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Abstract
Background: Imatinib is the standard first-line treatment for advanced gastro-
intestinal stromal tumors (GISTs); however, most patients eventually develop 
imatinib resistance, leading to considerable clinical challenges. Few direct com-
parisons have been made between different post-first-line therapies on clinical 
efficacy in advanced GIST following imatinib failure.
Methods: Databases including PubMed, Embase, Scopus, Google Scholars, and 
Cochrane Library from inception to February 2023 were retrieved for randomized 
controlled trials evaluating the clinical efficacy of different post-first-line agents 
for advanced GIST following imatinib failure. Network and conventional meta-
analysis were carried out using Stata/MP 16.0.
Results: Ripretinib showed significant improvement in progression-free survival 
(PFS) rates from the 2nd to the 12th month compared to placebo, while there 
was virtually no evidence that the rest active agents had a significant benefit at 
the 12th month. Masitinib, ripretinib, sunitinib, regorafenib, and pimitespib ex-
hibited significantly longer median PFS than placebo, and pairwise comparisons 
indicated there were no significant differences among masitinib, ripretinib, and 
sunitinib. These post-first-line agents decreased the risk of disease progression or 
death by 65% (HR = 0.35, 95% CI: 0.26–0.47) compared to placebo. Ripretinib and 
sunitinib came into effect earlier and exhibited more consistent overall survival 
(OS) rate improvements than masitinib and pimitespib, while pairwise compari-
sons revealed no significant differences in these four active agents concerning the 
improvement in OS rate. These post-first-line agents decreased the risk of death 
by 39% (HR = 0.61, 95% CI: 0.44–0.83) over placebo for advanced GIST following 
imatinib failure.
Conclusion: The active agents in our analysis as post-first-line therapies are able 
to provide superior clinical efficacy, with improved PFS rate and OS rate at cer-
tain time points, as well as absolute values of PFS and OS for advanced GIST. 
Ripretinib might be the optimal recommendation as a post-first-line treatment 
for advanced GIST following imatinib failure.
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1   |   INTRODUCTION

Gastrointestinal stromal tumors (GISTs) are the most 
common mesenchymal tumors of the digestive tract, with 
an incidence of 1.0–1.5/100,000 individuals worldwide; 
they predominantly involve the stomach (50%–60%) and 
the small intestine (30%–35%). Most patients diagnosed 
with GIST are in their 60s, and the gender distribution is 
fairly equal.1–4

GIST patients are usually asymptomatic or have non-
specific symptoms, including abdominal distension, ab-
dominal pain, early satiety, bleeding, fatigue, and palpable 
mass, which may lead to delay in diagnosis and treatment.5 
The spread in GIST is usually expansive and mainly occurs 
through hematogenous routes.6 GIST is associated with a 
poor prognosis and is insensitive to radiation and cytotoxic 
chemotherapy.7,8 The standard treatment for GIST is sur-
gery, but recurrences do occur.9 For advanced GIST (met-
astatic, unresectable, or recurrent), there is no curative 
therapy, and the emergence of targeted molecular therapy 
has revolutionized treatment. In recent years, remark-
able achievements have been made in the development of 
tyrosine kinase inhibitors (TKIs) that target KIT and/or 
platelet-derived growth factor receptor α (PDGFRA); this 
has led to major clinical improvements and improved sur-
vival among advanced GIST patients.10–15

Imatinib, a multitargeted TKI targeting KIT and PDGFR, 
has been widely used as the standard first-line treatment 
for advanced GIST, improving the median survival from 
1-to 5 years. However, most patients inevitably develop 
imatinib resistance often after 20–24 months on imatinib, 
leading to disease progression and eventually death, and 
since the approval of imatinib in 2002, there have been no 
improvements in first-line therapy for GIST; this has re-
sulted in significant challenges in the clinical management 
of advanced GIST.16–23 For advanced GIST patients for 
whom imatinib therapy has been unsuccessful, sunitinib, 
and regorafenib are the current second-and third-line ther-
apies, respectively.24 Unfortunately, almost all advanced 
GIST patients with imatinib resistance ultimately develop 
sunitinib resistance, usually within 1 year.20,25 The US Food 
and Drug Administration (FDA) authorized ripretinib as 
a fourth-line treatment for advanced GIST in May 2020.26 
Pimitespib, an oral heat shock protein 90 inhibitor, has 
shown its efficacy on advanced GIST with significantly im-
proved progression-free survival (PFS) following imatinib 
failure as a post-first-line therapy.27

There is an unmet medical need for better therapeutic 
alternatives which can improve the current condition of 
advanced GIST patients, and to provide more options and 
clinical benefits for such patients following first-line ima-
tinib failure.

