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Plain language summary 

Use of ripretinib for the treatment of gastrointestinal stromal tumors (GISTs)

Gastrointestinal stromal tumors (GISTs) are a rare type of tumor most commonly located in 
the stomach and small intestine but can develop anywhere throughout the gastrointestinal 
tract. The symptoms of GISTs vary in extent depending on location of the primary tumor and 
include a feeling of fullness, abdominal pain, intestinal bleeding, and fatigue. Since these 
symptoms are nonspecific, making a diagnosis can be challenging. Most GISTs carry initial 
mutations in genes that control specific enzymes called tyrosine kinases. Historically, 
treatment of GISTs was limited because traditional chemotherapy is ineffective against 
these tumors. However, with the introduction of drugs that inhibit tyrosine kinases [i.e., 
tyrosine kinase inhibitors (TKIs)], survival has been extended substantially. However, 
many GISTs go on to develop secondary mutations that render them resistant to a given 
TKI. Prior to the approval of ripretinib, four TKIs were available for the treatment of 
GIST: imatinib; sunitinib; regorafenib; and, recently, avapritinib. Each drug is used until 
resistance develops or patients are unable to tolerate the side effects of treatment, after 
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Abstract
Gastrointestinal stromal tumors (GISTs) are rare tumors of the gastrointestinal (GI) tract yet 
represent the most common GI sarcomas. Most GISTs are driven by activating mutations of 
the KIT and/or PDGFRA genes. Prior to the development of tyrosine kinase inhibitors (TKIs), 
GISTs were associated with a poor prognosis because conventional cytotoxic chemotherapy 
was relatively ineffective. However, TKIs that inhibit the most common driver mutations 
in KIT or PDGFRA have revolutionized the treatment of GISTs over the past two decades. 
Notwithstanding, ongoing management challenges relate to the development of secondary 
mutations in these genes, resulting in tumor progression. Due to both the intra- and inter-
patient heterogeneity of these secondary mutations in GISTs, optimal treatment requires an 
agent that blocks as many mutant genes as possible. Ripretinib – a novel switch-control TKI – 
inhibits many of the most common primary and secondary activating KIT and PDGFRA mutants 
involved in GIST progression through a dual mechanism of action. In the pivotal INVICTUS 
phase III trial, patients with advanced GIST that had progressed on at least imatinib, sunitinib, 
and regorafenib and who received ripretinib experienced significantly longer progression-
free survival (primary endpoint) as well as prolongation of overall survival, compared with 
those receiving placebo. Treatment with ripretinib was associated with durable improvements 
in quality-of-life indices and a manageable toxicity profile. The most frequent side effects 
were common to the class of TKIs used in the management of GIST. These results led to 
the approval of ripretinib for treatment of advanced GIST in adults who have received three 
or more TKIs, including imatinib. Ripretinib is also under investigation in the second-line 
treatment of advanced GIST in a phase III trial (INTRIGUE) comparing ripretinib with sunitinib 
in patients with advanced GIST after treatment with imatinib.
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which the next drug is started. Ripretinib was recently approved by the FDA as the fourth 
drug in the usual treatment sequence recommended for patients with advanced GIST 
who have progressed (or are treatment intolerant) after receiving three or more TKIs, 
including imatinib. Approval of ripretinib was based on the results of the INVICTUS trial, 
which demonstrated that the drug significantly improves the time patients have without 
progression of the disease or death compared with placebo. The most common side effects 
related to ripretinib were hair loss, muscle pain, nausea, fatigue, hand-foot syndrome, and 
diarrhea, although most events were not very severe. Ripretinib is being further studied 
as the second TKI used in patients with GIST who have progressed on or could not tolerate 
first-line treatment with imatinib.
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Introduction
Gastrointestinal stromal tumors (GISTs) are the 
most common soft tissue sarcomas of the gastro-
intestinal (GI) tract.1 GISTs are considered rare 
tumors, though the true incidence is unknown 
and is confounded by the prevalence of incidental 
microGISTs.2 Most epidemiological studies 
report an incidence between 10 and 15 cases per 
million individuals, but there has been an 
increased incidence over time with greater recog-
nition of this entity3; this may reflect an increased 
identification of tumors rather than a true 
increased incidence. Men and women are equally 
affected, and GISTs are rare in patients under the 
age of 18 (1−2% of patients).3,4 The median age 
at presentation ranges from the mid-50s to the 
mid-60s.3,4 GISTs can occur in any part of the GI 
tract, but they are seen most commonly in the 
stomach (55−60%) and small intestine (30%), 
and less frequently in the duodenum (4−5%), 
rectum (2−4%), colon/appendix (1−2%), and 
esophagus (<1%).1,3,5

