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Background: Gastrointestinal stromal tumours (GISTs) with high-risk features have poor prognosis even if adjuvant treatment is
given. Neoadjuvant imatinib may increase the cure rate by shrinking large GISTs and preserve organ function.

Methods: We conducted an Asian multinational phase II study for patients with gastric GISTs Z10 cm. Patients received
neoadjuvant imatinib (400 mg/day) for 6–9 months. The primary end point was R0 resection rate.

Results: A total of 56 patients were enroled in this study. In the full analysis set of 53 patients, neoadjuvant imatinib for Z6 months
was completed in 46 patients. Grade 3–4 neutropenia and rash occurred in 8% and 9%, respectively, but there were no treatment-
related deaths. The response rate by RECIST was 62% (95% CI, 48–75%). The R0 resection rate was 91% (48/53) (95% CI, 79–97%).
Preservation of at least half of the stomach was achieved in 42 of 48 patients with R0 resection. At the median follow-up time of
32 months, 2-year overall and progression-free survival rates were 98% and 89%, respectively.

Conclusions: Neoadjuvant imatinib treatment for 6–9 months is a promising treatment for large gastric GISTs, allowing a high R0
resection rate with acceptable toxicity.
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Gastrointestinal stromal tumour (GIST) is the most common
mesenchymal tumour in the gastrointestinal tract, with the
majority originating in the stomach (Miettinen and Lasota,
2006a). Surgical resection is the only curative treatment for GIST.
Independent prognostic factors for recurrence after resection
include tumour size, mitotic count, tumour location, and tumour
rupture. GISTs with high-risk features such as large tumour size,
high mitotic count, or tumour rupture have poor prognosis after
resection (Joensuu, 2008); more than half of the patients with such
tumours suffer from recurrence within 5 years after surgery
(Joensuu et al, 2012). For such high-risk cases, adjuvant treatment
has been attempted to reduce recurrence rate.

GISTs usually demonstrate activating mutations in either KIT or
platelet-derived growth factor receptor alpha (PDGFRA) (Rubin
et al, 2007). Imatinib, a tyrosine kinase inhibitor of KIT protein, is
highly effective against GISTs. A small subset of patients with
metastatic GIST may achieve durable complete remission on
imatinib. Two phase III studies comparing adjuvant imatinib with
surgery alone have been conducted in intermediate- and high-risk
GIST patients (Dematteo et al, 2009; Corless et al, 2014; Casali
et al, 2015). Both studies demonstrated that adjuvant imatinib
prolonged recurrence-free survival, but eventually many patients
showed recurrence after termination of adjuvant imatinib.
Neoadjuvant imatinib treatment may shrink tumour size remark-
ably and prevent tumour rupture during surgery, leading to
increased proportions of ‘true’ complete resection. Furthermore,
neoadjuvant treatment may produce secondary advantages in
terms of preserving organ function. For the patients with stomach
tumours, complete gastrectomy should be avoided wherever
possible due to the significant morbidity associated (Robertson
et al, 1994).

Several retrospective case series and a very small-scale (n¼ 14)
prospective study have assessed the feasibility of neoadjuvant
imatinib (Sjölund et al, 2010; Doyon et al, 2012; Tirumani et al,
2014). In addition, one phase II study (RTOG0132) of 8–12 weeks
neoadjuvant imatinib for GISTs of 5 cm or larger and another
phase II study (APOLLON) of 6 months neoadjuvant imatinib for
potentially resectable GISTs showed R0 resection rates of 68% (21/
31) and 71% (32/45), respectively (Hohenberger et al, 2012; Wang
et al, 2012). As these studies included heterogeneous tumour
characteristics (size, risk classification, tumour location), it was
difficult to evaluate of the efficacy of neoadjuvant imatinib. We
therefore designed this multinational phase II study to investigate
the efficacy and safety of neoadjuvant imatinib for 6–9 months
only in patients with large (Z10 cm) gastric GISTs.

