
© Gastrointestinal Stromal Tumor. All rights reserved.  Gastrointest Stromal Tumor 2021;4:2 | https://dx.doi.org/10.21037/gist-21-3

Introduction

Gastrointestinal stromal tumor (GIST) represents the most 
common mesenchymal tumor in the gastrointestinal tract, 
representing 1–3% of gastrointestinal malignancies (1). 
With an annual incidence of approximately 15 per million 
per year GIST belongs to the orphan disease group (2). The 
interstitial cells of Cajal, which are part of the autonomic 
nervous system of the intestine, are the cell of origin. In 
the adult population, the majority of GISTs occur in the 
stomach and in the small intestine. However, it may develop 
at any site or even outside of the gastrointestinal tract too (3).

In the localized stage tumor resection is the treatment 
of choice. The indication for adjuvant imatinib depends on 
an estimation of the risk of recurrence, which is based upon 
different risk stratification tools including tumor-associated 
risk factors like tumor size, number of mitoses, primary 
site, and the presence or absence of tumor rupture and 
importantly mutational status (4,5).

Until recently, imatinib, sunitinib and regorafenib 
reflected the current treatment armamentarium in the 
metastatic disease setting in the order listed (6-8). The 
initially poor prognosis of this rather chemotherapy-
resistant neoplasia was dramatically improved with the 
introduction of those molecularly targeted agents, which 
blocks signaling via c-kit (KIT) or platelet-derived growth 
factor receptor alpha (PDGFRA)-related signaling 
pathways. The first impressive step forward represented 
the approval of imatinib  by the US Food and Drug 
Administration (FDA) in 2002. Treatment with imatinib was 
associated with a partial response rate of more than 50% 
and has increased the median survival from an average of  
18 months in the past to 57 months (9). Sunitinib is another 
orally administered multi-targeted receptor tyrosine 
kinase inhibitor. The evidence for its benefit comes from 

an international phase III trial comparing its efficacy with 
placebo. This landmark trial included 312 patients with 
imatinib-refractory disease. Despite a low objective response 
rate in the sunitinib group (7%), the median time to tumor 
progression, the primary endpoint, could be significantly 
improved from 6 to 27 weeks, respectively (7). The tyrosine 
kinase inhibitor regorafenib gained approval by FDA 
based on the results of the GRID Phase III trial. In that 
study, patients with histologically confirmed, metastatic or 
unresectable GIST, with failure of at least previous imatinib 
and sunitinib were randomized in a 2:1 ratio, to receive 
either oral regorafenib 160 mg daily or placebo, plus best 
supportive care (BSC) in both groups. Median progression-
free-survival (PFS) per independent blinded central review 
(primary endpoint) was 4.8 months (IQR 1.4–9.2) for 
regorafenib and 0.9 months (0.9–1.8) for placebo [hazard 
ratio (HR) 0.27, 95% CI: 0.19–0.39; P<0.0001] (Table 1) (8).  

After failing the approved drugs, GIST patients are 
usually treated within clinical trials or, if available, with 
other off-label tyrosine kinase inhibitors (TKIs i.e., 
pazopanib, nilotinib) (10,11). There are limited data to 
support that rechallenge with prior failed treatment options 
may offer a clinically relevant benefit. A Korean, single-
center, randomized, placebo-controlled study (‘RIGHT 
Trial’) demonstrated that a rechallenge with imatinib 
after imatinib and sunitinib failure provides a statistically 
significant, but clinically small benefit to some patients 
compared to placebo (median PFS of 1.8 and 0.9 months, 
respectively) (12).

For patients who have progressed on the approved 
agents, progression of KIT-driven tumors is primarily based 
on development of further KIT resistance mutations that 
are highly heterogeneous. Data from studies show that 
approved TKIs do not fully cover these secondary resistance 
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mutations (13). Hence, the use of serially applied TKIs, 
like ripretinib, for advanced GIST represents a common 
treatment strategy.

