
150 mg b.i.d. (median duration of treatment 3.7 months) was
well tolerated with new or worsening grade 3–4 treatmentemergent adverse events (TEAEs) of anemia in six (14%)
and abdominal pain in three (7%) patients. Ripretinib
150 mg b.i.d. was discontinued because of TEAEs in seven
(16%) patients.
Conclusion. Ripretinib 150 mg b.i.d. after PD on 150 mg QD
may provide additional clinically meaningful beneﬁt with an
acceptable safety proﬁle in patients with at least fourth-line
GISTs. The Oncologist 2021;26:e2053–e2060

Implications for Practice: Of the 85 patients with advanced gastrointestinal stromal tumor having received at least three
prior anticancer therapies randomized to ripretinib 150 mg once daily (QD) in the phase III INVICTUS study, 43 underwent
ripretinib intrapatient dose escalation (IPDE) to 150 mg b.i.d. after progressive disease (PD). Median progression-free
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survival was 4.6 months before and 3.7 months after ripretinib IPDE. The safety proﬁle of ripretinib 150 mg b.i.d. was
acceptable. These ﬁndings indicate ripretinib IPDE to 150 mg b.i.d. may provide additional clinical beneﬁt in patients with
PD on ripretinib 150 mg QD, for whom limited treatment options exist.

INTRODUCTION
Activating mutations in receptor tyrosine kinase protooncogene, receptor tyrosine kinase (KIT), or platelet-derived
growth factor receptor α (PDGFRA) drive altered cell proliferation, differentiation, apoptosis, and survival in most
gastrointestinal stromal tumors (GISTs) [1–3]. Targeting of
KIT or PDGFRA with tyrosine-kinase inhibitors (TKIs) has revolutionized treatment for patients with advanced/metastatic
GISTs. Standard therapy for advanced/metastatic GISTs is
imatinib (ﬁrst-line), sunitinib (second-line), regorafenib (thirdline), and ripretinib (fourth-line) [3, 4]. In addition, avapritinib
is approved for advanced GISTs with PDGFRA exon 18 mutations [4]. Despite signiﬁcant improvement in outcomes with
TKI therapy in advanced GIST, progressive disease (PD) is
inevitable in most patients following approved treatments.
Progression largely occurs because of the emergence of secondary mutations in KIT or PDGFRA [5–8].
Ripretinib, a switch-control TKI, inhibits a broad range of
known primary and secondary KIT and PDGFRA mutations that
drive drug resistance by regulating the kinase switch pocket
and activation loop [9]. Clinical data suggest the efﬁcacy of
ripretinib in advanced GIST as second-line, third-line, and at
least fourth-line therapy [10, 11]. In the dose-escalation phase
of the ripretinib phase I study (NCT02571036), the maximum
tolerated dose (MTD) was not reached among the doses tested,
including ripretinib 200 mg b.i.d. Based on the safety, pharmacokinetic (PK), and pharmacodynamic results of the phase I
study, ripretinib 150 mg once daily (QD) was established as the
recommended phase II dose (RP2D) [10]. Of note, ripretinib
150 mg b.i.d. in the dose-escalation phase of the phase I study
was well tolerated, without signiﬁcant dose-limiting toxicity
(DLT) in patients with advanced GISTs.
Given the acceptable safety proﬁle of ripretinib 150 mg b.
i.d., patients in the phase III INVICTUS study (NCT03353753)
were offered the option of ripretinib intrapatient dose escalation (IPDE) to 150 mg b.i.d. after PD on ripretinib 150 mg QD
[11]. The primary analysis of the INVICTUS study has previously been reported [11]. Here, we present results focused on
patients randomized to ripretinib 150 mg QD in the INVICTUS
study who received ripretinib IPDE to 150 mg b.i.d. after PD
assessed by blinded independent central review (BICR).

