J §

World Journal of
Gastrointestinal Surgery

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4240/ wjgs.v8.i5.345

World | Gastrointest Surg 2016 May 27; 8(5): 345-352
ISSN 1948-9366 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

THERAPEUTICS ADVANCES

Targeted therapy of gastrointestinal stromal tumours

Ashish Jakhetiya, Pankaj Kumar Garg, Gaurav Prakash, Jyoti Sharma, Rambha Pandey, Durgatosh Pandey

Ashish Jakhetiya, Pankaj Kumar Garg, Jyoti Sharma,
Durgatosh Pandey, Department of Surgical Oncology, Dr BRA
Institute Rotary Cancer Hospital, All India Institute of Medical
Sciences, New Delhi 110029, India

Pankaj Kumar Garg, Department of Surgery, University College
of Medical Sciences and Guru Teg Bahadur Hospital, University
of Delhi, Delhi 110095, India

Gaurav Prakash, Clinical Hematology and Bone Marrow
Transplant Unit, Department of Internal Medicine, Post-Graduate
Institute of Medical Education and Research, Chandigarh 160012,
India

Rambha Pandey, Department of Radiation Oncology, Dr BRA
Institute Rotary Cancer Hospital, All India Institute of Medical
Sciences, New Delhi 110029, India

Author contributions: Jakhetiya A and Garg PK searched the
literature, analyzed the retrieved literature, and wrote the initial
draft; Garg PK conceptualized the study; Pandey D, Prakash G
and Sharma J provided critical inputs in literature search and
analysis, and drafted the manuscript; all the authors read and
approved the final draft.

Conflict-of-interest statement: There is no conflict of interest
associated with any of the authors.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Dr. Pankaj Kumar Garg, Associate
Professor, Department of Surgery, University College of Medi-
cal Sciences and Guru Teg Bahadur Hospital, University of
Delhi, Dilshad Garden, Delhi 110095,

India. dr.pankajgarg@gmail.com

Telephone: +91-1122-592536

Fax: +91-1122-590495

Received: September 29, 2015
Peer-review started: October 2, 2015

Roishidenge ~ WJGS | www.wjgnet.com

First decision: November 4, 2015
Revised: January 7, 2016
Accepted: March 7, 2016

Article in press: March 9, 2016
Published online: May 27,2016

Abstract

Gastrointestinal stromal tumours (GISTs) are mesen-
chymal neoplasms originating in the gastrointestinal
tract, usually in the stomach or the small intestine,
and rarely elsewhere in the abdomen. The malignant
potential of GISTs is variable ranging from small lesions
with a benign behaviour to fatal sarcomas. The majo-
rity of the tumours stain positively for the CD-117 (KIT)
and discovered on GIST-1 (DOG-1 or anoctamin 1)
expression, and they are characterized by the presence
of a driver kinase-activating mutation in either KIT or
platelet-derived growth factor receptor a. Although
surgery is the primary modality of treatment, almost
half of the patients have disease recurrence following
surgery, which highlights the need for an effective
adjuvant therapy. Traditionally, GISTs are considered
chemotherapy and radiotherapy resistant. With the
advent of targeted therapy (tyrosine kinase inhibitors),
there has been a paradigm shift in the management of
GISTs in the last decade. We present a comprehensive
review of targeted therapy in the management of GISTs.
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Core tip: Gastrointestinal stromal tumors (GISTs) are
common mesenchymal tumours of the gastrointestinal
tract. They are characterized by the presence of a
driver kinase-activating mutation in either CD-117 or
platelet-derived growth factor receptor o. Development
of tyrosine kinase inhibitors has led to a paradigm shift
in the management of GISTs. Surgery is the primary
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modality of treatment in localized non-metastatic GISTs.
Adjuvant Imatinib for three years is a preferred option
for high-risk patients to lessen disease recurrence.
The role of neoadjuvant Imatinib is evolving. Imatinib,
Sunitinib, and Regorafinib are recommended as first,
second and third-line targeted therapies, respectively,
for the management of metastatic GISTs.

Jakhetiya A, Garg PK, Prakash G, Sharma J, Pandey R, Pandey
D. Targeted therapy of gastrointestinal stromal tumours. World
J Gastrointest Surg 2016; 8(5): 345-352 Available from: URL:
http://www.wjgnet.com/1948-9366/full/v8/i5/345.htm DOI:
http://dx.doi.org/10.4240/wjgs.v8.15.345

INTRODUCTION

Gastrointestinal stromal tumours (GISTs) are the most
common mesenchymal neoplasms of the gastrointes-
tinal tract and hypothesised to arise from the intestinal
cells of Cajal™. GISTs constitute 1%-3% of all malignant
gastrointestinal tumours, with an annual incidence
rate of 10 to 15 cases per million'”. Commonly, they
arise from the stomach (60%-70%) and small intestine
(25%-35%); other rare intestinal sites are the colo-
rectum, oesophagus and appendix. Rarely, they can also
involve extra-intestinal sites including the omentum, retro-
peritoneum, and mesentery (extra-intestinal GISTs)™.
Histologically, GISTs can be of three types: Spindle cell
type (70%), epithelioid, and mixed subtype™. They are
diagnosed based on clinical and morphological features
which are supported by immuno-histochemistry studies.
CD-117 (KIT) and discovered on GIST-1 (DOG-1 or
anoctamin 1) are the most sensitive and specific
markers; other diagnostic markers include CD-34 (70%
positivity), smooth muscle actin (20%-30% positivity),
S-100 (10% positivity), and negativity for desmin
(2%-4% of GISTs may be positive for desmin). About
5% of GISTs are negative for KIT expression, however
many of them express DOG-1%®. Complete resection
(RO) is the primary treatment in the management of
localized GISTs. Traditionally, GISTs are considered
chemo-resistant and radio-resistant tumors"”’. Half of the
patients have disease relapse in the first five years of
surgery, and 5-year actuarial survival rate after surgery
was reported as 54%'™. This highlights the need for
effective adjuvant therapy. Imatinib, a tyrosine-kinase
inhibitor (TKI) developed in 1998 for chronic myeloid
leukaemia (CML), galvanized a lot of enthusiasm in the
management of GISTs due to its direct inhibition of KIT
and platelet-derived growth factor receptor oo (PDGFRA)
mutation related tyrosine kinase activity!”. The last 15
years witnessed remarkable progress in the field of TKIs
resulting in significant improvement in the treatment
outcomes in locally advanced and metastatic GISTs. The
present article reviews the current status of targeted
therapy of GISTs.
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RATIONALE OF TARGETED THERAPY

