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Abstract Purpose: Ripretinib is a switch-control tyrosine kinase inhibitor that broadly inhibits KIT and platelet-derived growth factor receptor a kinase signalling. Ripretinib showed
preliminary efficacy in patients with advanced gastrointestinal stromal tumour (GIST) in a
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phase I study across a range of doses. Results were confirmed in the phase III INVICTUS
study, and ripretinib 150 mg once daily (QD) was subsequently approved as a fourth-line
therapy. Here, we report the phase I study results of intrapatient dose escalation (IPDE) in
patients with GIST treated across second, third and later lines of therapy.
Methods: Patients with advanced GIST who experienced disease progression (PD) at ripretinib 150 mg QD could dose escalate to 150 mg twice daily (BID). Progression-free survival
(PFS) 1 was calculated from the date of the first dose of ripretinib 150 mg QD to PD (as
per Response Evaluation Criteria in Solid Tumours 1.1); PFS2 was from the date of IPDE
(150 mg BID) to PD or death. Treatment-emergent adverse events (TEAEs) were summarised
by dosing periods and compared descriptively.
Results: Of 142 patients with GIST receiving ripretinib 150 mg QD, 67 underwent IPDE.
IPDE provided benefit across all lines of therapy; the median PFS2 was 5.6, 3.3 and 4.6
months for patients on second-, third- and fourth-line therapy, respectively. A partial metabolic response after IPDE was demonstrated in 13 of 37 patients with available positron emission tomography scans. TEAEs reported at both doses were similar.
Conclusion: Ripretinib IPDE after PD provided continued clinical benefit in advanced GIST
across second, third and later lines of therapy with a similar safety profile to that observed
with the QD regimen.
ª 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).

1. Introduction
Most gastrointestinal stromal tumours (GISTs) harbour
an activating mutation in either KIT or platelet-derived
growth factor receptor a (PDGFRA) tyrosine kinases
[1e3]. Treatment of advanced GIST improved greatly
with approval of oral tyrosine kinase inhibitors (TKIs).
Five TKIs are approved for GIST in the United
Statesdimatinib (adjuvant and first-line therapy),
sunitinib (second-line therapy), regorafenib (third-line
therapy), ripretinib (fourth-line therapy) and avapritinib
(PDGFRA exon 18 mutant GIST) [4e7]. Although
these TKIs improved the outcomes of patients with
GIST, disease progression still occurs, with progressionfree survival (PFS) being typically shorter after first-line
treatment. Disease progression is largely due to the
development of secondary mutations in KIT or
PDGFRA, [8] which can result in complex intratumour
and intertumour heterogeneity [8,9]. Thus, there is a
need for therapeutic options in advanced GIST that are
effective against a broad spectrum of KIT and PDGFRA
mutations and provide clinical benefit beyond disease
progression.
Ripretinib, approved for use based on the results of
the phase III INVICTUS trial [10], is indicated in the
treatment of adult patients with advanced GIST who
have received prior treatment with 3 or more kinase
inhibitors, including imatinib [5,11,12]. Ripretinib, an
oral switch-control TKI, has a unique dual mechanism
of action that regulates the kinase switch pocket and
activation loop [13]. This novel mechanism of action
provides broad inhibition of KIT or PDGFRA kinase
activity, including wild-type KIT or PDGFRA and
multiple KIT and PDGFRA mutations [13]. In the

primary report of the phase I trial, ripretinib demonstrated promising efficacy and had a favourable safety
profile in patients with advanced GIST treated across
multiple lines of therapy [14]. Although no maximum
tolerated dose (MTD) was reached, the recommended
dose of ripretinib was established as 150 mg once daily
(QD) based on safety, pharmacokinetic findings and
pharmacodynamic findings [14].
Intrapatient dose escalation (IPDE), as an alternative
therapeutic option after disease progression while on an
approved TKI, was previously demonstrated in patients
receiving imatinib who, after progression, were allowed
to cross over to a higher dose with benefit to a subset of
patients [15]. A similar approach was explored in the
ripretinib phase I study; on disease progression with
ripretinib 150 mg QD, patients could dose escalate to
ripretinib 150 mg twice daily (BID). Here, we report the
efficacy, pharmacokinetics (PK) and safety results of
IPDE in patients with advanced GIST treated across
multiple lines of therapy from the phase I study.