Mechanism of action

KIT and PDGFRa are proto-oncogene receptor tyrosine 
kinase receptors that play an important role in the 
regulation of tumor cell proliferation. In GIST, they are 
upregulated or mutated and their blockage may therefore 
inhibit tumor cell growth.

Ripretinib (DCC-2618) is an orally bioavailable tyrosine 
kinase inhibitor. It boasts a unique dual mechanism of 
action. In addition to binding to the kinase switch pocket 
it targets the activation loop as well, thereby turning off 
the kinase and its ability to cause dysregulated cell growth. 
This is in contrast to other agents used for the treatment of 
patients with GIST, which bind the kinase at the adenosine 
triphosphate (ATP)-binding site, hence, try to prevent 
ATP from binding and leading to activation of the kinase. 
Thereby ripretinib succeeds to inhibit the proliferation 
of wild-type as well as mutant GIST forms (exons 9, 11, 
13, 14, 17 and 18 for KIT mutations and exons 12, 14 and 
18 for PDGFRA mutations) (14,15). Additionally, tumor 
cell growth may be reduced by ripretinib blocking several 
other kinases, including vascular endothelial growth factor 
receptor type 2 (VEGFR2), angiopoietin-1 receptor (TIE2), 
PDGFR-beta and macrophage colony-stimulating factor 1 
receptor (CSF1R) (16).

Ripretinib is absorbed in the gastrointestinal tract 
and bound in over 99% to albumin and alpha-1 acid 
glycoprotein. It represents a prodrug which is metabolized 
by the CYP3A subfamily of enzymes with contributions 
from CYP2D6 and CYP2E1 to its active metabolite, DP-

5439. One third is excreted in the feces and only a marginal 
amount in the urine. The average half-life of ripretinib 
is 14.8 hours. No clinically significant differences in the 
pharmacokinetics were observed based on age, sex, race, 
body weight, primary tumor (GIST or other solid tumors), 
prior gastrectomy, mild to moderate renal impairment (CLcr 
30 to <90 mL/min estimated by Cockcroft-Gault), and mild 
hepatic impairment (total bilirubin ≤ULN and AST >ULN 
or total bilirubin 1 to 1.5 × ULN and AST any). The effects 
of severe renal impairment or moderate to severe hepatic 
impairment have not been studied (17).

Notably, co-administration of ripretinib with a strong 
CYP3A inhibitor may increase the exposure of ripretinib 
and its active metabolite, which may increase the risk of 
adverse events (17).

Clinical trials

Efficacy

Based on promising preclinical data the safety of ripretinib 
was investigated in a dose escalation and expansion phase 1 
trial. George at al. reported on the results of this dose-finding 
study. Although no dose-limiting toxicity has been experienced 
using doses up to 300 mg per day, 150 mg once daily 
(QD) was chosen for further evaluation based on available 
pharmacological, toxicity and efficacy data. These initial 
results demonstrated an impressive progression free survival in 
a meaningful subset of patients across all treatment lines (18)  
and therefore, paving the way for further investigation.

Recently, Blay et al. published the results of the Invictus 
trial (19). In this international, multi-center, randomized 
(2:1), double-blind, placebo-controlled, phase 3 study the 
efficacy and safety of ripretinib plus BSC, was compared 
with placebo plus BSC in patients with progression on at 

Table 1 Comparison of treatment lines

Line of therapy 1st 2nd 3rd 4th

Approved therapy Imatinib (I) Sunitinib (S) Regorafenib (Re) Ripretinib (Ri)

Median PFS I,400 mg: 20.4 mo;  
I 800 mg: 24 mo; P=0.18

S: 5.6 mo;  
Placebo: 1.4 mo; P<0.0001

Re: 4.8 mo;  
Placebo: 0.9 mo; P<0.0001

Ri: 6.3 mo;  
Placebo: 1.0 mo; P<0.0001

Overall response 
rate (CR+PR)