Around 75%-80% of GISTs have KIT mutations, mainly
affecting juxta-membrane domain coded by exon 11.
Deletions are the most common; however insertions,
substitutions and combinations can be seen. Rarely,
mutations can also affect extracellular domain (exons
8 and 9) or kinase I and II domains (exons 13 and
17)81 Approximately 20%-25% of GISTs do not
have KIT mutations; around 10% of these cases have
PDGFRA mutations. The remaining (10%-15%) who do
not have either KIT or PDGFRA mutations are labelled
as wild-type GISTs; this group forms a heterogeneous
group which have mutations acting on downstream of
receptor kinases!''*?. Ultimately mutations of KIT and
PDGFRA promote cell signalling through the mitogen-
activated protein kinase (MAPK) and phosphoinositide-
3-kinase (PI3K) pathways''¥, As structural similarities
were detected between BCR-ABL kinase and KIT kinase,
Imatinib was used in a metastatic GIST patient and
it led to a dramatic response. This success led to the
beginning of multiple clinical trials to establish the role
of Imatinib and other TKIs in GISTs!""*?,

ROLE OF TARGETED THERAPY IN
METASTATIC GISTS

Although there has never been a randomized con-
trolled trial (RCT) to compare targeted therapy with
chemotherapy in the management of metastatic GISTs,
various studies have highlighted the potential role of
targeted therapy in improving survival.

Imatinib mesylate

Imatinib, a small molecule TKI with activity against
BCR-ABL, KIT and PDGFRA related kinases, was the
first Food and Drug Administration approved agent in
metastatic GISTs. In an open label phase II trial to
assess efficacy and safety of Imatinib in 147 patients
with advanced GISTs, Demetri et af™* in 2002 reported
that Imatinib resulted in partial response in 53.7% and
stable disease in 27.9% of patients. Therapy was well
tolerated, although mild to moderate edema, diarrhea,
and fatigue were common, and gastrointestinal or intra-
abdominal hemorrhage occurred in approximately 5%
of patients. Long-term results of this trial, published in
2008, further confirmed that nearly 50% of patients
with advanced GISTs who were treated with Imatinib
survived for more than 5 years. After a follow-up of up
to 71 mo, there was complete response in 1.4% and
partial response in 68.1%; disease remained stable in
15.6% and progressed in 11.6%. This translated into
median progression free survival (PFS) of 24 mo and
median overall survival (OS) of 57 mo'. These results
were soon validated by two phase I multi-centric RCTs
which were designed to address the optimal daily dose
of Imatinib. A multi-centric RCT was conducted by
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EORTC Soft Tissue and Bone Sarcoma Group, the Italian
Sarcoma Group, and the Australasian Gastrointestinal
Trials Group to address dose dependency of response
and PFS with Imatinib for metastatic GISTs""®. They
randomized 946 patients into two groups based on
daily dose of Imatinib, 400 mg either once or twice a
day. At median follow-up of 760 d, higher dose Imatinib
(400 mg twice a day) led to better PFS (56% vs 50%,
HR = 0.82, 95%CI: 0.69-0.98, P = 0.026). They
concluded that a dose of 400 mg twice a day leads to
significantly longer PFS, as compared to once a day
dosing, although both dosing achieve similar response
induction. Moreover, higher dosing also resulted in a
significantly higher number of treatment interruptions
(64% vs 40%) or dose reductions (60% vs 16%).
Relatively different results were noted by another phase
Il RCT, Southwest Oncology Group S0033 trial™’”’.
Although the authors confirmed the effectiveness of
Imatinib as a primary systemic therapy in metastatic
GISTs, they concluded that higher dose (800 mg/d)
does not provide any advantage over conventional
dose (400 mg/d) therapy. They also reported a higher
frequency of drug related toxicities among patients who
received 800 mg/d Imatinib (grade 3-5 toxicities 63%
vs 43%). The Gastrointestinal Stromal Tumor Meta-
Analysis Group (MetaGIST) conducted a meta-analysis
exploring the data of the previously published two
large, randomized, cooperative-group studies which had
compared two doses of Imatinib (400 mg daily vs twice
daily) in 1640 patients with advanced GISTs!'®. They
reported a small (HR = 0.89; 95%CI: 0.79-1.00) but
significant (P = 0.04) PFS advantage for the high-dose
arm; however, no significant difference was observed in
0OS (HR = 1.00, P = 0.97) between the two groups. Cox
regression analysis showed that higher dose therapy
would potentially delay the first occurrence of disease
progression and increase objective response rate in only
those patients who harbor KIT exon 9 mutations. Based
on these results, 400 mg daily is established as standard
first line therapy; however, due consideration for higher
dose (800 mg/d) may be given in patients who have
KIT exon 9 mutation or have progressed on 400 mg/d
of Imatinib. The subgroup analysis of these two trials
also highlighted that those patients who have exon 11
mutations would respond better to Imatinib than those
who have exon 9 or wild-type allele!®**!, Although
almost all mutant subtypes are likely to have improved
PFS and OS when treated with Imatinib compared to
chemotherapy (historical controls), D842V mutations in
PDGFRA confer resistance to Imatinib therapy; no clinical
benefit has been demonstrated with Imatinib in tumours
having this mutation™®****1. How long Imatinib is to be
given in metastatic GISTs is the next natural question.
French Sarcoma Group designed a phase IlI RCT to
compare continuous (CONT) compared with interrupted
(INT) Imatinib beyond 1 year of treatment™!. They
randomized 58 advanced GIST patients who had either
response or stable disease after one year of Imatinib
therapy into two groups - 32 patients (INT arm) stopped
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while 26 patients (CONT arm) continued to receive
Imatinib therapy. There was a significantly higher
frequency of disease progression in INT arm - 26 of 32
(81%) patients had documented disease progression
patients as compared to 8 of 26 (31%) patients in the
CONT group (P = 0.0001). Moreover, 24 of 26 patients
with documented disease progression in the INT arm
responded when Imatinib was reintroduced to them.
This led to the conclusion that Imatinib is to be continued
in advanced GISTs till evidence of disease progression or
intolerance.