2. Materials and methods
2.1. Study design and treatment
Detailed methods of the phase I study (NCT02571036)
that included dose escalation and expansion phase have
been previously described [14]. The escalation phase
evaluated increasing doses of ripretinib administered in
28-day cycles in patients with advanced malignancies
[14]. This escalation phase resulted in the recommended
dose of 150 mg QD [14]. In the expansion phase, patients were enrolled into disease-specific cohorts,
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including the KIT/PDGFRA mutant GIST cohort, and
started on the recommended 150 mg QD dose of ripretinib [14]. The GIST cohort consisted of patients
treated with 1 (second-line therapy), 2 (third-line therapy) or 3 (fourth-line or greater therapy) prior anticancer therapies [14]. Patients who progressed on
ripretinib 150 mg QD, as determined by Response
Evaluation Criteria in Solid Tumours (RECIST) v1.1
and based on local radiology review, were given the
option to escalate to 150 mg BID.
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. Before the start of and
throughout the study, the protocol, protocol
amendments and informed consent documents were
approved by each site’s institutional review board and
the appropriate regulatory authorities.
2.2. Patient population
Eligible patients included those 18 years of age with
histologically confirmed advanced GIST [14]. Patients
must have had 1 measurable lesion, as per RECIST
version 1.1. For inclusion in the trial, patients with GIST
were required to have a KIT or PDGFRA mutation and
must have progressed on, or had intolerability to, at least
1 line of systemic TKIs. Baseline characteristics,
including age, sex, Eastern Cooperative Oncology
Group status and mutation status, were recorded. Full
eligibility criteria are listed in Supplementary Data.
2.3. Efficacy assessments
The primary efficacy outcome was PFS as per RECIST
v1.1 based on local radiology review. PFS1 was calculated
from the date of the first dose of ripretinib 150 mg QD to
disease progression. PFS2 was defined as PFS on ripretinib 150 mg BID from the date of escalation to progression or death. An exploratory assessment of
metabolic tumour response by 18F-fluorodeoxyglucose
positron emission tomography (FDG-PET), as per European Organisation for Research and Treatment of
Cancer (EORTC) criteria, was also conducted during the
PFS2 period after the patient’s initial progression. PFS2
baseline PET scans were taken within 10 days before
IPDE; a follow-up scan was taken 17e31 days after
IPDE. PET scans were assessed by a central reviewer.
2.4. Pharmacokinetic assessments
The PK of ripretinib and its active metabolite DP-5439
was assessed. PK sampling was conducted predose on
day 15 during cycle 1, the first day of each subsequent
cycle and at the final study visit. PK analyses are presented as the geometric mean predose steady state

trough plasma concentration of ripretinib and active
metabolite DP-5439 at the 150 mg QD and 150 mg BID
dose. The steady state was defined as when the regimen
was administered >50% of the time for the specified
interval (i.e. the 150 mg BID dose was administered
most of the time during the IPDE period) and regimens
for which the average number of days administered was
5 days (i.e. the patient is conceivably dosed to a steady
state for each observed trough concentration). Plasma
samples were analysed for ripretinib and DP-5439 concentrations by a validated high-performance liquid
chromatography tandem mass spectrometric method.
2.5. Safety outcomes
Treatment-emergent adverse events (TEAEs) were
defined as any AE that occurred after administration of
the first dose of the study drug and through 30 days after
the last dose of the study drug, any event that was
considered drug-related, regardless of the start date of
the event, any event that was present at baseline but
worsened in severity or any event that was subsequently
considered drug-related by the investigator. AEs were
coded with MedDRA dictionary v21.1. AEs are presented for patients with GIST who received ripretinib
150 mg QD and dose escalated to 150 mg BID.
2.6. Statistical analyses
Analyses were conducted by the line of therapy (second,
third and fourth or greater). Descriptive statistics were
used to summarise continuous variables, and discrete
variables were summarised using frequencies and percentages. For PFS, the Kaplan-Meier method was used
to obtain non-parametric estimates, the associated 2sided 95% confidence intervals (CIs) for the median
survival time, the 25th and 75th percentiles and survival
probability functions.
3. Results
3.1. Patients
As of 8th May 2020 (data cutoff), of 142 enrolled patients with advanced GIST receiving ripretinib 150 mg
QD, 67 patients dose escalated to ripretinib 150 mg BID
after disease progression (Supplemental Fig. 1). The
IPDE population (n Z 67) included 10 patients on
second-line therapy, 17 patients on third-line therapy
and 40 patients on fourth-line or greater therapy.
Overall baseline patient characteristics are listed in
Table 1.
3.2. Efficacy
In the IPDE population, the median PFS1 (mPFS1;
150 mg QD) was 11.0 months (95% CI, 3.5, 22.1
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Third
line
(n Z 17)

