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Background: Primary and secondary resistance to imatinib, a selective receptor tyrosine kinase 

inhibitor (TKI), is a serious clinical problem in the control of advanced gastrointestinal stromal 

tumors (GIST). Here we report on a meta-analysis we performed to evaluate the efficacy of 

second-generation TKIs in the treatment of patients with imatinib-resistant GIST.

Methods: Randomized controlled trials evaluating the clinical efficacy of second-generation 

TKIs were identified by searching PubMed and EMBASE from 2000 to February 2014. 

 Outcomes subjected to analysis were progression-free survival and overall survival. Statisti-

cal analyses were performed using Review Manager version 5.1.0 (Cochrane Collaboration, 

Oxford, UK). Weighted hazard ratios (HR) with 95% confidence intervals (CIs) were calculated 

for the outcomes. Fixed-effects or random-effects models were used, depending on the degree 

of heterogeneity across the selected studies.

Results: Three randomized controlled trials were selected for meta-analysis. Among imatinib-

resistant or imatinib-intolerant patients, 541 received second-generation TKIs (sunitinib, nilo-

tinib, or regorafenib) and 267 controls received placebo or best supportive care. Progression-free 

survival was significantly improved in the TKI-treated group (HR 0.38; 95% CI 0.24–0.59; 

P,0.0001). No statistically significant difference was detected in overall survival between the 

treatment group and the control group (HR 0.85; 95% CI 0.71–1.03; P=0.09). In the subgroup 

of patients who were resistant or intolerant to both imatinib and sunitinib, TKI therapy  (nilotinib 

or regorafenib) improved progression-free survival (HR 0.40; 95% CI 0.19–0.84; P=0.02) 

but not overall survival (HR 0.83; 95% CI 0.63–1.08; P=0.17). Regorafenib was shown to be 

 effective in terms of progression-free survival across different subpopulations of patients who 

were resistant to both imatinib and sunitinib.

Conclusion: Second-generation TKIs (sunitinib, nilotinib, and regorafenib) are effective in 

improving progression-free survival but not overall survival in patients with GIST who are 

resistant or intolerant to imatinib or to imatinib and sunitinib. Regorafenib is promising as a 

third-line treatment option for patients with advanced GIST.

Keywords: tyrosine kinase inhibitor, gastrointestinal stromal tumor, imatinib, nilotinib, 

regorafenib

Introduction
Gastrointestinal stromal tumors (GIST) are the most common gastrointestinal mesen-

chymal tumors.1–3 Approximately 85% of GIST have mutations in the proto-oncogene 

KIT which encodes a tyrosine kinase receptor. About 8% of GIST are associated with 

mutations in the gene for platelet-derived growth factor receptor alpha (PDGFRA).4,5 
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Whereas surgery, chemotherapy, and radiotherapy are the 