Although an increasing number of studies concerning 
post-first-line treatments for advanced GIST have been con-
ducted, few direct comparisons have been made between 
these active agents in terms of their treatment efficacy, and 
no definite conclusions have been drawn concerning their 
effectiveness. Considering this, we conducted this meta-
analysis incorporating both conventional meta-analysis 
and network meta-analysis, with the aim of summarizing 
and comparing the clinical efficacy of post-first-line ther-
apeutic agents in terms of PFS rate and OS rate at certain 
time points, as well as absolute values of PFS and OS for 
advanced GIST after first-line imatinib therapy failure.

2   |   METHODS

2.1  |  Search strategy

We initiated our study by searching the PubMed, Embase, 
Scopus, Google Scholars, and Cochrane Library databases 
for randomized controlled trials (RCTs) from their in-
ception to February 2023, using the following keywords: 
“gastrointestinal stromal tumor” or “GIST”; “advanced” 
or “metastatic” or “unresectable” or “recurrent,” and 
“imatinib”. Furthermore, we explored the references of 
relevant reviews and guidelines for additional candidate 
publications. Two reviewers screened titles and abstracts 
independently to verify all potentially eligible publica-
tions for full-text assessment. The final studies included 
were identified on the basis of the inclusion and exclusion 
criteria described above. This network meta-analysis fol-
lowed the guidelines of PRISMA.

2.2  |  Inclusion criteria

The eligible studies were verified according to the follow-
ing criteria by two experienced investigators individually: 
(1) the study design must be RCT; (2) patients were di-
agnosed with advanced GIST and previously experienced 
first-line imatinib therapy failure (caused by either disease 
progression or intolerance); (3) patients received an active 
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agent as post-first-line treatment in the research group 
and an active agent as post-first-line treatment or placebo 
in the control group; (4) the clinical efficacy outcomes 
were PFS rate and OS rate at certain time points, as well 
as absolute values of PFS and OS, and atleast one desirable 
outcome must be reported.

2.3  |  Exclusion criteria

Articles were excluded if they were reviews, single-arm 
studies, case reports, animal studies, commentaries, con-
ference abstracts, retrospective observational studies, or 
studies published in a language other than English.

2.4  |  Data extraction and analysis

Information extracted included first author, year of pub-
lication, study design, comparative treatment regimens, 
sample size, age, and sex. In addition, HRs and 95% CIs 
for PFS and OS were extracted. We also extracted the PFS 
rate and OS rate at certain time points from the PFS and 
OS curves using GetData software. Publication bias was 
assessed by using Egger's test, and p < 0.05 indicated the 
potential of publication bias. We utilized a network funnel 
plot to evaluate possible small sample effects in a network 
meta-analysis. For each RCT, two investigators indepen-
dently extracted the data and evaluated the risk of bias ac-
cording to the Cochrane Collaboration's risk of bias tool.28

2.5  |  Statistical analysis

For dichotomous variables, we expressed effects as odds 
ratios (ORs), while for continuous variables, effects were 
expressed as weighted mean differences (WMDs) with 
their 95% CIs. Risks were presented as HRs with 95% CIs. 
Continuous variables, when presented as the median with 
the interquartile range, were converted to the mean.29 
Both a fixed-effects model and a random-effects model 
were adopted in this meta-analysis. The surface under the 
cumulative ranking curve (SUCRA) was applied to rank 
regimens based on their probabilities of being the optimal 
choice for each outcome. The higher the SUCRA value, 
the higher the possibility of greater efficacy.30 A matrix 
was generated in order to verify whether the difference 
between every two agents with corresponding SUCRA 
values was statistically significant. To enhance the sta-
bility of each result, overall and loop consistency and in-
consistency were examined. All statistical analyses were 
conducted using Stata 16.0/MP, and p < 0.05 was consid-
ered statistically significant.

