
Aim of the study was to analyze the 
outcome of treatment and factors pre-
dicting results of sorafenib therapy in 
inoperable/metastatic CD117-positive 
GIST patients after failure on imatinib 
and sunitinib.
Material and methods: We identified 
60 consecutive patients (40 men, 20 
women) with advanced inoperable/
metastatic GIST after failure on at 
least imatinib and sunitinib treated 
in one sarcoma center with sorafenib 
at initial dose 2 × 400 mg daily in 
2007–2015 (in 56 cases it was 3rd line 
therapy). Median follow-up time was 
39 months. 
Results: One year progression-free 
survival (PFS; calculated from the 
date of the start of sorafenib to dis-
ease progression) rate was 23% and 
median PFS = 7.7 months. The median 
overall survival (OS) was 13.5 months 
calculated from sorafenib start (1-year 
OS rate = 57%) and 7 years from ima-
tinib start. Three patients (5%) had 
objective partial responses to therapy, 
31 patients (52%) had stabilization of 
disease > 4 months. Primary tumor 
mutational status was known in 43 
cases (73%), but we have not identi-
fied the differences in PFS between 
tumors carrying different KIT/PDGFRA 
mutations. The most common adverse 
events were: diarrhoea, hand and foot 
syndrome, fatigue, loss of weight and 
skin reactions; grade 3–5 toxicity oc-
curred in 35% of patients. 23 patients 
required sorafenib dose reductions 
due to AEs. 
Conclusions: We confirmed that many 
advanced GIST patients benefit from 
sorafenib therapy after imatinib/suni-
tinib failure with OS > 1 year. 
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Introduction

In recent years, the management of gastrointestinal stromal tumors 
(GIST) has changed with the understanding molecular mechanisms of their 
pathogenesis. The detection of activating, somatic, mutually exclusive mu-
tations of two genes, KIT and PDGFRA (platelet-derived growth factor re-
ceptor-a) in the majority of these tumors, has led to the development of 
targeted therapy with tyrosine kinase inhibitors, as imatinib and sunitinib 
[1, 2]. The introduction of imatinib mesylate into clinical practice has rev-
olutionized the therapy of advanced GIST with 4–5-fold increase in overall 
survival of patients as compared to historical data and this drug became 
first line standard of care in metastatic/unresectable GIST [3, 4]. However, 
the median progression-free survival (PFS) of imatinib-treated patients is 
2–3 years [3, 4]. A second-generation tyrosine kinase inhibitor – sunitinib 
with a broader spectrum of action, is effective in improving PFS in patients 
with GIST who are resistant or intolerant to imatinib (with median PFS 6–8 
months) and it is the only second line therapy for this clinical indication [5]. 
Until recently, in cases of advanced progression, there were no standard 
methods of treatment and the inclusion of patients into clinical trials of new 
drugs was recommended. Regorafenib, a new multiple kinases inhibitor, is 
indicated as 3rd-line treatment in patients with locally advanced, unresect-
able or metastatic GIST who have been previously treated with imatinib and 
sunitinib [6, 7], but the median PFS observed in phase III trial with rego-
rafenib was 4.8 months. It implies that the options in the 3rd/4th line of ther-
apy are still very limited. Regorafenib is closely related to sorafenib (differing 
only by the addition of a fluorine atom to the center phenyl ring), but it 
has a distinct biochemical profile with other activity than sorafenib against 
VEGFR-2, PDGFRB, FGFR-1, KIT and TIE-2 [8, 9]. Nevertheless, in Poland 
sorafenib is reimbursed by health insurance in inoperable/metastatic GIST 
patients after failure of imatinib and sunitinib, based on the results of phase 
II clinical trials [10–12]. Sorafenib is also a recommended treatment option 
based on National Comprehensive Cancer Network (NCCN) guidelines [13]. 
The aim of the study was to analyze the outcome of treatment and factors 
predicting results of sorafenib therapy in inoperable/metastatic CD117-pos-
itive GIST patients after failure on imatinib and sunitinib treated in routine 
practice based on our hypothesis that sorafenib can be a substitute of rego-
rafenib in the 3rd line therapy of advanced GIST.
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Material and methods