There is a wide range of modes of presentation, 
from asymptomatic to metastatic at diagnosis, 
depending in part on the anatomic organ in which 
the tumor originates.1,3 Symptoms can be non-
specific and include early satiety, abdominal pain 
or swelling, dyspepsia, vomiting, GI bleeding, 
and fatigue related to anemia. Less common 
symptoms include intraperitoneal hemorrhage 
and GI obstruction.6,7

The large majority of GISTs (95%) express KIT 
(CD117), usually with a diffuse cytoplasmic 
staining pattern.1,5 Most GISTs have a mutation 

in the KIT proto-oncogene receptor tyrosine 
kinase (KIT; 65–80%) or in the related platelet-
derived growth factor-α (PDGFRA) receptor 
tyrosine kinase (5–10%), with approximately 10–
15% of tumors having no mutation in either of 
these two genes; referred to as wild type for KIT 
or PDGFRA mutations.1,5 The most common 
KIT mutation involves exon 11, located in the 
juxtamembrane domain (70% of GISTs) of KIT, 
while mutations in the extracellular domain of 
KIT involving exon 9 are observed in 9−20% of 
tumors.1,5 Other common, but less definitive, 
markers of GIST include expression of the CD34 
antigen (70−90% of tumors), actin (20−30%), 
S-100 (8−10%), and desmin (2−4%).1,5

Surgery is the standard treatment for localized 
and resectable GIST (⩾2 cm), with a goal of 
complete removal.1,2,5 Gastric tumors generally 
have a more favorable prognosis compared with 
intestinal GISTs.8 The most important prognos-
tic factors are tumor size, tumor site, and mitotic 
rate, although these features alone are not suffi-
cient to predict the metastatic potential of 
GISTs.1 Among gastric GISTs, those that are 
⩽10 cm and have five or fewer mitoses per 50 
high-power fields (HPFs; 50 HPFs = total area of 
5 mm2) are considered at low risk for metastasis, 
while those >5 cm and with more than five 
mitoses per 50 HPFs are high risk.1 For intestinal 
GISTs, all tumors ⩾5 cm are considered at least 
moderate risk, while those with more than five 
mitoses per 50 HPFs are considered at high risk 
for metastases. Low-risk intestinal GISTs are 
those ⩽5 cm in size with up to five mitoses per 50 
HPFs.1,8 Tumor genotype can also influence 
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prognosis. In gastric GISTs, KIT exon 9 duplica-
tion and KIT exon 11 deletions have been shown 
to be associated with poorer disease-free survival, 
while PDGFRA exon 18 mutations were associ-
ated with better prognosis.9

Preoperative treatment with the tyrosine kinase 
inhibitor (TKI) imatinib should be considered on 
an individual basis for patients with potentially 
resectable disease, but for whom complete resec-
tion with negative margins is likely to create a sig-
nificant risk of substantial morbidity.1 Whether or 
not patients receive preoperative imatinib, 
patients with high risk of recurrence should 
receive postoperative imatinib for 3 years follow-
ing resection of the primary GIST.1,2 For those 
patients with intermediate-risk GISTs, the bene-
fits of adjuvant therapy (following resection) are 
less clear cut, as studies thus far have not identi-
fied a definitive increase in overall survival (OS) 
with such an approach; hence, this is often a deci-
sion taken by each patient after discussion about 
the risk/benefit ratio of treatment.5