treatments of choice in the early stages of GIST, they are 

ineffective in unresectable and/or metastatic GIST.6 Eluci-

dation of the molecular mechanism underlying GIST as a 

mutation-driven cancer has led to the development of targeted 

tyrosine kinase inhibitor (TKI) therapies that have revolution-

ized treatment options and significantly improved the clini-

cal outcomes for patients with GIST.7 The current first-line 

treatment of choice for unresectable and advanced metastatic 

GIST is imatinib mesylate.8 Imatinib mesylate is a selective 

TKI of KIT, PDGFRA, and ABL via competitive binding 

with their ATP binding domains. Nearly 80% of patients with 

GIST have responses to imatinib, and the 2-year survival 

in advanced GIST reaches as high as 75%–80%. However, 

imatinib therapy is not effective in patients with wild-type 

KIT/PDGFRA, and more than 80% of those who are initially 

responsive to imatinib eventually develop resistance to the 

drug, with secondary mutations located in KIT exons.9,10 

The first second-generation TKI approved for the treatment 

of imatinib-resistant GIST patients was sunitinib malate.11,12 

Sunitinib malate is an inhibitor of KIT, vascular endothelial 

growth factor receptor (VEGR), and PDGFRA,13,14 and has 

been shown to be more effective against wild-type KIT 

kinase than imatinib. Sunitinib is currently the second-line 

treatment of choice for imatinib-resistant patients. Other 

second-generation TKIs are currently in development, some 

of which have been tested for efficacy in clinical trials.15–18 

Recently, two Phase III clinical trials have been completed 

for second-generation TKIs, ie, nilotinib and regorafenib.19,20 

Like imatinib, nilotinib has an inhibitory effect on KIT and 

PDGFRA, and is also used as a potent BCR-ABL receptor 

TKI.21,22 Regorafenib is a novel broad TKI that blocks the 

activity of various receptor tyrosine kinases, such as the 

VEGF receptor, KIT, RET, RAF1, BRAF, fibroblast growth 

factor receptor, and PDGF receptor.23 With the increasing 

number of next-generation TKIs being developed for the 

treatment of imatinib-resistant GIST, it has become neces-

sary to systematically evaluate their clinical efficacy. Here 

we report on a meta-analysis we performed using data from 

the most up-to-date randomized controlled trials to evalu-

ate the efficacy of second-generation TKIs with regard to 

progression-free survival and overall survival in patients 

with advanced GIST.

Materials and methods
Databases and search strategy
We searched the PubMed (from 2000 to February 2014) 

and EMBASE (from 2000 to February 2014) databases 

for relevant studies. Search terms used for PubMed were: 

“gastrointestinal”[All Fields] AND “stromal”[All Fields] 

AND (“tumor”[All Fields] OR “tumour”[All Fields] OR 

“tumors”[All Fields] OR “tumours”[All Fields]) OR 

“GIST”[All Fields] AND “imatinib”[All Fields] AND 

(“resistant”[All Fields] OR “resistance”[All Fields] OR 

“failure”[All Fields]) AND (Clinical Trial[ptyp] AND 

(“2000/01/01”[PDAT]: “2014/2/28”[PDAT])). Search terms 

used for EMBASE were: “gastrointestinal” and “stromal” and 

(“tumor”/exp or “tumour”/exp or “tumors” or “tumours”) and 

“imatinib”/exp and (“resistant” or “resistance” or “failure”) 

and [controlled clinical trial]/lim and [2000–2014]/py.

selection criteria
Eligible studies were selected based on the following criteria: 

study design (randomized controlled trial); subjects (GIST tol-

erant to previous imatinib and/or other lines of treatment); and 

intervention (TKI versus placebo or best supportive care as 

control). Two authors (LW and LX) independently conducted 

the study selection based on these criteria. Any discrepancy 

was resolved by group discussion between all authors.

Quality assessment
The quality of the included trials was assessed using the Jadad 

score (0–5, with a score $3 indicating high quality).24

Outcomes
The primary outcomes for assessment of TKI efficacy were 

progression-free survival and overall survival.

Data extraction and statistical analysis
The following information was extracted from the selected 

studies: author, publication year, trial phase, number of 

patients enrolled, treatment regimen, median age, sex percent-

age, prior experience with imatinib and other lines of cancer 

therapy, median progression-free survival, and median overall 

survival. The data were extracted by two reviewers (LW and 

LX) from selected studies independently. Any disagreement 

was discussed and consensus was reached for all issues. The 

hazard ratio (HR) and associated 95% confidence interval (CI) 

for progression-free survival and overall survival were used to 

assess treatment efficacy. The χ2 Cochrane’s Q test was used 

to detect heterogeneity (variability in the intervention effects) 

across different studies. The random-effects or fixed-effects 

inverse variance weighted method was used for the pooled 

efficacy analysis depending on the results of heterogeneity 

testing.25 All analyses were performed using Review Manager 

version 5.1.0 (Cochrane Collaboration, Oxford, UK).
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Results
Study identification and characteristics
A total of 105 unique records were identified by our search 

strategy. After initial screening by title and abstract, 32 rel-

evant randomized controlled trials were selected for further 

screening. Twenty-eight studies did not include standard 

or placebo controls and were excluded. Full-text manu-

scripts were retrieved for the remaining four studies. One 

study was excluded because it contained redundant data 

that were included in a later complete report. Three studies 

that met our inclusion criteria were selected for the final 

meta-analysis (Figure 1).12,19,20 The Jadad score for these 

studies was 5, indicating high quality. The study character-

istics are summarized in Table 1.

