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A B S T R A C T

Purpose
The ACOSOG (American College of Surgeons Oncology Group) Z9001 (Alliance) study, a
randomized, placebo-controlled trial, demonstrated that 1 year of adjuvant imatinib prolonged
recurrence-free survival (RFS) after resection of primary GI stromal tumor (GIST). We sought to
determine the pathologic and molecular factors associated with patient outcome.

Patients and Methods
There were 328 patients assigned to the placebo arm and 317 to the imatinib arm. Median patient
follow-up was 74 months. There were 645 tumor specimens available for mitotic rate or
mutation analysis.

Results
RFS remained superior in the imatinib arm (hazard ratio, 0.6; 95% CI, 0.43 to 0.75; Cox model–adjusted
P � .001). On multivariable analysis of patients in the placebo arm, large tumor size, small bowel
location, and high mitotic rate were associated with lower RFS, whereas tumor genotype was not
significantly associated with RFS. Multivariable analysis of patients in the imatinib arm yielded similar
findings. When comparing the two arms, imatinib therapy was associated with higher RFS in patients
with a KIT exon 11 deletion of any type, but not a KIT exon 11 insertion or point mutation, KIT exon 9
mutation, PDGFRA mutation, or wild-type tumor, although some of these patient groups were small.
Adjuvant imatinib did not seem to alter overall survival.

Conclusion
Our findings show that tumor size, location, and mitotic rate, but not tumor genotype, are associated
with the natural history of GIST. Patients with KIT exon 11 deletions assigned to 1 year of adjuvant
imatinib had a longer RFS.

J Clin Oncol 32:1563-1570. © 2014 by American Society of Clinical Oncology

INTRODUCTION

GI stromal tumors (GISTs) are the most common
mesenchymal tumors in the GI tract. Approxi-
mately 85% of these tumors are driven by an onco-
genic mutation in either of two homologous kinase
genes, KIT or PDGFRA. On the basis of clinical trials
conducted during the past decade, the use of inhib-
itors targeted to these two receptor tyrosine kinases
is now the established therapy for patients with un-
resectable or advanced disease.1-5 Specifically, ima-
tinib is used as the initial therapy. Sunitinib is
indicated for patients who experience disease pro-
gression during imatinib therapy or cannot tolerate
the drug. The use of these inhibitors has extended
the overall survival (OS) of patients with advanced

disease from an average of 18 months to almost 5
years,6 and there are long-term survivors (more than
12 years of active treatment) with measurable resid-
ual disease.

The results of the Z9001 trial led to approval of
the use of imatinib in the adjuvant setting by the US
Food and Drug Administration and the European
Medicines Agency. However, questions remained as
to which patients with GISTs were most likely to
benefit from adjuvant treatment, because surgery
alone cures 45% to 60% of patients with primary
GISTs.7-9 On the basis of many retrospective series,
the three pathologic parameters that best define the
risk of disease recurrence are mitotic rate, tumor
size, and tumor location.7,10,11 Several risk assess-
ment strategies based on these parameters have been
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proposed,12,13 including the scheme developed at the Armed Forces
Institute of Pathology (AFIP), which has been endorsed by the Amer-
ican Joint Commission on Cancer and is widely used.14,15 In addition
to these three parameters, several studies have shown that recurrence
is more likely when tumors harbor a KIT exon 11 deletion as com-
pared with another type of exon 11 mutation (point mutation or
insertion), harbor a mutation in KIT exon 9, or lack a KIT or PDGFRA
mutation.16,17 In particular, KIT exon 11 deletions involving codons
557 and/or 558 were associated with aggressive disease.17-20

In our initial report on the Z9001 trial, median follow-up was
19.7 months.21 Here we present long-term (median, 74 months) data
and include an analysis of mitotic rate and tumor mutation status.
Central pathology review and screening for KIT and PDGFRA gene
mutations were part of the study protocol. Of 713 enrolled patients,
complete pathologic data were obtained for 90% of the tumors, and
genotypes were determined for 71%. The placebo arm of the trial
included more than 300 patients, providing a unique opportunity to
examine the natural history of GIST in a prospective manner and to
determine if pathologic and genotypic characteristics were associated
with disease recurrence. The relationship between tumor genotype
and benefit of adjuvant imatinib was also examined.