Conventional cytotoxic chemotherapy is not effec-
tive for the treatment of GISTs and, prior to the 
introduction of TKIs, the median survival of 
patients with advanced GIST was approximately 
18 months.5,10 However, with the advent of TKI 
therapy, the median survival for patients with 
advanced GIST has increased to 45–57 months.4 
As such, for tumors that are unresectable, meta-
static, or recur after adjuvant therapy, treatment 
with a TKI is recommended.1,2 While TKIs extend 
the expected survival of patients with GIST, sec-
ondary TKI-specific inactivating mutations may 
arise,5 resulting in tumor progression. To address 
secondary resistance to imatinib, several other 
TKIs with different mechanisms of action have 
been developed and approved for use in advanced 
or metastatic GIST. Ripretinib – a switch-control 
kinase inhibitor – was recently approved as a 
fourth-line-or-greater therapy for the treatment of 
advanced GIST in the United States (US), 
Canada, Australia, and Hong Kong.11–13

TKIs for treatment of advanced GIST
As mentioned above, before TKIs were available, 
treatment options for advanced or metastatic 
GIST were extremely limited. However, upon 
discovery that the large majority of GISTs are 
driven by activating mutations of KIT or 
PDGFRA, resulting in ligand-independent 

activation of the KIT receptor tyrosine kinase and 
unopposed growth of tumor cells, drugs targeting 
these mutations were rapidly introduced into the 
clinic with dramatic results.5 But with recognition 
of the importance of these mutations came the 
recognition that not all mutations were the same, 
with mutations in exon 9 in KIT conferring a 
somewhat poorer prognosis in advanced disease, 
whereas mutations in exon 18 of PDGFRA are 
associated with relatively indolent disease for 
patients with localized GIST.5 As such, mutation 
profiling is essential to determine the optimal 
course of therapy. Recurrence after individual 
TKI therapy is most often the result of secondary 
mutations in the same set of genes inhibited by 
the TKI being used, conferring resistance and 
necessitating the use of TKIs with different mech-
anisms of action.5

Imatinib is considered first-line therapy for 
patients with advanced, unresectable, or meta-
static GIST or in those for whom surgery for 
localized GIST poses a risk of significant postop-
erative or longer-term functional complications 
(Figure 1).1,2 Several studies have demonstrated 
that imatinib produces sustained responses in 
patients with advanced or metastatic GIST.14–16 
However, a notable exception are metastatic 
GISTs with primary mutations in the PDGFRA 
exon 18 gene (6% of the overall GIST popula-
tion), particularly the most common subtype of 
activating mutation in the PDGFRA gene known 
as the PDGFRA D842V mutation. Tumors carry-
ing this specific mutation in the PDGFRA exon 
18 gene do not respond to imatinib; as a result, 
avapritinib is recommended for first-line therapy 
for this small subset of the patient population.1 
However, for the vast majority of patients with 
GIST carrying a mutation in KIT, data support 
the use of sunitinib as the preferred second-line 
therapy in patients who develop progressive dis-
ease (PD) on imatinib.1 In this setting, sunitinib 
has demonstrated improved disease control, pro-
gression-free survival (PFS), and OS compared 
with placebo (although survival differences were 
not seen in landmark analysis performed after 
longer follow up).17,18 In the third-line setting, 
regorafenib is recommended for those with PD 
after imatinib and sunitinib (or intolerance to 
these medications).1 For these patients, 
regorafenib similarly demonstrated improved dis-
ease control and increased PFS; however, there 
were no significant improvements in survival after 
crossover.19 For some patients, these therapies in 
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the second or third line are not very tolerable or 
are accompanied by significant adverse side 
effects, resulting in dose reductions, interrup-
tions, or discontinuation.18,19 Furthermore, due 

to the extensive heterogeneity of the disease, 
there existed an unmet need for therapies 
designed to show activity against a broad spec-
trum of mutations.

