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This study was implemented to compare the value of PET,
CT, and dual-modality PET/CT imaging for assessing gastro-
intestinal stromal tumor (GIST) response to imatinib therapy.
Methods: Twenty patients with histologically proven GIST
underwent 18F-FDG PET/CT imaging before and 1, 3, and 6
mo after the start of imatinib therapy. Separate PET and CT
datasets, side-by-side PET and CT datasets, and fused
PET/CT images were evaluated according to World Health
Organization, Response Evaluation Criteria in Solid Tumors,
and European Organisation for Research and Treatment of
Cancer criteria for therapy response. Hounsfield units (HU)
were assessed on CT images. A mean follow-up period of
381 � 134 d served as the standard of reference. Results:
The numbers of lesions detected in all patients were 135 with
PET, 249 with CT, 279 on side-by-side evaluation, and 282 on
fused PET/CT images. Tumor response was correctly char-
acterized in 95% of patients after 1 mo and 100% after 3 and
6 mo with PET/CT. PET and CT images viewed side by side
were correct in 90% of patients at 1 mo and 100% at 3 and
6 mo. PET accurately diagnosed tumor response in 85% of
patients at 1 mo and 100% at 3 and 6 mo. CT was found to
be accurate in 44% of patients at 1 mo, 60% at 3 mo, and
57% at 6 mo. HU were found to decrease by at least 25% in
12 of 14 responders after 1 mo. Conclusion: Tumor response
to imatinib should be assessed with a combination of mor-
phologic and functional imaging. Image fusion with combined
PET/CT can provide additional information in individual cases
when compared with side-by-side PET and CT.
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Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal tract.
Approximately 70% of all GISTs are found in the stomach,
20% originate from the small intestine, and only 10% are
found elsewhere (1). GISTs are known to be chemoresistant
and insensitive to irradiation (2). In the past, the lack of
therapeutic options in inoperable and metastatic disease
caused a generally poor prognosis in patients with GISTs.
Recent studies, however, showed promising results when
treating GIST tumors with imatinib (STI 571, Glivec,
Gleevec; Novartis Pharmaceuticals), a newly developed ty-
rosine kinase inhibitor (3–6). Gain-of-function mutations,
usually found in exons 11 and 9 of c-kit, a tyrosine kinase
receptor uniformly expressed in GIST, lead to ligand-inde-
pendent receptor activation (7,8). This mutant receptor is
found in approximately 90% of all patients with GIST and
is thought to be the main reason for malignant transforma-
tion as well as tumor growth in these patients (8,9). Imatinib
can inhibit tumor growth in GIST patients by competitive
interaction at the adenosine triphosphate (ATP)–binding
site of the c-kit receptor (10). Initial clinical studies de-
scribed clinical responses and long-lasting disease stabili-
zation in the vast majority of patients (3,4).

For optimal clinical outcome, the effect of imatinib on
tumor morphology and function needs to be defined as soon
as possible after the start of therapy. Early detection of
tumor response ensures effective therapy, whereas stable
disease or even tumor progression may require an increase
in dosage. Initial studies have shown high18F-FDG uptake
of untreated GIST on PET imaging (5,11). PET was shown
to be superior to CT in detection of the earliest functional
parameters indicative of tumor response induced by ima-
tinib therapy (5,11,12). Other studies have documented tu-
mor response to be associated with a significant decrease in
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CT attenuation values (13,14). Assessment of Hounsfield
unit (HU) morphology, therefore, may improve the accu-
racy of assessing GIST tumor response.

Fusing the morphologic and functional datasets may pro-
vide further diagnostic confidence (15–17). Faulty coregis-
tration as a result of motion-induced misalignment in the
abdomen and chest has, so far, limited all software-based
image fusion tools (15). This limitation can be overcome by
an inline PET/CT imaging system, which provides coregis-
tered morphologic and functional datasets as part of a single
examination (15,18). Combined PET/CT imaging, thus,
may provide a valuable tool for the assessment of therapy
response to imatinib.

The aims of the current analysis were (1) to assess typical
alterations on PET and CT images after initiation of ima-
tinib therapy in patients with GIST, (2) to compare the value
of PET and CT imaging in early detection of tumor response
to imatinib therapy, and (3) to determine the benefit of fused
PET/CT imaging compared with PET or CT alone as well as
with PET and CT viewed side by side.