Other targeted agents
Sunitinib is a TKI, which inhibits KIT, PDGFRA, vascular
endothelial growth factor receptors (VEGFR) 1-3 and
FLT3 receptor kinase™. Apart from having an inhibitory
effect on oncogenic kinases, it also has antiangiogenic
properties. In an initial phase I /II study, Sunitinib has
shown promising clinical activity for Imatinib resistant
patients’®. A phase II trial randomized 312 Imatinib
resistant metastatic GIST patients to receive either
Sunitinib or placebo; best supportive care was given
in both the arms*®*., Time to tumour progression (TTP)
was four times longer in Sunitinib arm as compared
to placebo (27.3 wk vs 6.4 wk, HR = 0.33, 95%CI:
0.23-0.47, P < 0.0001); similarly PFS was significantly
better in Sunitinib arm (24.1 wk vs 6 wk, HR = 0.33,
95%CI: 0.24-0.47; P < 0.0001). Although relatively
low but confirmed objective response rate was better in
Sunitinib arm (7% vs 0%, P = 0.006); 16% of patients
were progression free at 6 mo in Sunitinib arm vs 1% in
placebo. Despite cross-over, OS was better in Sunitinib
arm than placebo (HR = 0.49, 95%CI: 0.29-0.83; P
= 0.007). Serious treatment related adverse events
were 20% in Sunitinib arm and 5% in placebo arm and
only 9% discontinued treatment in Sunitinib arm due
to adverse events. So, Sunitinib improved TTP, PFS and
OS in patients with Imatinib resistance with acceptable
toxicity profile. Presently, Sunitinib is recommended as
second line therapy for patients who are intolerant or
have progressive disease on Imatinib. Recommended
dosing schedule is 50 mg daily orally for four weeks
followed by a break for 2 wk; or a continuous regimen
with daily dose of 37.5 mg can also be used™~°,
Regorafinib is an oral multikinase inhibitor which
inhibits various protein kinases, including those involved
in angiogenesis (VEGFR 1-3, PDGFRB, FGFR1) and
oncogenesis (KIT, RET, BRAF)’), In a multicenter phase
II trial, Regorafinib at a dose of 160 mg daily for 3 wk
in @ 4 wk cycle showed a clinical benefit rate of 79%
(95%CI: 61%-91%). Median PFS was 10.0 mo™®. On
the basis of these results, a multicentric phase I trial,
GRID, was planned to evaluate the efficacy and safety
of Regorafinib in metastatic GIST patients who had
progressed after initial Imatinib and Sunitinib therapy.
A total of 199 patients were randomized to receive
Regorafinib or placebo along with best supportive care
in both the arms. Disease control rate was significantly
better in Regorafinib arm than in placebo arm (52.6%
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vs 9.1%, P < 0.0001). Median PFS was 4.8 mo
(interquartile range = 1.4-9.2) in Regorafinib arm and
0.9 mo (0.9-1.8) in placebo arm (HR = 0.27, 95%CI:
0.19-0.39, P < 0.0001). Eighty-five percent of patients
crossed over from placebo to Regorafinib group, so OS
was not different (HR = 0.77). Regorafinib related grade
Il or more toxicity was present in 61% of patients™.
Thereafter, Regorafinib was approved as a third line
standard of care in metastatic GIST patient who have
progressed or intolerant to Imatinib and Sunitinib.

Masitinib is another highly selective TKI with signi-
ficant activity against GISTs. In a recent RCT it was
compared with Sunitinib in advanced GIST patients
after failure of Imatinib. Trial showed encouraging
results in favour of Masitinib with better safety profile®”.
Another phase I RCT (NCT01694277) is recruiting
patients to evaluate the safety and efficacy of Masitinib
in comparison to Sunitinib in patients with GISTs after
progression with Imatinib.

ROLE OF TARGETED THERAPY IN NON-
METASTATIC GISTS

Surgery is the standard of care for localized GISTs;
complete excision (RO resection), without rupturing the
pseudocapsule, is the aim of surgery. Regional lympha-
denectomy is usually not a part of radical surgery as
lymph node metastasis is rarely present in GISTs?*"*2,
A high frequency of post-surgery disease recurrences
mandates identification of high-risk group which can be
exposed to adjuvant therapy. Various risk stratification
systems are available to predict post-surgery disease
recurrence - National Institute of Health (NIH) con-
sensus criteria, modified NIH criteria, Armed Forces
Institute of Pathology criteria, Memorial Sloan Kettering
Cancer Centre prognostication criteria and prognostic
contour mapst?*!. Main factors which have been iden-
tified for predicting post-surgery recurrence are mitotic
rate, tumour size, and location of the tumor®*. Imatinib
is the only recommended adjuvant targeted therapy
which has been evaluated in clinical trials.

In the ACOSOG Z9000 trial, 106 patients with a
high risk of recurrence (defined as tumor size > 10 cm,
intra-peritoneal tumor rupture and up to four peritoneal
implants) underwent curative resection and received
adjuvant Imatinib for one year. After median follow-
up of 7.7 years, the 1, 3 and 5-year OS rates were
99%, 97% and 83%, respectively, which compared
favourably with a historical 5-year OS rate of 35%".

In ACOSOG 79001, a phase I RCT, 713 patients
were randomized to adjuvant Imatinib for one year vs
placebo based on tumour size more than 3 cm. The
1-year recurrence free survival (RFS) rate was 98% in
Imatinib arm in comparison to 83% in placebo arm (HR
= 0.33; 95%CI: 0.20-0.53; P < 0.0001). Retrospective
analysis of the trial suggested that adjuvant therapy
was more effective in high-risk patients (tumor size >
10 cm and high mitotic rate). There was no difference
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in OS (HR = 0.66, 95%CI: 0.22-2.03, P = 0.47) due
to cross-over design of the trial. Grade 3 or 4 events
occurred in 30% of patients in Imatinib arm®*. Recently
published long term results after median follow-up of 74
mo showed no significant difference in OS. They found
that high mitotic rate, large tumour size and small bowel
location are associated with lower RFS irrespective of
tumour genotype. Imatinib therapy improved RFS in
patients with KIT exon 11 deletions but not in those
with exon 11 insertions or point mutations, KIT exon 9
mutations or wild type GISTs. As 400 mg/d of Imatinib
therapy was prescribed in exon-9 mutation patients,
this can be argued that 800 mg/d daily dose could have
improved treatment outcomes based on the experience
from trials conducted in metastatic GISTs. Additional
studies are needed to better define the management
of wild type tumours in both adjuvant and metastatic
settings™.

In subsequent SSG XVIII/AIO phase I RCT, 400
patients were randomized based on high risk features (at
least one of the following: Tumour size > 10 cm, mitotic
rate > 10/50 high power field (HPF), tumor size > 5
cm and mitotic rate > 5/50 HPF, tumour rupture before
or during surgery) to either 1 or 3 years of adjuvant
Imatinib®’. Patients in 3-year arm had longer 5-year RFS
compared to 1-year arm (65.6% vs 47.9%, HR = 0.46,
95%CI: 0.32-0.65, P < 0.001). OS was also longer in
3-year arm compared to 1-year arm (92% vs 81.7%, HR
= 0.45, 95%CI: 0.22-0.89, P = 0.02). However, grade
3 or 4 toxicities were also higher in 3-year arm (32.8%
vs 20.1%) and more patients discontinued treatment
in 3-year arm (25.8% vs 12.6%) compared to 1-year
arm. Based on the results of these two trials, three-year
adjuvant Imatinib therapy is presently the standard of
care in high-risk patients. Recently, a clinical trial (the
PERSIST-5 trial, NCT00867113; ClinicalTrials.gov, 2009)
examining the role of 5 years of adjuvant Imatinib in
high-risk patients completed accrual; however, final
results will be available after 2018.