Figure 1.  Treatment algorithm for the use of approved TKIs for the management of advanced GIST based on 
ESMO and NCCN guidelines.1,2

ESMO, European Society for Molecular Oncology; GIST, gastrointestinal stromal tumor; NCCN, National Comprehensive 
Cancer Network; TKI, tyrosine kinase inhibitor.
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Following US Food and Drug Administration 
(FDA) approval in May 2020, ripretinib is rec-
ommended for fourth-line therapy for unresecta-
ble or metastatic disease that has progressed after 
three or more TKIs, including imatinib.1,11 This 
article reviews the clinical pharmacology of 
ripretinib and the clinical efficacy and safety of 
the drug in patients with advanced GIST.

Ripretinib: mechanism of action
Ripretinib is a novel switch-control TKI that was 
specifically designed to inhibit both KIT and 
PDGFRA kinase signaling through a dual mecha-
nism of action to secure the kinases in an inactive 
confirmation (Figure 2), thereby preventing the 
downstream signaling of survival and prolifera-
tion.20,21 KIT and PDGFRA are dual-switch 
kinases that have an auxiliary switch in the jux-
tamembrane domain encoded by KIT exon 11 or 
PDGFRA exon 12 and an activation loop in the 
kinase domain encoded by KIT exons 17 and 18 
or PDGFRA exons 18 and 19.21,22 The switch 
pocket is the major controller of kinase activity, 

acting as an “on-off” switch for these two ele-
ments via phosphorylation of switch amino 
acids.21 Ripretinib binds to both the switch pocket 
region of tyrosine kinase and to the activation 
loop, locking the kinase in the inactivated state. 
The binding is both potent and durable.21

Since multiple types of secondary mutations can 
occur concurrently in TKI-resistant GIST, treat-
ments that inhibit as many mutant genes as pos-
sible are highly desirable in order to block both 
the group of mutant genes that are present and 
those that may arise subsequently.21 Ripretinib 
has the potential to affect multiple secondary 
mutations. Enzymatic and GIST cell line studies 
demonstrated that ripretinib inhibits many of the 
most common primary and secondary KIT and 
PDGFRA mutants.21 Enzyme assays showed that 
ripretinib inhibits mutant KIT and PDGFRA 
activity at physiologic levels of adenosine triphos-
phate, including mutants resistant to imatinib, 
sunitinib, and regorafenib. This includes activity 
against the mutants KIT D816V, KIT D816H, 
KIT V654A, KIT T670I, and PDGFRA 

Figure 2.  KIT/PDGFRA structure and the mechanism of action of ripretinib.
ATP, adenosine triphosphate; TK, tyrosine kinase.
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D842V.21 In GIST cell lines, ripretinib inhibited 
mutant KIT phosphorylation across a wide range 
of common primary and secondary mutants, 
including highly treatment-resistant mutants such 
as D816V.21 In these assays, ripretinib was effec-
tive against all imatinib- and sunitinib-resistant 
mutants and demonstrated greater activity than 
regorafenib in 18 of 37 mutants evaluated (3- to 
>50-fold greater potency) with similar potency 
(i.e., around one- to three-fold) in 17 mutants. 
Ripretinib was weaker than regorafenib against 
only two T670I secondary KIT mutants.21 In 
addition, no resistant clones to ripretinib were 
identified starting with either a KIT exon 11 
mutant (V560D) or a KIT exon 17 mutant 
(D816V) in saturation mutagenesis assays.21

Efficacy and safety of ripretinib in GIST

Phase I trial
A phase I trial [ClinicalTrials.gov identifier: 
NCT02571036] of dose escalation with a subse-
quent expansion phase at the recommended 

phase II dose was conducted in patients with 
advanced GIST and other advanced malignan-
cies who were intolerant to or experienced pro-
gression on more than one line of systematic 
therapy.23 Of 258 patients enrolled, 184 had 
GIST; of these, 68 patients were included in the 
dose-escalation phase and 190 in the expansion 
phase. In this study, patients received ripretinib 
20–200 mg twice daily or 100–250 mg once daily 
in 28-day cycles until disease progression, unac-
ceptable toxicity, or withdrawal of consent.

