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A B S T R A C T

Purpose
Response Evaluation Criteria in Solid Tumors (RECIST) are insensitive in evaluating imatinib-
treated gastrointestinal stromal tumors (GISTs). Response by Choi criteria, a 10% decrease in size
or a 15% decrease in density on contrast-enhanced CT, correlated well in a small training set of
patients who showed response as measured by positron emission tomography, and was more
predictive of time to tumor progression (TTP) than response by RECIST. This study was designed
to validate these observations in an independent data set.

Patients and Methods
Fifty-eight patients with imatinib-treated GISTs were evaluated by RECIST and Choi criteria. TTP
was compared with TTP in the training set. Patients were analyzed initially with follow-up to 28
months, extended to 60 months for survival analysis.

Results
Patients who met Choi response criteria on CT at 2 months had significantly better TTP than those
who did not (P � .0002), whereas response group by RECIST was not significantly correlated with
TTP. Even when the 98 patients from both sets were analyzed together, the response group by
RECIST did not correlate significantly with TTP, whereas response group by Choi criteria did
correlate significantly with TTP. Disease-specific survival (DSS) was also significantly correlated
with response group by Choi criteria (P � .04), but not with response group by RECIST.

Conclusion
Choi response criteria are reproducible, more sensitive, and more precise than RECIST in
assessing the response of GISTs to imatinib mesylate. Response by Choi criteria, unlike response
by RECIST, correlates significantly with TTP and DSS. Response by Choi criteria should be
incorporated routinely into future studies of GIST therapy. We should desist using RECIST, at least
in GIST.

J Clin Oncol 25:1760-1764. © 2007 by American Society of Clinical Oncology

INTRODUCTION

Recent studies have demonstrated that Response
Evaluation Criteria in Solid Tumors (RECIST) are
insensitive in evaluating gastrointestinal stromal tu-
mors (GISTs) treated with imatinib.1-3 We have an-
alyzed a group of 40 patients who underwent
baseline and 2-month follow-up evaluation by com-
puted tomography (CT) and positron emission to-
mography (PET). We demonstrated that response
by Choi criteria, a 10% decrease in unidimensional
tumor size or a 15% decrease in tumor density on
contrast-enhanced CT, correlated well with good
response by PET and was more predictive of time
to tumor progression (TTP) than response by
RECIST.4,5 Our reviewers appropriately pointed out
that our findings should be confirmed in an inde-
pendent data set before broad conclusions are made.
Therefore, the purposes of this study were to validate

the correlation with TTP in an independent data set
and, if validated, to perform an analysis on the com-
bined group of patients, update the follow-up, and
perform a survival analysis.

PATIENTS AND METHODS

Of the 109 patients treated for recurrent or metastatic
GIST at our institution from December 2000 to September
2001, 40 patients were included in our training set because
they had additional PET imaging. In 11 patients we did not
have baseline and 2-month follow-up CTs that could be
evaluated for response by Choi criteria, leaving a new
group of 58 patients who were evaluated by contrast-
enhanced CT, referred to as the test set. All patients had
pretreatment and 2-month follow-up CTs. All patients
were observed up to 28 months. Follow-up was not up-
dated for this analysis to ensure accurate comparison with
our initial patient group. Subsequently, follow-up was up-
dated up to 60 months for survival analysis. CT images
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were evaluated for response by a single medical oncologist (R.S.B.) using
RECIST and Choi criteria. Whenever response classification was not obvious,
images were evaluated by a single radiologist (H.C.), who made the final
assessment. Images were reviewed on a clinical patient information system
(ClinicStation; University of Texas M.D. Anderson Cancer Center, Houston,
TX) that uses Stentor image analysis software (Stentor Inc, Brisbane, CA). TTP
was determined by Kaplan-Meier analysis and compared within each response
group with the training set by log-rank testing.

RESULTS

Response rates by RECIST and Choi criteria are listed in Table 1 for
the initial training set of 40 patients, the test set of 58 patients, and
the entire group of 98 patients. When the test set was evaluated by
RECIST, there were 28 (48%) responders and 30 (52%) nonre-
sponders. When evaluated by Choi criteria, there were 49 (84%)
responders and nine (16%) nonresponders. Similar findings were
seen in the training set and the entire group.