Neoadjuvant setting is another area of interest in
the management of locally advanced GISTs which are
not operable upfront. In the absence of phase I trials,
role of neoadjuvant therapy remains investigational. Two
phase II trials have demonstrated efficacy and safety of
neoadjuvant Imatinib in locally advanced GISTs™"*®), The
dosing and duration of targeted therapy in neoadjuvant
setting are currently based on the experience gathered
through trials conducted in metastatic GISTs. As phase
I EORTC 62005 trial designed for metastatic GISTs
showed that there was no difference in overall response
rate between 400 mg vs 800 mg group, this indicates
that 400 mg daily dose for neoadjuvant therapy would
be appropriate to downstage the tumour. As the re-
ported median time to best response was 4 mo, this
should be taken as length of neoadjuvant treatment,
and it can be extended up to 6 mo™®. Another study
suggested that neoadjuvant TKI can be given for 9 to 12
mo; however, it should not be extended beyond 12 mo
because of the risk of resistance®. In a pooled database
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Table 1 Published randomized controlled trials of role of targeted therapy in gastrointestinal tumours

Study Research question Sample Study arms  Response rates PFS/RFS oS Toxicity Conclusion
size (Grades 3-5)
SWOG 50033 Imatinib as first 746 400 mg daily ORR45% (CR 2yrPFS41% vs 2yrOS76% 43% vs63% 400 mg daily is initial
line in metastatic vs400mg 5%, PR40%)vs 46% (P=0.13) wvs72% (HR= dose and consider
GISTs twice daily  45% (CR 3%, PR 0.98) dose escalation with
42%) disease progression
EORTC 62005™! Imatinib as first 946 400 mgdaily  51% vs 54% 2yrPFS56% vs  2yr OS69% 32% vs50%, P Better PFS in 400
line in metastatic vs 400 mg 50% (HR = 0.82, vs 74% <0.0001 mg twice daily with
GISTs twice daily P =10.026) higher toxicity
Demetri et al™ Sunitinib as 312 Sunitinlbbos 7% wvs0% (SD  Median TTP27.3  Betterin ~ 20% vs5% Sunitinib is approved
second line in placebo 58% vs 48%) wk vs 6.4 wk  Sunitinib arm as a second line
metastatic GISTs (HR=0.33,P< (HR=049, P therapy in metastatic
0.0001) =0.007) GISTs
GRID® Regorafinib as 199  Regorafinib 4.5% vs 1.5% (SD Median PFS 4.8 No 61% vs 14% Regorafinib is
third line in vs placebo  71.4% vs 33.3%)  mo vs 0.9 mo difference, approved third line
metastatic GISTs (HR=0.27,P< HR=077 therapy in metastatic
0.0001) GISTs
ACOSOG Z79001™! Imatinib as 713 1yr(400mg) Notavailable 1yrRFS98%vs 1yr0S99.2%  30.9% in 1 yr adjuvant
adjuvant vs placebo 83% (HR =0.33, v599.7% (HR Imatinibarm Imatinib is effective
P <0.0001) =0.66,P = and safe
0.47)
SSG XVIII/ AIO™ Imatinib as 400 lyrovs3yr  Notavailable 5yrRFS47.9% 5yrOS81.7%  20.1% vs 3 yr adjuvant
adjuvant 05 65.6% v5 92% 32.8% Imatinib improved
(HR =046, P< (HR=045,P RFS and OS
0.001) =0.02)

SWOG: Southwest Oncology Group; GISTs: Gastrointestinal stromal tumours; ORR: Overall response rates; CR: Complete response; PR: Partial response;
SD: Stable disease; PFS: Progression free survival; RFS: Recurrence free survival; TTP: Time to tumour progression; OS: Overall survival; HR: Hazard ratio.

Table 2 Current role of targeted therapy in gastrointestinal stromal tumours

Agent Use Dose Duration
Imatinib First line in metastatic GISTs"*" 400 mg once daily (oral) Till progression or intolerance
Progression on 400 mg"*™! 400 mg twice daily (oral) Till progression or intolerance
Exon 9 mutation!™"” 400 mg twice daily (oral) Till progression or intolerance
Adjuvant in high risk cases™ 400 mg daily (oral) 3yr
Neoadjuvant setting™***" 400 mg daily (oral) 6-12 mo
Sunitinib Second line in metastatic setting™* 50 mg once daily for 4 wk every 6 wk (oral) or 37.5mg  Till disease progression or intolerance
once daily continuously (oral)
Regorafinib Third line in metastatic setting”” 160 mg once daily for 3 wk every 4 wk (oral) Till disease progression or intolerance

GISTs: Gastrointestinal stromal tumours.

of ten EORTC STBSG centers, 161 patients with locally
advanced, non-metastatic GISTs were identified who
received neoadjuvant Imatinib. RO resection was
achieved in 83% and 5-year DFS rate was 65% with
median OS of 104 mo™®. The National Comprehensive
Cancer Network guidelines recommend neoadjuvant
Imatinib therapy in locally advanced GISTs to achieve
RO resection and to minimize postoperative morbidity.
Imatinib can be stopped just before surgery and again
restarted as soon as patients resume oral intake!*!l,

Table 1 displays the published RCTs in GISTs. Table
2 displays the current role of targeted therapy in GISTs
based on available evidence.

SIDE EFFECTS OF TARGETED THERAPY

Most of the side effects of Imatinib are mild and well
tolerated. Anaemia (70%-80%) and leukopenia (35%-
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45%) are common haematological side effects. Non-
haematological toxicities include periorbital edema
(60%-75%), diarrhoea (45%-55%) and fatigue (50%).
Other side effects (20%-40%) are nausea, muscle
cramps, leg edema, anorexia and rashes. Most patients
develop tolerance for these side effects on continuous
use. Therefore, patient’s education about occurrence
of these common side effects and advice against in-
terrupting treatment due to these side effects is of
paramount value before starting Imatinib mesylate.
Previous trials have reported a higher frequency of Grade
3 or more toxicities in high dose 800 mg/d (50%-60%)
compared to conventional 400 mg/d Imatinib therapy
(50%-60% vs 30%-40%)52°*) Common side-effects
seen with Sunitinib therapy include fatigue (34%), diarr-
hoea (29%) and skin discolouration (25%); other less-
common side effects are hematological toxicity (anaemia
and leukopenia), hand-foot syndrome, hypertension,
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and hypothyroidism®*. Toxicity profile of Regorafinib
includes hand-foot skin reactions (56%), hypertension
(49%) and diarrhoea (40%)"*.,