3   |   RESULTS

3.1  |  Literature search and risk of bias 
assessment

The flow diagram presents the details of the literature 
screening and selection process for the network meta-
analysis (Figure  1). Our search strategy involved the 
retrieval of a total of 2606 publications, of which nine 
studies15,26,27,31–36 were finally included in the meta-
analysis after removal of duplicates and screening of ti-
tles, abstracts, and full-text, involving 1746 patients with 
advanced GIST. Table 1 provides an overview of the char-
acteristics of these studies. Details of the risk of bias graph 
and the risk of bias summary are reported in Figures S1 
and S2, respectively.

3.2  |  Progression-free survival rate

PFS rates at certain time points have not been exten-
sively explored by previous studies. The present study 
included a comparison of PFS rate results at certain time 
points separately; the results are shown in Figure 2. Using 
a conventional meta-analysis, we analyzed a total of six 
studies26,27,31–33,36 involving 888 patients and including six 
different active agents and placebo.

In the meta-analysis, significant benefit of active 
agents compared with placebo was confirmed in 2 month 
(OR = 4.19, 95% CI: 2.41–7.27), 4 month (OR = 7.02,  
95% CI: 3.53–13.96), 5 month (OR = 10.05, 95% CI: 6.44–
15.66), 6 month (OR = 10.81, 95% CI: 4.06–28.78), 7 month 
(OR = 11.50, 95% CI: 2.74–48.30), 8 month (OR = 10.87, 
95% CI: 2.02–58.41), and 9 month (OR = 11.94, 95% CI: 
1.90–75.09). However, there was no significant im-
provement in 10 month (OR = 6.17, 95% CI: 0.61–62.66), 
11 month (OR = 6.11, 95% CI: 0.81–45.89), and 12 month 
PFS rate (OR = 5.86, 95% CI: 0.44–78.31). The most ef-
fective treatment in terms of PFS rate was found to be 
ripretinib. In comparison with the placebo, this treat-
ment showed a significant improvement in PFS rate from 
the 2nd to the 12th month. Moreover, there was virtually  
no evidence that the rest active agents had significant 
effect at the 12th month compared with the placebo 
(Figure 2).

3.3  |  Progression-free survival

In total, we analyzed nine studies15,26,27,31–36 involving 
1746 patients including eight different regimens using 
a network meta-analysis on the median PFS. The net-
work graph is shown in Figure S3, which shows sunitinib 
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compared with the placebo was the most comparison. 
The matrix suggested that masitinib (WMD = 6.07, 95% 
CI: 4.53–7.61), ripretinib (WMD = 4.93, 95% CI: 3.97–
5.89), sunitinib (WMD = 4.86, 95% CI: 4.08–5.64), 
regorafenib (WMD = 3.92, 95% CI: 2.68–5.15), and pi-
mitespib (WMD = 1.41, 95% CI: 0.17–2.65) all showed 
median PFS improvements compared to the placebo; 
while pazopanib (WMD = 1.10, 95% CI: −0.16–2.37) and 
imatinib (WMD = 0.91, 95% CI: −0.33–2.15) did not show 
significant improvements. In addition, pairwise compari-
sons indicated that masitinib, ripretinib, sunitinib, and 
regorafenib all showed significant improvements in PFS 
when compared to pimitespib, and masitinib performed 
better than regorafenib in the clinical efficacy of PFS; 
while the median PFS did not differ significantly among 
patients treated with masitinib, ripretinib, and sunitinib 
(Table 2).

We analyzed a total of seven studies26,27,31–33,35,36 involv-
ing 1249 patients and included six different active agents 
and placebo using a conventional meta-analysis on HR of 
PFS. The results obtained with a random-effects model 
showed that these active agents as a post-first-line ther-
apy significantly decreased the risk of disease progression 
or death by 65% in comparison to the placebo (HR = 0.35, 
95% CI: 0.26–0.47) for advanced GIST patients following 
imatinib therapy failure (Figure S4).