MATERIALS AND METHODS

Twenty patients (mean age, 60 y; range, 39–77 y) diagnosed
with GIST were referred for whole-body dual-modality PET/CT
imaging (Table 1). The primary tumor was located in the stomach
in 12 patients, in the small intestine in 7 patients, and in the
mesentery in 1 patient. Patient referral was based on histopatho-
logic verification of GIST, either from primary tumor or biopsy of
a metastasis. Imaging procedures were performed before initiation

of imatinib therapy and at 1, 3, and 6 mo afterward. A follow-up
of 381 � 134 d served as the standard of reference. Data analysis
was performed retrospectively in 20 consecutive patients who had
all undergone initial PET/CT before the start of imatinib therapy.
Imaging procedures were not available from all patients at all time
points. The total number of examinations was 20 at baseline, 20 at
1 mo, 10 at 3 mo, 9 at 6 mo, and 20 for the long-term follow-up
used as a standard of reference in conjunction with the clinical
data. Thus, analysis was based on 79 examinations performed as
part of this study.

The study was conducted in full accordance with guidelines
issued by the local institutional review board. Written informed
consent was obtained from all patients for the imaging procedures
with simultaneous administration of oral and intravenous CT con-
trast agents as well as 18F-FDG for PET.

Treatment Protocol
Patients were treated with 400 mg imatinib daily. Those patients

with obvious shrinkage of tumor load or significant loss of 18F-
FDG utilization were continued on the treatment with the same
dose. In accordance with international recommendations, imatinib
dosage was increased in steps to 600 and 800 mg/d in 4 patients
with stable or enlarging tumor volumes (19). The remaining 16
patients were treated with the standard dose of 400 mg imatinib
daily.

PET/CT Imaging
Dual-modality PET/CT imaging was performed on a biograph

(Siemens Medical Solutions), which includes a dual-slice helical
CT scanner (Somatom Emotion; Siemens) and a full-ring PET
scanner (ECAT HR�; Siemens). The biograph provides 2 separate
datasets for CT and PET that can be accurately coregistered on a

TABLE 1
Clinical Data from 20 Patients with GIST Undergoing Imatinib Therapy

Patient
Age
(y) Sex

Location of
primary Metastases

No. of metastases
at baseline
(PET/CT)

Follow-up
period (d)

Response to
treatment

1 49 M Stomach Liver, lymph node, lung 29 506 No
2 56 F Stomach Lymph node 1 358 Yes
3 59 M Small bowel Liver, lymph node, lung 19 301* No
4 59 F Small bowel Liver, lymph node, lung 17 402 Yes
5 75 M Small bowel Lymph node 6 473 Yes
6 63 M Stomach Liver, lymph node 8 385 Yes
7 65 F Stomach Liver, lymph node, lung 10 395 No
8 39 M Stomach Liver 9 422 Yes
9 52 M Stomach Liver, lymph node 6 361 Yes

10 77 F Stomach Liver, lymph node, adrenal gland 8 150* No
11 64 M Stomach Liver 59 662 Yes
12 44 M Small bowel Liver, lymph node, lung 27 368 Yes
13 44 F Small bowel Lymph node 8 514 Yes
14 66 F Stomach Liver 5 665 Yes
15 65 M Small bowel Liver, lymph node 8 279 Yes
16 69 M Stomach Lymph node 1 295 Yes
17 67 F Stomach Liver 16 268 Yes
18 64 M Stomach Liver 12 221 Yes
19 63 F Mesentery Liver, lymph node 10 233 Yes
20 64 F Small bowel Liver 23 358 Yes

*Patient died.
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workstation featuring syngo software (Siemens). PET and CT
datasets were viewed separately, side by side, and in fused mode
for comparison when assessing tumor response to imatinib.