Less than 33% of patients experienced a dose-
limiting toxicity, thus, no maximum tolerated 
dose was reached. Based on exposure-response 
analyses suggesting that >90% of patients receiv-
ing 150 mg once daily would achieve exposures of 
ripretinib and its active metabolite (DP-5439) 
that would produce >90% KIT inhibition, the 
150-mg once-daily dose was selected for the 
phase II expansion portion of the trial.23

Among patients who received ripretinib 150 mg 
once daily in either the dose-escalation or 

Table 1.  Treatment-related AEs (⩾20%) reported in pivotal phase III trials of TKIs approved for the treatment of GIST.

Adverse event (% of patients) Imatinib 400 mg (N = 73)15 Sunitinib (N = 202)17 Regorafenib (N = 132)19 Ripretinib (N = 85)20

  Any  
grade

Grade 3/4 Any 
grade

Grade 3/4 Any 
grade

Grade 3/4 Any 
grade

Grade 3/4

Hand-foot syndrome NR NR 14 4 56 20 21 0

Edema 71 1 NR NR NR NR NR NR

Nausea 51 1 24 1 16 1 26 1

Diarrhea 40 1 29 3 40 5 21 1

Myalgia/musculoskeletal 
pain

37 0 NR NR 14 1 28 1

Fatigue 30 0 34 5 39 2 26 2

Dermatitis/rash 25 3 13 1 18 2 NR NR

Abdominal pain 26 1 NR NR NR NR NR NR

Alopecia NR NR NR NR 24 2 49 0

Hypertension NR NR 10 3 49 23 8 4

Oral mucositis/mucosal 
inflammation

NR NR 12 0 38 2 NR NR

Skin discoloration NR NR 25 0 NR NR NR NR

AE, adverse event; GIST, gastrointestinal stromal tumor; NR, not reported; TKI, tyrosine kinase inhibitor.
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expansion phase, the overall objective response 
rate (ORR; based on investigator assessment) was 
11.3%, ranging from 7.2% (fourth-line) to 19.4% 
(second-line).23 Overall median PFS was 
5.6 months, ranging from 5.5 months in fourth-
line therapy to 10.7 months in second-line ther-
apy. These results provided support for the 
further evaluation of ripretinib in the treatment of 
advanced GIST, including the phase III 
INVICTUS trial.

Phase III trial (INVICTUS)
The efficacy of ripretinib for treatment of patients 
with advanced GIST as fourth-line-or-greater 
therapy was established by the phase III, rand-
omized, double-blind, placebo-controlled 
INVICTUS trial [ClinicalTrials.gov identifier: 
NCT03353753],20 which was conducted in 29 
hospitals in 12 countries in North America, 
Europe, Australia, and Asia. Patients aged 
⩾18 years with a diagnosis of GIST must have 
progressed on at least imatinib, sunitinib, and 
regorafenib, or to have had documented intoler-
ance to any of these treatments despite dose 
modifications.

Enrolled patients were randomized 2:1 to receive 
ripretinib 150 mg orally or matching placebo once 
daily, both with best supportive care, until they 
developed PD, experienced intolerable adverse 
events (AEs), or withdrew consent. Upon disease 
progression, patients receiving placebo could 
cross over to ripretinib 150 mg once daily or dis-
continue the study, while those in the ripretinib 
group could dose escalate to 150 mg twice daily, 
continue at 150 mg once daily if showing clinical 
benefit, or discontinue therapy. Patients who 
crossed over from placebo to ripretinib and had 
further progression had the option of dose esca-
lating to 150 mg twice daily. Dose interruptions 
and dose reductions were allowed at the discre-
tion of the investigator.20

The primary efficacy endpoint was PFS accord-
ing to modified RECIST 1.1 criteria and as 
assessed by a blinded independent central review. 
The key secondary endpoint was the ORR, 
defined as complete or partial response. Other 
secondary endpoints included OS, time to pro-
gression, time to best response, quality of life 
(QoL), and safety.20 The primary analyses data 
cutoff was 31 May 2019; additional longer-term 

analyses with a cutoff of 9 March 2020, were 
reported and are included below.