PATIENTS AND METHODS

Study design and patients. This study was a phase II, single
group, non-randomised study conducted at 25 institutions in Japan
and South Korea. We enroled patients with histologically proven
primary GISTs located in the stomach. The tumour diameter was
required to be 10 cm or larger as identified by abdominal enhanced
CT scan. Patients were required to have neither apparent distant
metastasis nor peritoneal metastasis. Eligibility criteria also
included: age 20–79 years; Eastern Cooperative Oncology Group
performance status score of 0 or 1; no previous treatment for the
disease, including surgery, chemotherapy, and radiotherapy;
adequate oral intake; and adequate organ function. Patients
provided written informed consent before enrolment. The study
protocol was approved by the institutional review boards of all
participating hospitals. This study is registered with UMIN Clinical
Trials Registry, number UMIN000003114.

Treatment. After registration, patients received oral imatinib
(400 mg/day) once a day for 6 months (24 weeks) as a neoadjuvant

treatment. If the tumour response was defined as progressive
disease at 1 or 3 months after starting the administration, the
protocol treatment was discontinued. If the tumour response was
defined as complete response (CR) or partial response (PR) at 6
months after starting the administration, the neoadjuvant imatinib
could be continued until 9 months (36 weeks).

Surgery was performed within 1 month of final evaluation of
neoadjuvant treatment, and treatment was finally discontinued
within 1 week of surgery. Surgical procedures and reconstruction
methods were not prescribed by the study protocol, but as a rule R0
(macroscopically and histologically negative margin) resection was
the intention. When R1 (histologically positive margin or tumour
rupture) or R2 (macroscopically residual tumour) resection was
performed, any treatments including continuation of imatinib were
allowed after surgery.

After R0 resection, patients received imatinib (400 mg/day) once
a day for at least 1 year. If the dose of preoperative neoadjuvant
imatinib was reduced to 300 mg/day, the postoperative dose was to
be started at 300 mg/day. Regardless of the efficacy of neoadjuvant
imatinib, postoperative imatinib was begun within 7 days after
subjects started to take food orally. The protocol treatment was
discontinued if imatinib could not be started within 3 months after
surgery due to surgical complications or other reasons.

Assessments. The primary end point was the R0 resection rate,
and the secondary end points were overall survival, progression-
free survival, objective response rate, pathological response rate
(only in Japan), stomach preservation rate, treatment completion
rate, incidence of adverse events, and imatinib plasma levels.
Tumour responses were evaluated in accordance with both the
RECIST (version 1.1) and Choi criteria by abdominal enhanced CT
at weeks 4, 12, and 24 after starting neoadjuvant imatinib (Choi
et al, 2007; Eisenhauer et al, 2009). Confirmation of CR or PR was
not needed in this study. These evaluations were performed by
physicians and radiologists at each institution. Adverse events were
evaluated according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 3.0. After
surgery, the presence or absence of recurrence was evaluated by
abdominal enhanced CT every 3 months for the first 2 years after
surgery and every 6 months for the subsequent 3 years.

Genotyping was carried out using biopsy specimens obtained
before neoadjuvant imatinib or surgically resected specimens
obtained after neoadjuvant imatinib. Whole-coding regions of KIT
and PDGFRA cDNAs or selected regions of KIT genomic DNA
(exons 9, 11, 13, 17) and PDGFRA genomic DNA (exons 12, 14,
18) were sequenced as previously described (Hirota et al, 1998;
Hirota et al, 2003).

Statistical analysis. Based on the R0 resection rate of 68% (21/31)
in the RTOG0132 study (Wang et al, 2012), the required sample
size was estimated with a threshold R0 resection rate of 70% and an
expected R0 resection rate of 85%, power of 80%, and a one-sided
significant level of 0.05 using the binomial test. Given 10%
ineligible patients, the target sample size was determined to be 55
patients.

