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Efficacy evaluation of imatinib in the treatment of
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Background/aims: Published data on the dose of imatinib to treat gastrointestinal stromal tumors seemed inconclusive. To deri-
ve a more precise estimation of dose of imatinib to treat gastrointestinal stromal tumors, a meta-analysis was performed. Materi-
al and Methods: Studies have been identified by searching PubMed and Embase. Inclusion criteria were patients with incurable
or advanced gastrointestinal stromal tumors, received chemotherapy of imatinib of 400 mg once a day (low-dose group) or 300 mg/
400 mg twice a day (high-dose group) for controlled trial, and efficacy evaluation were cumulative response based on SWOG crite-
ria, including complete response and partial response. The safety evaluation of imatinib included toxic effect and dose reduction.
The odds ratio for cumulative response, toxic effect and dose reduction in patients with low-dose of imatinib over those with high-
dose of imatinib with 95% confidence interval was calculated for each study as an estimation of the better effect of imatinib. Re-
sults: A total of 3 studies including 1,787 patients were involved in this meta-analysis. The overall odds ratio for cumulative res-
ponse, toxic effect and dose reduction were 0.91 (95% confidence interval, 0.75-1.09; p=0.31, Pheterogeneity=0.80), 0.55 (95% confi-
dence interval, 0.42-0.72; p<0.0001, Pheterogeneity=0.01), respectively. Conclusion: The meta-analysis indicated that cumulative
response for patients with low-dose imatinib showed no significant difference compared with that with high-dose imatinib. Howe-
ver, high-dose imatinib brought patients more toxic effect and more dosage adjustment for down regulation was made for these pa-
tients with severe toxic effect. With long follow-up of the patients, result of neither progression-free survival nor overall survival re-
ached statistical significance between low-dose arm and high-dose arm.
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Gastrointestinal stromal timori olan hastalarda imatinib’in
etkinliginin degerlendirilmesi

Amag: Gastrointestinal stromal tiimorii olan hastalarda kullanilan imatinibin dozu hakkindaki yayinlarin sonuglart yetersizdir.
Gastrointestinal stromal tiimor tedavisi i¢in kullanilan imatinibin dozunun tespit edilmesi i¢in meta-analiz gerceklestirilmistir.
Yontem: Calismalar PubMed ve Embase taranarak tespit edildi. Dahil edilme kriterleri olarak kiir sanst olmayan veya ileri evre
gastrointestinal stromal tiimoéri olan hastalarin alindigl, imatinib 400 mg/giin (diisiik doz grubu), 300/400 mg BID (yiiksek doz
grubu) kullanilan kontrollii ¢alismalar incelendi ve tedavilerin etkinlik degerlendirmesi SWOG kriterlerine gore tam veya parsiyel
yanitin da dikkate alindigr kiimiilatif yanit olarak yapildi. Imatinib’in giivenilirliginin degerlendirilmesi icin toksik etkileri ve doz
azaltimu verileri kullanildi. Kiimiilatif yanit, toksik etkileri ve doz azaltimi i¢in diisiik doz tedavi alanlar yiiksek doz tedavi ile kar-
stlagtirilarak odds oranlart her ¢alisma i¢in giivenlik araliginin %95’ kullanilarak hesaplandi. Bulgular: 1787 hastay: kapsayan
3 ¢alisma meta-analize dahil edildi. Genel odds oranlari, kiimiilatif yanit, toksik etkileri ve doz azaltimi sirasiyla 0,91 (95% CI,
0.75-1.09; p=0.31, Pheterogeneity=0.80), 0.55 (95% CI, 0.42-0.72; p<0.0001, Pheterogeneity=0.01) olarak bulundu. Sonug¢: Bu me-
ta-analizin sonuglarina gore diisiik doz imatinib alan hastalarin toplam tedavi yaniti yiiksek doz alanlarinkinden farkly degildir.
Ancak, yiiksek doz imatinib tedavisi, hastalart daha fazla toksik etkiye maruz birakmakta ve doz azaltimina neden olmaktadur.
Uzun donem takipte, diisiik doz ve yiiksek doz tedaviler karsilastirildiginda progresyonsuz sag kalim ve genel sag kalim arasinda-
ki farklar istatistiksel olarak anlamly degildir.