The CT component provided a minimum gantry rotation time of
800 ms and a maximum scan time of 100 s. CT images were
acquired with 130 mAs, 130 kV, a slice width of 5 mm, and a table
feed of 8 mm/rotation. For vascular and parenchymal delineation,
140 mL of an iodinated contrast agent (Xenetix 300, 300 mg
iodine/mL; Guerbet GmbH) were administered intravenously at 3
mL/s (start delay, 30 s) with an automated injector (XD 5500;
Ulrich Medical Systems). Sufficient small-bowel delineation was
accomplished by administration of either 1,000 mL barium at a
concentration of 1.5 g barium sulfate/100 mL (Micropaque CT;
Guerbet GmbH) or by ingestion of a solution containing 0.2%
locust bean gum and 2.5% mannitol diluted in 1.5 L water. A
respiration protocol providing a limited breath-hold was used to
avoid motion-induced artifacts in the area of the diaphragm (20).
All patients were instructed to breath shallowly during CT acqui-
sition of the head and neck and upper thorax. To avoid motion-
induced misregistration around the diaphragm, all patients were
instructed to breathe out at the level of the lower thorax and hold
their breath in expiration during image acquisition in the lower
thorax and the liver. Patients were then allowed to continue breath-
ing shallowly. After acquisition of the CT data, the patient table
automatically moved farther into the gantry for the PET examina-
tion.

PET imaging was conducted 60 min after the administration of
a mean dose of 358 MBq 18F-FDG (�42 MBq). Patients had been
instructed to fast for a minimum of 4 h before the examinations. To
document normal blood glucose levels, blood samples were ob-
tained before the tracer injection. The PET component of the
combined imaging system represented a full-ring tomograph with
an inplane spatial resolution of 4.6 mm and an axial field of view
of 15.5 cm for 1 bed position. The acquisition time for PET was
adapted according to the patients’ weight. Emission time was 3
min in patients weighing �65 kg, 4 min in patients weighing
65–85 kg, and 5 min in patients weighing �85 kg. PET images
were corrected for attenuation on the basis of the CT data (21), and
iterative reconstruction algorithms with 2 iterations and 8 subsets
were performed. Data were filtered and scatter corrected.

To ensure accurate staging of GIST, the first PET/CT exami-
nations extended from the head to the upper thighs (whole body)
in all patients. The scanning range of follow-up examinations was
limited to areas of known tumor manifestations. To detect poten-
tially developing new distant metastases, a whole-body scan was
repeated every 3 mo. Every patient underwent whole-body
PET/CT for the long-term follow-up study.

Data Analysis
PET images were read by 2 nuclear medicine physicians, and

CT datasets were evaluated by 2 general radiologists in consensus.
Evaluating physicians were unaware of results in the other imaging
modality. After separate image evaluation, PET and CT datasets
were read side by side without image fusion on 2 separate screens
by a radiologist and a nuclear medicine physician in consensus.
PET and CT images were viewed side by side after the images had
been misregistered manually along the x-, y-, and z-axes. Further-
more, CT and PET image sizes were altered to match the typical
clinical sizes in which CT and PET are usually supplied. (The
misregistration procedure was performed by a physician not in-

volved in image evaluation.) Finally, fused PET/CT datasets were
viewed by the same physicians in consensus.

PET images were evaluated for regions of increased tracer
uptake. Up to 5 target lesions were defined. If more than 5 lesions
were detected on the baseline scan, the evaluating physician se-
lected 5 lesions with the highest 18F-FDG uptake on visual image
evaluation as target lesions. Maximum standard uptake values
(SUVs) were determined for tracer uptake quantification. SUVs
were calculated in the usual fashion:

SUV �
lesion activity concentration �MBq/mL�

injected 18F-FDG dose �MBq�/patient’ s weight �g�
.

The region of interest to measure the maximal SUV was drawn
to include the whole lesion. The sum of all SUVs from target
lesions was determined, and comparison of PET examinations was
performed based on these SUV sums. After the baseline study in
each of the PET/CT scans, the same target lesions were measured
for assessment of tumor response. The longest diameters of target
lesions also were measured and documented for follow-up evalu-
ation. Lesion sizes were determined using a threshold of 50% of
the maximum SUV for background subtraction. All other lesions
were defined to be nontarget lesions, and their number was docu-
mented. The treatment effect of imatinib therapy was characterized
according to the recommendations of the European Organisation
for Research and Treatment of Cancer (EORTC) PET study group
(22). Complete metabolic response was said to be achieved when
SUVs of all lesions were decreased to or below normal values of
surrounding tissue. Partial metabolic response was defined as an
SUV reduction of �25%, whereas SUV measurements within
�25% of the initial value were considered to represent stable
disease. Disease progression was manifest if SUV increases in
target lesions exceeded 25%, 18F-FDG uptake increased by more
than 20% in the longest diameter, or new lesions were detected.