Fourth
line
(n Z 40)

Total
(N Z 67)

line of therapy is shown in Supplemental Table 2.
Radiological images of a partial metabolic response
( 33.7% change in standardised uptake values)
before and after dose escalation from a patient in this
study are shown in Fig. 3.

64.6
(8.66)
64.0
51, 82

59.9
(10.03)
59.0
39, 87

61.1
(10.35)
60.0
32, 87

3.3. Pharmacokinetics

9 (53)
8 (47)

30 (75)
10 (25)

45 (67)
22 (33)

10 (59)
7 (41)

30 (75)
10 (25)

43 (64)
24 (36)

9 (53)
8 (47)
0

19 (48)
20 (50)
1 (3)

36 (54)
30 (45)
1 (2)

12 (71)
5 (29)
0
0

28 (70)
8 (20)
2 (5)
2 (5)

48 (72)
14 (21)
2 (3)
3 (5)

Table 1
Baseline characteristics of the IPDE population.
Characteristics

Second
line
(n Z 10)

Age at informed consent (years)
Mean (SD)
59.6
(13.57)
Median
60.0
Range
32, 80
Age category (years)
18e64
6 (60)
65
4 (40)
Sex
Male
3 (30)
Female
7 (70)
ECOG status
0
8 (80)
1
2 (20)
2
0
Primary mutations
KIT exon 11
8 (80)
KIT exon 9
1 (10)
KIT other exons
0
PDGFRA (exon
1 (10)
18, non-D842V)
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Data presented as n (%) unless otherwise indicated. Percentages were
rounded to the nearest whole number.
ECOG, Eastern Cooperative Oncology Group; IPDE, intrapatient
dose escalation; PDGFRA, platelet-derived growth factor receptor
alpha; SD, standard deviation.

months) for patients on second-line therapy, 8.3 months
(95% CI, 1.8, 11.1 months) for third-line therapy and 5.5
months (95% CI, 2.1, 8.1 months) for fourth-line or
greater therapy (Fig. 1A). After IPDE, the median PFS2
(mPFS2) was 5.6 months (95% CI, 1.4, not estimable)
for patients on second-line therapy, 3.3 months (95% CI,
2.3, 7.4 months) for third-line therapy and 4.6 months
(95% CI, 2.8, 5.6 months) for fourth-line or greater
therapy (Fig. 1B). The ratio of mPFS2/mPFS1 in patients with GIST was 51%, 40% and 84% for secondline, third-line and fourth-line or greater therapy,
respectively. Treatment duration for both dosing periods is shown in Fig. 2. Within the IPDE population,
across all lines of therapy, 14 patients with advanced
GIST were on treatment for 2 years or longer. At the
time of data cutoff, 10 patients were continuing treatment, including 4 who showed disease progression at a
higher dose of ripretinib but continued treatment for
clinical benefit.
A total of 37 patients underwent pre-/post-escalation
PET scans within the window. Assessment of tumour
metabolic response as per EORTC criteria in patients
with GIST who underwent IPDE (n Z 37) was performed. A total of 13 (35.1%) patients, across all lines of
therapy, demonstrated partial metabolic response, and
19 (51.4%) showed metabolic stable disease after dose
escalation to ripretinib 150 mg BID compared with the
baseline. A summary of the best overall response by the

PK analysis (n Z 60) revealed that subsequent dose
escalation from 150 mg QD to BID resulted in an
approximately 2-fold increase in the steady state trough
concentration of ripretinib and its active metabolite DP5439. Patients who were missing or had an invalid
steady state trough samples at either regimen (QD or
IPDE) were excluded from the PK analysis. Geometric
mean trough concentrations for ripretinib increased
from 323 ng/mL at 150 mg QD to 676 ng/mL at 150 mg
BID, whereas DP-5439 increased from 721 ng/mL to
1270 ng/mL after dose escalation.