3.4  |  Overall survival rate

In total, we analyzed eight26,27,31–36 studies involving 1293 
patients and included eight different regimens using a 
network meta-analysis on OS rates at certain time points. 
The network graph is shown in Figure S5; and sunitinib 
compared with the placebo was the most common com-
parison. Table  3 summarizes the OS rate improvements 
at certain time points for seven different active agents 
when compared with the placebo, and the box marked in 
yellow and pink indicated that there was significant im-
provement and no significant improvement between the 
active agent and the placebo in terms of OS rate efficacy 
according to the OR with 95% CI, respectively. Ripretinib 
and sunitinib showed an improved OS rate from the 2nd 
month to the 10th month, while masitinib and pimitespib 
exhibited OS rate improvements from the 4th month to 
the 10th month and from the 6th month to the 9th month, 
respectively. Masitinib and pimitespib were slower to 
achieve a significant improvement in OS rate, and the ef-
ficacy of masitinib seemed to be unsteady due to interrup-
tion in the improvement of OS rate at the 8th month. In 
comparison to masitinib, the OS rate improvements for 
ripretinib and sunitinib not only occurred earlier but also 
persisted longer, while for all these three active agents, the 
improvements in OS rate declined around the 11th month. 

F I G U R E  1   Flow diagram of study search and selection for the meta-analysis.
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Furthermore, pazopanib, regorafenib, and imatinib were 
unable to provide OS rate improvements in our analysis 
compared to the placebo (Table 3).

The matrix summarizes the pairwise comparison of 
OS rates at certain time points for masitinib, pazopanib, 
pimitespib, placebo, regorafenib, ripretinib, sunitinib, 
and imatinib. The matrix revealed the following results 
for the various active agents in comparison to the pla-
cebo at different time points: ripretinib (OR = 5.21, 95% 
CI: 1.50–18.04) and sunitinib (OR = 2.78, 95% CI: 1.44–
5.37) show 2 month OS rate improvements; masitinib 
(OR = 11.57, 95% CI: 1.07–125.57), ripretinib (OR = 4.98, 
95% CI: 1.91–12.98) and sunitinib (OR = 3.16, 95% CI: 
2.06–4.86) show 4 month OS rate improvements; ma-
sitinib (OR = 15.59, 95% CI: 1.54–157.67), ripretinib 

(OR = 5.11, 95% CI: 2.14–12.20) and sunitinib (OR = 3.02, 
95% CI: 2.03–4.50) show 5 month OS rate improvements; 
masitinib (OR = 18.08, 95% CI: 1.87–175.23), ripretinib 
(OR = 4.62, 95% CI: 2.00–10.66), pimitespib (OR = 4.04, 
95% CI: 1.40–11.72) and sunitinib (OR = 2.64, 95% CI: 
1.81–3.86) show 6 month OS rate improvements; ma-
sitinib (OR = 9.00, 95% CI: 1.36–59.68), pimitespib 
(OR = 3.60, 95% CI: 1.18–11.00), ripretinib (OR = 3.34, 
95% CI: 1.35–8.24) and sunitinib (OR = 2.75, 95% CI: 
1.67–4.52) show 7 month OS rate improvements; pi-
mitespib (OR = 4.42, 95% CI: 1.27–15.46), ripretinib 
(OR = 3.77, 95% CI: 1.26–11.28) and sunitinib (OR = 2.14, 
95% CI: 1.11–4.13) show 8 month OS rate improvements; 
masitinib (OR = 5.65, 95% CI: 1.13–28.29), ripretinib 
(OR = 3.16, 95% CI: 1.48–6.73), sunitinib (OR = 2.72, 

F I G U R E  2   Forest plot of pairwise comparisons of active agents and placebo on progression-free survival rate at certain time points.
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95% CI: 1.93–3.82), and pimitespib (OR = 2.56, 95% CI: 
1.01–6.49) show 9 month OS rate improvements; and 
masitinib (OR = 7.60, 95% CI: 1.82–31.78), ripretinib 
(OR = 3.81, 95% CI: 1.77–8.20) and sunitinib (OR = 2.60, 
95% CI: 1.87–3.63) show 10 month OS rate improve-
ments (Tables S1–S9).