Responses to therapy on CT images were classified according to
the World Health Organization (WHO) guidelines and the Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) (23,24). Up
to 5 target lesions were defined for each patient on the baseline
scan. Lesion size was documented as either the sum of the longest
diameter of all target lesions (RECIST) or the sum of the square
products of all target lesions (WHO). Sums of target lesions of all
examinations were compared with the baseline study. Criteria for
evaluating target lesions for tumor treatment response are shown in
Table 2. The number of nontarget lesions was determined on every
examination, and tumor response was evaluated as follows: com-
plete response � no lesion detectable; partial response � de-
creased number of nontarget lesions; stable disease � no change in
number of nontarget lesions; and progression � increased number
of nontarget lesions. In cases of diffuse pulmonary or mesenteric
metastases with nodules �10 mm in size, lesions were defined as
“nonmeasurable,” and qualitative evaluation was conducted on
every follow-up examination. A complete response was defined as
nondetectable disease, and a partial response was defined as a
decrease in the number of lesions. Absence of change was defined
as stable disease, and an increase in metastatic lesions character-
ized tumor progression. In addition to WHO- and RECIST-based
lesion size assessments, HU measurements were performed on all
target lesions in all examinations. Patients were considered re-
sponders if HU decreased by �25%. The threshold of 25% was
determined based on previously published data (13,14).
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When evaluating PET and CT images side by side and on fused
PET/CT images, the effect of imatinib therapy was determined on
the basis of CT and PET criteria described previously. In instances
in which morphologic and functional data resulted in different
classifications of tumor response, a consensus was found using the
following criteria. If either morphologic or functional data indi-
cated progressive disease, response was classified as progressive
disease. When one reading was no change and the other was
complete response, the consensus was called partial response. If
CT or PET rated no change but the other imaging modality
indicated partial response, the final decision was based on CT HU.
Decreasing HU indicated response, whereas unchanged HU char-
acterized no change (14).

In addition to evaluation of the different imaging procedures,
the following items were correlated separately with the standard of
reference to assess their individual value in determining tumor
response to therapy: SUV on PET images, lesion size on PET and
CT (for CT evaluation by WHO and RECIST criteria), the number
of lesions on PET and CT, and HU on CT. After evaluation of all
images, a follow-up reading was performed to verify the detected
metastases on a lesion-by-lesion basis using all available radio-
logic procedures.

Standard of Reference
A mean follow-up time of 381 � 134 d after completion of the

6-mo period served as the standard of reference. This follow-up
encompassed all available clinical data, including physical exam-
inations, laboratory tests, and radiologic imaging procedures (CT,
MRI, PET/CT). A PET/CT examination with a whole-body field of
view was available in all patients at long-term follow-up. For
definition of the standard of reference, all patients were rated as
responders or nonresponders by a tumor board consisting of a
nuclear medicine physician, a radiologist, and an oncologist. The
tumor board was supplied with all clinical and radiologic data.
Members of the tumor board were not involved in image evalua-
tion for the study. Patients were characterized as responders or
nonresponders according to WHO and RECIST criteria on mor-
phologic imaging as well as EORTC criteria on functional data by
comparing the radiologic study performed at the end of the fol-
low-up period with the initial study at baseline (before the start of
the therapy).

Statistical Analysis
To compare the effectiveness of the different imaging combi-

nations, data were divided into categories of responders (partial
response and complete response) and nonresponders (no change

and progressive disease). � values for determination of agreement
of the different imaging procedures at different time points with
the gold standard were calculated with SPSS software (SPSS,
Inc.). McNemar’ s test was used to compare differences between
the imaging procedures in determination of therapy response.