TTP was analyzed in all patients in the training set and the test
set, and the comparisons were broken down further by Choi re-
sponse category (Fig 1). There was no difference in the TTP for all
patients or either subset, demonstrating the reproducibility of the
technique. We had demonstrated previously that patients from our
training set who met Choi response criteria on CT at 2 months after
treatment had significantly better TTP than those who did not,
unlike patients with response by RECIST, whose TTP was not
significantly improved.5 Similarly, patients from the test set who
met Choi response criteria on CT at 2 months after treatment had
significantly better TTP than those who did not have significantly
better TTP (P � .0002), whereas response by RECIST was not
significantly correlated with TTP (Fig 2). Even when the entire 98
patients were analyzed together, RECIST did not correlate signifi-
cantly with TTP, whereas Choi criteria did correlate significantly
with TTP (Fig 3). Despite an almost doubling of the response rate
from 46% to 83% using Choi criteria rather than RECIST, the
clinical benefit of response is not diminished. As shown in Figure 4,
TTP for responders was identical whether defined by Choi criteria
or RECIST. Rather, if patients not qualifying for partial response by
RECIST are considered nonresponders, as is traditionally the case,
then RECIST was not sensitive in detecting patients truly not
benefiting from therapy.

We subsequently updated follow-up on all patients to analyze
survival. First, we confirmed that with increased follow-up time, pa-
tients with good response by Choi criteria on CT at 2 months after
treatment had significantly better TTP than those who did not

(P � .01), whereas response by RECIST was not significantly corre-
lated with TTP (P � .74). We then performed a survival analysis, but
censored patients dying without evidence of disease progression at the
time of last follow-up, given that a good response to treatment could
not be expected to prevent death from drug toxicity or causes unre-
lated to GIST. Patients with good response by Choi criteria had signif-
icantly improved disease-specific survival (P � .04) in contrast to
those with complete or partial response at any time by RECIST
(P � .45; Fig 5).

Table 1. Response Rates of GIST to Imatinib by Choi Criteria and RECIST
by Patient Group

Response

Training Set
(n � 40)

Test Set
(n � 58)

All Patients
(N � 98)

Choi RECIST Choi RECIST Choi RECIST

Responders 32 17 49 28 81 45
Nonresponders 8 23 9 30 17 53
Response rate, % 80 43 84 48 83 46

Abbreviations: GIST, gastrointestinal stromal tumor; RECIST, Response
Evaluation Criteria in Solid Tumors.
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Fig 1. Time to tumor progression in the training set (40 patients) and the test set
(58 patients). (A) All patients; (B) patients with good response; (C) patients with
poor response.
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DISCUSSION

Choi response criteria, incorporating tumor density and using small
changes in tumor size on CT, are more sensitive and more precise than
RECIST in assessing the response of GISTs to imatinib mesylate. The
response rate of GIST to imatinib by Choi criteria in our entire 98-
patient group (83%) is the same as the response rate by PET in our
training set (83%), is almost double the response rate by RECIST
(46%), and correlates more significantly with TTP and survival. Thus
these new, now validated, criteria should be used, rather than RECIST,
in future studies of patients with GIST.

The tumor response to treatment traditionally has been evalu-
ated solely on the basis of tumor size, whereas Choi criteria employ
both size and another quantitative parameter, tumor density. The
tumor size criteria of RECIST, although carefully conceived to make
a partial response mean the same thing whether determined from
unidimensional measurements or bidimensional measurements, are
totally arbitrary. The requirement of a 50% shrinkage of a bidimen-
sionally measured mass was based on the limitations of physical ex-
amination, the main technique available to assess solid tumors in the
1960s, when these criteria were initially conceived,6 and the 1970s,
when they were verified quantitatively.7 Now that we can measure the

size of lesions with a precision of tenths of millimeters with a computer
on cross-sectional images, such as CT or MRI, the restrictions of
current response criteria should be re-examined.

RECIST has been validated to correlate with older criteria
(WHO) using bidimensional measurements in thousands of pa-
tients with solid tumors,8 but it has not been validated in respond-
ing patients with GIST; even if GIST patients were included in the
28 sarcoma patients evaluated in that series, it is unlikely that any
would have responded before the advent of imatinib. It is ironic
that imatinib received US Food and Drug Administration approval
based on its response rate (by modified WHO criteria, on which
RECIST was based).

Furthermore, the prognostic value of a response to therapy by
RECIST has not been evaluated carefully in any situation. A partial
response to therapy should be a surrogate marker for clinical bene-
fit.6,8 Such benefit is best measured by duration of tumor control (ie,
TTP or survival), at least where only the therapeutic intervention
under study has any impact. Furthermore, response should be assess-
able early in the majority of patients to influence decision making
about continuation or discontinuation of therapy.
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Fig 2. Time to tumor progression in good and poor responders in the test set.
(A) Response by Choi criteria; (B) response by Response Evaluation Criteria in
Solid Tumors. When the tumor response was evaluated on the basis of Choi
response criteria, a significant difference was observed in the long-term progno-
sis between the good and poor responders (P � .0002) for up to 28 months.
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Fig 3. Time to tumor progression in good and poor responders in the entire
group of 98 patients by response criteria. (A) Response by Choi criteria; (B)
response by Response Evaluation Criteria in Solid Tumors (RECIST). When the
tumor response was evaluated on the basis of Choi response criteria, a
significant difference was observed in the long-term prognosis between the
good and poor responders (P � .0002) for up to 28 months, but even with the
increased number of patients, no significant difference was observed between
good and poor responders by RECIST (P � .1).
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We are not the first to point out the deficiencies of RECIST.
Ratain and Eckhardt,9 proponents of the randomized discontinu-
ation trial design, have pointed out that “a drug may be active
without consistent achievement of high-level tumor regression.”
Michaelis and Ratain10 also noted that “end points are needed that
can be measured earlier than survival and that can more reliably
predict phase III outcome.” The Choi criteria address both of
these concerns.