Anahtar kelimeler: Gastrointestinal stromal timor, imatinib, etkinlik, meta-analiz

Address for correspondence: Ping CHEN Manuscript received: 21.09.2010 Accepted: 08.02.2011
Su Bei People’s Hospital of Yangzhou University, Department of
Turk J Gastroenterol 2011; 22 (5): 479-485

Gastrointestinal Surgery, Yangzhou, China . .
doi: 10.4318/tjg.2011.0248

E-mail: chen86ky@126.com



ZONG et al.

INTRODUCTION

Gastrointestinal stromal tumor (GIST) is a rare
tumor of the GI tract, but the most common me-
senchymal malignancy of the GI tract (1). GIST
expresses the tyrosine kinase receptor KIT, which
is the protein product of the KIT protooncogene.
GIST is generally characterized by gain-of-functi-
on mutations of KIT (2). These mutations result in
the constitutive activation of KIT signaling and
are the likely causal molecular events of GIST
(3,4). No effective systemic treatment is available.
Imatinib (STI571) inhibits a similar tyrosine kina-
se, BCR-ABL, leading to responses in chronic mye-
loid leukemia, and has also been shown to inhibit
KIT. Imatinib, a tyrosine kinase inhibitor active
against KIT and platelet-derived growth factor re-
ceptor, has been shown to be highly effective in the
treatment of advanced GIST. A clinical benefit
was demonstrated in more than 80% of patients,
resulting in a substantial improvement in the two-
year survival rate, from 26% to 76% (5,6). Imatinib
has, therefore, become the standard of care in pa-
tients with advanced GIST. However, imatinib is
not curative, and secondary resistance to imatinib
often occurs within the first or second year of tre-
atment (7). In these patients, clinicians increase
the dose of imatinib despite disease progression
and, in addition, consider surgical resection or ra-
diofrequency ablation in patients with focal imati-
nib resistance (8). However, the role of local treat-
ment in this setting has not been proven yet, and
additional research examining the phenomenon of
focal progression is warranted. A European Orga-
nization for Research and Treatment of Cancer
(EORTC) trial in GIST identified the maximum
tolerated dose of imatinib for treatment of GIST as
400 mg twice daily. Several studies have been de-
signed to test whether high-dose imatinib (400 mg
twice a day or 300 mg twice a day) might elicit a
higher initial response rate or a better progressi-
on-free survival (PFS) or a better overall survival
(OS) than low-dose imatinib (400 mg once a day).
Therefore, we conducted a meta-analysis of res-
ponse to imatinib at different dose levels to iden-
tify the better choice for the treatment of patients
with GIST.

MATERIALS AND METHODS

Two electronic databases (PubMed and Embase)
were searched (the last search was updated on 1
July 2010, using the search terms: ‘gastrointesti-

480

nal stromal tumor’ and ‘imatinib’). All eligible stu-
dies were retrieved, and their bibliographies were
checked for other relevant publications. Review
articles and bibliographies of other relevant studi-
es identified were hand-searched to find additio-
nal eligible studies. Only published studies with
full-text articles were included. When more than
one of the same patient population was included in
several publications, only the most recent or comp-
lete study was used in this meta-analysis.

The inclusion criteria were as follows: (a) asses-
sing imatinib at two dose levels in patients with
GIST, (b) randomized controlled trial (RCT) studi-
es, and (c) sufficient published data for estimating
an odds ratio (OR) with 95% confidence interval
(CD).

Each of the publications found was independently
assessed by two of the authors (PC, LZ). Informa-
tion was carefully extracted from all eligible studi-
es. The following data were collected from each
study: first author’s surname, publication date,
treatment protocols, patient numbers, length of
follow-up, main results, and conclusions. The effi-
cacy parameter of the core study was the best ove-
rall tumor response based on Southwest Oncology
Group (SWOG) criteria (9). Methods and timing of
response assessment were previously published
(5). The safety parameters analyzed for imatinib
were toxic effect (TE) and dose reduction (DR).
Thus, the appraisal parameters, i.e., cumulative
response (CR), TE and DR, were extracted from
the main results of the inclusion articles. We did
not define any minimum number limit of patients
for inclusion of a study in our meta-analysis. Me-
ta-analyses were carried out for all available para-
meters whenever feasible, i.e., when at least two
RCTs analyzed the same specific parameter and
provided adequate data for statistical analysis.