MATERIALS AND METHODS
Study Design
INVICTUS was a double-blind, randomized, placebo-controlled,
phase III study conducted at 29 hospitals in 12 countries across
North America, Europe, and the Asia-Paciﬁc region. Detailed
methods have previously been described [11]. Brieﬂy, patients
with advanced GISTs who had received at least three prior anticancer therapies were randomly assigned (2:1) to receive either
ripretinib 150 mg QD or placebo in 28-day cycles. Patients,
investigators, research staff, and the sponsor study team were

masked to the treatment allocation until conﬁrmation of PD
assessed by BICR using modiﬁed RECIST v1.1 (mRECIST 1.1).
At the time of PD as determined by BICR, patients in the
ripretinib arm were offered the options of ripretinib IPDE to
150 mg b.i.d., continue ripretinib 150 mg QD if showing clinical beneﬁt, or discontinue ripretinib. Dose interruptions or modiﬁcations of ripretinib due to adverse events (AEs) were
permitted at the discretion of the investigator. In patients receiving ripretinib 150 mg QD, the ﬁrst dose reduction was to 100 mg
QD and the second reduction was to 50 mg QD. Patients requiring a dose of <50 mg QD were discontinued from the study. In
patients receiving ripretinib 150 mg b.i.d., the ﬁrst dose reduction was to 100 mg b.i.d. and the second reduction was to
150 mg QD. Patients randomized to placebo who crossed over
to ripretinib 150 mg QD and had PD by investigator assessment
using mRECIST were given the options of ripretinib IPDE to
150 mg b.i.d., continue ripretinib 150 mg QD if showing clinical
beneﬁt, or discontinue ripretinib. The results of ripretinib IPDE
to 150 mg b.i.d. among patients in the placebo arm who crossed
over to ripretinib are not reported in this article.
The safety and efﬁcacy of patients randomized to ripretinib
150 mg QD in the INVICTUS study who received ripretinib IPDE
to 150 mg b.i.d. after PD are presented in this article. This study
was conducted in accordance with the Declaration of Helsinki
and the International Council for Harmonisation Guidelines for
Good Clinical Practice. All patients provided written informed
consent to participate in the study. The protocol, protocol
amendments, and informed consent documents were
approved at each site by the institutional review board or
ethics committee.

Participants
Patients 18 years or older with a diagnosis of GIST (with at
least one measurable lesion according to mRECIST 1.1) and
progression on at least imatinib, sunitinib, and regorafenib,
or documented intolerance to any of these treatments despite
dose modiﬁcations were eligible.
Patients randomized to ripretinib 150 mg QD in the
INVICTUS study who underwent dose escalation to ripretinib
150 mg b.i.d. following PD by BICR according to mRECIST 1.1
are referred to as receiving ripretinib IPDE. The decision to initiate ripretinib IPDE after PD on ripretinib 150 mg QD was at the
discretion of the investigator.

Procedures
Tumor evaluations were performed using computed tomography scans every 28-day cycle for the ﬁrst four cycles in the
ripretinib 150 mg QD period and then every other cycle
(56 days), including the ripretinib 150 mg b.i.d. period. AEs were
monitored continuously from the signing of informed consent
to 30 days after the last ripretinib dose. Safety evaluations
included all treatment-emergent adverse events (TEAEs) and
dose modiﬁcations. To assess the correlation between ripretinib
IPDE and AEs, TEAEs in the ripretinib 150 mg b.i.d. period
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Figure 1. Kaplan-Meier plot of progression-free survival among patients receiving ripretinib intrapatient dose escalation (IPDE) to
150 mg b.i.d. (A): PFS in the ripretinib 150 mg once daily (QD) period (PFS1). (B): PFS in the ripretinib 150 mg b.i.d. period (PFS2).
Of the 43 ripretinib IPDE patients, 3 with progressive disease during ripretinib 150 mg QD were censored due to new anticancer
therapy or surgery/radiation; 10 were censored during ripretinib 150 mg b.i.d. period for multiple end-of-treatment reasons.
Abbreviations: CI, conﬁdence interval; PFS, progression-free survival.

represent new and worsening AEs after IPDE; TEAEs continuing
over from the ripretinib 150 mg QD period were not counted.