I,400 mg: 51.0%;  
I,800 mg: 56.7%; P=0.08

S: 6.8%; Placebo: 0%; 
P<0.006

Re: 4.5%; Placebo: 1.5%; 
P=NR

Ri: 9%; Placebo: 0%;  
P<0.0504

Median OS I,400 mg: 46.8 mo;  
I,800 mg: 46.8 mo; P=0.31

S: 17.0 mo;  
Placebo: 14.9 mo; P<0.161

Re: 17.4 mo;  
Placebo: 17.4 mo; P<0.5716

Ri: 15.1 mo;  
Placebo: 6.6 mo; P<NA

PFS, progression-free survival; OS, overall survival; mo, months; CR, complete response; PR, partial response; NR, not reported; NA, not 
applicable.
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least imatinib, sunitinib, and regorafenib or documented 
intolerance to any of these treatments for previously 
treated, advanced GIST. Randomization was stratified by 
prior lines of therapy (3 versus ≥4) and Eastern Cooperative 
Oncology Group (ECOG) performance status (0 versus 
1 or 2). Patients received Ripretinib 150 mg once daily 
QD or placebo until disease progression or unacceptable 
toxicity. Patients randomized to receive placebo could be 
treated with ripretinib at the time of disease progression. 
The primary endpoint was median PFS based on disease 
assessment by blinded independent central review 
using modified RECIST 1.1 criteria. 129 patients were 
randomized. Median age was 60 years (range, 29 to 83 years) 
and 92% had an ECOG performance status of 0 or 1. 63% 
of patients received three prior therapies and 37% received 
4 or more prior therapies. 66% of patients randomized to 
placebo switched to ripretinib after disease progression. 
At a median follow-up of 6.3 months, median PFS was  
6.3 months (95% CI: 4.6–6.9 months) with ripretinib 
compared with 1 months (0.9–1.7 months) with placebo 
(hazard ratio 0.15, 95% CI: 0.09–0.25; P<0·0001) meeting 
the primary endpoint. The confirmed objective response 
rate according to mRECIST criteria 1.1 was 9% in the 
ripretinib arm and 0% in the placebo group. Notably, 
no complete responses could be observed. Although the 
statistical design did not allow to formally test the OS, 
a secondary endpoint, median OS in the ripretinib and 
placebo arm was 15.1 months (95% CI: 12.3–15.1 months) 
and 6.6 months (4.1–11.6 months) (HR 0.36, 95% CI: 
0.21–0.62), respectively. Based on those results FDA 
approved Deciphera pharmaceuticals’ ripretinib for fourth-
line therapy of advanced GIST (19) (Table 1).

Side effects

The safety of ripretinib taken in a dosage of 150 mg orally 
once daily was reported in the INVICTUS trial. Alopecia, 
myalgia, nausea, fatigue, palmar-plantar erythrodysesthesia 
and diarrhoe were the most common adverse events 
occurring in ≥20% of patients. In general, most of these 
adverse events were of grade 1 and 2 according to the 
Common Terminology criteria for adverse events version 
4.03. In particular, no > grade 2 hand-foot syndrome 
occurred in the study population. The most common 
adverse events rated as grade 3 or 4 consisted of lipase 
increase, hypertension and hypophosphatemia. However, 
the incidence of them were rather low (≤5%). Nine 
percent of the patients suffered from treatment-related 

serious adverse events of which one cardiac failure, death 
of unknown cause, dyspnoe and an upper gastrointestinal 
haemorrhage seems noteworthy. Dose reduction and study 
treatment discontinuation was necessary in 6% and 5% of 
the ripretinib arm, respectively (19).

Two side effects deserve special consideration, cardiac 
dysfunction and the risk of developing new primary 
cutaneous malignancy. In a pooled safety population 
analysis cardiac failure (including cardiac failure, acute left 
ventricular failure, diastolic dysfunction, and ventricular 
hypertrophy) occurred in 1.7%, including Grade 3 adverse 
reactions in 1.1%. Therefore, initial assessment of ejection 
fraction by echocardiogram or MUGA scan should be 
considered prior to initiating ripretinib and clearly in case 
of cardiac symptoms or insufficiency during treatment. 
A permanent discontinuation of therapy is advised in 
case of grade 3 or 4 left ventricular systolic dysfunction. 
Additionally, 4.7% and 7% of patients developed a 
cutaneous squamous cell carcinoma in the Invictus trial 
and based on a pooled analysis, respectively. Dermatologic 
evaluations at treatment start and routinely during 
treatment is recommended (17,19).