The primary outcome was analysed with a one-sample binomial
test. For secondary outcomes, we estimated response rates and 95%
confidence intervals (CIs) using the Clopper–Pearson exact
method. For overall and progression-free survival, we used the
Kaplan–Meier method to estimate survival curves and Green-
wood’s formula to calculate 95% CIs for survival rates. All the
analyses were conducted with R, version 3.2.2.

The full analysis set (FAS) was defined as the eligible patients
who started neoadjuvant imatinib. The R0 resection rate was
calculated using the number of patients in the FAS as the
denominator and the number of patients who underwent R0
resection as the numerator. The stomach preservation rate was
calculated using the FAS count as the denominator and the
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number of the patients who underwent R0 resection and who
preserved at least half of the stomach as the numerator.
Completion of neoadjuvant imatinib was not considered in the
estimation of R0 resection rate or stomach preservation rate.
Overall survival was defined as the time from the date of enrolment
to the date of death from any cause. Progression-free survival was
defined as the time from the date of enrolment to the date of
disease progression, R1/2 resection, recurrence after surgery, or
death from any cause. For patients who refused to undergo surgery,
progression-free survival was not censored and was followed until
disease progression.

RESULTS

Patient background. Between February 2010 and September
2014, a total of 56 patients were enroled (Figure 1). Two patients
were ineligible, and one patient did not start neoadjuvant imatinib
because mutation analysis of the biopsy specimen revealed
PDGFRA exon 18 D842V mutation. Efficacy and safety analyses
of neoadjuvant imatinib were therefore conducted in the FAS of
the remaining 53 patients. The characteristics of these 53 patients
are listed in Table 1. Sixty percent of patients were from Japan,
and the rest were from South Korea. The median tumour size
was 12.0 cm (range, 10.0–23.0 cm; interquartile range (IQR),
10.4–15.7 cm). Genotyping of biopsy and/or surgical specimens
showed KIT exon 11 mutation in 47 patients and wild-type KIT
and PDGFRA in two patients. Samples from four patients were not
available or suitable for the analysis.

Feasibility. In total, 46 of 53 patients (87%) completed at least 6
months (24 weeks) of neoadjuvant imatinib therapy. Dose
reduction of imatinib during neoadjuvant treatment was required
in 14 patients (26%). The reasons of dose reduction were non-
haematological toxicity for 10 patients, haematological toxicity for
three patients, and other (high imatinib plasma trough level) for
one patient. The median duration of neoadjuvant imatinib
administration in the FAS was 26.0 weeks (range, 1.7–39.6 weeks;
IQR, 24.0–35.9 weeks). All adverse events experienced during
neoadjuvant imatinib treatment are shown in Table 2. The most
common non-haematological toxicities were oedema of the head
and neck (any grade, 72%) followed by rash (any grade, 45%).
Grade 3–4 neutropenia and rash occurred in 8% and 9% of
patients, respectively. Grade 4 cerebrovascular ischaemia occurred
in one patient, and there were no treatment-related deaths. Seven
patients discontinued neoadjuvant imatinib due to adverse events
(2 rash, 2 interstitial pneumonitis, 2 fever, 1 cerebrovascular
ischaemia). In the 46 patients who completed at least 6 months of

neoadjuvant imatinib treatment, the mean±s.d. of imatinib
plasma trough level at 6 months after starting neoadjuvant
imatinib was 1852±1572 ng/ml (range, 436 to 9660 ng/ml) (one
missing value).