Patients

We analyzed data of 60 consecutive patients treat-
ed with sorafenib due of inoperable and/or metastatic 
CD117-positive GIST, who started treatment between No-
vember 2007 and August 2015 in one reference sarcoma 
center. All patients met the following criteria for sorafenib 
treatment: 1) histological diagnosis of GIST, confirmed by 
CD117-immunopositivity, 2) metastatic and/or inopera-
ble lesions after failure on at least prior treatment with 
imatinib and sunitinib (in analyzed series all patients had 
confirmed progressive disease on both lines of therapy), 
3) measurable disease on computed tomography (CT) 
scans, 4) WHO performance status ≤ 3, 5) no concomitant 
oncological therapy for disease, 6) adequate renal, cardiac 
and liver function. 

The study had been approved by the local Bio-Ethics 
Committee according to Good Clinical Practice Guide-
lines (approvals from Bio-Ethics Committees from Maria 
Sklodowska-Curie Institute – Oncology Center, Warsaw 
KB/9/2011 and approval for Polish Clinical GIST Registry by 
Internal Review Board 119/2002). All patients has signed 
informed consent for sorafenib treatment and using their 
data for research purposes. Patients did not undergo any 
further selection. 

All patients were treated with sorafenib with initial 
dose of 400 mg bid, however the dosing could be reduced 
(to 600 mg or 400 mg daily) or delayed to optimize the 
benefit-risk profile according to decision of treating phy-
sician. The treatment was continued until confirmed 
progression of the disease or unacceptable toxicity. All 
patients were followed carefully with median follow-up 
time of 26 months (range: 4–83 months). The objective 
response of GIST to sorafenib therapy was evaluated with 
serial CT examinations (performed every 2–3 months), ac-

cording to Response Evaluation Criteria in Solid Tumors 
(RECIST) version 1.1 [14]. In case of progression, patients 
were treated with other different tyrosine kinase inhibitors 
or cytotoxic chemotherapy or best supportive care only. If 
possible, they were included into clinical trials with new 
compounds. Toxic effects were graded with Common Ter-
minology Criteria for Adverse Events (CTCAE), version 4.0.

Genotyping

Genomic screening was performed for the presence 
of the KIT (exons 9, 11, 13, and 17) or PDGFRA (exons 12, 
14 and 18) genes mutation in 43 cases with fully available 
primary tumor specimens, based on DNA isolated from 
formalin-fixed paraffin-embedded or fresh frozen imati-
nib-naive tumor tissues, as previously described [4]. 

Statistical analysis 

Contingency tables were analyzed by the chi-square 
test. Progression-free survival (PFS) time was calculated 
from the date of the start of sorafenib treatment to the 
date of the most recent follow-up, or progression or death 
due to the disease. Overall survival (OS) time was calcu-
lated either from the date of the start of imatinib and 
sorafenib treatment to the date of the most recent fol-
low-up or death due to the disease. PFS/OS was assessed 
with respect to the following variables: demographic data 
(age at the diagnosis ≤ 45 or > 45 years; gender), primary 
tumor genotype (KIT 11 exon, KIT 9 exon, any PDGFRA 
mutations/wild-type cases), length of previous therapy 
on imatinib (≤ 12, > 12 months). The Kaplan-Meier meth-
od was used for analysis of survival curves, with log-rank 
test for univariate comparison of the survival between 
groups. Differences were considered statistically signifi-
cant if p-values were < 0.05. These statistical computa-
tions were performed using Statistica 7.1 software [Stat-
soft®; Tulsa, OK].

Results

Clinicopathological data

The distribution of clinical and pathological data of pa-
tients included in the study is listed in Table 1. There were 
40 male and 20 female patients, with median age at the 
start of sorafenib therapy 59 years. The majority of prima-
ry tumors were located in the small intestine (63%), fol-
lowed by the stomach (27%). All patients had documented 
progression on imatinib and sunitinib, four patients had 
also received 3rd line therapy before initiation of sorafenib 
– two with nilotinib and two with regorafenib. Majority of 
patients (80%) were pre-treated with imatinib for more 
than one year. Almost 90% of patients started sorafenib 
therapy being in relatively good performance status (0–1).