3.4. Safety
The AE profile was similar during both dosing periods
in patients with advanced GIST. TEAEs that occurred
in >10% of the IPDE population during the IPDE
period are listed in Table 2, with the corresponding
TEAE frequencies during the QD dosing period provided for reference. Of note, only TEAEs that were new
or worsened during the IPDE period are listed for that
time period. Two TEAEs were notably higher in the
IPDE period than those in the QD period, anaemia
(22.4% vs. 4.5%) and dyspnoea (13.4% vs. 7.5%). No
new TEAEs (>10%) were observed in the IPDE period,
although two grade 3/4 AEs (>5% of patients)d
abdominal pain (10.4%) and anaemia (6%)dwere
observed in the IPDE period only. Of 67 IPDE patients, 32 (47.8%) developed a grade 3/4 TEAE during
the QD dosing period and 42 (62.7%) developed a
grade 3/4 TEAE during the IPDE period. Twelve
(17.9%) patients experienced a TEAE that led to death,
none of which were considered related to the study
drug.
Similar numbers of patients underwent dose reduction/interruptions because of TEAEs in both dosing
periods. A summary of dose modifications that occurred
during both dosing periods is presented in Table 3. After
dose escalation to ripretinib 150 mg BID, 10 (15%) patients experienced TEAEs that led to treatment discontinuation (Table 3). We reviewed AEs that led to dose
interruption/reductions and did not observe a trend towards any specific AE. Events that led to treatment
discontinuation in 10 patients are presented in
Supplemental Table 1. Three of these 10 eventsdcardiac
failure, cardiac myopathy and ejection fraction decreaseddwere considered drug-related.
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Fig. 1. Kaplan-Meier plot of progression-free survival by the line of therapy in patients with GIST who underwent intrapatient dose
escalation. BID, twice daily; CI, confidence interval; GIST, gastrointestinal stromal tumour; PFS, progression-free survival; QD, once
daily; -, not estimable.

4. Discussion
In the primary report of this phase I trial, ripretinib
demonstrated promising efficacy at a range of doses in
patients with advanced GIST [14]. The MTD was not
reached, and initial PK analysis determined peak plasma
concentration (mean Cmax [coefficient of variation %])
after a single dose of 150 mg ripretinib on cycle 1 day 1
to be 502 ng/mL (56.8%), and exposure (AUC0e24h) was
6634 ng x h/mL (59.8%) [14]. Preclinical pharmacology
studies predicted ripretinib 150 mg to be effective, and

thus, combined with the phase I results, 150 mg QD was
established as the recommended dose [14].
The present study aimed to determine the efficacy,
PK and safety of ripretinib dose escalation after disease
progression. Efficacy results of IPDE in patients with
GIST demonstrate promising activity across all lines of
therapy tested. The mPFS1 by the line of therapy in the
IPDE population closely matches the overall mPFS for
all patients with GIST enrolled in the phase I study [14].
After disease progression, dose escalation to ripretinib
150 mg BID resulted in additional PFS beyond the
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Fig. 2. Total duration of treatment in the GIST intrapatient dose escalation population. a Deaths noted were those counted as PFS events.
BID, twice daily; GIST, gastrointestinal stromal tumour; PFS, progression-free survival; QD, once daily.

Fig. 3. Radiological images of a partial metabolic response in a patient with GIST who underwent ripretinib intrapatient dose escalation.
GIST, gastrointestinal stromal tumour.

mPFS1 in these patients by 51%, 40% and 84% for
second-, third- and fourth-line or greater therapy,
respectively. In addition, an exploratory analysis of
metabolic response showed 35.1% of patients had a
partial metabolic response on IPDE.
In general, ripretinib 150 mg BID had an acceptable
safety profile similar to 150 mg QD, and IPDE resulted
in an approximately 2-fold increase in the steady state
trough concentration of ripretinib. No new TEAEs were
observed with the higher dose. TEAEs leading to dose
interruption or dose reduction are comparable during
the 150 mg QD period and IPDE period. Ten of 67
(15%) patients discontinued treatment because of
TEAEs during the IPDE period, compared with 12 of
142 (8.5%) patients who discontinued treatment because
of AEs on ripretinib 150 mg QD [14]. Three cardiac
events were observed and considered related to the study
drug. Cardiac dysfunction is a safety warning for the
150 mg QD ripretinib regimen, and label precautions
indicate that ejection fraction by echocardiogram or
multigated acquisition scan should be assessed before