Efficacy. A waterfall plot representing the ranked best tumour
shrinkage after neoadjuvant imatinib is shown in Figure 2. The
median shrinkage rate in the 53 patients was 35.4% (range,
0.0–87.0%), and neoadjuvant imatinib brought favourable shrink-
age of tumour even in two patients with wild-type GIST (40.8%
and 50.5%). The objective best response rate and the disease
control rate evaluated by RECIST in the FAS were 62% (95% CI,
48–75%) and 100% (95% CI, 93–100%), respectively. The objective
best response rate and the disease control rate evaluated by the
Choi criteria in the FAS were 98% (95% CI, 90–100%) and 100%
(95% CI, 93–100%), respectively. Of the 46 patients who completed

56 patients were enrolled

54 patients were eligible

53 patients started
neoadjuvant imatinib (FAS)

3 patients refused surgery

50 patients underwent
gastrectomy

1 patient was ineligible due to originated from the jejunum

1 patient was ineligible due to inappropriate informed consent

1 patient did not start neoadjuvant imatinib due to PDGFRA
exon 18 D842V mutation

Figure 1. Study profile. FAS, full analysis set; PDGFRA, platelet-derived growth factor receptor alpha.

Table 1. Baseline characteristics of patients in the full
analysis set

(n¼53)

Country
Japan 32 (60%)
Korea 21 (40%)

Age (years)
Median 69
Range 43–79
IQR 62–73

Sex
Male 24 (45%)
Female 29 (55%)

ECOG performance status
0 28 (53%)
1 25 (47%)

Tumour size (cm)
Median 12.0
Range 10.0–23.0
IQR 10.4–15.7

Sampling method used to obtain tumour tissue
Endoscopic standard biopsy 24
EUS-FNA 28
Percutaneous biopsy 1

Genotyping
KIT exon 11 47 (89%)
Wild-type KIT and PDGFRA 2 (4%)
Not available 4 (8%)

Abbreviations: IQR¼ interquartile range; ECOG¼Eastern Cooperative Oncology Group;
EUS-FNA¼ endoscopic ultrasound-guided fine-needle aspiration.
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at least 6 months of neoadjuvant imatinib, the earliest point at
which maximal reduction of tumour size was observed was 4 weeks
after neoadjuvant imatinib initiation in 1 case (2%), 12 weeks in 9
cases (20%), 24 weeks in 29 (63%) cases, and 36 weeks in 7 (15%)
cases.

Of the 53 patients who received neoadjuvant imatinib, 50
proceeded to surgery. Three patients refused to undergo surgery.
The surgical data are summarised in Table 3. More than 80% of the
patients underwent partial gastrectomy. A quarter of the patients
underwent combined resection of other organs, excluding the
gallbladder. There was one case with tumour rupture at surgery. R0
resection was achieved in 48 patients, R1 (tumour rupture) in one,
and R2 in one. The R0 resection rate in the FAS (the primary end
point) was 91% (95% CI, 79–97%). This was much higher than the
pre-specified threshold of 70% (one-sided Po0.001). At least half
of the stomach was preserved with R0 resection in 79% of cases
(95% CI, 66–89%). Operative morbidities of any grade occurred in
nine patients (two postoperative bleeding, two wound infection,
two anastomotic leakage, one bowel obstruction, one intraabdom-
inal infection, and one pyloric stenosis). There were no treatment-
related or in-hospital deaths.

The pathological findings of 50 patients who underwent surgical
resection are shown in Table 3. The median postoperative tumour
size was 8.0 cm (range, 4.7–20.0 cm; IQR, 7.5–11.8 cm). Peritoneal
metastasis was observed in three patients (6%), but there were no
patients with lymph node metastasis. Of the 50 patients, 42 (84%)
had tumours with mitotic counts less than five per 50 high-power
fields (HPF).

Of the 42 patients who underwent R0 resection after completion
of at least 6 months of neoadjuvant imatinib therapy, 40 started
adjuvant imatinib. One patient refused to receive imatinib after
surgery, and the other patient could not take imatinib due to

postoperative morbidity. As a result, 38 of 40 patients (95%)
continued adjuvant imatinib therapy at least during the first year
after surgery. At the median follow-up of 32 months, the 2-year
overall survival rate in the FAS was 98% (95% CI, 95–100%;
Figure 3A). The 2-year progression-free survival rate in the FAS
was 89% (95% CI, 81–98%; Figure 3B). Of the 48 patients who
underwent R0 resection, tumour recurrence occurred in seven
patients. The sites of recurrence were the liver (n¼ 5), peritoneum
(n¼ 2), and local (n¼ 2) (two patients had duplicated sites).