Baseline patient demographics,  
median progression-free survival,  
and overall survival
Baseline patient demographics, median progression-free 

survival, and overall survival for the three studies are sum-

marized in Table 2. More than 90% of the patients in these 

studies had resistance to imatinib. Patients in the nilotinib 

Total 128 records
were identified
through database
searching

23 duplicate records were
excluded by title screening

72 irrelevant studies and one
foreign language study were
excluded by title and abstract
screening based on selection
criteria

28 studies without appropriate
treatment control were
excluded based on abstract
screening

32 relevant
studies included

4 full-text articles
were assessed for
eligibility

3 studies were
included for
meta-analysis

One study was excluded as it
has redundant results included
in a later published follow-up
study

105 unique records were
included for study screening

Figure 1 Flow diagram of study selection.
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Table 2 Major baseline patient demographics, median progression-free survival and overall survival from selected studies

Study Demetri et al12 Reichardt et al20 Demetri et al19

Sunitinib  
(n=243)

Placebo  
(n=118)

Nilotinib  
(n=165)

Control  
(n=83)

Regorafenib  
(n=133)

Placebo  
(n=66)

Median age, years 57.0 55.0 57.4 58.6 60 61
Male (%) 63 60 61.2 56.6 64 64
Female (%) 37 40 38.2 43.4 36 36
Median PFs 22.9 weeks 6.0 weeks 119 days 70 days 4.8 months 0.9 months
Median Os 72.7 weeks 64.9 weeks 332 days 280 days nD nD
Imatinib-resistant (%) 95 94.5 92.8 95.7 96.2
Imatinib-intolerant (%) 5 5.5 7.2 4.3 3.8
Prior use of sunitinib (%) no (0) Yes (100) Yes (100)

Abbreviations: PFs, progression free survival; Os, overall survival; nD, not determined.

Table 1 study characteristics and quality assessment

Studies Study design Intervention Subjects (n) Outcome Jadad score

Demetri et al19 rcT, DB regorafenib (160 mg once daily) or placebo 199 PFs, Os 5
reichardt et al20 rcT, Ol nilotinib (400 mg twice daily) or Bsc 248 PFs, Os 5
Demetri et al12 rcT, DB sunitinib (50 mg) or placebo 361 TTP, PFs, Os 5

Abbreviations: RCT, randomized controlled trial; DB, double-blind; OL, open-label; PFS, progression-free survival; OS, overall survival; BSC, best supportive care; TTP, 
time to tumor progression.

and regorafenib studies had previously been treated with both 

imatinib and sunitinib. Overall survival in the regorafenib 

study was at the interim analysis stage, so no final data were 

available.

Overall progression-free  
survival and overall survival
Heterogeneity was found across the three studies for 

progression-free survival (I2=81%, P=0.005), which may 

have resulted from differences in interventions and prestudy 

treatments used in the different studies. Therefore, a ran-

dom model was used for meta-analysis of progression-free 

survival. No heterogeneity was shown for overall survival 

(I2=0%, P=0.92) and a fixed model was applied for analysis 

of overall survival. Among patients who were resistant or 

intolerant to imatinib, 541 received TKIs (sunitinib, nilotinib, 

or regorafenib) and 267 patients received placebo or best 

supportive care as controls. Progression-free survival was 

significantly improved in the TKI-treated group when com-

pared with the control group (HR 0.38; 95% CI 0.24–0.59; 

P,0.0001, Figure 2). No statistically significant difference 

was detected in overall survival between the treatment 

group and the control group (HR 0.85; 95% CI 0.71–1.03; 