initiating ripretinib and during treatment, as clinically
indicated [5].
An IPDE study with TKIs in the treatment of GIST
was previously carried out in a large clinical trial of
patients with advanced GIST on imatinib as a first-line
therapy. After disease progression on imatinib 400 mg
QD, 133 patients crossed over to imatinib 400 mg BID,
resulting in an mPFS of 81 days. However, the benefit
was limited to patients with KIT exon 9 primary mutations [15]. Although dose escalation was concluded to be
well tolerated, a significant increase in reports of
anaemia and fatigue was noted. At 6 months after dose
escalation, 17% of patients required a dose reduction
and a further 51% discontinued treatment largely as a
result of disease progression [15]. Although dose escalation for imatinib is recommended in certain clinical
scenarios, specifically, KIT exon 9 mutations, this
benefit has not been demonstrated for the other TKIs
[16].
A limitation of this study is that not all patients who
experienced progressive disease received the 150 mg BID
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Table 2
TEAEs occurring in >10% of patients with GIST in the 150 mg IPDE
period.
Preferred term,
n (%)

Diarrhoea
Abdominal pain
Nausea
Decreased appetite
Anaemia
Fatigue
PPES
Alopecia
Vomiting
Weight decreased
Muscle spasms
Dyspnoea
Back pain
Headache
Myalgia
Oedema peripheral
Rash

Ripretinib 150 mg
QD period
(n Z 67)

Ripretinib 150 mg
IPDE perioda
(n Z 67)

All grades

Grade 3/4

All grades

Grade 3/4

13 (19.4)
15 (22.4)
24 (35.8)
11 (16.4)
3 (4.5)
23 (34.3)
24 (35.8)
41 (61.2)
9 (13.4)
19 (28.4)
19 (28.4)
5 (7.5)
10 (14.9)
8 (11.9)
33 (49.3)
5 (7.5)
13 (19.4)

1 (1.5)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

19 (28.4)
18 (26.9)
17 (25.4)
16 (23.9)
15 (22.4)
14 (20.9)
12 (17.9)
11 (16.4)
11 (16.4)
11 (16.4)
10 (14.9)
9 (13.4)
7 (10.4)
7 (10.4)
7 (10.4)
7 (10.4)
7 (10.4)

1
7
0
1
4
2
0
0
0
0
0
2
0
1
0
1
0

(1.5)
(10.4)
(1.5)
(6.0)
(3.0)

(3.0)
(1.5)
(1.5)

GIST, gastrointestinal stromal tumour; IPDE, intrapatient dose
escalation; PPES, palmar-plantar erythrodysesthesia syndrome; QD,
once daily; TEAE, treatment-emergent adverse event.
a
Only includes TEAEs that are new or worsening.

Table 3
Dose modifications occurring in patients with GIST in the 150 mg
IPDE population.
Parameters, n (%)

Ripretinib 150 mg
QD period
(n Z 67)

Ripretinib 150 mg
IPDE period
(n Z 67)

Any TEAE leading to
dose interruption
Any TEAE leading to
dose reduction
Any TEAE leading to
treatment
discontinuation

28 (41.8)

30 (44.8)

4 (6.0)

6 (9.0)

N/A

10 (14.9)

GIST, gastrointestinal stromal tumour; IPDE, intrapatient dose
escalation; N/A, not applicable; QD, once daily; TEAE, treatmentemergent adverse event.

dose (Supplemental Fig. 1). The decision of dose escalation was made by individual investigators based on the
patient’s best interest. Another limitation is the relatively small sample size across multiple lines of therapy
that did not allow for analyses to be stratified by
mutational status or to determine whether increased
drug exposure led to increased PFS.
5. Conclusions
In conclusion, ripretinib dose escalation (150 mg QD to
150 mg BID) after disease progression was well tolerated
and provided additional clinical benefit for patients with
advanced GIST. This promising benefit was demonstrated for patients with GIST receiving second-, third-

and fourth-line or greater therapy. Ripretinib IPDE may
be a clinically meaningful and well-tolerated strategy for
patients with advanced GIST who progress on ripretinib
150 mg QD.
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