Mutational analysis data

The distribution of patients according to the initial tu-
mor mutational status is shown in Table 1. In the group 
of 43 patients, whose initial tumor mutational status was 
evaluated, 54% of GISTs had an exon 11 KIT mutation, 26% 
had an exon 9 KIT mutation, 2% had PDGFRA gene muta-

Table 1. Characteristics of 60 patients treated with sorafenib due to 
advanced GIST

Clinicopathological features No. of 
patients 

(%)

Age [years] at the 
start of therapy 
with sorafenib

Median (range) 59 (22–79) 

Gender
 

Female
Male

20 (33)
40 (67)

Primary tumor 
site 

Stomach
Small bowel
Other or intraperitoneally 
with unknown primary 
origin

 16 (27)
 38 (63)
 6 (10)

Time on imatinib 
therapy

≤ 12 months 
> 12 months

 12 (20)
 48 (80)

Tumor genotype* Exon 11 KIT mutation
Exon 9 KIT mutation 
PDGFRA mutation
Wild-type
Data not available

23 (53.5)
 11 (25.6)

1 (2.3)
8 (18.6)

17
* mutational status was evaluated in 43 cases (72%)
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tion and in 18% of tumors we have not detected any mu-
tations (wild-type). 

Treatment toxicity

Adverse events were common during sorafenib treat-
ment (59/60 evaluated patients; 98%), and in 35% of pa-
tients (21/60) they were assessed as grade 3/4 (Table 2), 
including one pancreatitis, two myocardial infarct, one DIC 
and two venous thrombosis. The most common non-he-
matological adverse events were: diarrhea, hand-foot syn-
drome (40%), fatigue (65%), and loss of weight (25.5%). 
The frequency of reported laboratory tests and hemato-
logical toxicity was as follows: anemia (14%), liver func-
tion test disturbances, hypocalcaemia and hypokalaemia  
(8% each). One deaths (grade 5) due to pancreatitis and 
septic shock were assessed as related to reaction to 
sorafenib therapy. Twenty three patients required dose 
reduction of sorafenib (38%), but only one patient had dis-
continued drug permanently due to toxicity.

Outcomes of sorafenib treatment

Median follow-up time from start of sorafenib therapy 
was 39 months. Median PFS was 7.7 months and estimat-
ed 1-year PFS rate was 23% (Fig. 1). Progression of disease 
during sorafenib therapy was observed in 53 cases (88%). 
At the time of the analysis, 9 patients (15%) were alive. 
Estimated one-year OS rate was 57%, 2-year OS rate was 
26% and median OS was 13.5 months when calculated 
from sorafenib start (Fig. 2). Estimated 5-year OS in this 
group of patients was 65% (when calculated from the date 
of imatinib start) and median OS – 7 years.

The best responses observed during sorafenib therapy 
and estimated by CT imaging (two consecutive examina-
tions) according to RECIST criteria were as follows: none 
complete responses (CRs), 3 (5%) partial responses (PR), 
31 (52%) stable disease (SD) lasting at least four months, 
26 (43%) progressive disease (PD). Overall clinical benefit 
of sorafenib therapy (counted as the sum of CR, PR and SD 
rates) was 57%. 

We have not found any relationship between the pri-
mary tumor genotype (p = 0.4) and outcomes of sorafenib 
therapy as well as the duration of initial imatinib therapy 

(p = 0.3), patients’ age (p = 0.7) or gender (p = 0.8) and 
survival on sorafenib therapy.

Discussion

In this study we have presented the largest one in-
stitution series of advanced GIST patients treated with 
sorafenib after failure of at least imatinib and sunitinib 
with the longest follow-up. The results of this study con-
firmed that significant proportion of advanced imati-
nib- and sunitinib-resistant GIST patients benefit from 
sorafenib therapy with median OS exceeding 1 year. Taking 
into account all limitations related to retrospective analy-
sis these results in real-life setting seem to be comparable 
to outcomes of the 3rd line therapy with regorafenib (as 
presented in clinical trials) [6]. Sorafenib has been selected 
for therapy based on promising activity profile in in vitro 
studies against refractory GIST cell lines harboring sec-
ondary imatinib-resistant mutations [15–18]. Sorafenib is 
multikinase inhibitor approved for treatment of advanced 
renal cell carcinoma, hepatocellular carcinoma and thyroid 
carcinoma [19]. Sorafenib inhibits the activity of several in-
tratumoral kinases (CRAF, BRAF, V600E BRAF, c-KIT, and FLT-
3) and targets in the tumor vasculature (CRAF, VEGFR-2, 
VEGFR-3, and PDGFR-β) [18]. Molecular mechanism ac-
tivity of sorafenib in standard therapy refractory GIST is 
based on its ability for inhibition of many kinase KIT and 