The RECIST article represents very careful consideration on
the part of its authors.8 It states that cystic lesions are not measur-
able. One of the underlying assumptions in all systems of tumor
measurement is that tumor size is directly proportional to the
number of tumor cells. In responding patients with GIST (and
often other sarcomas; osteosarcoma is a notable example), the
change in tumor size clearly is not proportional to the number of
cells. There can be increasing areas of apparent cyst formation in
previously solid tumors. How should one measure the size of these
now-unmeasurable lesions? The Choi criteria, which evaluate tu-
mor density quantitatively, address this deficiency of using tumor

size as the only parameter of response evaluation. This approach is
totally in keeping with the suggestions of the RECIST article, which
states, “the guidelines proposed in this document are not meant to
discourage the development of new tools that may provide more
reliable surrogate end points than objective tumor response for
predicting a potential therapeutic benefit for cancer patients.”8

Choi criteria may also apply to other sarcomas, especially at meta-
static sites other than the lungs, and to cytotoxic therapy as well as
targeted therapy, as observed by one of the authors (R.S.B., unpub-
lished comment). Similar findings in patients with myxoid liposarcoma
treated with trabectedin were presented at the 2006 Annual Meeting
of the American Society of Clinical Oncology by Grosso et al.11

Choi criteria might apply to other tumor types as well. A notable
example is renal carcinoma. Treatment with sorafenib produced no-
table clinical benefit without a meaningful response rate by RECIST,
causing the investigators to find alternative means to measure the
benefit. In the randomized discontinuation study by Ratain et al, 12 the
response rate by traditional criteria was only 4%. The authors, how-
ever, considered a 25% decrease in bidimensional measurements
(equivalent to a 13.4% decrease in unidimensional measurements) as
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Fig 4. Time to tumor progression in the entire group of 98 patients by response
evaluated by Choi criteria or Response Evaluation Criteria in Solid Tumors
(RECIST). (A) Good response; (B) poor response. Whether the tumor response
was evaluated on the basis of Choi response criteria or RECIST, there was no
difference observed in the long-term prognosis between the good responders,
despite the increased frequency of good response by Choi criteria. In contrast,
poor responders by Choi criteria had significantly shorter time to tumor progres-
sion (P � .0002) than those with poor response by RECIST.
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sufficient evidence of benefit to continue treatment of all patients who
met that criterion, and randomly assigned only patients with less than
25% decrease to receive sorafenib or placebo. Even in the patients
randomly assigned to treatment, TTP was significantly longer in pa-
tients randomly assigned to sorafenib. These data suggest that a sub-
stantial number of patients considered nonresponders by RECIST
actually benefited from therapy.

Similarly, the phase III study of sorafenib reported by Escudier
had a RECIST response rate of only 2%.13 We were struck that the
images shown of responding patients were similar to those of respond-
ing patients with GIST. The tumors showed decreased contrast en-
hancement and small decreases in size. Similar changes were noted
with sunitinib in renal carcinoma14,15 and in other tumors.15 Al-
though we cannot assess tumor density quantitatively from published
or presented data, we can assess tumor shrinkage from the presented
waterfall plots. Analyzing tumor response in the sorafenib phase III
study13 by Choi size criteria, we calculated that the response rate in
patients treated with sorafenib was 44% compared with 7% for those
treated with placebo. That difference, which might have been even
greater had changes in tumor density been considered, is highly statis-
tically significant (P � .0001).

In conclusion, CT assessment is a sensitive and specific
method to assess the response of metastatic GISTs to imatinib if
evaluated by Choi criteria: a decrease in tumor size of � 10% or a
decrease in tumor density of � 15%. We have demonstrated that
these CT criteria have reproducible correlation with TTP, as well as
disease-specific survival. RECIST substantially underestimated, es-
pecially at the early stage of treatment, the effect of imatinib on
metastatic GIST, and was a poor predictor of clinical benefit. We
should desist using RECIST, at least in GIST. Choi criteria should
be investigated in other solid tumors.
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