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Abstract

AIM: To evaluate and characterize the patterns of
disease progression of metastatic or unresectable
gastrointestinal stromal tumor (GIST) treated with
imatinib mesylate, and to determine the prognostic
significance associated with disease progression.

METHODS: Clinical data and computed tomography
(CT) images were retrospectively reviewed in 17 GIST
patients who were treated with imatinib mesylate from
October 2002 to October 2006. Apart from using size
measurement for evaluation of tumor response [Response
Evaluation Criteria in Solid Tumors (RECIST) criteria],
patterns of CT changes during treatment were evaluated
and correlated with clinical data.

RESULTS: There were eight non-responders and nine
responders. Five patterns of CT change during treatment
were found: focal progression (FP), generalized
progression (GP), generalized cystic change (GC), new
cystic lesion (NC) and new solid lesion (NS). At the
end of study, all non-responders showed GP, whereas
responders showed cystic change (GC and NC) and
response according to RECIST criteria. Overall survival
was significantly better in patients with cystic change or
response within the RECIST criteria compared with GP
patients (P = 0.0271).

CONCLUSION: Various patterns of CT change in
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patients with GIST who responded to imatinib mesylate
were demonstrated, and might determine the prognosis
of the disease. A combination of RECIST criteria and
pattern of CT change are proposed for response
evaluation in GIST.
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INTRODUCTION

Gastrointestinal stromal tumors (GISTSs) are uncommon
neoplasms that arise from mesenchymal cells in the walls
of the gastrointestinal tract and account for 0.1%-3.0% of
all gastrointestinal neoplasms and 5.7% of sarcomas'?,
GISTs arise most often from the stomach (60%-70%),
followed by small intestine (20%-25%), but rarely from the
rectum (5%), esophagus, colon or appendix"”. GISTs differ
from the other mesenchymal neoplasms histopathologically
by immunohistochemical expression of CD 117 (c-kit
proto—oncogene)m.

Surgical resection is the standard initial treatment
for non-resectable GISTs. However, locally advanced
and metastatic tumors of the peritoneum or liver can
effectively be treated with imatinib mesylate (known as
Gleevec in the United States, Glivec in the rest of the
wortld, and previously referred to as STI 571; Novartis
Pharmaceuticals, Basel, Switzerland), a selective-tyrosine
kinase inhibitor™”. The drug acts as a c-kit blocker and is
highly effective in patients with advanced disease”, with
nearly half of the patients responding to treatment"”.

For optimal clinical outcome, the accurate assessment
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of tumor response to imatinib mesylate has become
important. Computed tomography (CT), magnetic
resonance imaging (MRI), and fluorodeoxyglucose
positron emission tomography (FDG-PET) are acceptable
imaging techniques to assess response to imatinib mesylate,
with FDG-PET being superior™. CT' is commonly used
to assess therapeutic response in patients with GISTs. CT
enables characterization of primary and recurrent tumors.
In the past, the treatment response has been classically
quantified using only a decrease in size as the main
criterion for tumor response”. Recent studies have shown
a cyst-like appearance with no further decrease in size is
inconsistent with therapeutic response! ™,

The purpose of this study was to evaluate and
characterize the patterns of disease progression of
metastatic or unresectable GIST treated with imatinib
mesylate. In addition, the study sought to determine the
prognostic significance associated with disease progression.

MATERIALS AND METHODS

The study was conducted under the approval of the
Institutional Review Board and Ethics Committee of
Ramathibodi Hospital Faculty of Medicine, Bangkok,
Thailand. Seventeen consecutive patients with metastatic
and unresectable GISTs diagnosed histopathologically as
positive for CD117 were included in this retrospective
review. All patients had a period of imatinib treatment
during October 2002 to October 2006. Patients received
a starting dose of 400 mg/d imatinib mesylate orally.
In the event of disease progression, an increase in daily
dosage to 800 mg was allowed. In cases of side effects,
the dose was decreased to 300 mg/d. In cases of clinical
non-response or death, the treatment was terminated.
Our patients included 13 men and four women, aged
36-69 (mean 53) years. The primary tumor sites were the
stomach (eight patients), small bowel (six), rectum (two)
and retroperitoneum (one patient). At enrollment, 10
patients had initial metastatic disease, three had recurrent
disease, three had no free surgical margin, and one had
unresectable advanced disease.