P=0.09, Figure 3). In the subgroup of patients who were 

resistant or intolerant to both imatinib and sunitinib, a total 

of 298 received TKIs (nilotinib or regorafenib) and 149 

received placebo or best supportive care. Progression-free 

survival was significantly improved in the TKI-treated 

group (HR 0.40; 95% CI 0.19–0.84; P=0.02, Figure 2). No 

statistically significant difference was detected in overall 

survival between the treatment group and the control group 

(HR 0.83; 95% CI 0.63–1.08; P=0.17, Figure 3). Discordance 

of the progression-free survival result was reported in the 

study of nilotinib.18 While blinded central radiology review 

showed no significant difference between the treatment group 

and the control group, local investigator assessment revealed 

that progression-free survival was significantly longer in the 

treatment group. Data from the local investigator assessment 

was used for the meta-analysis because a high discordance 

rate was documented for the central reviewers.

assessment of publication bias
A Begg’s funnel plot was used to assess for publication 

bias in the studies selected for meta-analysis.26 The result 

showed no obvious asymmetry, indicating no publication bias  

(Figure 4). However, because only three studies qualified for 

the meta-analysis, publication bias may occur when studies 

with negative results are not submitted for publication by 

investigators.

Discussion
Despite the successful outcomes using imatinib in the treat-

ment of unresectable and/or metastatic GIST, more than 80% 

of patients with advanced GIST eventually develop resistance 

to this drug. Several structurally distinct TKIs have been 

developed to overcome the problem of imatinib resistance. 
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Study of subgroup
Imatinib resistant or intolerant

Imatinib/sunitinib resistant or intolerant

Demetri et al12 –1.06

–0.54

0.16
0.17
0.17

243 118
66
83

267

Favors (experimental) Favors (control)

149

0.01 0.1 1 10 100

298
165
1330.17–1.31

–0.54 0.17 83
66

100.0%

100.0%
50.0%
50.0%

33.1%
33.1%
33.8% 0.35 (0.25, 0.47)

0.27 (0.19, 0.38)

0.27 (0.19, 0.38)

0.58 (0.42, 0.81)

0.58 (0.42, 0.81)
0.40 (0.19, 0.84)

0.38 (0.24, 0.59)

133

165
541

–1.31Demetri et al19

Demetri et al19

Reichardt et al20

Reichardt et al20

Subtotal (95% Cl)
Heterogeneity: τ2=0.12; χ2=10.71, df=2 (P=0.005); l2=81%

Heterogeneity: τ2=0.27; χ2=10.26, df=1 (P=0.001); l2=90%

Test for overall effect: Z=4.36 (P<0.0001)

Test for overall effect: Z=2.40 (P=0.02)

Subtotal (95% Cl)

log (hazard ratio) SE
Experimental

Total Total
Control

Weight
Hazard ratio Hazard ratio

IV, random, 95% Cl IV, random, 95% Cl

Figure 2 Forest plot of hazard ratios comparing progression-free survival in tyrosine kinase inhibitor treatment group versus the control group. Hazard ratios for each trial 
are represented by the squares, and the horizontal line crossing the square represents the 95% confidence interval.
Abbreviations: SE, standard error; CI, confidence interval; df, degrees of freedom.

Study of subgroup log (hazard ratio) SE
Experimental

Total Total
Control

Weight
Hazard ratio Hazard ratio

IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Imatinib resistant or intolerant

Imatinib/sunitinib resistant or intolerant

Demetri et al12

Demetri et al19

Demetri et al19

Reichardt et al20

Reichardt et al20

Subtotal (95% Cl)

Subtotal (95% Cl)

Heterogeneity: χ2=0.16, df=2 (P=0.92); l2=0%

Heterogeneity: χ2=0.06, df=1 (P=0.80); l2=0%

Test for overall effect: Z=1.69 (P=0.09)

Test for overall effect: Z=1.39 (P=0.17)

–0.1324 0.13 243 118 53.2%
9.4%

37.4%
100.0%

0.88 (0.68, 1.13)
0.77 (0.42, 1.41)
0.84 (0.62, 1.14)
0.85 (0.71, 1.03)

0.77 (0.42, 1.41)
0.84 (0.62, 1.14)
0.83 (0.63, 1.08)