RESULTS

Primary Staging
PET/CT revealed more metastases from GISTs when

compared with other imaging procedures. The number of
lesions detected with PET/CT on the baseline scan in the 20
patients was 282. Side-by-side image evaluation detected
279, whereas PET alone revealed only 135 lesions. CT
imaging revealed 249 lesions. Hence, CT proved superior to
PET (P � 0.001), whereas side-by-side PET and CT and
fused PET/CT datasets were superior to CT alone (P �
0.001). Finally, the difference between PET/CT viewed side
by side versus fused PET/CT datasets was not significant. In
1 patient, however, the primary tumor could be detected
only on fused PET/CT datasets (Fig. 1). Twenty-nine le-
sions in the lung and 118 lesions in the abdomen were
missed with PET alone. Of those missed by PET alone in
the abdomen, 21 were mistaken for physiologic bowel up-
take and, thus, were misdiagnosed. The remaining 97 ab-
dominal metastases not detected with PET did not demon-
strate pathologically increased tracer uptake. Twenty-two
lesions detected on PET had been missed on CT alone. At
baseline, CT did not detect any lesions in 2 patients (patients
2 and 16 in Table 1). Thus, assessment of tumor response by
CT was limited to the 18 CT-positive patients.

Evaluation of Tumor Response
Overall Tumor Response. Dual-modality PET/CT imag-

ing correctly characterized response to imatinib therapy in
more patients than the other imaging modalities. Combined
PET/CT was correct in 95% of patients after 1 mo and in
100% of patients after 3 and 6 mo. Side-by-side evaluation
of PET and CT images accurately characterized tumor re-
sponse in 90% of patients after 1 mo and 100% of patients
after 3 and 6 mo. One patient falsely characterized as a
responder by side-by-side PET and CT was correctly iden-
tified as a nonresponder by fused PET/CT datasets. Correct

TABLE 2
Assessment of GIST Response to Imatinib Based on WHO and RECIST Criteria

Response

Criteria

WHO RECIST

Complete response No lesions detectable on follow-up No lesions detectable on follow-up
Partial response Target sum reduction of �50% Target sum reduction of �30%
No change

Minor response Target sum reduction of �25% but �50% Target sum reduction of �30%, unchanged,
or increase of �20%

Stable disease Target sum reduction of �25%, unchanged,
or increase of �25%

Target sum reduction of �30%, unchanged,
or increase of �20%

Progressive disease Target sum increase of �25% Target sum increase of �20%
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assessment of tumor response with fused PET/CT was
based on accurate image fusion of an area of increased
18F-FDG uptake in a lymph node. 18F-FDG uptake had been
misdiagnosed as physiologic bowel activity on both PET
and side-by-side PET and CT, and the lymph node had not
been diagnosed as a metastasis because of its small size on
CT and side-by-side PET and CT. PET imaging correctly
characterized response to imatinib in 85%, 100%, and

100%, whereas CT imaging viewed on its own was found to
be correct in 44%, 60% and 57% of patients at 1, 3, and 6
mo, respectively (Fig. 2). � values and levels of significance
comparing the different imaging procedures with the gold
standard are shown in Table 3. Although differences be-
tween CT and PET (P � 0.001), CT and side-by-side
evaluation (P � 0.001), and CT and PET/CT (P � 0.001)
were shown to be significant after 1 mo, no statistically

FIGURE 1. Patient (49 y old; patient 1 in Table 1) with hepatic metastases from GIST and unknown site of the primary tumor. (A)
On transverse CT images, the primary tumor at the lesser curvature of the stomach (arrow) was mistaken for a bowel loop. (B) When
evaluating PET data separately, focally increased glucose metabolism of the primary lesion was thought to be a hepatic metastasis
in the left liver lobe. (C) Diagnosis was accomplished by image fusion (PET/CT) and later confirmed on biopsy.

FIGURE 2. Transverse CT, PET, and
fused PET/CT images of 67-y-old woman
(patient 17 in Table 1) with hepatic metas-
tasis (arrows in A and B) from GIST before
and 1 mo after the start of imatinib therapy.
(A and B) On CT images, size-based re-
sponse evaluation rated no change, whereas
the decrease in intralesional attenuation in-
dicated response to treatment. (C and D)
Based on PET images, response was rated
as complete. (E and F) On combined PET/
CT, response was classified as partial (no
change on CT and complete response on
PET). The standard of reference character-
ized this patient as a responder.
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significant difference could be found between CT and the
other imaging procedures after 3 or 6 mo. Differences
between PET, side-by-side evaluation, and PET/CT were
not statistically significant on all examination days.