Sixty-two lesions (38 in the liver, nine in the mesentery,
six in the pararectal region, three in the stomach, two
in the peritoneum, two in the lymph nodes, one in the
retropetitoneum, and one in bone) were evaluated on the
basis of the Response Evaluation Criteria in Solid Tumors
(RECIST) criteria for each organ and body compartment
invaded by the tumor. Inclusion criteria were as follows: (1)
all lesions > 1.0 cm in the longest diameter; and (2) lesions
ranging from 0.5 to 1.0 cm in the longest diameter, with no
more than five lesions. Exclusion criteria were: (1) lesions
< 0.5 cm in the longest diameter; and (2) lesions which
were difficult to follow up due to changing location (small
bowel and mesentery), or having partial volume.

We retrospectively reviewed the medical records and
radiological features of each patient.

Imaging techniques

Each patient underwent baseline CT before treatment (with
the exception of patients who underwent scans at another
hospital before treatment). Follow-up studies consisted

of CT at 1-mo intervals for up to 6 mo after imatinib
mesylate treatment. The routine CT at our institution was
performed on a spiral CT unit (LightSpeed Plus; General
Electric Medical Systems, Milwaukee, W1, USA; Somatom
Sensation Cardiac 64; Siemens, USA). CT scans of the
uppet, lower or whole abdomen were performed (5- or
3-mm slice thickness, 1- or 1.5-pitch, and 5.0- or 7.5-mm
collimination) from the level of the diaphragm to the end
of the kidney, from the top of the kidney to the pubic
symphysis, and from the level of the diaphragm to the
pubic symphysis, in the upper, lower and whole abdomen,
respectively. Oral contrast, 1000-1500 mlL 2% diatrizoate
meglumine was given about 2 h prior to scanning, and an
intravenous bolus of 100-120 mL 60% non-ionic contrast
agent (Omnipaque 300 (GE Healthcare, USA), Ultravist
300 (Schering AG, Germany) or Xentrix 300 (Guerbet,
France)) was administered at the rate of 3 mL/s.

A triphasic scanning technique was used after
intravenous injection of the contrast agent, with scanning
pre-contrast, and delays of 20-30 s and 70-80 s for the
arterial and porto-venous phase, respectively.

Image analysis

Images were viewed using the eFilm Workstation software.
The CT findings at presentation and during therapy were
viewed by one experienced radiologist, who determined the
change in size, CT attenuation coefficients, characteristics
of tumor images, and overall tumor response. Using
eFilm Workstation, tumor size at the longest cross-
sectional dimension of each lesion was measured by the
same techniques as for baseline measurement. The sum
of the longest diameters of lesions in each patient was
calculated. The percentage change in the sum of the longest
dimensions from the pretreatment evaluation to that at each
visit was computed for each patient. The percentage change
graded was determined using the RECIST criteria .

The CT attenuation co-efficient (density) of the tumor
in Hounsfield units (HU) was measured by drawing a
region of interest (ROI) that circumscribed the margin
of the tumor. The portovenous phase images were used
for the tumor-density measurement compared with the
pre-contrast phase. The average tumor density was then
computed for each patient.

The follow up encompassed all available clinical data,
including physical examinations, performance status,
laboratory tests, histopathological examinations, and
radiology imaging procedures (CT, MRI). For definition
of the standard of reference, all patients were rated as
responders or non-responders by a medical oncologist at
the end of the follow-up. Responders were defined as: (1)
improvement or disease-free status that was confirmed by
a medical oncologist; and (2) tumor response according to
the RECIST criteria (CR, PR and SD). Non-responders
were defined as: (1) progression, recurrence, or death from
GIST that was confirmed by a medical oncologist; and (2)
PD according to the RECIST criteria.

Patterns of CT change after treatment

In addition to distinguishing changes in size using the
RECIST criteria, the patterns of changes in CT findings
were categorized into five groups. (1) Focal progression

www.wjgnet.com



894 ISSN 1007-9327 CN 14-1219/R

World J Gastroenterol

February 14, 2008 Volume 14 Number 6

Figure 1 FP pattern. Contrast-enhanced
CT of the abdomen obtained from a
39-year-old woman with metastatic GIST
in the right lobe of liver. A: Before imatinib
therapy, the lesion showed ill-defined
thickened rim enhancement (arrow); B:
After 2 mo therapy, a nearly complete cystic
change and a thin lesion boundary were
observed; C: After 5 mo therapy, a further
decrease in size (partial response by
RECIST) was seen; D: After 10 mo therapy,
a small enhancing nodule was seen.
Nodule within a mass or FP (arrow head).