The quality of the included RCTs was evaluated
using the Cochrane Collaboration’s tool for asses-
sing risk of bias. For each RCT, the risk of bias
table was completed independently by two authors
(PC, LZ). The summary assessments of risk of bi-
as were evaluated not only for each RCT across
outcomes, but also, as suggested for meta-analysis
in particular, for each outcome across RCTs. RCTs
with unclear or even high risk of bias were not exc-
luded from the meta-analyses. However, meta-



analyses including such RCTs with unclear or
high risk of bias were explicitly indicated. As men-
tioned above, nonrandomized prospective trials
and nonrandomized retrospective analyses were
excluded from the analysis. All meta-analyses we-
re carried out on RCTs comparing the efficacy bet-
ween the low-dose group and high-dose group with
respect to a dichotomous end point (e.g., CR or TE
or DR). The statistical analysis was carried out
using the Review Manager (RevMan) software,
version 4.2 (The Cochrane Collaboration, Oxford,
England). Comparisons of binary outcome measu-
rements were provided by pooled estimates of ORs
with 95% CI using the fixed-effects model (the
Mantel-Haenszel method). Otherwise, the ran-
dom-effects model (the DerSimonian and Laird
method) was used (10). Statistical heterogeneity
was assessed using the inconsistency statistic
(11). The significance of the pooled OR was deter-
mined by the Z-test, and p<0.05 was considered as
statistically significant. Sensitivity analyses were
carried out to check if modification of the inclusi-
on criteria of this meta-analysis affected the final
results.

RESULTS

A total of three publications met the inclusion cri-
teria. The study by van Oosterom et al. (18) was
excluded due to dose levels that were divided into
400 mg once a day, 300 mg twice a day, 400 mg
twice a day, and 500 mg twice a day. Likewise, the
study by Dematteo et al. (6) was excluded because
the study was designed as a randomized, double-
blind, placebo-controlled trial, which was only
used to prove that imatinib was effective to treat
GIST. Hence, a total of three studies including
1,787 patients were used in the pooled analysis.
Table 1 lists the studies identified and their main
characteristics. Of the three studies, sample sizes
ranged from 147 to 946. Almost all of the patients
with GIST were confirmed by histology and immu-
nohistochemistry. No significant differences were
found in the age and sex distributions between the
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cases of 400 mg once a day and the cases of 300
mg/400 mg twice a day.

Overall meta-analysis indicated that CR of low-do-
se imatinib was not significantly different compa-
red with that of high-dose imatinib (OR 0.91 [95%
CI, 0.75-1.09]; p=0.31 Pjeierogencity=0.80), which was
estimated (as shown in Figure 1a). The overall OR
for TE revealed that high-dose imatinib was ac-
companied by a higher rate of side effects than
low-dose imatinib (OR 0.55 [95% CI, 0.42-0.72];
p<0.0001, Py ierogencity=0.01) (Figure 1b). The test of
heterogeneity by simply comparing these three
combined samples suggested a significant hetero-
geneity among them (p<0.10). In the analysis of
dose adjustment of imatinib, we found that DR
was arranged for these patients with significant
side effects, and high-dose imatinib was more li-
kely to have a DR (OR 0.14 [95% CI, 0.11-0.171;
p<0.00001 P} eierogencity=0.70) (Figure 1c).

Begg’s funnel plot was performed to access the
publication bias of literatures. The shapes of the
funnel plots did not reveal any evidence of obvious
asymmetry (Figure 2a, b and c).

DISCUSSION

Before the introduction of imatinib mesylate (for-
merly known as STI571), poor responses to radi-
ation and chemotherapy made surgery the only
realistic treatment to cure GIST (15-17). Imatinib
mesylate has quickly become the most active tar-
geted, small-molecule therapy in patients with so-
lid tumors. Molecularly targeted therapy with
imatinib can inhibit the etiologic aberrant cell-sig-
naling mechanisms in GIST, leading to major ob-
jective responses and prolonged disease control.
Patients experienced a dramatic response, suppor-
ting the rational use of imatinib in this disease.
Prior studies have noted that imatinib can be ef-
fectively and safely administered across a broad
dose range (5,18,19). An EORTC trial in GIST
identified the maximum tolerated dose of imatinib

Table 1. Main characteristics of all studies included in the meta-analysis

Author Eligibility Case/ Dose Time to Median Study
criteria Control distribution response time of follow-up quality
Verweij (12) Advanced GIST 473/473 400 mg/800 mg 107 days 760 days RCT
Blanke (13) Advanced GIST 345/349 400 mg/800 mg NA 4.5 years RCT
Blanke (14) Advanced GIST 73/74 400 mg/600 mg 81days 63 months RCT