PATIENTS AND METHODS

Patients

Enrollment criteria and details on the study population for the Z9001
trial were previously reported.20 Briefly, patients who underwent complete

gross resection (R0 or R1) of a � 3-cm primary GIST that was KIT positive by
immunohistochemistry were eligible for the trial if they were registered within
70 days after surgery. Each participant signed an institutional review board–
approved, protocol-specific informed consent for specimen collection in ac-
cordance with federal and institutional guidelines. Patients were assigned, in a
double-blind manner, to receive either imatinib at 400 mg daily or placebo for
a period of 1 year. Patients underwent follow-up with computed tomography
or magnetic resonance imaging scans every 3 months for the first 2 years, every
6 months for the next 3 years, and then yearly until year 10. Patients in the
placebo arm were able to receive imatinib on tumor recurrence, and patients in
the imatinib arm were able to resume imatinib if they developed recurrence
after completing the study drug.

Pathology

A retrospective central review of all primary resection specimens was
included in the initial part of the trial.21 Recorded pathologic parameters
included tumor size (assessed at the originating institution either before or
after fixation) and anatomic location. Subsequently, one hematoxylin and
eosin–stained slide from each specimen was used to determine the mitotic rate.
Mitotic counts were performed by one of two pathologists (C.L.C., V.K.) on a
Leica DMLB microscope (Leica Microsystems, Wetzlar, Germany); 65% of the
specimens were counted by C.L.C. Tumor sections were first surveyed to
identify areas with the greatest mitotic activity, and mitoses were then counted
using a 40� objective lens across 50 high-power fields (hpfs), which totaled
11.87 mm2. Only unequivocal mitotic figures in areas of well-fixed tumor were
counted; care was taken to avoid counting artifacts resembling mitotic figures,
such as apoptotic nuclei or infiltrating lymphocytes. Forty-five randomly
selected slides were separately counted by both pathologists, and the interob-
server correlation was excellent (Pearson r � 0.94; no statistical difference by
Wilcoxon signed rank test [P � .49]).

Patients registered
(N = 778)

Patients with random 
   assignment error 

(n = 60)

Discontinued treatment early
   Adverse events
   Disease recurrence
   Patient withdrawal
   Other/missing reasons

(n = 97)
(n = 57)
(n = 1)

(n = 15)
(n = 24)

Events
   Recurrence
   Death after recurrence
   Death without recurrence

(n = 103)
(n = 70)
(n = 22)
(n = 11)

Patients registered after 
   4/12/2007

(n = 5)

Randomly assigned
   to imatinib
     Received treatment
     Did not receive treatment
     Ineligible

(n = 359)

(n = 337)
(n = 22)
(n = 32)

Discontinued treatment early
   Adverse events
   Disease recurrence
   Patient withdrawal
   Other/missing reasons

(n = 87)
(n = 11)
(n = 41)
(n = 20)
(n = 15)

Events
   Recurrence
   Death after recurrence
   Death without recurrence

(n = 134)
(n = 96)
(n = 30)
(n = 8)

Randomly assigned
   to imatinib
     Received treatment
     Did not receive treatment
     Ineligible

(n = 354)

(n = 345)
(n = 9)

(n = 33)

Patients randomly assigned
(n = 713)

Fig 1. CONSORT diagram.
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Genotyping

Genotyping was carried out in a Clinical Laboratory Improvement
Amendments–licensed, College of American Pathologists–accredited
laboratory. DNA was extracted from tumor-rich areas macrodissected from
unstained sections of archival formalin-fixed, paraffin-embedded tissue.
Selected exons of KIT (9,11,13,17) and PDGFRA (12,14,18) were am-
plified by polymerase chain reaction and screened for sequence altera-
tions by high-resolution melting curve analysis on an LC480
Lightcycler (Roche Applied Science, Penzberg, Germany). Primer se-
quences and polymerase chain reaction conditions are detailed in the
Data Supplement. All mutations were confirmed by bidirectional
Sanger sequencing as previously described.22

Statistics

Statistical analyses were performed by the Alliance Statistics and Data
Center. The database was locked on December 5, 2012. The primary end point
for this analysis was recurrence-free survival (RFS), which was defined as the
time from patient registration to the development of tumor recurrence or
death resulting from any cause. If patients were recurrence free, they were
censored at the time of last follow-up for disease recurrence. OS was defined as
the time from study registration to death resulting from any cause. Patients
who were alive at the time of last follow-up were censored. Patients who
crossed over to the imatinib arm were not censored at the time of crossover for
either RFS or OS.

Categorical variables between groups were compared with a �2 test, and
continuous variables were compared with a two-sample t test. RFS and OS
experiences were summarized with Kaplan-Meier curves and compared with
log-rank tests. Univariable and multivariable Cox regression models were used
to determine associations between variables of interest (tumor size, tumor
location, mitotic rate, and tumor genotype) and outcome variables (RFS and
OS). All of the Cox regression models included treatment as a time-dependent
variable for patients who crossed over from placebo to imatinib. The strengths
of the associations were summarized with a hazard ratio (HR) and corre-
sponding 95% CI. The analyses were performed with SAS software (version

9.3; SAS Institute, Cary, NC), and all tests were two sided. P values less than .05
were considered statistically significant.