Figure 2 GP pattern. Contrast-enhanced CT of abdomen obtained from a 55-year-old man with metastatic GIST in the mesentery. A: Before imatinib treatment, there were
mesenteric masses (arrows); B: After 2 mo therapy, there was interval progression in both mesenteric masses, as demonstrated by increased tumor size and thickness of

the enhancing wall (arrows).

(FP) was defined as single-site progression, which was
either an increase in size (PD in the RECIST criteria), an
increase in the solid part of the tumor, or development of
a new enhancing focus within the pre-existing tumor mass
(or described as a nodule within the mass) (Figure 1). (2)
Generalized progression (GP) was defined as an increase
in tumor size (PD in RECIST criteria), with an enhancing
pattern in two or more tumor masses (Figure 2). (3) New
solid lesion (NS), with or without a cystic component, was
defined as the appearance of one or more new lesions
that had an enhancing lesion with or without a cystic
component (Figure 3). (4) Generalized cystic change (GC)
was defined as the appearance of cystic change in two or
more tumor masses (Figure 4). (5) New cystic lesion (NC)
was defined as the appearance of one or more new lesions
that had relatively low density, without any enhancing
component (Figure 5).
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Statistical analysis

Statistic analysis was performed with STATA software
(StataCorp LP, College Station, TX, USA). Patient age,
tumor location, overall response, and pattern of tumor
changes were analyzed. Survival was calculated from the
day of imatinib treatment until death or the final day of the
patient’s visit to the outpatient clinic. KKaplan—Meier analysis
with a log rank test was used to compare patterns of CT
changes and survival distribution. P < 0.05 was considered
to indicate a significant difference between groups.

RESULTS

Patient characteristics

There were 17 patients included in this study (13 men and
four women) with a median age of 52 years (range 36-69
years). Primary tumor sites were in the stomach in eight
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Figure 3 NS pattern. Contrast-enhanced CT scan of abdomen obtained in a 39-year-old woman with metastatic GIST in the liver. A: Before imatinib treatment, a large
subcapsular cystic lesion in the right hepatic lobe and a small amount of free fluid were noted; B: After 10 mo therapy, there were new, well-defined, homogeneous
enhancing nodules adjacent to the gallbladder (arrow); C: After 13 mo therapy, there was a slight increase in size of the mentioned nodule (arrow).

patients (47%), small bowel in six (35%), rectum in two
(12%), and retroperitoneum in one (6%). The sites of
active disease were in the liver in 10 patients, mesentery in
three, pararectal region in three, stomach in three, and one
each in the peritoneum, lymph nodes, retroperitoneum
and bone. Ten patients (59%) had initial metastatic disease,
three (17.5%) had recurrent disease, three (17.5%) had
no free surgical margin, and one (6%) had unresectable
advanced disease.

Overall response correlating with patterns of CT change

At the end of study, there were eight non-responders and
nine responders. Non-responders consisted of two live and
six dead patients. The median time of follow up was 11 mo
(range 3-29 mo). The majority of active disease was found
to be located in the liver, with a minority in the mesentery,
retroperitoneum and bone. All patients developed the GP

Figure 4 GC pattern. Contrast-
enhanced CT scan of the abdomen
obtained in a 64-year-old man with
metastatic GIST in both lobes of the
liver (arrows). A: Before imatinib
treatment, there were a few rather
ill-defined, small homogeneous
enhancing lesions in the liver
(arrows); B: After 4 mo therapy,
they showed better-defined, non-
enhancing, low-density lesions; C:
After 8 mo therapy, well-defined
small cystic lesions with no interval
change in size are noted.

pattern at the end of follow up. Two patients developed FP,
whereas one developed NS. One of the FP patients showed
initial GC and NC. For one patient who had active sites in
the liver and mesentery, GP was observed in the mesentery,
while the liver lesions showed a GC pattern. The remainder
of GP and NS had the same pattern throughout till the
end. The median time to GP was 5.5 mo (range 2-23 mo).
However, one patient showed GP after a prolonged 23 mo
of SD and had early initial NC.

There were nine responders. They showed GC, NC,
and response according to RECIST criteria in five, one and
three patients at the end of study, respectively. The active
sites of GC were in the liver (one patient), pararectum
(two), and one each in the stomach and peritoneum/intra-
abdominal nodes. One patient showed NC in the liver.
The median time to GC and NC was 3.5 mo (range 2-8
mo). Of the three patients with no change in pattern, two
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Patterns of No. of No. of deaths Median survival P value
CT change patients (%) time (mo)

GC +NC 6 (35) 0 - 0.00271
CR +PR+SD 3 (18) 0 - 0.00271
GP 8 (47) 6 11 0.00271

patients had a change in size only (PR and CR within the
RECIST criteria), while the third patient showed a slight
decrease in size (SD). The patient with CR had an active
site in the stomach (no free margin in surgery) without
metastasis, and the time to CR was 4 mo. The SD patient
had an active site in the mesentery. Half of the responders
showed PR in the initial follow up.