Table 2. The most common adverse events (AEs) during sorafenib 
therapy in the entire analyzed group of GIST patients

 Adverse events Any grade
n         %

Grade 3/4
n         %

Any treatment-related AE 59 98 21 35

Diarrhea 36 60 6 10

Hand–foot syndrome 34 57 8 13

Fatigue 21 35 1 2

Loss of weight 14 23 1 2

Arterial hypertension 11 18 0 0

Decreased appetite/dysgeusia 11 18 0 0

Skin reactions 11 18 1 2

Fig. 1. Progression-free survival on sorafenib therapy Fig. 2. Overall survival calculated from the date of start of sorafenib 
therapy
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PDGFRA mutations, which are imatinib-resistant and part 
of them also sunitinib-resistant. In in vitro studies Heinrich 
et al. determined that sorafenib inhibited imatinib-resis-
tant mutations in exons encoding the ATP/drug-binding 
pocket (exon 11 + 13 and exon 11 + 14) and in exons encod-
ing the activation loop (exon 17 and 18), with the exception 
of substitutions at KIT codon D816 and PDGFRA codon 842 
[18]. Until now it has been studied in two small phase II 
trials and two retrospective series (smaller one center and 
larger multicenter with short follow-up) [10–12, 20, 21]. 
Two single-arm phase II clinical trials (n = 38 and n = 31 
patients) have demonstrated activity in patients with GIST 
after progression to at least imatinib and sunitinib, with 
an clinical benefit rate exceeding 60% and disease control 
rate at 24 weeks > 30%. Median PFS in both trials was ap-
proximately 5 months [10–12]. In a retrospective study of 
223 imatinib- and sunitinib-resistant GIST patients, both 
nilotinib and sorafenib have significant clinical activity 
when given as a 3rd-line drug [22]. A retrospective analy-
sis of sorafenib as 3rd or 4th line treatment in 124 patients 
with advanced GIST showed median PFS of 6.4 months 
and median OS identical to our study – 13.5 months [20]. 
Another multicenter study on 25 patients showed median 
PFS 7.2 months and median OS 15.2 months as the 3rd- or 
4th-line treatment for GISTs [21]. Toxicity of sorafenib in our 
study was mostly manageable and comparable to those 
observed in other multikinase inhibitors [5, 6].

Other therapeutic options in refractory GIST are very 
limited – PAZOGIST study in GIST patients resistant to ima-
tinib and sunitinib treated with pazopanib vs. best sup-
portive care showed median PFS 3·4 months only in pazo-
panib arm. Several tyrosine kinase inhibitors as ponatinib, 
masitinib mesylate, BLU-285 and DCC-2618 are currently 
under investigations [22–27]. 

To the best of our knowledge, the present series rep-
resents the largest one center report with long-term fol-
low-up concerning sorafenib use in imatinib- and suni-
tinib-resistant GIST. Our results, similar to previous studies, 
in heavily pretreated patients, showed the median PFS 7.7 
months and median OS of 13.5 months on sorafenib ther-
apy. Overall clinical benefit of sorafenib therapy was 57%, 
what support the statement that sorafenib could be a rea-
sonable treatment option in armamentarium in pretreated 
GIST patients with known safety profile although the tox-
icity was frequent and about one 3rd of patients required 
dose reduction. 

We confirmed that many advanced GIST patients ben-
efit from sorafenib therapy after imatinib/sunitinib failure 
with OS > 1 year and we believe that sorafenib can be 
a substitute of regorafenib in the 3rd line therapy of ad-
vanced GIST due to similar outcomes in real-life setting.

Piotr Rutkowski have received honoraria and was 
a member of Advisory Board for Novartis, he has re-
ceived honoraria from lectures from Pfizer and he 
served as a member of Advisory Board for Bayer.  
The study has not received any external funding.
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