RCT: Randomized controlled study
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1a

Review: Efficacy evaluation of imatinib in the treatment of patients with gastrointestinal stromal tumors: a meta-analysis
Comparison: 01 low-dose imatinib versus high-dose imatinid
Outcome; 01 cumulative response to treatment

Study low-dose imatinib high-dose imatinib OR (fixed) Weight OR (fixed)
or sub-category N N 95% CI % 95% CI
VerweiJ 2003 237/473 255/473 55.09 0.8¢ [0.67, 1.11)
Blank C D1 2008 154/345 160/349 38.13 0.95 [0.71, 1.28]
Blank C D2 2008 50/73 50/74 6.77 1.04 [0.52, 2.09)
Total (35% CI) 831 83¢ 100.00 0.91 [0.75, 1.09)

Total events: 441 (low-dose imatinib), 465 (high-dose imatinib)
Test for heterogenedty: Chi?= 0.4, df =2 (P= 0.80), 7= 0%
Test for overall effect Z=1.03 (P=0.31)

01 02 05 1 2 § 10
low-dose imatinib  high-dose imatinib
1b

Review: Efficacy evaluation of imatinib in the treatment of patients with gastrointestinal stromal tumors: a meta-analysis
Comparison: 01 low-dose imatinib versus high-dose imatinib
Outcome; 02 toxic effecct

Study low-dose imatinib high-dose imatinib OR (fixed) Weight OR (fixed)

or sub-category N nN 95% CI % 95% Cl
Verwei) 2003 465/470 4687472 —_— 3.4¢ 0.79 [0.21, 2.98)
Blank C D1 2008 143/344 219/347 — 36.18 0.45 [0.33, 0.61)
Blank C D2 2008 31/73 26/74 —1— 10.3¢ 1.3¢ [0.70, 2.65)
Total (95% CI) 887 833 ’ 100.00 0.55 [0.42, 0.72)
Total events: 645 (low-dose imatinib), 713 (high-dose imatinib)

Test for heterogenety: Chi?= 9.23, df =2 (P=0.010), 17= 78.3%

Test for overall effect: Z = 4.32 (P < 0.0001)

01 02 05 1 2 § 10
low-dose imatinib  high-dose imatinib

1c

Review: Efficacy evaluation of imatinib in the treatment of patients with gastrointestinal stromal tumers: a meta-analysis
Comparison: 01 low-dose imatinib versus high-dose imatinio
Outcome: 03 dose reduction

Study low-dose imatinib high-dose imatinib OR (fixed) Weight OR (fixed)
or sub-category N niN 95% CI % 95% Cl
VerweiJ 2003 77/470 282/4m2 [} o 59.21 0.13 [0.10, 0.18)
Blank C D1 2008 52/345 132/348 —+ 40.73 0.15 [0.10, 0.21)
Total (35% CI) 815 gzl ’ 100.00 0.14 [0.11, 0.17)

Total events: 129 (low-dose imatinib), 474 (high-dose imatinib)
Test for heterogenety: Chi?= 015, df =1 (P=0.70), = 0%
Test for overal effect: Z = 16.64 (P < 0.00001)