Standard Uptake Value. Although evaluation of both
lesion size and the number of lesions on PET images
showed good agreement with the overall tumor response on
PET, determination of only the sum of SUVs from all target
lesions led to 3 false-positives after 1 mo and 1 false-
positive after 3 mo. False-positive interpretation was based
on decreasing SUVs after the start of the therapy in patients
later diagnosed as nonresponders by the standard of refer-
ence (Fig. 3). This affected the overall PET assessment after
1 mo, thus decreasing the � value (Tables 3 and 4). At 3 mo,
however, patients were correctly diagnosed as nonre-
sponders on overall PET evaluation as a result of the de-
tection of additional lesions.

Lesion Size and Number of Lesions. On PET imaging,
determination of lesion size as well as evaluation of the
number of lesions proved to be reliable tools for assessing
tumor response to imatinib (Table 4). On CT images, how-
ever, lesion-size–based response assessment indicated only
poor agreement with the standard of reference without sta-
tistical significance on all examination days (Table 4).
When comparing WHO and RECIST criteria for determi-
nation of tumor response on CT images, WHO correctly
determined response to therapy as partial response in 1
patient graded as no change with RECIST after 1 mo. On
further comparison, WHO and RECIST led to equal assess-
ment of tumor response. Differentiation of no change into
minor response and stable disease, as is performed when
assessing tumor response according to WHO criteria, how-
ever, did correctly predict response to treatment in 5 patients
graded as minor response after 1 mo. Two patients charac-
terized as minor response after 1 mo proved to be nonre-
sponders on further follow-up. Unmasking of formerly iso-

TABLE 3
Agreement of Imaging Procedures

with the Standard of Reference

Modality

Time of imaging
after therapy

(mo) � value
P value

of �

CT (WHO) 1 0.151 NS
3 0.310 NS
6 0.222 NS

CT (RECIST) 1 0.108 NS
3 0.310 NS
6 0.222 NS

PET 1 0.348 0.04
3 1.0 0.001
6 1.0 0.005

CT and PET
side by side 1 0.615 0.003

3 1.0 0.001
6 1.0 0.005

PET/CT 1 0.828 �0.001
3 1.0 0.001
6 1.0 0.005

Data are based on comparison of the different imaging proce-
dures with the standard of reference. Statistical significance of the
agreement between the different imaging procedures and the stan-
dard of reference were demonstrated with P values. P � 0.05 was
considered to be statistically significant.

NS � not significant.

FIGURE 3. Retroperitoneal lymph node
metastasis before initiation of imatinib
therapy (arrows in A and B) in 65-y-old
woman (patient 7 in Table 1). Pathologic
glucose metabolism decreased 1 mo after
the start of imatinib therapy (D) when com-
pared with the pretreatment scan (B). The
SUV of the lesion dropped by 27%, thus
indicating therapy response. (C) On CT im-
ages, no change was diagnosed, with an
insignificant increase in lesion size. On fur-
ther follow-up, this patient proved to be a
nonresponder.
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dense lesions by therapy-induced decreasing attenuation
rendered assessment of tumor response with CT difficult in
6 patients after 1 mo (Fig. 4). By reevaluation of the
baseline studies, however, false interpretation as tumor pro-
gression could be avoided.

Hounsfield Units. Assessment of HU on CT images dem-
onstrated a reduction of attenuation of at least 25% within
metastatic lesions 1 mo after initiation of therapy in 12 of 14
patients responding to treatment, compared with unchanged
or increasing HU in nonresponders (Table 4). Low attenu-
ation was distributed homogeneously in all lesions in 11
patients, demonstrating complete necrosis, whereas 1 pa-
tient had mainly central necrosis. Low attenuation values
within the lesions persisted for the duration of the follow-up
examinations. Two patients rated as responders showed
unchanged HU after 1 mo. In one of these patients, HU
eventually decreased on follow-up, whereas HU remained
in steady state in the other patient. Mean HU decreased from

53 � 14 on the baseline scan to 30 � 13 (1 mo), 24 � 18
(3 mo), and 24 � 9 (6 mo) in responding patients. In the
nonresponding group, mean HU were 51 � 18 at baseline,
followed by 61 � 18 (1 mo), 68 � 14 (3 mo), and 57 � 20
(6 mo).