DRUG RESISTANCE

In GIST patients on Imatinib, resistance can be primary
or secondary. Primary (intrinsic) resistance is seen in
approximately 15% patients and is due to mutations
such as D842V in PDGFRA and KIT exon 9, where
Imatinib is not able to bind on ATP binding site of tyro-
sine kinase receptor'’*®®!, Secondary (acquired) resis-
tance usually develops after 18-24 mo of treatment.
A number of mechanisms have been put forward for
secondary (acquired) resistance in GISTs: Occurrence
of a second mutation in KIT receptor, other gene
mutations, KIT genomic amplification and activation
of an alternative receptor tyrosine kinase protein in
the absence of KIT expression, increased serum acid
glycoprotein levels and increased multidrug resistance
gene expression, lower bioavailability of Imatinib during
chronic therapy possibly due to up-regulation of hepatic
enzymes responsible for drug clearance, and impaired
drug delivery due to formation of fibrous stroma. More
than 80% of patients on treatment ultimately deve-
lop secondary resistance'®*’!. Based on the results
of previous trials, the dose of Imatinib can be increa-
sed from 400 mg to 800 mg to overcome problem of
resistance; however, median time of benefit with this
approach is short (11.6 wk)"®. Like Imatinib, Sunitinib
also binds to ATP binding domain of KIT and PDGFRA,
but both these agents have different binding domains.
Moreover, Sunitinib also has anti-angiogenesis activities
and is now approved as a second-line targeted therapy
in Imatinib resistant cases®®’. However, subsequent drug
resistance to Sunitinib evolves within one year due to
secondary mutations. Regorafinib is approved as a third
line targeted therapy in this setting™®®.

FUTURE DIRECTIONS

Although three lines of targeted therapy are present,
failure to respond to Regorafinib leaves us with no further
standard options. Usual strategy in this sitting is to re-
challenge with previously used therapy. Further studies
are needed to address this problem of TKI resistance.
Various new targeted agents are under evaluation
for Imatinib resistant GISTs. Masitinib, a multi-kinase
inhibitor, is under evaluation as a second-line therapy
in comparison to Sunitinib. Initial results are promising
and a phase I RCT is recruiting patients™”, Ponatinib
is another multi-kinase inhibitor which was studied in
CML, and now its role is being evaluated for GISTs™**),
Crenolanib is an inhibitor of Imatinib resistant PDGFRA
kinases including D842V in GIST patients; a phase 1I trial
has been initiated to treat this population™®. Inhibitors
of downstream pathway kinases (PI3K and MAPK) are
under evaluation™*®, Heat shock protein (HSP) protects
KIT oncoproteins from degradation and agents targeting
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HSP 90 are under investigation for Imatinib resistant
GISTs, Many new targeted agents are under evaluation
to overcome the Imatinib resistance; further research will
clear the air regarding their clinical application.

CONCLUSION

Application of Imatinib revolutionized the management
of GISTs, and soon after its introduction, it became the
standard of care in metastatic GISTs due to its promising
activity in improving PFS and OS. Use of Imatinib in
adjuvant setting leads to decreased postoperative
recurrences and improved survival, though presently,
it is only recommended for high-risk cases. Role of
Imatinib in neoadjuvant settings is increasingly being
explored to escalate resection rates in locally advanced
GISTs. Drug resistance is a major concern with TKIs.
Intense molecular research is underway to identify other
pathways of drug resistance and to develop newer tar-
geted agents.

REFERENCES

1 Kindblom LG, Remotti HE, Aldenborg F, Meis-Kindblom JM.
Gastrointestinal pacemaker cell tumor (GIPACT): gastrointestinal
stromal tumors show phenotypic characteristics of the interstitial
cells of Cajal. Am J Pathol 1998; 152: 1259-1269 [PMID:
9588894]

2 Cassier PA, Ducimetiére F, Lurkin A, Ranchére-Vince D, Scoazec
JY, Bringuier PP, Decouvelaere AV, Méeus P, Cellier D, Blay
JY, Ray-Coquard 1. A prospective epidemiological study of new
incident GISTs during two consecutive years in Rhone Alpes
region: incidence and molecular distribution of GIST in a European
region. Br J Cancer 2010; 103: 165-170 [PMID: 20588273 DOI:
10.1038/sj.bjc.6605743]

3 Miettinen M, Majidi M, Lasota J. Pathology and diagnostic
criteria of gastrointestinal stromal tumors (GISTs): a review. Eur
J Cancer 2002; 38 Suppl 5: S39-S51 [PMID: 12528772 DOI:
10.1016/S0959-8049(02)80602-5]

4 DeMatteo RP, Ballman KV, Antonescu CR, Corless C, Kole-
snikova V, von Mehren M, McCarter MD, Norton J, Maki RG,
Pisters PW, Demetri GD, Brennan MF, Owzar K. Long-term
results of adjuvant Imatinib mesylate in localized, high-risk,
primary gastrointestinal stromal tumor: ACOSOG Z9000 (Alliance)
intergroup phase 2 trial. Ann Surg 2013; 258: 422-429 [PMID:
23860199 DOI: 10.1097/SLA.0b013e3182al5eb7]

5 West RB, Corless CL, Chen X, Rubin BP, Subramanian S,
Montgomery K, Zhu S, Ball CA, Nielsen TO, Patel R, Goldblum
JR, Brown PO, Heinrich MC, van de Rijn M. The novel marker,
DOG], is expressed ubiquitously in gastrointestinal stromal tumors
irrespective of KIT or PDGFRA mutation status. Am J Pathol 2004;
165: 107-113 [PMID: 15215166 DOI: 10.1016/S0002-9440(10)632
79-8]

6  Novelli M, Rossi S, Rodriguez-Justo M, Taniere P, Seddon B,
Toffolatti L, Sartor C, Hogendoorn PC, Sciot R, Van Glabbeke
M, Verweij J, Blay JY, Hohenberger P, Flanagan A, Dei Tos AP.
DOG! and CD117 are the antibodies of choice in the diagnosis
of gastrointestinal stromal tumours. Histopathology 2010; 57:
259-270 [PMID: 20716168 DOI: 10.1111/j.1365-2559.2010.03624.
X]

7 Joensuu H, Roberts PJ, Sarlomo-Rikala M, Andersson LC, Terva-
hartiala P, Tuveson D, Silberman S, Capdeville R, Dimitrijevic
S, Druker B, Demetri GD. Effect of the tyrosine kinase inhibitor
STI571 in a patient with a metastatic gastrointestinal stromal tumor.
N Engl J Med 2001; 344: 1052-1056 [PMID: 11287975 DOI:
10.1056/NEJM200104053441404]