RESULTS

Adjuvant Imatinib Improves RFS But Not OS

Of the 713 patients in the intent-to-treat population (Fig 1), 68
did not have either mitotic rate or genotype available and were re-
moved, leaving 645 patients (328 in the placebo arm, 317 in the
imatinib arm) for additional analyses. Patient characteristics and
pathologic features of the tumors were comparable between the two
arms, including tumor size, location, and mitotic rate (Table 1). As
illustrated in Figure 2A, RFS remained superior in the imatinib arm at
longer follow-up (HR, 0.6; 95% CI, 0.43 to 0.75; Cox model adjusted
P � .001). These data were not censored for crossover after the trial
was unblinded. However, the findings were similar if censoring was
included (data not shown). There was no significant difference in OS
between the two arms (Fig 2B).

Pathologic Parameters Correlating With RFS in the

Placebo Group

In our initial report, RFS was related to tumor size in both study
arms.7 With longer follow-up in the placebo group, large tumor size
continued to be associated with shorter RFS on multivariable analysis
(P � .001; Table 2; Data Supplement). In the multivariable model,
patients who had tumors in the small intestine had shorter RFS than
patients with gastric tumors (P � .023). Meanwhile, mitotic rate was

Table 1. Clinicopathologic Characteristics

Characteristic

All Patients (N � 645)
Placebo Arm

(n � 328)
Imatinib Arm

(n � 317)

PNo. % No. % No. %

Age, years
Median 58 58 59
Range 18-91 18-91 18-88

Male sex 334 51.8 180 54.9 154 48.6 .11
Tumor size, cm .94

Median 6.5 6.5 6.5
Range 3-43 3-43 3-37
� 5 174 27.0 89 27.1 85 26.8
5-10 307 47.6 154 47.0 153 48.3
� 10 164 25.4 85 25.9 79 24.9

Mitotic rate, No. per mm2 (n � 620) (n � 317) (n � 303) .95
Median 3 3 3
Range 0-351 0-351 0-289
� 5 per 11.87 390 62.9 199 62.8 191 63.0
� 5 per 11.87 230 37.1 118 37.2 112 37.0

Tumor location (n � 644) (n � 328) (n � 316) .16
Stomach 402 62.4 218 66.5 184 58.2
Small intestine 204 31.7 93 28.4 111 35.1
Rectum 9 1.4 5 1.5 4 1.3
Other 29 4.5 12 3.7 17 5.4

Margins (n � 644) (n � 327) (n � 317) .16

R0 (microscopic margin negative) 589 91.5 304 93.0 285 89.9
R1 (microscopic margin positive) 55 8.5 23 7.0 32 10.1

Pathologic and Molecular Correlates of GIST

www.jco.org © 2014 by American Society of Clinical Oncology 1565



strongly associated with RFS (P � .001; Table 2; Fig 3A). On multi-
variable analysis, patients with tumors with more than 10 mitoses had
an HR of 7.81 (95% CI, 4.42 to 13.83).

A protocol for assessing the risk of GIST recurrence published by
Miettinen et al15 at the AFIP has been endorsed by the American Joint
Committee on Cancer for use in routine pathology reports on primary
GISTs. A critical element of the AFIP protocol, which was developed
from large retrospective studies, is a mitotic-rate cutoff of � five
mitoses per 50 hpfs, where 50 hpfs is defined as an area of 5 mm2. Our
analysis was performed using a more modern model of microscope
with a larger field of view, such that 50 hpfs corresponded to 11.87
mm2. By recursive partitioning, the single best mitotic-rate cutoff for
predicting the risk of recurrence in the Z9001 placebo group was � 9.5
per 11.87 mm2. Notably, the HR at this cutoff was not that different
from � 5 per 11.87 mm2 (9.3 v 8.8 on univariable analysis). Interest-
ingly, 9.5 mitoses across 11.87 mm2 correspond to 4.0 mitoses in 5
mm2, which is similar to � 5 mitoses per 50 hpfs defined in the AFIP
protocol. Thus, the outcomes of the prospectively observed Z9001
placebo group seem to confirm the AFIP cutoff of � 5 mitoses per
5 mm2.