DISCUSSION

A previous phase III study (Z9001) proved that adjuvant imatinib
treatment for 1 year significantly prolonged recurrence-free survival,
but eventually 60% of patients with GISTs larger than 10 cm showed
recurrence within 3 years (Dematteo et al, 2009). Another phase III
study (EORTC62024) comparing 2-year adjuvant imatinib with
surgery alone found that nearly half of high-risk GIST patients
showed recurrence within 6 years even after 2-year adjuvant
imatinib (Casali et al, 2015). These results may indicate that the
strategy of adjuvant treatment is insufficient to cure patients with
high-risk GISTs. Cure of GISTs can only be obtained by ‘true’
complete resection. However, neoadjuvant imatinib treatment may
shrink tumour size remarkably and prevent tumour rupture during
surgery, and thus lead to increased rates of complete resection.
Indeed, the median shrinkage rate in this study was 35.4%, and no
patients showed growth of primary tumours while receiving
neoadjuvant treatment. Furthermore, neoadjuvant imatinib could
preserve the functioning of tumour-involved organs in many
patients. Although our study included only large tumours (median,

Table 2. Adverse events during neoadjuvant imatinib treatment (n¼53)

No. of patients (%)

Events Grade 1 Grade 2 Grade 3 Grade 4 All grade Grade 3-4
Neutropenia 16 (30%) 18 (34%) 2 (4%) 2 (4%) 38 (72%) 4 (8%)

Leukopenia 9 (17%) 16 (30%) 2 (4%) 0 27 (51%) 2 (4%)

Anaemia 29 (55%) 20 (38%) 1 (2%) 0 50 (94%) 1 (2%)

AST 15 (28%) 0 0 0 15 (28%) 0

ALT 14 (26%) 1 (2%) 0 0 15 (28%) 0

Creatinine 9 (17%) 0 0 0 9 (17%) 0

Oedema (head & neck) 35 (66%) 3 (6%) 0 0 38 (72%) 0

Rash 11 (21%) 8 (15%) 5 (9%) 0 24 (45%) 5 (9%)

Oedema (limb) 20 (38%) 1 (2%) 0 0 21 (40%) 0

Anorexia 13 (25%) 3 (6%) 0 0 16 (30%) 0

Nausea 13 (25%) 3 (6%) 0 0 16 (30%) 0

Vomiting 10 (19%) 2 (4%) 1 (2%) 0 13 (25%) 1 (2%)

Diarrhoea 6 (11%) 3 (6%) 0 0 9 (17%) 0

Abdominal pain 8 (15%) 1 (2%) 0 0 9 (17%) 0

Pneumonitis 0 1 (2%) 1 (2%) 0 2 (4%) 1 (2%)

Fever 1 (2%) 1 (2%) 0 0 2 (4%) 0

Mucositis 2 (4%) 0 0 0 2 (4%) 0

Febrile neutropenia 0 0 1 (2%) 0 1 (2%) 1 (2%)

Hypoxia 0 0 1 (2%) 0 1 (2%) 1 (2%)

CNS ischaemia 0 0 0 1 (2%) 1 (2%) 1 (2%)

Dizziness 0 0 1 (2%) 0 1 (2%) 1 (2%)

Pruritus 0 1 (2%) 0 0 1 (2%) 0

Adverse events were evaluated according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 3.0. Lower limits of grade 0 for leukopenia and neutropenia
were defined as 3,300/mm3 and 2,000/mm3, while those for anaemia were 13.7 g/dl (for men) and 11.6 g/dl (for women).
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12 cm), B80% of the patients achieved preservation of at least half
of the stomach, and only three patients (6%) underwent total
gastrectomy. Our results suggesting that the beneficial effect of
neoadjuvant imatinib is inconsistent with the results of a Japanese
multi-institutional retrospective study showing that 17 (23%) of 73
patients with large (X10 cm) gastric GIST required total gastrect-
omy (Wada et al, 2014).
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Figure 2. Waterfall plot of the ranked best tumour shrinkage after neoadjuvant imatinib.