Overall, masitinib, pimitespib, ripretinib, and sunitinib 
were observed to provide significantly improved OS rates 
at certain time points compared with the placebo, while 
the pairwise comparisons revealed there to be no statisti-
cally significant differences among these treatment groups 
in terms of the OS rate improvement (Tables S1–S9).

3.5  |  Overall survival

We analyzed a total of seven26,27,31–33,35,36 studies involv-
ing 1249 patients and included six different active agents 
and a placebo using a conventional meta-analysis on HR 
of OS. The results obtained using a random-effects model 
showed that these active agents significantly reduced 
the risk of death by 39% in comparison to the placebo 
(HR = 0.61, 95% CI: 0.44–0.83) for advanced GIST patients 
following first-line imatinib therapy failure (Figure 3).

3.6  |  Publication bias and small 
sample effect

No publication bias was identified in the PFS rate (p > 0.05) 
using Egger's test, and there was also no significant publi-
cation bias in the HRs of PFS and OS (PFS: p = 0.687; OS: 
p = 0.611, respectively). Additionally, the network funnel 
plot of pairwise comparisons on PFS and OS rate at certain 
time points are summarized in Figures S6 and S7, respec-
tively. The scattered points distributed at the bottom of 
the network funnel plot indicated that there were small 
sample effects (Figures S6 and S7).

4   |   DISCUSSION

To the best of our knowledge, this is the first network 
meta-analysis to assess the clinical efficacy of post-first-
line agents for the treatment of advanced GIST following 
first-line imatinib therapy failure comprehensively and 
precisely, involving PFS rate and OS rate at certain time 
points as well as absolute values of PFS and OS.

Indeed, the most striking finding is that ripretinib and 
sunitinib came into effect earlier and showed a more per-
sistent improvement in OS rate compared to masitinib 
and pimitespib. Ripretinib, as an FDA-approved fourth-
line agent for advanced GIST, the efficacy on OS rate and T
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median PFS was comparable to that of second-line suni-
tinib therapy.24,26 Additionally, ripretinib was found to 
be the most effective treatment in terms of PFS rate as it 
showed a significant improvement in PFS rate from the 
2nd to the 12th month, while there was virtually no evi-
dence that sunitinib had a significant benefit at the 12th 
month. Finally, the active agents in our analysis as post-
first-line treatments revealed a significant decrease in the 
risk of disease progression or death, with an HR of 35% 
in comparison to the placebo. Meanwhile, a 39% reduc-
tion in risk of death was observed with these active agents 
for advanced GIST patients following imatinib treatment 
failure.

As indicated above, ripretinib might be the optimal rec-
ommendation as a post-first-line treatment for advanced 

GIST following imatinib therapy failure in our analysis. 
However, our results are somewhat inconsistent with 
those of another study.37 One explanation for these incon-
sistent results could be that several studies involved in the 
above meta-analysis did not meet prespecified inclusion 
criteria. Another explanation could be that we focused on 
different metrics and used different statistical methods.

In GIST, the most common primary mutations occur 
on exons 9 or 11 of the KIT gene.38 Imatinib, an inhibitor 
targeting exons 9/11-mutated KIT gene, is the first-line 
therapy for advanced GIST, while most imatinib-treated 
patients ultimately relapse, possibly due to the outgrowth 
of clones carrying KIT mutations associated with imatinib 
resistance, typically involve KIT exons 13/14 (ATP-binding 
pocket) and 17/18 (activation loop).39–41 Notably, the 

T A B L E  3   The efficacy of active agents on overall survival rate at certain time points summary.

Month

Agent

Masitinib Pazopanib Pimitespib Regorafenib Ripretinib Sunitinib Imatinib

2-month

4-month

5-month

6-month

7-month

8-month

9-month

10-month

11-month

Note: The box marked in yellow and pink indicated that there was significant improvement and no significant improvement between the active agent and 
placebo on overall survival rate efficacy according to the odds ratio with 95% CI, respectively.