Quality of life (QoL)

Importantly, QoL data was repeatedly assessed during 
therapy and reported in the INVICTUS trial as well. The 
physical and role functioning on the one hand side and 
the overall health on the other hand were assessed with 
the European Organisation for Research and Treatment 
of Cancer Quality of Life Questionnaire for Cancer 30-
item (EORTC QLQ-C30) and the EuroQol 5-Dimension 
5-Level /EQ-5D-5L) EuroQol visual analogue scale 
(EQ-VAS), respectively. Both parameters, the role and 
physical functioning and the overall health could be 
maintained in the active treatment arm whereas a decrease 
was documented in the placebo arm. Although statistical 
significance was not formally tested due to the hierarchal 
testing design the results were deemed to be clinically 
relevant (19).

Discussion

Ripretinib represents the current standard systemic therapy 
for patients with advanced GIST who have received prior 
treatment with three or more kinase inhibitors, including 
imatinib. The drug earns this therapy status due to several 
factors. First, there is a high level of trial evidence due to 
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the randomised phase 3 trial setting. Secondly, a statistically 
significant and clinically relevant benefit in terms of PFS 
was shown in this study and thirdly, ripretinib is associated 
with a favourable side effect profile. Another strength of 
this study is the analysis of QoL that could be maintained 
under ripretinib therapy.

Nevertheless, further scientific and clinical questions 
need to be answered in the future. What is the ideal line 
of therapy for ripretinib? What is the optimal dose of 
ripretinib? What is the relationship between mutation status 
and efficacy? What resistance mechanisms develop with this 
medication and how should we treat patients progressing on 
ripretinib?

Due to the unusual dual mechanism of action and good 
therapy tolerance, an earlier use of this drug could be 
promising. Recently, Janku et al. (20) presented the results 
of the Phase 1 dose escalation and expansion study assessing 
the efficacy and tolerability of ripretinib in different 
treatment lines after imatinib resistance in 142 patients. 
Interestingly, the median PFS was highest when given in 
2nd line with 11.0 months, 95% CI (3.5, 22.1), decreased 
with each treatment line and was 5.5 months, 95% CI (2.1, 
8.1) in the ≥4th line, respectively. Additionally, doubling 
the ripretinib dose to 150mg BID after tumor progression 
on 150 mg QD was associated again with a median PFS 
between 3.3 and 5.6 months, hence, an additional clinical 
benefit. The dose escalation came along with an only 
slight and obviously manageable increase in toxicity. 
Pharmacokinetic and dynamic results will be reported 
separately. The INTRIGUE trial, a randomised phase 3 
trial comparing ripretinib 150 mg QD with sunitinib as 
second-line therapy, is currently ongoing (NCT03673501). 
The optimal dose and dosing management will be a matter 
of debate in future.

Overall survival corresponds to the strongest and most 
relevant endpoint. Due to the special statistical design, no 
statistically significant difference could be proven here. 
Nevertheless, the results seem to indicate a prolongation of 
overall survival. In addition, serially used TKIs seems to be 
associated with improved survival in advanced GIST (21).

Patients with all kinds of mutational status could 
participate in the Invictus trial, including KIT and PDGFR 
wild-type GIST. Importantly, performing biopsy sampling 
before study inclusion and after previous treatment lines 
was mandatory. Unfortunately, the analysis of the predictive 
value of the reported mutations is missing up to now. 
Nevertheless, the efficacy results support signs of broad-
based effectiveness.   

While we are eagerly awaiting further data on the 
optimal use of ripretinib we are very much looking forward 
to having broaden our treatment potpourri and to gather 
real-life experience in our daily clinics. 
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