A total of 129 eligible patients were randomized 
to either ripretinib (n = 85) or placebo (n = 44).20 
Demographic characteristics were generally simi-
lar between groups with median ages of 59 and 
65 years, respectively, in ripretinib- and placebo-
treated patients. In the ripretinib group, 64% had 
received three prior therapies and 36% had 
received 4−7 prior therapies; these proportions 
were 61% and 39%, respectively, in the placebo 
group. The primary tumor sites were gastric (47% 
versus 41%), jejunum or ileum (24% versus 18%), 
and duodenum (2% versus 18%) in the interven-
tion versus placebo groups, respectively.20

Primary analyses.  At the data cutoff for the pri-
mary analysis— 31 May 2019—the primary effi-
cacy endpoint of median PFS was 6.3 months 
[95% confidence interval (CI) 4.6, 6.9] in the 
ripretinib group compared with 1.0 month (95% 
CI 0.9, 1.7) for the placebo group, resulting in a 
hazard ratio (HR) of 0.15 (95% CI 0.09, 0.25; 
p < 0.0001).20 Six-month PFS rates were 51% 
(39.4, 61.4) and 3.2% (0.2, 13.8), respectively, 
for the ripretinib and placebo groups.20 An objec-
tive response was observed in 8 of 85 (9.4%) 
patients receiving ripretinib; all were partial 
responses. No patient receiving placebo had a 
confirmed objective response. The median time 
to best response was 1.9 months (IQR 1.0, 2.7) in 
the ripretinib group and the median times to pro-
gression were 6.4 months (95% CI 4.6, 8.4) and 
1.0 month (95% CI 0.9, 1.7), respectively, in the 
ripretinib and placebo groups.20

Median OS was 15.1 months (95% CI 12.3, 15.1) 
for patients receiving ripretinib and 6.6 months 
(95% CI 4.1, 11.6) for patients in the placebo 
arm with an HR of 0.36 (95% CI 0.21, 0.62).20 
The 6- and 12-month survival rates were 84.3% 
(95% CI 74.5, 90.6) and 65.4% (95% CI 51.6, 
76.1), respectively, in the ripretinib group; and 
55.9% (95% CI 39.9, 69.2) and 25.9% (95% CI 
7.2, 49.9), respectively, in the placebo group. 
However, since testing of the endpoints was hier-
archical, there was no formal statistical assess-
ment of OS.20 In patients originally assigned to 
placebo and then crossed over to ripretinib, 
median PFS and OS were 4.6 and 11.6 months, 
respectively,24 suggesting that patients achieved 
disease control after crossing over to ripretinib 
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despite delayed initiation of treatment. However, 
since these findings were slightly lower than those 
for patients who initially received ripretinib, the 
maximum benefit may be achieved when the drug 
is used immediately after failure of prior therapy 
in patients with advanced GIST requiring therapy 
in the fourth-line-or-higher setting.24

During the INVICTUS trial, most AEs were 
Grade 1/2 in severity.20 The most common treat-
ment-related AEs of any grade in the ripretinib 
group were alopecia (all Grade 1/2), myalgia, 
nausea, fatigue, palmar-plantar erythrodysesthe-
sia (i.e., hand-foot syndrome; all Grade 1/2), and 
diarrhea. The most common treatment-emergent 
Grade 3/4 events were lipase increase (5%), 
hypertension (4%), fatigue (2%), and hypophos-
phatemia (2%). Eight (9%) patients receiving 
ripretinib experienced treatment-related serious 
AEs compared with 7% of placebo-treated 
patients.20 Serious events in the ripretinib group 
included anemia, cardiac failure, death of 
unknown cause, dyspnea, fecaloma, gastro-
esophageal reflux disease, hyperkalemia, 
hypophosphatemia, nausea, and upper GI hem-
orrhage (one event each with some patients expe-
riencing more than one serious event); 6% of 
patients receiving ripretinib had dose reductions 
because of treatment-related AEs and 5% of 
patients discontinued therapy related to AEs. The 
corresponding values for the placebo group were 
2% and 2%, respectively. There was one treat-
ment-related death in each group.20