Statistical Analysis
Progression-free survival (PFS) after ripretinib IPDE to 150 mg b.i.
d. was an exploratory endpoint of the INVICTUS study. Among
the patients receiving ripretinib IPDE, PFS1 was the interval
between the date of randomization to PD by BICR; PFS2 was the
interval between the date of the ﬁrst dose of 150 mg b.i.d. to PD
by BICR or death and analyzed using the Kaplan-Meier
(KM) method. Overall survival (OS) was calculated from the date
of randomization to the date of death from any cause. Survival
between groups was compared using the KM method and

www.TheOncologist.com

stratiﬁed log-rank test. Hazard ratio (HR) was calculated using a
Cox regression model, and the 95% conﬁdence interval (CI) was
based on the Wald method. Descriptive statistics were used to
describe continuous variables, and discrete variables were summarized using frequencies and percentages. Statistical analyses
were done with SAS version 9.4 (SAS Institute, Cary, NC).

RESULTS
Patients
Between Feb 27, 2018, and Nov 16, 2018, 129 of 154 assessed
patients were randomized to either ripretinib 150 mg QD
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(n = 85) or placebo (n = 44). As of Aug 10, 2020, 65 patients
randomized to ripretinib 150 mg QD had PD by BICR. Of these,
43 patients received ripretinib IPDE to 150 mg b.i.d., and
22 patients either continued ripretinib 150 mg QD or discontinued study treatment (supplemental online Fig. 1). Baseline
characteristics at study entry of patients receiving ripretinib
IPDE (n = 43) versus not receiving ripretinib IPDE (n = 22)
were similar and are provided in Table 1. At the time of PD
while on ripretinib 150 mg QD, patients undergoing ripretinib
IPDE had better Eastern Cooperative Oncology Group (ECOG)
performance status than those not undergoing ripretinib
IPDE (ECOG 0, 51% vs. 18%; ECOG 1, 37% vs. 64%, respectively; supplemental online Table 1). The median duration of
treatment with ripretinib 150 mg b.i.d. was 3.7 months
(range, 1 day–18.6 months), and 26% (11 of 43 patients)
received ripretinib 150 mg b.i.d. for 6 months or longer. PK
analysis (n = 33) showed that ripretinib IPDE to 150 mg b.i.
d. from 150 mg QD resulted in an approximately twofold
increase in the steady-state trough concentration of
ripretinib (supplemental online Fig. 2).

Efﬁcacy
As of Aug 10, 2020, among the 43 patients in the ripretinib arm
receiving IPDE, the median PFS1 (mPFS1) was 4.6 months (95%
CI, 2.7–6.4 months) and median PFS2 (mPFS2) was 3.7 months
(95% CI, 3.1–5.3 months) (Fig. 1). The ratio of mPFS2/mPFS1
was 80%. At the time of data cutoff, seven patients who
received ripretinib IPDE were still on treatment, including four
who showed PD per BICR (supplemental online Fig. 3). Although
three patients receiving ripretinib IPDE had a conﬁrmed partial
response when receiving 150 mg QD before PD, there were no
further responses by mRECIST in the 150 mg b.i.d. period. The
utility of continuing ripretinib 150 mg QD after PD could not be
assessed given the limited number of patients and multiple reasons for continuing ripretinib 150 mg QD (which were not collected during the study) after PD.
Median OS (mOS) was 18.4 months (95% CI, 14.5–not estimable) in patients randomized to ripretinib 150 mg QD with PD
and receiving IPDE to 150 mg b.i.d. (n = 43) and 14.2 months
(95% CI, 7.2–not estimable) in those randomized to ripretinib
150 mg QD with PD and not receiving IPDE (n = 22) (HR, 0.74;
95% CI, 0.37–1.49; Fig. 2). Among the intention-to-treat population of INVICTUS, mOS was 18.2 months (95% CI, 13.1–not estimable) in the ripretinib group (n = 85) versus 6.3 months (95%
CI, 4.1–10 months) in the placebo group (n = 44) (HR 0.42; 95%
CI, 0.27–0.67; Fig. 2).