8 Hirota S, Isozaki K, Moriyama Y, Hashimoto K, Nishida T, Ishiguro

May 27,2016 | Volume 8 | Issue5 |



10

13

19

20

JRaishideng®

S, Kawano K, Hanada M, Kurata A, Takeda M, Muhammad Tunio
G, Matsuzawa Y, Kanakura Y, Shinomura Y, Kitamura Y. Gain-
of-function mutations of c-kit in human gastrointestinal stromal
tumors. Science 1998; 279: 577-580 [PMID: 9438854 DOI:
10.1126/science.279.5350.577]

Corless CL, Barnett CM, Heinrich MC. Gastrointestinal stromal
tumours: origin and molecular oncology. Nat Rev Cancer 2011; 11:
865-878 [PMID: 22089421 DOI: 10.1038/nrc3143]

Lux ML, Rubin BP, Biase TL, Chen CJ, Maclure T, Demetri G,
Xiao S, Singer S, Fletcher CD, Fletcher JA. KIT extracellular and
kinase domain mutations in gastrointestinal stromal tumors. Am
J Pathol 2000; 156: 791-795 [PMID: 10702394 DOI: 10.1016/
S0002-9440(10)64946-2]

Hirota S, Ohashi A, Nishida T, Isozaki K, Kinoshita K, Shinomura
Y, Kitamura Y. Gain-of-function mutations of platelet-derived
growth factor receptor alpha gene in gastrointestinal stromal
tumors. Gastroenterology 2003; 125: 660-667 [PMID: 12949711
DOI: 10.1016/S0016-5085(03)01046-1]

Druker BJ, Tamura S, Buchdunger E, Ohno S, Segal GM,
Fanning S, Zimmermann J, Lydon NB. Effects of a selective
inhibitor of the Abl tyrosine kinase on the growth of Ber-Abl
positive cells. Nat Med 1996; 2: 561-566 [PMID: 8616716 DOI:
10.1038/nm0596-561]

Demetri GD, von Mehren M, Blanke CD, Van den Abbeele AD,
Eisenberg B, Roberts PJ, Heinrich MC, Tuveson DA, Singer S,
Janicek M, Fletcher JA, Silverman SG, Silberman SL, Capdeville
R, Kiese B, Peng B, Dimitrijevic S, Druker BJ, Corless C, Fletcher
CD, Joensuu H. Efficacy and safety of Imatinib mesylate in
advanced gastrointestinal stromal tumors. N Engl J Med 2002; 347:
472-480 [PMID: 12181401 DOI: 10.1056/NEJMo0a020461]
Joensuu H, Hohenberger P, Corless CL. Gastrointestinal stromal
tumour. Lancet 2013; 382: 973-983 [PMID: 23623056 DOI:
10.1016/S0140-6736(13)60106-3]

Blanke CD, Demetri GD, von Mehren M, Heinrich MC, Eisen-
berg B, Fletcher JA, Corless CL, Fletcher CD, Roberts PJ,
Heinz D, Wehre E, Nikolova Z, Joensuu H. Long-term results
from a randomized phase II trial of standard- versus higher-dose
Imatinib mesylate for patients with unresectable or metastatic
gastrointestinal stromal tumors expressing KIT. J Clin Oncol 2008;
26: 620-625 [PMID: 18235121 DOI: 10.1200/JC0O.2007.13.4403]
Verweij J, Casali PG, Zalcberg J, LeCesne A, Reichardt P, Blay
JY, Issels R, van Oosterom A, Hogendoorn PC, Van Glabbeke M,
Bertulli R, Judson I. Progression-free survival in gastrointestinal
stromal tumours with high-dose Imatinib: randomised trial. Lancet
2004; 364: 1127-1134 [PMID: 15451219 DOI: 10.1016/S0140-673
6(04)17098-0]

Blanke CD, Rankin C, Demetri GD, Ryan CW, von Mehren M,
Benjamin RS, Raymond AK, Bramwell VH, Baker LH, Maki
RG, Tanaka M, Hecht JR, Heinrich MC, Fletcher CD, Crowley
JJ, Borden EC. Phase III randomized, intergroup trial assessing
Imatinib mesylate at two dose levels in patients with unresectable
or metastatic gastrointestinal stromal tumors expressing the kit
receptor tyrosine kinase: S0033. J Clin Oncol 2008; 26: 626-632
[PMID: 18235122 DOI: 10.1200/JC0.2007.13.4452]
Gastrointestinal Stromal Tumor Meta-Analysis Group (Meta-
GIST). Comparison of two doses of Imatinib for the treatment of
unresectable or metastatic gastrointestinal stromal tumors: a meta-
analysis of 1,640 patients. J Clin Oncol 2010; 28: 1247-1253 [PMID:
20124181 DOI: 10.1200/JC0.2009.24.2099]

Debiec-Rychter M, Sciot R, Le Cesne A, Schlemmer M, Hohen-
berger P, van Oosterom AT, Blay JY, Leyvraz S, Stul M, Casali
PG, Zalcberg J, Verweij J, Van Glabbeke M, Hagemeijer A, Judson
1. KIT mutations and dose selection for Imatinib in patients with
advanced gastrointestinal stromal tumours. Eur J Cancer 2006; 42:
1093-1103 [PMID: 16624552 DOI: 10.1016/j.€jca.2006.01.030]
Corless CL, Schroeder A, Griffith D, Town A, McGreevey L,
Harrell P, Shiraga S, Bainbridge T, Morich J, Heinrich MC.
PDGFRA mutations in gastrointestinal stromal tumors: frequency,
spectrum and in vitro sensitivity to Imatinib. J Clin Oncol 2005;
23:5357-5364 [PMID: 15928335 DOI: 10.1200/JC0O.2005.14.068]

WIJGS | www.wjgnet.com

351

21

22

23

24

25

26

27

28

29

30

31

Jakhetiya A et a/. Targeted therapy of GISTs

Balachandran VP, DeMatteo RP. Gastrointestinal stromal tumors:
who should get Imatinib and for how long? Adv Surg 2014; 48:
165-183 [PMID: 25293614]

Blay JY, Le Cesne A, Ray-Coquard I, Bui B, Duffaud F, Delbaldo
C, Adenis A, Viens P, Rios M, Bompas E, Cupissol D, Guillemet C,
Kerbrat P, Fayette J, Chabaud S, Berthaud P, Perol D. Prospective
multicentric randomized phase III study of Imatinib in patients
with advanced gastrointestinal stromal tumors comparing
interruption versus continuation of treatment beyond 1 year: the
French Sarcoma Group. J Clin Oncol 2007; 25: 1107-1113 [PMID:
17369574]