A longitudinal analysis of alopecia and palmar-
plantar erythrodysesthesia in the INVICTUS trial 
found that these events did not worsen over 
time.25 Further, patients with and without alope-
cia and palmar-plantar erythrodysesthesia had 
similar QoL scores that were generally stable over 
time. It is recommended that the dose of ripretinib 
be reduced to 100 mg once daily for clinically 
meaningful AEs.11 There are also specific dosage 
modifications in the package labeling for Grade 
⩾2 palmar-plantar erythrodysesthesia syndrome, 
arthralgia, or myalgia and for Grade ⩾3 hyper-
tension, left ventricular systolic dysfunction, and 
other AEs.11

The relative incidence of AEs with ripretinib 
compared with other TKIs is summarized in 
Table 1. While it is impossible to make firm con-
clusions regarding differences between agents 
because there are likely differences in patient 

characteristics in the studies of each agent, there 
are some apparent trends regarding AEs. There 
appeared to be differences in the incidence of pal-
mar-plantar erythrodysesthesia (highest with 
regorafenib), nausea (highest with imatinib), skin 
discoloration (highest with sunitinib), and alope-
cia (highest with ripretinib).15,17,19,20 In addition, 
sunitinib appears to be associated with a higher 
risk of hematologic AEs (leucopenia, neutrope-
nia, lymphopenia, thrombocytopenia).17 The 
majority of events for all agents were Grade 1/2 in 
severity (i.e., <5% for all events) with the excep-
tion of two events for regorafenib: hand-foot syn-
drome (20% Grade 3/4) and hypertension (23% 
Grade 3/4).19

Longer-term analyses.  At the most recent data 
cut of 9 March 2020, after an additional 9 months 
of follow up, median PFS was 6.3 months (95% 
CI 4.6, 8.1) in the ripretinib group compared 
with 1.0 month (95% CI 0.9, 1.7) for the placebo 
group, resulting in an HR of 0.16 (95% CI 0.1, 
0.27; Figure 3a). Among patients receiving 
ripretinib, the ORR was (11.8%; 10/85), all of 
which were partial responses. No confirmed 
objective responses occurred in the placebo 
group.26 Median duration of response in 
ripretinib-treated patients was 14.5 months (95% 
CI 3.7, not reached).26

Median OS was not reached (95% CI 13.1, not 
reached) for patients receiving ripretinib and 
6.3 months (95% CI 4.1, 10.0) for patients in the 
placebo group, with an HR of 0.42 (95% CI 0.26, 
0.67; Figure 3b).26 In the ripretinib group, 6- and 
12-month survival rates were 84.3% (95% CI 
74.5, 90.6) and 65.1% (95% CI 53.6, 74.5), 
respectively; and 55.9% (95% CI 39.9, 69.2) and 
26.7% (95% CI 16.8, 43.7), respectively, in the 
placebo group.

Grade 3/4 events reported most frequently in the 
9 March 2020 data cut in ripretinib-treated 
patients were anemia (11%), hypertension (7%), 
abdominal pain (7%), lipase increase (5%), 
increase in blood alkaline phosphatase (5%), 
and hypophosphatemia (5%).27 By this later 
time point, dose reductions due to treatment-
related AEs occurred in 8% of patients receiv-
ing ripretinib and 2% of patients receiving 
placebo; 8% and 2% of patients receiving 
ripretinib or placebo, respectively, discontinued 
therapy related to AEs.26 No additional deaths 
had occurred.26
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(a)

(b)

Figure 3.  PFS (a) and OS (b) in patients receiving ripretinib or placebo in the INVICTUS trial.26,27

CI, confidence interval; HR, hazard ratio; NE, not estimable; NR, not reported; OS, overall survival; PFS, progression-free 
survival.