DISCUSSION

Functional imaging proved significantly more accurate
than CT alone when assessing GIST response to imatinib on
all examination days. Compared with PET alone and side-
by-side PET and CT, dual-modality PET/CT imaging de-
tected more lesions on the baseline scans and demonstrated
higher accuracy in determining tumor response after 1 mo
of treatment. PET/CT imaging can be considered a reliable
tool for assessment of GIST response to imatinib and, where
available, should be used for evaluation of tumor response.

PET imaging was a sensitive tool for early characteriza-
tion of GIST response to imatinib. As noted in previous
reports, responding patients were found to have decreasing
or missing pathologic 18F-FDG utilization within metastases
or the primary tumor 1 mo after the start of the therapy
(11–13). PET imaging, therefore, must be regarded as an
essential component when assessing tumor response to ima-
tinib. However, evaluation of tumor response with PET
imaging alone led to 3 false-positive ratings after 1 mo and
1 false-positive rating after 3 mo. In these patients, a de-
crease in the sum of SUVs from target lesions was found,
falsely indicating response to therapy. A mismatch of CT
and PET images in the area of the diaphragm may affect
PET tracer quantification when CT-based PET attenuation
correction is used. In all of these patients, however, CT and
PET images were accurately aligned without detection of
motion artifacts. Thus, an image mismatch resulting from a
difference of respiration states during CT and PET does not
serve as an explanation for the decrease in 18F-FDG uptake.
In 1 of these patients, side-by-side evaluation of PET with
CT images correctly characterized this patient as a nonre-
sponder by revealing newly developing PET-negative le-
sions. Fused PET/CT images were able to correctly charac-
terize 2 of these patients as nonresponders. Although these
differences did not prove to be statistically significant, they
illustrate that the combined availability of functional PET

TABLE 4
Agreement of Characteristics on PET and CT

with the Standard of Reference

Modality Characteristic

Time of imaging
after therapy

(mo) � value
P value

of �

CT HU 1 0.727 0.001
3 0.783 0.011
6 1.0 0.008

PET No. of lesions 1 0.828 �0.001
3 1.0 0.001
6 1.0 0.005

PET Lesion size 1 0.828 �0.001
3 1.0 0.001
6 1.0 0.005

PET SUV 1 0.348 0.04
3 0.744 0.011
6 1.0 0.005

Characteristics on CT and PET evaluation and their agreement
with the standard of reference when assessed separately for tumor
response to imatinib. Statistical significance of the agreement be-
tween the different imaging procedures and the standard of refer-
ence were demonstrated with P values. P � 0.05 was considered to
be statistically significant.

FIGURE 4. Transverse CT images of 39-
y-old man (patient 8 in Table 1) before (A)
and 1 mo after (B) the start of imatinib
therapy. Unmasking of a formerly isodense
hepatic metastasis (arrow in A) by decreas-
ing attenuation resulted from therapy-in-
duced liquefaction (arrow in B). This finding
must not be misinterpreted as a newly de-
veloped lesion, thus characterizing tumor
progression.
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and morphologic CT data enhances the ability to determine
tumor response compared with PET alone. Adding CT data
to PET increases the diagnostic accuracy by detecting ad-
ditional lesions.

The main limitation of PET imaging alone is related to
respiratory motion. A considerable number of pulmonary
lesions as well as lesions in the upper abdomen were missed
on PET alone. It has been shown that respiratory motion
leads to smearing of 18F-FDG uptake, rendering detection of
smaller pulmonary lesions difficult (25). The same effect
must be considered in the upper abdomen, where respiratory
motion of parenchymal organs may limit detectability of
small lesions on PET alone. Simultaneous availability of
morphologic data acquired in breath-hold technique in-
creases lesion detectability over PET imaging alone. The
minimum standard for assessment of GIST response to
imatinib, therefore, should be side-by-side evaluation of CT
and PET images. However, the number of lesions detected
on the baseline scan must be interpreted with caution, be-
cause histopathologic verification was not available in all
metastases. Based on ethical limitations, not all small le-
sions can be verified histopathologically in patients with
multiple metastases. Furthermore, biopsy of small lesions
may be technically difficult to perform. Therefore, lesion
verification was based on radiologic follow-up.