Safety
Ripretinib was well tolerated during both the 150 mg QD and b.
i.d. period among the ripretinib IPDE patients. A comparison of
the most frequently reported TEAEs (>10% of patients) and the
corresponding grade 3–4 TEAEs in the ripretinib IPDE population in the 150 mg QD and b.i.d. period are shown in Table 2.
The most common TEAEs of any grade reported as new or worsening in >15% of patients during the ripretinib 150 mg b.i.
d. period were abdominal pain, decreased appetite, anemia,
nausea, increased blood bilirubin levels, constipation, diarrhea,
fatigue, myalgia, and palmar-plantar erythrodysesthesia syndrome. The most frequent grade 3–4 TEAEs (>5% of
patients) during the ripretinib 150 mg b.i.d. period were

Table 1. Baseline characteristics at study entry of patients
with advanced GISTs randomized to ripretinib in INVICTUS

Characteristics
Age at study
entry, median
(range), yr

Patients with
PD receiving
ripretinib IPDE
to 150 mg b.i.d.
(n = 43)

Patients
with PD not
receiving
ripretinib IPDE
(n = 22)

59 (36–79)

57 (40–82)

18–64

27 (63)

18 (82)

65–74

12 (28)

1 (5)

4 (9)

3 (14)

Male

25 (58)

13 (59)

Female

18 (42)

9 (41)

35 (81)

14 (64)

Non-White

2 (5)

7 (32)

Not reported

6 (14)

1 (5)

U.S.

18 (42)

10 (45)

Non-U.S.

25 (58)

12 (55)

≥75
Sex

Race
White

Region

ECOG performance status
0

21 (49)

8 (36)

1

17 (40)

11 (50)

2

5 (12)

3 (14)

3

28 (65)

12 (55)

4–7

15 (35)

10 (45)

Number of previous
systemic therapiesa

Median sum of longest
diameters of target
lesions (range), mm

111 (46–495)

123 (21–365)

Primary mutation
(central testing of
tumor tissue)
KIT exon 11

25 (58)

12 (55)

KIT exon 9

7 (16)

3 (14)

Other KIT

1 (2)

0

PDGFRA

1 (2)

2 (9)

KIT wild type/PDGFRA
wild type

3 (7)

2 (9)

Not availableb
or not donec

6 (14)

3 (14)

Data are presented as n (%) unless otherwise noted.
a
An anticancer therapy in neoadjuvant/adjuvant/ﬁrst-line metastatic/rechallenge was all counted as one prior line of therapy.
b
Tumor tissue analyzed for baseline mutations, but analysis failed.
c
Biopsy completed per protocol, but sample not received for analysis.
Abbreviations: ECOG, Eastern Cooperative Oncology Group; GIST,
gastrointestinal stromal tumor; IPDE, intrapatient dose escalation;
PD, progressive disease; PDGFRA, platelet-derived growth factor
receptor α; QD, once daily.

anemia (6 [14%] of 43 patients) and abdominal pain
(3 [7%] patients). Serious TEAEs of grade 3–4 occurring in
>4% of patients receiving ripretinib 150 mg b.i.d. were
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Figure 2. Kaplan-Meier estimates of overall survival in patients with advanced gastrointestinal stromal tumors in INVICTUS.
Abbreviations: CI, conﬁdence interval; IPDE, intrapatient dose escalation; NE, not estimable; OS, overall survival.