66
83

267

133
165
541

0.3093
0.1549

–0.2614
–0.1744

–0.2614
–0.1744

0.3093 133 66 20.1%
79.9%

100.0%
83

149

0.01 0.1 1 10 100

165
298

0.1549

Favors (experimental) Favors (control)

Figure 3 Forest plot of hazard ratios comparing overall survival in tyrosine kinase inhibitor treatment versus control group. hazard ratios for each trial are represented by 
the squares, and the horizontal line crossing the square represents the 95% confidence interval.
Abbreviations: SE, standard error; CI, confidence interval; df, degrees of freedom.

0.01
0.2

0.15

0.1

0.05

0
SE (log[Hazard ratio])

0.1

Imatinib resistant or intolerant
Subgroups

1 10 100

Hazard ratio

Imatinib/sunitinib resistant or intolerant

Figure 4 Funnel plot of studies selected for meta-analysis.
Abbreviation: se, standard error.
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Among these second-generation TKIs, only sunitinib has 

been approved for use as a second-line treatment option for 

imatinib-resistant GIST. However, resistance to sunitinib has 

also developed in previously responsive patients.27 Recently, 

two novel TKI inhibitors, nilotinib and regorafenib, have 

been shown to be promising in the control of both imatinib-

resistant and sunitinib-resistant GIST. Our meta-analysis 

of three randomized controlled Phase III trials showed that 

progression-free survival was significantly improved in 

imatinib-resistant patients treated with sunitinib, nilotinib, 

or regorafenib. Improved progression-free survival was also 

observed in imatinib-resistant and sunitinib-resistant patients 

treated with nilotinib or regorafenib. However, overall sur-

vival was not improved in these studies.

The ineffectiveness of second-generation TKIs with regard 

to overall survival in patients with resistance to imatinib or 

resistance to both imatinib and sunitinib may result from 

multiple lines of prior treatment. Indeed, in the nilotinib study, 

16.5% of patients in the intent-to-treat population had had 

more than two prior lines of treatment,20 and 43% of patients 

in the regorafenib study had received three or more previous 

lines of anticancer therapy.11 A post hoc analysis of the true 

effect of nilotinib in a well defined patient population (with 

exactly one prior regimen each of imatinib and sunitinib) 

showed significantly improved overall survival in the nilotinib 

group (HR 0.67; 95% CI 0.48–0.95; P=0.02). The ineffective-

ness of second-generation TKIs with regard to overall survival 

may also result from drug selection against KIT/PDGFRA 

mutation. It is known that about 10%–15% of adults with GIST 

do not have any mutations in the KIT and PDGFRA genes.28 

Treatment with TKIs may eventually result in uncontrolled 

growth of wild-type KIT/PDGFRA that is resistant to TKI 

therapy. Due to the complexity of the pretreatment history 

and differences in mutational status in patients with advanced 

GIST, a well defined selection criterion is warranted in future 

clinical trial design to provide a more accurate evaluation of 

the clinical efficacy of second-generation TKIs.

With the efficacy data available for the subgroups in these 

studies, regorafenib was shown to be effective in progression-

free survival across different subpopulations, including mul-

tiple lines of prior treatment, ethnic group, age, and different 

forms of KIT mutation.19 These results are comparable with 

those observed in the sunitinib study.11 Given the discrepant 

results for progression-free survival in the nilotinib study 

and the lack of efficacy data in the different subpopulations, 

regorafenib is a more promising candidate than nilotinib as 

a third-line treatment option for patients with GIST who are 

resistant to both imatinib and sunitinib.

Conclusion
Second-generation TKIs (sunitinib, nilotinib, and rego-

rafenib) are effective for improving progression-free 

survival but not overall survival in patients with imatinib-

resistant GIST.  Nilotinib and regorafenib significantly 

improve progression-free survival, but are not effective in 

terms of overall survival in patients with GIST resistant 

to both imatinib and sunitinib. Regorafenib is a promising 

candidate as a third-line treatment option for patients with 

advanced GIST.
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