F I G U R E  3   Forest plot of pairwise comparisons of active agents and placebo on overall survival.
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potency of ripretinib against KIT mutations observed in 
imatinib-resistant patients was found to be superior to that 
of sunitinib in vitro, suggesting that ripretinib may be pre-
mium in post-first-line GIST. Ripretinib, a switch-control 
TKI, broadly inhibits wild-type KIT/PDGFA mutations 
and multiple primary and secondary KIT/PDGFRA mu-
tations associated with drug-resistant GIST. On the other 
hand, sunitinib is active against mutations in KIT exons 
13/14 but not exons 17/18,15,19,26,42,43 which may explain 
the findings in our analysis that ripretinib might be the 
optimal recommendation as a post-first-line treatment for 
advanced GIST following imatinib failure. Furthermore, 
ripretinib was recommended as a second-line treatment 
for advanced GIST following first-line imatinib failure in 
the CSCO diagnosis and treatment guidelines for GISTs 
(2021).44 Thus, ripretinib has emerged as a promising 
choice of treatment for advanced GIST.

The results from the INTRIGUE study comparing 
ripretinib with sunitinib on efficacy and safety as a second-
line treatment option for patients with advanced GIST fol-
lowing imatinib treatment has been reported recently. In 
this study, ripretinib did not show superiority over suni-
tinib in terms of PFS, but showed meaningful clinical ac-
tivity for imatinib-treated advanced GIST patients.15 The 
objective response rate and median PFS for the ripretinib 
group were 21.7% and 8 months, respectively, while for the 
sunitinib group they were 17.6% and 8.3 months, respec-
tively; however, no significant difference was observed. 
Ripretinib (41.3%) induced fewer Grade 3–4 treatment-
emergent adverse events than sunitinib (65.6%), including 
hypertension and palmar-plantar erythrodysesthesia syn-
drome. The superior safety of ripretinib means that occur-
rences of adverse events are reduced and compliance for 
patients is improved, ensuring continuous and adequate 
drug therapy. Nevertheless, repretinib had a more favor-
able safety profile. Additionally, ripretinib displayed better 
tolerability than sunitinib, providing meaningful clinical 
benefit.43,45,46

Ripretinib was a clinically meaningful, well-tolerated, 
and favorable safety profile strategy for advanced GIST 
patients following first-line imatinib failure. Additionally, 
the efficacy of ripretinib in terms of OS rate and PFS was 
comparable to and the safety was better than that of suni-
tinib.15 For advanced GIST patients, when first-line ima-
tinib therapy failure, physicians may choose ripretinib 
other than sunitinib as post-first line treatment.

This network meta-analysis contained several poten-
tial limitations. First, the number of publications eligible 
for inclusion in this meta-analysis was relatively small, 
while several studies involved relatively small sample 
sizes, which could potentially affect the precision of the 
analysis. Second, there were some shortcomings in the 

indirect comparative analysis used to evaluate the clini-
cal curative effect of the different agents in our analysis; 
thus, further direct comparative trials are needed. Third, 
there was a degree of heterogeneity among the studies, 
possibly arising from age, sex, ethnicity, and follow-up 
duration. Based on the above limitation, further large-
scale head-to-head RCTs should be conducted to con-
firm the generalizability of the findings of the present 
study.

5   |   CONCLUSION

This network meta-analysis aimed to evaluate and com-
pare the clinical efficacy of several active agents as a 
post-first-line therapeutic option for advanced GIST pa-
tients following first-line imatinib failure. Our results 
revealed these active agents to be effective as post-first-
line treatments in improving the clinical efficacy out-
comes of PFS rate and OS rate at certain time points as 
well as absolute values of PFS and OS. Ripretinib may 
be the optimal recommendation for advanced GIST 
patients following imatinib failure. Given the limita-
tions described above, in order to further verify these 
findings, large-scale head-to-head RCTs should be con-
ducted to confirm those findings.
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