Table 2. Treatment-emergent adverse events reported in >10% of patients with advanced GISTs receiving ripretinib IPDE to
150 mg b.i.d.
Preferred term, n (%)
Abdominal pain

Ripretinib 150 mg QD period (n = 43)
All grades
Grade 3–4
18 (42)
2 (5)

Ripretinib 150 mg b.i.d. period (n = 43)a
All grades
Grade 3–4
13 (30)
3 (7)

Decreased appetite
Anemia
Nausea
Blood bilirubin increased
Constipation
Diarrhea
Fatigue
Myalgia

13 (30)
5 (12)
13 (30)
8 (19)
16 (37)
11 (26)
19 (44)
15 (35)

1 (2)
1 (2)
1 (2)
0
0
0
1 (2)
1 (2)

11 (26)
10 (23)
10 (23)
8 (19)
8 (19)
7 (16)
7 (16)
7 (16)

2 (5)
6 (14)
1 (2)
0
0
0
2 (5)
0

Palmar-plantar erythrodysesthesia syndrome 8 (19)
Alopecia
26 (60)
Asthenia
7 (16)
Dyspnea
4 (9)
Vomiting
7 (16)
Muscle spasms
6 (14)
Edema peripheral
7 (16)
Weight loss
9 (21)

0
—
0
0
1 (2)
0
0
0

7 (16)
6 (14)
6 (14)
6 (14)
6 (14)
5 (12)
5 (12)
5 (12)

1 (2)
—
1 (2)
1 (2)
1 (2)
0
0
0

—indicates that no data were captured per adverse event grade ratings.
a
Data represent new or worsening TEAEs in the ripretinib 150 mg b.i.d. period. The ongoing TEAEs from the ripretinib 150 mg QD period were
not included if they remained at the same or lower grade.
Abbreviations: GIST, gastrointestinal stromal tumor; QD, once daily; TEAEs, treatment-emergent adverse events.

anemia (4 [9%] patients), abdominal pain (2 [5%] patients), and
gastrointestinal hemorrhage (2 [5%] patients; supplemental
online Table 2).
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A summary of dose modiﬁcations among patients receiving
ripretinib IPDE during both ripretinib 150 mg QD and b.i.d. dosing periods are presented in Table 3. In the ripretinib 150 mg
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Table 3. Dose modiﬁcations occurring in patients with
advanced GIST receiving ripretinib IPDE to 150 mg b.i.d

Parameters, n (%)
Any dose interruption
Any dose reduction
Any TEAE leading
to treatment
discontinuation

Ripretinib
150 mg
QD period
(n = 43)
6 (14)
2 (5)
N/A

Ripretinib
150 mg
b.i.d. period
(n = 43)a
11 (26)
8 (19)
7b (16)

a

Data only include dose interruption/dose reduction/treatment discontinuation in the ripretinib 150 mg b.i.d. period.
Seven patients had 10 TEAEs leading to treatment discontinuation.
Abbreviations: GIST, gastrointestinal stromal tumor; IPDE, intrapatient
dose escalation; N/A, not applicable; QD, once daily; TEAE, treatmentemergent adverse event.
b

QD period, any dose interruption or reduction occurred in
6 (14%) and 2 (5%) patients, respectively. While in the ripretinib
150 mg b.i.d. period, any dose interruption or reduction
occurred in 11 (26%) and 8 (19%) patients, respectively. There
were 10 TEAEs in seven (16%) patients in the ripretinib 150 mg
b.i.d. period leading to treatment discontinuation; three
patients each reported one of the following events: grade
3 fatigue (possibly treatment-related), grade 3 hematemesis
(possibly treatment-related), and grade 1 anemia (treatmentrelated). The remaining seven TEAEs were considered unlikely
(one) or not related (six) to ripretinib.