Mendel DB, Laird AD, Xin X, Louie SG, Christensen JG, Li G,
Schreck RE, Abrams TJ, Ngai TJ, Lee LB, Murray LJ, Carver J,
Chan E, Moss KG, Haznedar JO, Sukbuntherng J, Blake RA, Sun
L, Tang C, Miller T, Shirazian S, McMahon G, Cherrington JM.
In vivo antitumor activity of SU11248, a novel tyrosine kinase
inhibitor targeting vascular endothelial growth factor and platelet-
derived growth factor receptors: determination of a pharmaco-
kinetic/pharmacodynamic relationship. Clin Cancer Res 2003; 9:
327-337 [PMID: 12538485]

Heinrich MC, Maki RG, Corless CL, Antonescu CR, Harlow A,
Griffith D, Town A, McKinley A, Ou WB, Fletcher JA, Fletcher
CD, Huang X, Cohen DP, Baum CM, Demetri GD. Primary and
secondary kinase genotypes correlate with the biological and
clinical activity of Sunitinib in Imatinib-resistant gastrointestinal
stromal tumor. J Clin Oncol 2008; 26: 5352-5359 [PMID:
18955458 DOI: 10.1200/JC0O.2007.15.7461]

Demetri GD, van Oosterom AT, Garrett CR, Blackstein ME, Shah
MH, Verweij J, McArthur G, Judson IR, Heinrich MC, Morgan
JA, Desai J, Fletcher CD, George S, Bello CL, Huang X, Baum
CM, Casali PG. Efficacy and safety of Sunitinib in patients with
advanced gastrointestinal stromal tumour after failure of Imatinib:
a randomised controlled trial. Lancet 2006; 368: 1329-1338 [PMID:
17046465 DOI: 10.1016/S0140-6736(06)69446-4]

Younus J, Verma S, Franek J, Coakley N. Sunitinib malate for
gastrointestinal stromal tumour in Imatinib mesylate-resistant
patients: recommendations and evidence. Curr Oncol 2010; 17:
4-10 [PMID: 20697509 DOI: 10.3747/c0.v17i4.560]

Wilhelm SM, Dumas J, Adnane L, Lynch M, Carter CA, Schiitz
G, Thierauch KH, Zopf D. Regorafenib (BAY 73-4506): a new
oral multikinase inhibitor of angiogenic, stromal and oncogenic
receptor tyrosine kinases with potent preclinical antitumor activity.
Int J Cancer 2011; 129: 245-255 [PMID: 21170960 DOI: 10.1002/
ijc.25864]

George S, Wang Q, Heinrich MC, Corless CL, Zhu M, Butrynski
JE, Morgan JA, Wagner AJ, Choy E, Tap WD, Yap JT, Van den
Abbeele AD, Manola JB, Solomon SM, Fletcher JA, von Mehren
M, Demetri GD. Efficacy and safety of regorafenib in patients with
metastatic and/or unresectable GI stromal tumor after failure of
Imatinib and Sunitinib: a multicenter phase II trial. J Clin Oncol
2012; 30: 2401-2407 [PMID: 22614970 DOI: 10.1200/JCO.2011.3
9.9394]

Demetri GD, Reichardt P, Kang YK, Blay JY, Rutkowski P,
Gelderblom H, Hohenberger P, Leahy M, von Mehren M, Joensuu
H, Badalamenti G, Blackstein M, Le Cesne A, Schoffski P, Maki
RG, Bauer S, Nguyen BB, Xu J, Nishida T, Chung J, Kappeler C,
Kuss I, Laurent D, Casali PG. Efficacy and safety of regorafenib for
advanced gastrointestinal stromal tumours after failure of Imatinib
and Sunitinib (GRID): an international, multicentre, randomised,
placebo-controlled, phase 3 trial. Lancet 2013; 381: 295-302
[PMID: 23177515 DOI: 10.1016/S0140-6736(12)61857-1]

Adenis A, Blay JY, Bui-Nguyen B, Bouché O, Bertucci F, Isambert
N, Bompas E, Chaigneau L, Domont J, Ray-Coquard I, Blésius
A, Van Tine BA, Bulusu VR, Dubreuil P, Mansfield CD, Acin
Y, Moussy A, Hermine O, Le Cesne A. Masitinib in advanced
gastrointestinal stromal tumor (GIST) after failure of Imatinib:
a randomized controlled open-label trial. 4nn Oncol 2014; 25:
1762-1769 [PMID: 25122671 DOI: 10.1093/annonc/mdu237]
DeMatteo RP, Lewis JJ, Leung D, Mudan SS, Woodruff JM,
Brennan MF. Two hundred gastrointestinal stromal tumors:

May 27,2016 | Volume 8 | Issue5 |



32

33

34

35

36

37

38

39

40

JRaishideng®

Jakhetiya A et a/. Targeted therapy of GISTs

recurrence patterns and prognostic factors for survival. Ann Surg
2000; 231: 51-58 [PMID: 10636102]

Rathi V, Jain BK, Garg PK, Singh A. An unusual case of duodenal
beaking. BrJ Radiol 2012; 85: 1517-1521 [PMID: 23091291]
Dematteo RP, Gold JS, Saran L, Gonen M, Liau KH, Maki RG,
Singer S, Besmer P, Brennan MF, Antonescu CR. Tumor mitotic
rate, size, and location independently predict recurrence after
resection of primary gastrointestinal stromal tumor (GIST). Cancer
2008; 112: 608-615 [PMID: 18076015]

Dematteo RP, Ballman KV, Antonescu CR, Maki RG, Pisters
PW, Demetri GD, Blackstein ME, Blanke CD, von Mehren M,
Brennan MF, Patel S, McCarter MD, Polikoff JA, Tan BR, Owzar
K. Adjuvant Imatinib mesylate after resection of localised, primary
gastrointestinal stromal tumour: a randomised, double-blind,
placebo-controlled trial. Lancet 2009; 373: 1097-1104 [PMID:
19303137 DOI: 10.1016/S0140-6736(09)60500-6]

Corless CL, Ballman KV, Antonescu CR, Kolesnikova V, Maki
RG, Pisters PW, Blackstein ME, Blanke CD, Demetri GD,
Heinrich MC, von Mehren M, Patel S, McCarter MD, Owzar K,
DeMatteo RP. Pathologic and molecular features correlate with
long-term outcome after adjuvant therapy of resected primary GI
stromal tumor: the ACOSOG Z9001 trial. J Clin Oncol 2014; 32:
1563-1570 [PMID: 24638003 DOI: 10.1200/JC0O.2013.51.2046]
Joensuu H, Eriksson M, Sundby Hall K, Hartmann JT, Pink D,
Schiitte J, Ramadori G, Hohenberger P, Duyster J, Al-Batran
SE, Schlemmer M, Bauer S, Wardelmann E, Sarlomo-Rikala
M, Nilsson B, Sihto H, Monge OR, Bono P, Kallio R, Vehtari
A, Leinonen M, Alvegard T, Reichardt P. One vs three years of
adjuvant Imatinib for operable gastrointestinal stromal tumor: a
randomized trial. JAMA 2012; 307: 1265-1272 [PMID: 22453568
DOI: 10.1001/jama.2012.347]