01 02 05 1 2 § 10
low-dose imatinib  high-dose imatinib

Figure 1. Meta-analysis on (a) cumulative response; (b) toxic effect; (¢) dose reduction.
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for treatment of GIST as 800 mg daily. Further,
several studies have been designed to test whet-
her high-dose imatinib (300 mg/400 mg twice a
day) might have better benefits compared with
low-dose imatinib (400 mg once a day) (Table 2).
Thus, on this basis, we conducted a meta-analysis
of CR to imatinib at different dose levels to iden-
tify the better starting dose for the treatment of
patients with GIST. Meanwhile, the meta-analy-
ses of TE and DR at different dose levels were al-
so done in an effort to balance the treatment plan
between effectiveness and side effects. The clinical
response to imatinib was classified as CR, inclu-
ding complete response and partial response, stab-
le disease (SD), progressive disease (PD), or not
assessable (NA) using RECIST criteria. The re-
sults show that there was no statistical difference
in CR between the two groups. However, high-do-
se imatinib was associated with unacceptable se-
vere TE. Furthermore, because of the severe side
effects, more DR was seen among patients recei-
ving high-dose imatinib. Early toxicity results of
the large phase III trial conducted by the EORTC
Soft Tissue and Bone Sarcoma Group, Italian Sar-
coma Group, and Australasian Gastro Intestinal
Trials Group were reported at the ASCO 2002 an-
nual meeting (21). The most frequent side effects
were anemia (88%), edema (67%), fatigue (60%),
nausea (44%), neutropenia (32%), and skin rash
(24%). Most side effects were mild to moderate.
However, one patient died of drug-related neutro-
penic sepsis. With the analysis of two aspects such
as curative effect and side effect, high-dose imati-
nib (300 mg/400 mg twice daily) did not enhance
clinical benefits compared with low-dose imatinib
(400 mg daily). This trial confirmed the efficacy
and safety of imatinib mesylate when used to tre-
at patients with incurable GIST. It showed that
300 mg/400 mg twice daily, versus 400 mg daily, is
a more toxic but not more effective dose. 400 mg
daily remains the standard starting dose of care
when imatinib is used to treat incurable GIST.

As to PFS and OS, Verwei (12) and Blanke (13) fo-
und that there was no statistical difference in the
OS and PFS rates, meaning that high-dose imati-
nib cannot change the patients’ prognosis (Table
3).

In summary, our meta-analyses found that hig-
her-dose imatinib does not lead to any other major
clinical benefits such as improved CR. On the con-
trary, it elicits a greater TE in patients and finally
leads to an adjustment of dosage (downregulati-
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2a

Review: Efficacy evaluation of imatinib in the treatment of patients with gastrointestinal stromal tumers: a meta-analys
Comparisen: 01 low-dose imatinib versus high-dose imatinib
Outcome: 01 cumulative response to treatment

00 SEflog OR)

102

103

10
OR (fixed)
2b
Review: Efficacy evaluation of imatinib in the treatment of patients with gastrointestinal stromal tumors: a meta-analys

Comparison: 01 low-dose imatinib versus high-dose imatinib
Qutcome: 02 toxic effecct

700  SEflog OR)

102

106

108

' J ' s
0.1 0.2 0.5 1 2 10

OR (fixed)

2c

Review: Efficacy evaluation of imatinib in the treatment of patients with gastreintestinal stromal tumors: a meta-analys

Comparison: 01 low-dose imatinib versus high-dose imatinib
Qutcome: 03 dose reduction

10.00 ,SE(log OR)

1008
1d12

{016®

i 4 ' 4
0.1 0.2 0.5 1 2

10
OR (fixed)

Figure 2. Begg’s funnel plot for publication bias test: (a) cumu-
lative response; (b) toxic effect; (c) dose reduction.

on). Importantly, neither result suggests a PF'S or
OS benefit from the high-dose imatinib. In two
phase III trials (21,22), approximately one-fourth
of patients whose dose of imatinib was increased
because of disease progression showed some clini-
cal benefit. In those trials, 88 and 133 patients,
respectively, crossed over to the higher dose after
progression; subsequently, 7% and 2.3%, respecti-
vely, responded, and 29% and 27.1%, respectively,
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Table 2. Treatment of imatinib for tumor response, toxic effect and dose reduction

Cumulative Response

Toxic Effect

Dose Reduction

Rate OR 95% CI Rate OR 95% CI Rate OR 95% CI
Verweij (12) 0.86 0.67-1.11 0.79 0.21-2.98 0.13 0.10-0.18
Low-dose 50% 99% 16%
High-dose 54% 99% 60%
Blanke (13) 0.95 0.71-1.28 0.45 0.33-0.61 0.15 0.10-0.21
Low-dose 45% 43% 16%
High-dose 45% 63% 58%
Blanke (14) 1.04 0.52-2.09 1.36 0.70-2.25 - -
Low-dose 69% 42% NA
High-dose 68% 35% NA

Table 3. Treatment effects for OS and PFS

Overall Progression-
Survival Free Survival
Verweij (12)
Low-dose 69% (2 yr) 44% (2 yr)
High-dose 74% (2 yr) 52% (2 yr)
Blanke (13)
Low-dose 78% (2 yr) 50% (2 yr)
High-dose 73% (2 yr) 53% (2 yr)
Blanke (14)
Low-dose NA NA
High-dose NA NA

exhibited stability. Thus, patients whose dose es-
calates after taking 400 mg daily also appear to to-
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