Table 3. Surgical and pathological findings

(n¼50)

Operation time (min)
Median 150.5
Range 63–373
IQR 101–229.3

Blood loss (ml)
Median 50
Range Little – 2200
IQR Little – 272.5

Type of gastrectomy
Partial 42 (84%)
Proximal 5 (10%)
Total 3 (6%)

Combined resection of other organs (excluding the gallbladder)
No 38 (76%)
Yesa 12 (24%)

Spleen 9
Distal pancreas 3
Transverse colon 2
Liver 2

Completeness of surgery
R0 48 (96%)
R1 1 (2%)
R2 1 (2%)

Preservation of at least half of the stomach with R0 resection
Yes 42 (84%)
No 8 (16%)

Tumour size (cm)
Median 8.0
Range 4.7–20.0
IQR 7.5–11.8

Histologically confirmed metastasis
None 47 (94%)
Peritoneum 3 (6%)

Mitotic count
o 5/50 HPF 42 (84%)
5–9/50 HPF 3 (6%)
X 10/50 HPF 5 (10%)

Abbreviations: IQR¼ interquartile range; HPF¼high-power field.
aSome cases were duplicated.
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Figure 3. Kaplan–Meier estimates of (A) overall survival and (B)
progression-free survival for 53 patients in the full analysis set.
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The duration of neoadjuvant imatinib administration is
important to obtain sufficient response. In a previous phase II
study (RTOG0132) patients received neoadjuvant imatinib for only
8–12 weeks (median, 9.9 weeks), and the R0 resection rate was only
68% (21/31) despite the smaller tumour size (median, 8.7 cm)
compared to our study (Wang et al, 2012). In a previous
randomised study of first-line imatinib treatment (B2222) for
patients with unresectable or metastatic GISTs, 75% of patients
who achieved PR needed 5.3 months to obtain their response
(Blanke et al, 2008). A Japanese phase II study for patients with
unresectable or metastatic GIST also revealed that the cumulative
response rate reached a plateau after 200 days (Nishida et al, 2008).
Based on these results, we judged that 6 months is the minimum
duration of neoadjuvant imatinib therapy needed to obtain a
certain volume reduction of GISTs. In another phase II study
(APOLLON) evaluating the efficacy of neoadjuvant imatinib for 6
months in patients with various types (size, risk classification,
tumour location) of potentially resectable GIST, the R0 resection
rate was 71% (32/45) (Hohenberger et al, 2012). The R0 resection
rate without tumour rupture (91%) in our study was higher than
that in any other neoadjuvant or adjuvant studies (Hohenberger
et al, 2012; McCarter et al, 2012; Wang et al, 2012; Casali et al,
2015), although our study included larger GISTs. Thus, we
considered that the main reason for the high R0 resection rate
were the long duration of neoadjuvant imatinib therapy. However,
it is important to consider the risk of tumour progression during
long treatments, because one patient whose tumour demonstrated
a KIT exon 11 mutation showed new peritoneal metastasis on CT
after 8 months of neoadjuvant imatinib in spite of high imatinib
plasma trough level (5,284 ng/ml at 6 months).