DISCUSSION
Results of the present analysis from the INVICTUS study
showed that in a proportion of patients with advanced
GISTs and PD on the ripretinib dose of 150 mg QD, dose
escalation to 150 mg b.i.d. was associated with an additional
PFS (mPFS2) of 3.7 months. Despite an average doubling of
drug exposure, the safety proﬁle of ripretinib 150 mg b.i.d.
remained acceptable, and approximately 25% of the patients
continued therapy for ≥6 months.
The primary results of the INVICTUS study showed that
ripretinib 150 mg QD as at least fourth-line therapy for patients
with advanced GISTs signiﬁcantly improved mPFS (6.3 months)
versus placebo (1 month) [11]. The MTD of ripretinib was not
reached in the phase I study among the doses tested. The
RP2D of ripretinib 150 mg QD was based on in vitro and in vivo
pharmacology studies predicting a threshold of 10,000 ng  h/
mL for efﬁcacy for ripretinib and PK analysis conﬁrming an
exposure above this threshold in >90% of patients with the
ripretinib 150 mg QD dose in the phase I study [10]. Because
the starting dose of ripretinib 150 mg b.i.d. was well tolerated
without DLT in the phase I study, the efﬁcacy of ripretinib IPDE
to 150 mg b.i.d. among patients who progressed on BICR while
on ripretinib 150 mg QD was assessed to test whether ripretinib
IPDE might provide additional clinical beneﬁt.
Reported treatment options for patients with advanced
GIST, independent of the tumor genotype, after the failure
of approved TKI therapies include avapritinib, cabozantinib,
pazopanib, and imatinib rechallenge [4]. In a recently published analysis of the phase I NAVIGATOR trial, avapritinib as