McAuliffe JC, Hunt KK, Lazar AJ, Choi H, Qiao W, Thall P,
Pollock RE, Benjamin RS, Trent JC. A randomized, phase II study
of preoperative plus postoperative Imatinib in GIST: evidence of
rapid radiographic response and temporal induction of tumor cell
apoptosis. Ann Surg Oncol 2009; 16: 910-919 [PMID: 18953611
DOI: 10.1245/s10434-008-0177-7]

Eisenberg BL, Harris J, Blanke CD, Demetri GD, Heinrich MC,
Watson JC, Hoffman JP, Okuno S, Kane JM, von Mehren M.
Phase II trial of neoadjuvant/adjuvant Imatinib mesylate (IM) for
advanced primary and metastatic/recurrent operable gastrointestinal
stromal tumor (GIST): early results of RTOG 0132/ACRIN 6665.
J Surg Oncol 2009; 99: 42-47 [PMID: 18942073 DOI: 10.1002/
js0.21160]

Bednarski BK, Araujo DM, Yi M, Torres KE, Lazar A, Trent JC,
Cormier JN, Pisters PW, Lev DC, Pollock RE, Feig BW, Hunt KK.
Analysis of prognostic factors impacting oncologic outcomes after
neoadjuvant tyrosine kinase inhibitor therapy for gastrointestinal
stromal tumors. Ann Surg Oncol 2014; 21: 2499-2505 [PMID:
24639192 DOI: 10.1245/s10434-014-3632-7]

Rutkowski P, Gronchi A, Hohenberger P, Bonvalot S, Schoffski
P, Bauer S, Fumagalli E, Nyckowski P, Nguyen BP, Kerst JM,
Fiore M, Bylina E, Hoiczyk M, Cats A, Casali PG, Le Cesne A,
Treckmann J, Stoeckle E, de Wilt JH, Sleijfer S, Tielen R, van

WIJGS | www.wjgnet.com

352

41

42

43

44

45

46

47

48

49

der Graaf W, Verhoef C, van Coevorden F. Neoadjuvant Imatinib
in locally advanced gastrointestinal stromal tumors (GIST): the
EORTC STBSG experience. Ann Surg Oncol 2013; 20: 2937-2943
[PMID: 23760587 DOI: 10.1245/510434-013-3013-7]

von Mehren M, Benjamin RS, Bui MM, Casper ES, Conrad EU,
DeLaney TF, Ganjoo KN, George S, Gonzalez R, Heslin MJ,
Kane JM, Mayerson J, McGarry SV, Meyer C, O’Donnell RJ,
Paz B, Pfeifer JD, Pollock RE, Randall RL, Riedel RF, Schuetze
S, Schupak KD, Schwartz HS, Shankar S, Van Tine BA, Wayne
J, Sundar H, McMillian NR. Soft tissue sarcoma, version 2.2012:
featured updates to the NCCN guidelines. J Nat! Compr Canc
Netw 2012; 10: 951-960 [PMID: 22878820]

Antonescu CR, Besmer P, Guo T, Arkun K, Hom G, Koryotowski
B, Leversha MA, Jeffrey PD, Desantis D, Singer S, Brennan
MEF, Maki RG, DeMatteo RP. Acquired resistance to Imatinib in
gastrointestinal stromal tumor occurs through secondary gene
mutation. Clin Cancer Res 2005; 11: 4182-4190 [PMID: 15930355]
Zalcberg JR, Verweij J, Casali PG, Le Cesne A, Reichardt P,
Blay JY, Schlemmer M, Van Glabbeke M, Brown M, Judson
IR. Outcome of patients with advanced gastro-intestinal stromal
tumours crossing over to a daily Imatinib dose of 800 mg after
progression on 400 mg. Eur J Cancer 2005; 41: 1751-1757 [PMID:
16098458]

Lierman E, Smits S, Cools J, Dewaele B, Debiec-Rychter M,
Vandenberghe P. Ponatinib is active against Imatinib-resistant
mutants of FIP1L1-PDGFRA and KIT, and against FGFR1-derived
fusion kinases. Leukemia 2012; 26: 1693-1695 [PMID: 22301675
DOI: 10.1038/leu.2012.8]

Garner AP, Gozgit JM, Anjum R, Vodala S, Schrock A, Zhou T,
Serrano C, Eilers G, Zhu M, Ketzer J, Wardwell S, Ning Y, Song
Y, Kohlmann A, Wang F, Clackson T, Heinrich MC, Fletcher
JA, Bauer S, Rivera VM. Ponatinib inhibits polyclonal drug-
resistant KIT oncoproteins and shows therapeutic potential in
heavily pretreated gastrointestinal stromal tumor (GIST) patients.
Clin Cancer Res 2014; 20: 5745-5755 [PMID: 25239608 DOI:
10.1158/1078-0432.CCR-14-1397]

Heinrich MC, Griffith D, McKinley A, Patterson J, Presnell A,
Ramachandran A, Debiec-Rychter M. Crenolanib inhibits the drug-
resistant PDGFRA D842V mutation associated with Imatinib-
resistant gastrointestinal stromal tumors. Clin Cancer Res 2012;
18: 4375-4384 [PMID: 22745105 DOI: 10.1158/1078-0432.
CCR-12-0625]

Bauer S, Duensing A, Demetri GD, Fletcher JA. KIT oncogenic
signaling mechanisms in Imatinib-resistant gastrointestinal stromal
tumor: PI3-kinase/AKT is a crucial survival pathway. Oncogene
2007; 26: 7560-7568 [PMID: 17546049]

Chi P, Chen Y, Zhang L, Guo X, Wongvipat J, Shamu T, Fletcher
JA, Dewell S, Maki RG, Zheng D, Antonescu CR, Allis CD,
Sawyers CL. ETV1 is a lineage survival factor that cooperates
with KIT in gastrointestinal stromal tumours. Nature 2010; 467:
849-853 [PMID: 20927104]

Bauer S, Yu LK, Demetri GD, Fletcher JA. Heat shock protein
90 inhibition in Imatinib-resistant gastrointestinal stromal tumor.
Cancer Res 2006; 66: 9153-9161 [PMID: 16982758]

P- Reviewer: Wiemer EAC, YokoyamaY S- Editor: Qiu S
L- Editor: Wang TQ E- Editor: Liu SQ

May 27,2016 | Volume 8 | Issue5 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2016 Baishideng Publishing Group Inc. All rights reserved.



	WJGS-8-345
	WJGSv8i5-Back Cover