This study was originally designed with 2-year progression-free
survival rate as the primary end point. In 2012, a phase III study
(SSGXVIII/AIO) showed that 3-year adjuvant imatinib improved
survival in high-risk GIST patients compared with 1-year adjuvant
imatinib (Joensuu et al, 2012). After September 2012, therefore,
this study protocol recommended administering adjuvant imatinib
for 3 years. This extended treatment duration may have easily
affected the initial primary end point of 2-year progression-free
survival. Response rate according to RECIST is the most frequently
used end point in phase II studies of neoadjuvant treatment for
solid tumours, but it may not be appropriate for response
evaluation of imatinib for GIST (Benjamin et al, 2007). Thus, the
primary end point in this study was changed to R0 resection rate in
July 2013 according to the recommendation from the Steering
Committees of both the Japanese Study Group on GIST and the
Korean GIST Study Group. The prognostic impact of R0 resection
in the management of localised GIST has been well recognised
(Miettinen and Lasota, 2006b; Dematteo et al, 2008; Joensuu,
2008).

This study has several limitations. First, it was a single-arm non-
randomised study and the follow-up period was short. As many
patients developed recurrence after the termination of adjuvant
imatinib in previous studies (Corless et al, 2014; Casali et al, 2015;
Joensuu et al, 2016), we could not determine the survival benefit of
neoadjuvant treatment in this study. Second, subjects were limited
to those with GIST of the stomach. Since long-term survival and
R0 resection rate strongly depend on GIST location (Dematteo
et al, 2008; Joensuu et al, 2012), the selection of only gastric GIST
in our study might have contributed to the high R0 resection rate.
GIST of the rectum or duodenum may be a good target population
for neoadjuvant imatinib, because preservation of organ function is
more critical in these patients. However, evaluation of organ
function preservation may differ among organs. Furthermore,
small bowel GIST may be associated with KIT exon 9 mutation and
may require higher dose imatinib. Future studies are warranted to
evaluate the benefit of neoadjuvant imatinib in patients with GIST
of other organs. Finally, this study did not require mutation

analysis before enrolment, but eventually most cases showed KIT
exon 11 mutation, which might have led to the high R0 resection
rate. The response of imatinib treatment can be predicted by
genotyping (Heinrich et al, 2003; Debiec-Rychter et al, 2006).
Indeed, one patient skipped treatment after enrolment in this study
and went straight to surgery because PDGFRA exon 18 D842V
mutation was found before the initiation of neoadjuvant imatinib.
However, two patients with wild-type GIST underwent neoadju-
vant imatinib for 6–9 months without disease progression followed
by R0 resection. Although mutation analysis using biopsy speci-
mens is sometimes difficult or may require much time before
results are obtained, we recommend it before starting neoadjuvant
imatinib if it is available.

To our knowledge, this phase II study is the only reported
multinational prospective study to prove the efficacy of neoadju-
vant imatinib administered for 6–9 months in patients with large
gastric GIST. We ultimately obtained a much higher R0 resection
rate (91%) than expected. The toxicity was tolerable, and it did not
increase postoperative complications. These findings suggest that
neoadjuvant imatinib for 6–9 months would be a promising
treatment in patients with high-risk GISTs. Neoadjuvant imatinib
may provide certain benefit for patients with GIST small in size
and a high mitotic count. However, we cannot obtain accurate
mitotic counts using preoperative biopsy specimens due to tumour
heterogeneity (Yasui et al, 2006; Nishida et al, 2008). We also think
that patients with huge tumour may have more benefit from
neoadjuvant treatment than those with small GIST, because
shrinkage of tumour size by neoadjuvant imatinib may lead to
both prevention of tumour rupture during surgery and preserva-
tion of stomach function due to avoiding total gastrectomy. The
mitotic count in the resected specimens may have decreased as
treatment effect, and could potentially affect subsequent decision-
making of adjuvant imatinib in clinical practice. Although the lack
of reliable mitotic counts may result in overtreatment of some
patients, tumour size of 10 cm or larger seemed to be one of the
most useful criterion to determine the indication for neoadjuvant
imatinib.
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