at least fourth-line therapy for advanced GISTs with KIT or
non-D842V PDGFRA mutations showed a mPFS of 3.7
months, objective response rate (ORR) of 17%, and mOS of
11.6 months [12]. Also, cabozantinib as third-line therapy
showed a mPFS of 5.5 months, ORR of 14%, and mOS of
18.2 months in a single-arm phase II study [13]. Historically,
the mPFS, ORR, and mOS with imatinib rechallenge after
the failure of at least two lines of TKI therapy were
1.8 months, 0%, and 8.2 months, respectively [14].
Pazopanib has been evaluated as at least third-line therapy
with an mPFS of 3.4 months, ORR of 0%, and mOS of
17.8 months [15]. In this study, ripretinib IPDE to 150 mg b.
i.d. showed an mPFS2 of 3.7 months, ORR of 0%, and mOS
of 18.4 months (including the OS in the 150 mg QD period).
Of note, the mPFS2 (measured from the ﬁrst date of
ripretinib 150 mg b.i.d.) could potentially be underestimated, given the slight delay in the interval between PD
on ripretinib 150 mg QD and initiation of ripretinib IPDE.
Notwithstanding the limitations of a direct cross-study comparison, the additional clinical beneﬁt of ripretinib IPDE
observed in this study conﬁrms the results of the phase I
study evaluating ripretinib IPDE across multiple lines of
therapy and is similar to those previously reported for other
TKIs in the heavily pretreated setting [16]. Not achieving
objective response with ripretinib IPDE in greater than
fourth line of treatment does not preclude a clinical beneﬁt
in asymptomatic patients, particularly since objective
responses are rare with any agent in this clinical setting.
Importantly, both mPFS1 and mPFS2 in patients receiving
ripretinib IPDE were longer than the observed mPFS with
placebo (4.6 months vs. 3.7 months vs. 1 month), underscoring the clinical beneﬁt of ripretinib at both doses.
Because the discontinuation of any TKI therapy is associated
with immediate progression and ultimate fatal outcome
without additional therapy, ripretinib IPDE for treatment
after PD in this subset of patients beyond doubt slows down
the progression and may provide a survival beneﬁt. However, it is yet to be determined if reintroduction of a previously tolerated TKI or continuation of the standard dose of
ripretinib would have a similar effect.
Despite the dose doubling, ripretinib 150 mg b.i.d. dosing
showed an acceptable safety proﬁle in this study. Grade 3–4
anemia and abdominal pain occurred more frequently after
ripretinib IPDE. Also, ripretinib dose interruption, reduction,
and treatment discontinuation due to TEAEs during ripretinib
IPDE occurred in 11, 8, and 7 patients, respectively. The data
on AEs and treatment modiﬁcations during ripretinib IPDE
should be interpreted carefully given the confounding factors
of disease progression, subjective clinical decision, and the longer duration of patient follow-up.
A similar strategy of TKI dose escalation after PD on a
lower dose has been evaluated previously with imatinib after
ﬁrst-line therapy in advanced GISTs [17, 18]. In the EORTC
62005 study, 133 patients crossed over to imatinib 400 mg b.i.
d. after PD on 400 mg QD with a median PFS of 2.7 months
after crossover. The severity of anemia and fatigue increased
signiﬁcantly in the 400 mg b.i.d. period, and 51% discontinued
therapy <6 months after dose escalation, largely because of
PD. In the S0033 trial, 118 patients crossed over to imatinib
400 mg b.i.d. with mPFS of 5.0 months after crossover. Based
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on the ﬁndings of the two studies, dose escalation of imatinib
to 400 mg b.i.d. is suggested as a reasonable option for
patients progressing on imatinib 400 mg QD in the clinical
practice guidelines for GISTs [4, 19].
A signiﬁcant clinical challenge in the management of
patients with advanced GISTs is the increasing rate of PD over
time despite continued TKI therapy. The most common mechanism of resistance to TKIs is the emergence of secondary
mutations in association with the original KIT mutation, which
interferes with drug binding of ATP-binding KIT inhibitors. This
resistance is mostly clonal as evidenced by intratumoral nodules that occur in patients with advanced GISTs after initial
stabilization and regression of the disease [20]. While preclinical studies indicate potent activity of ripretinib (IC50 in the
low nanomolar range) against most secondary resistance
mutations, there might be differential activity against some
mutations and ripretinib IPDE may be a viable strategy in that
setting [9]. Also, additional mutations that independently activate KIT-downstream signaling such as v-raf murine sarcoma
viral oncogene homolog B1(BRAF) have been reported in
pretreated patients with GISTs and may emerge more often
following treatment with a broad-spectrum KIT inhibitor such
as ripretinib [21]. Therefore, a higher dose of ripretinib may
be effective in inhibiting other kinases such as BRAF [9].

Limitations
This analysis has several limitations. This was an exploratory
analysis of a subset of patients receiving ripretinib IPDE in
the INVICTUS study. The decision to initiate ripretinib IPDE
after PD by BICR on ripretinib 150 mg QD was at the discretion of the investigator. Although tumor measurements by
BICR possibly reduced variation in the mRECIST assessment,
it led to slight variability in the interval between PD on
ripretinib 150 mg QD and initiation of ripretinib IPDE. An
additional possibility is the failure of mRECIST, an anatomic
tumor response criterion, to identify patients with clinically
relevant progression. The mechanism of ripretinib resistance in advanced GISTs remains unknown and additional
analyses are needed to address if ripretinib IPDE can be
guided based on tumor genotype or other factors. Despite
the shortcomings, the results are hypothesis-generating
regarding the role of ripretinib IPDE in the management of
PD in patients with advanced GISTs. The additional clinical
beneﬁt observed with ripretinib IPDE is important given the
high unmet need for treatment options in patients with
advanced GISTs refractory to all currently approved TKIs.

CONCLUSION

These ﬁndings from the INVICTUS study suggest that in
patients with at least fourth-line advanced GISTs, ripretinib IPDE
to 150 mg b.i.d. after progressive disease on a ripretinib dose of
150 mg QD may provide additional clinical beneﬁt with an
acceptable safety proﬁle.
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