When assessing the value of CT imaging in determining
tumor response to imatinib, � values indicated only low
agreement when compared with the standard of reference.
Thus, evaluation of tumor response to imatinib should not
be based solely on morphologic CT criteria. This finding is
in agreement with other reports that demonstrated only poor
correlation between CT imaging and tumor response
(11,26). Comparing response assessments based on WHO
and RECIST criteria demonstrated similar results when
characterizing tumor response. There may, however, be a
benefit to adding a subcategory of minor response for early
assessment of tumor response, as is part of the WHO
criteria. Minor response was indicative of tumor response in
5 patients, and in 2 patients it proved falsely positive (non-
responders). Larger patient cohorts are required to assess the
value of this subcategory when determining tumor response
to imatinib.

A decrease in attenuation values of metastases was found
in most responding patients 1 mo after initiation of imatinib
therapy. These data are in good agreement with findings by
Chen et al. (14), who demonstrated cystic changes within
hepatic lesions in 4 patients undergoing imatinib therapy.
These cystic alterations reflect liquefaction of hepatic me-
tastases. Liquefaction of metastases, however, may impose
interpretation problems, because previously inapparent iso-
dense metastases may be unmasked and impress the ob-
server as newly developed lesions. This interpretation prob-
lem was manifest at 1 mo in 6 patients. In these patients,
baseline studies had to be reevaluated closely to avoid
characterization of tumor response as progression.

Assessment of HU proved reliable when evaluating tu-
mor response. An attenuation decrease of more than 25%
was found within target lesions at 1 mo in 12 of 14 patients
responding to therapy. All patients rated as nonresponders
showed unchanged or even increasing HU values. Similar
results have been reported by Choi et al. (13). Without
discriminating responders from nonresponders, a mean HU
decrease of 16.5% was documented. Determination of HU,
therefore, seems to be a valuable indicator for tumor re-
sponse to treatment as early as 1 mo after therapy. Based on
the results of this study, a reduction of HU greater than 25%
indicates tumor response to therapy. Neither WHO nor
RECIST criteria include assessment of HU. Integration of
HU into CT evaluation, therefore, is recommended when
determining the effect of imatinib on GIST.

An important issue when assessing HU is contrast agents,
which were applied in all patients. Contrast is desirable for
CT evaluation, because it may show more metastases than
are detected on unenhanced CT. Differing amounts of con-
trast agents, however, may lead to misinterpretation of HU
when comparing CT studies. An additional nonenhanced
CT scan may be performed before applying intravenous
contrast agents, but this incurs additional radiation exposure
to the patient. The evaluating physician, therefore, should
ensure that a similar dosage of intravenous contrast agent is
administered at every examination. Preliminary evaluations
of intravenous contrast agents in PET/CT imaging have
revealed PET artifacts in areas of contrast agent bolus
passage in thoracic veins, whereas no artifacts could be
detected in other parts of the body (27). Thus, a significant
effect of intravenous contrast agents on PET images when
assessing metastases from GIST is not to be expected.

Comparison of dual-modality PET/CT imaging with side-
by-side PET and CT image evaluation did not reveal a
statistically significant difference when assessing tumor re-
sponse to imatinib. Of course, this comparison was subject
to a minor bias based on the way images were acquired and
evaluated. The acquisition of separate CT and PET datasets
is usually performed on 2 imaging systems. The resulting
datasets will differ in field of view, respiration state, and
location of movable organs. These differences may render
side-by-side evaluation difficult. Images viewed side by
side in our study were acquired on the same imaging sys-
tem. The field of view was the same for PET and CT, and
a special PET-adapted respiration protocol was performed
during acquisition of the CT (19). Moreover, organ shift
was minimized by immediate acquisition of PET after CT.
Despite the fact that PET and CT images were manually
misregistered before performing side-by-side evaluation,
differences in diagnostic accuracy may be more enhanced
when PET/CT fusion images are compared with separately
acquired CT and PET images. Even in the setting of the
more optimal circumstances present in this study, image
fusion detected additional lesions at 1 mo in 1 patient in
whom side-by-side image evaluation failed to do so.
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CONCLUSION

Assessment of tumor response based on morphologic
imaging alone may not reveal a response to imatinib until
several months after the start of the therapy. A combination
of functional and morphologic imaging, therefore, must be
recommended for assessment of GIST response to imatinib.
Image fusion by combined PET/CT can provide additional
information in individual cases when compared with side-
by-side PET and CT. Thus, dual-modality PET/CT, when
available, may be preferable for evaluation of tumor re-
sponse to imatinib.
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