Quality of life.  In addition to safety and efficacy of 
a treatment, it is important to consider the effect 
of therapy on a patient’s QoL. In the INVICTUS 
trial, patient-reported outcomes were assessed 
using the Euro-Qol-5D (EQ-5D-5L) and the 

European Organization for the Research and 
Treatment of Cancer Quality of Life Question-
naire (EORTC QLQ-C30).28 EQ-5D-5L is a self-
assessed instrument that records health on a 
visual analog scale (VAS) ranging from 0 to 100 
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(worst to best imaginable state of health). The 
EORTC QLQ-C30 uses a 4-point scale (1 = not 
at all to 4 = very much) to assess physical function 
(e.g., strength, endurance, daily physical func-
tioning) and role function (i.e., limitations during 
daily activities), and a 7-point scale (higher score 
is better) to assess overall health and overall QoL. 
Improvements are reflected as positive changes 
from baseline scores, while negative changes from 
baseline indicate declines in QoL. Patients receiv-
ing ripretinib reported improvements in health 
status on the EQ-5D-5L VAS (3.7) while those on 
placebo reported a decline in scores (−8.9). Simi-
larly, patients receiving ripretinib compared with 
those receiving placebo reported greater improve-
ments in physical function (1.6 versus −8.9) and 
role function (3.5 versus −17.1) along with higher 
perceptions of overall health (0.20 versus −0.78) 
and overall QoL (0.28 versus −0.76).28 The 
improvements in these QoL outcomes were main-
tained over time with stable scores out to cycle 10 
of treatment. The differences between ripretinib 
and placebo met the threshold for clinically mean-
ingful change.28,29

Discussion
Ripretinib, a novel switch-control TKI that inhib-
its both KIT and PDGFRA kinase signaling 
through dual mechanisms of action, inhibits 
many of the most common primary and second-
ary KIT and PDGFRA mutants involved in GIST 
progression. The superior efficacy of ripretinib 
versus placebo, on a background of best support-
ive care, along with its favorable safety profile and 
improvements in patients’ QoL, demonstrated in 
the INVICTUS trial, led to ripretinib’s approval 
for use as fourth-line-or-greater therapy for the 
treatment of patients with GIST. Continued 
longer-term follow up of patients enrolled in the 
INVICTUS trial suggest continued clinical ben-
efit without additional safety concerns.

Imatinib rechallenge remains an option for 
patients with progressive disease no longer receiv-
ing benefit from their current TKI therapy.1 
However, the clinical benefit of this approach is 
limited, based on data from a small, prospective, 
randomized, placebo-controlled study in 81 
patients who experienced disease progression 
after two or more lines of TKI therapy; approxi-
mately 40% had received at least three prior TKI 
therapies.30 Median PFS in the imatinib rechal-
lenge arm was modest – 1.8 months (95% CI 1.7, 

3.6) – with no patient achieving an objective 
response.30 Thus, ripretinib is the preferred treat-
ment regimen after patients have progressed on 
imatinib, sunitinib, and regorafenib.1

The efficacy and safety of ripretinib for second-
line therapy of GIST is under investigation in the 
phase III INTRIGUE trial [ClinicalTrials.gov 
identifier: NCT03673501],31 which compares 
treatment with ripretinib versus sunitinib in 
patients with advanced GIST following failure of 
imatinib (due to progression or drug intolerance). 
The primary endpoint of the trial is PFS and key 
secondary endpoints include ORR and OS.31 The 
trial has met its target enrollment of 426 patients 
and top-line results are expected during the sec-
ond half of 2021.32

In conclusion, the results of the INVICTUS trial 
have established ripretinib as the treatment of 
choice for patients who have unresectable or met-
astatic GIST that has progressed after treatment 
with three or more TKIs, including imatinib, with 
the exception of patients with a GIST carrying a 
mutation in exon 18 of PDGFRA. Ripretinib has 
a favorable toxicity profile and yielded improve-
ments in patient-reported QoL compared with 
placebo. However, the ultimate place of ripretinib 
in metastatic or advanced GIST remains under 
investigation, including the phase III INTRIGUE 
study comparing ripretinib and sunitinib as sec-
ond-line therapy in patients with advanced GIST 
after treatment with imatinib.
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