Analysis of Tumor Mutation Status in the

Placebo Group

The frequency of KIT and PDGFRA mutations seemed to be
similar between the trial arms (Table 3). As expected, KIT exon 11
mutations were the most common, followed by wild-type and
PDGFRA-mutant tumors.2,3 KIT exon 9 mutations (6.9% overall)
were somewhat less common than reported in trials conducted
among patients with advanced disease (9% to 11%), but consistent
with studies of primary tumors.2,3,23

We performed a number of analyses of patients on the placebo
arm. The differences in RFS among patients grouped as having a KIT
exon 9–mutant, KIT exon 11–mutant, PDGFRA-mutant, or wild-
type tumor (Fig 3B) were not statistically significant. However, pa-
tients with a KIT exon 11 deletion seemed to have worse outcome on
univariable analysis (HR, 2.46; 95% CI, 1.19 to 5.10; P� .005), but this
association was lost on multivariable analysis (HR, 1.44; 95% CI, 0.68
to 3.06; P � .41; Table 2; Fig 3C). There did not seem to be a difference
in RFS between patients with KIT exon 11 insertions or KIT exon 11
point mutations and those with wild-type tumors (Fig 3C). There
were two recurrences among 12 patients with PDGFRA D842V–
mutant tumors, as compared with four recurrences among 15 patients
with other PDGFRA mutations.

Pathologic Parameters Correlating With RFS in the

Imatinib Group

As in the placebo group, tumor size, small bowel location, and
mitotic rate were independently associated with RFS on multivariable
analysis (Table 2). Mitotic rate had the largest observed effect, with
those with a mitotic rate � 10 per 11.87 mm2 having an HR of 4.97
(95% CI, 2.77 to 8.94). However, as before, tumor genotype was not
significantly associated with RFS on multivariable analysis (P � .13).

Effect of Adjuvant Imatinib Depends on

Tumor Genotype

RFS for patients with a KIT exon 11 mutation was longer in the
imatinib group than in the placebo group (P � .001; Fig 4). However,
the differences in RFS between patients with a KIT exon 9 mutation
and wild-type tumor did not seem to be significantly associated with
treatment (Data Supplement), although the lack of association may
have been the result of limited power. Meanwhile, there was a trend
toward imatinib benefit in patients with PDGFRA-mutant tumors
(Data Supplement). Among the subsets of KIT exon 11 mutations,
adjuvant imatinib seemed to increase RFS in patients with deletions
covering codons 557 and/or 558 (P � .0027; Data Supplement), as
well as other types of deletions not including these codons (P � .0036;
Data Supplement). In contrast, adjuvant imatinib did not significantly
alter RFS in patients with a KIT exon 11 insertion or point mutation
(Data Supplement).

DISCUSSION

The initial results of the Z9001 trial showed that the risk of recurrence
after resection of a primary GIST was significantly reduced after as-
signment to 1 year of postoperative imatinib compared with placebo.
These results are now confirmed with a longer median follow-up of 74
months. Although it is clear that adjuvant treatment can delay recur-
rence, our data do not demonstrate that recurrence can be altogether
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prevented with just 1 year of treatment. OS was not different between
the two groups, most likely because imatinib is an effective salvage
therapy on disease recurrence, and recurrence is detected early when
patients undergo serial radiologic surveillance. In this regard, it is
interesting to compare the results of the SSG (Scandinavian German)
XVIII adjuvant trial of 1 year versus 3 years of imatinib.9 In that trial,
RFS was significantly better in the 3-year arm. OS was increased, but

the event rate was low (9.3%), and there was no statistical difference in
disease-specific survival. Therefore, although adjuvant imatinib can
suppress residual microscopic disease for certain tumor genotypes, it
may not be curative, at least in any substantial proportion of patients.

Determining which patients are mostly likely to experience dis-
ease recurrence or spread is the major challenge when considering the
use of adjuvant therapy. The placebo group in the Z9001 trial provided
a unique opportunity to assess the pathologic and genotypic features
that best correlate with RFS, because this was the largest prospectively
observed cohort reported to date, to our knowledge. As expected, we
found that mitotic rate was the single best predictor of tumor behav-
ior. Our statistically derived cutoff of 9.5 mitoses per 11.87 mm2 is
equivalent to four mitoses per 5 mm2 tumor area, which is similar to
the cutoff of � five mitoses per 5 mm2 used in the AFIP risk assess-
ment scheme. In addition, we confirmed that tumor size was a signif-
icant risk factor, as was small bowel location, consistent with
prior reports.11,17

With regard to tumor genotype and disease recurrence in the
placebo group, we observed that tumors with a KIT exon 11 deletion
of any type were significantly more likely to recur, as compared with
wild-type tumors. However, this finding was not present on multivari-
able analysis. Among patients with a KIT exon 11–mutant tumor,
those in the imatinib arm had significantly longer RFS compared with
patients in the placebo arm. However, this effect was accounted for by
those with KIT exon 11 deletions. In contrast, RFS for the subsets of
patients with exon 11 point mutations and insertions was not statisti-
cally affected by treatment, even though these types of mutations have
been shown to respond in the advanced disease setting.2,3

There was no statistical difference in RFS for patients with KIT
exon 9–mutant GISTs treated with imatinib versus placebo. However,
the number of patients was relatively small, and patients were not
evenly distributed between the two arms (placebo, n � 22 v imatinib,
n � 13). Interestingly, in the SSG XVIII adjuvant trial, there was no
statistical difference between 1 year versus 3 years of imatinib among
patients with a KIT exon 9 mutation, whereas the KIT exon
11–mutant patients clearly benefited from longer therapy.9 It
should be noted, however, that in both the SSG XVIII and Z9001
trials, patients were treated with only the standard dose of 400 mg
per day. In the setting of advanced disease, RFS for patients with a
KIT exon 9 –mutant GIST is significantly longer when patients are
treated with 800 mg per day of imatinib as compared with 400 mg
per day.4 The Z9001 trial was initiated before this information was
available, and it remains possible that use of a higher imatinib dose
would be more effective in the adjuvant setting.

Patients with wild-type GISTs did not seem to benefit from
adjuvant therapy. The two arms were well balanced for these tumors,
and one might therefore conclude that wild-type patients should be
excluded from treatment after primary surgery. However, a number
of recent publications have established that wild-type GISTs constitute
a heterogeneous group. Between 7% and 15% of these tumors harbor
an activating mutation in BRAF, and additional small percentages
have an NF1 or RAS gene mutation.24-27 Approximately 40% of wild-
type GISTs show loss of SDHB protein expression, and half of these
tumors harbor one or more mutations in SDHA, SDHB, SDHC, or
SDHD.28-32 Sensitivities of these different molecular subtypes of wild-
type GIST to imatinib treatment are not established. Additional stud-
ies are needed to better define the management of wild-type tumors in
both the adjuvant and advanced disease settings.
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Fig 3. Effect of (A) mitotic rate and (B, C) genotype on recurrence-free survival
in placebo group. del, deletion; ins, insertion; PM, point mutation; WT, wild type.
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Recent reports of treatment-naive, KIT-mutant GISTs have un-
covered coexisting downstream mutations in some patients.27,33 Al-
though infrequent, mutations in KRAS (5%), BRAF (2%), and
PIK3CA (1%) may confer primary resistance to imatinib and other
inhibitors. These observations add to the complexity of the molecular
genetics of GISTs and underscore the importance of routine genotyp-
ing in the management of these tumors, whether in the adjuvant or
advanced disease setting. There were too few PDGFRA-mutant GISTs
in our study to determine a benefit of adjuvant therapy in this group,
but the most common PDGFRA mutation, D842V, is fully resistant to
imatinib in vitro and correlates with lack of response to this drug in
patients with advanced disease.34,35

In summary, the Z9001 trial has demonstrated the importance of
tumor size, location, and mitotic rate in the risk of disease recurrence,
both in patients in the placebo arm and the imatinib arm. Surprisingly,
tumor mutation status did not independently affect RFS in either the
placebo or imatinib arm. Furthermore, there was a clear benefit of
adjuvant imatinib in patients with KIT exon 11 deletions.
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Table 3. Tumor Genotypes

Mutation Status

Placebo Arm (n � 258) Imatinib Arm (n � 249) All Patients (n � 507)

No. % No. % No. %

KIT exon 9 22 8.5 13 5.2 35 6.9
KIT exon 11 171 66.3 170 68.3 341 67.3

Any deletion 92 35.7 92 37.0 184 36.3
Deletion of codons 557 and/or 558 56 21.7 51 20.5 107 21.1
Deletion not including codon 557 or 558 36 14.0 41 16.5 77 15.2
Insertion 25 9.7 21 8.4 46 9.1
Point mutation 54 20.9 57 22.9 111 21.9

KIT exon 13 6 2.3 3 1.2 9 1.8
KIT exon 17 0 0.0 1 0.4 1 0.2
PDGFRA 27 10.5 30 12.0 56 11.2

D842V 12 4.6 15 6.0 27 5.3
Not D842V 15 5.8 15 6.0 30 5.9

WT 32 12.4 32 12.8 64 12.6

Abbreviation: WT, wild type.
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