Survival data analysis according to patterns of CT change
Complete information on the patients’ clinical course
of imatinib treatment was obtained in 17 cases. Median
follow-up time was 15 mo (range 3-29 mo). Survival status
was alive in 11 (64.7%) and dead due to disease in six
(35.3%). Median overall survival time of the patients after
imatinib treatment was 19 mo (95% CI, 9.3-80.5). Overall
survival was better in GC/NC and CR/PR/SD (tesponse
according to RECIST) compared with GP patients, and P
was 0.0271 (Table 1, Figure 6).

DISCUSSION

GIST is an uncommon tumor with no effective therapy
in advanced disease. This has been the case for inoperable
tumors until the advent of imatinib mesylate, which is a
molecular targeted therapy. Imatinib mesylate is the first
effective systemic treatment for advanced GISTs, and
yields a benefit of 50%-80%"". Although, the efficacy and
safety of imatinib mesylate have been examined in large
studies, few have focused on the pattern of tumor changes
after treatment. Knowledge on these patterns of response
to treatment are important to adequately manage patients
and to interpret clinical trials employing new tyrosine
kinase inhibitors known as sunitinib"®.

The percentage overall response with imatinib
treatment in this study was nearly equal to that in a
previous study, which showed an overall response rate of
about 50%, with 5% of those with a CR demonstrating a
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Figure 5 NC pattern.
Contrast-enhanced CT scan
of abdomen in 50-year-
old woman with metastatic
GIST in the liver. A: Before
imatinib treatment, no liver
metastases were visible
at this level; B: Contrast-
enhanced CT after 2 mo
treatment with imatinib. At
least two non-enhancing
low-density lesions were
newly seen at the dome of
the liver (arrows).
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Figure 6 Overall survival after imatinib therapy, according to the patterns of CT
change.

clinical response by CT scan®™.

This study demonstrated different patterns of CT
changes in responders and non-responders during
treatment with imatinib mesylate. Apart from the RECIST
criteria, cystic change (GC, NC) was used to evaluate
the response to treatment. If the lesions showed cystic
change, even though it was a new lesion or a cystic
change in a previous lesion, it was considered to be
disease improvement. Several studies have supported the
finding that cystic change is a feature of tumors which
have responded to treatment, due to tumor necrosis

. . . 10,17-19
and cystic or myxoid degeneration' ]

. Many authors
have suggested new cystic lesions are characteristic of a
response in small solid hepatic lesions, which cannot be
seen in the initial image due to iso-density compared to
liver parenchymapo’zz]. FDG-PET in these patients has
confirmed no glucose radiotracer uptake in the cystic
lesions, whereas the tumor size remains unaltered ™.
This suggested there were no metabolically active tumor
cells.

The non-responder lesions showed three patterns of
disease progression during treatment: GP, FP and NS.
These patterns represented an increased solid component
in terms of generalized or focal change. The FP pattern
manifested as an increase in the solid component, such
as increased wall thickness or a nodule within a mass”™*".
Several studies have demonstrated that a solid nodule
appearing inside a residual cystic mass indicating early
retrogression after partial response to imatinib mesylate
that corresponded to depicting new foci of increased FDG
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uptake in PET scan""*”, Few non-responders showed early
FP or NS before developing GP, and finally, death. This
may urge further treatment, such as surgery of the focal
mass, or the new tyrosine kinase inhibitor sunitinib**"",
Additionally, one of non-responders showed relapse of
FP after cystic change of hepatic lesions. The authors
speculated this event may have been a regrowth from a
residual tumor cell. However, the patient had prolonged
stable disease before developing GP.

Interestingly, there was one non-responder, who
had two active sites of disease and showed a mixed
response. The patient had GC in hepatic lesions but GP in
mesentetic lesions. Thus, evaluation of the tumor response
should be analyzed on a lesion by lesion basis.

The present study had several limitations. First, a small
number of patients were enrolled. Second, the follow-
up duration after imatinib treatment was uneven (range
1-6 mo), due to lack of certain protocol criteria for imaging
follow up. Third, there was no gold standard reference (such
as surgical pathology after imatinib treatment or FDG-
PET scan) for evaluation of tumor response.

In conclusion, various patterns of CT changes for
evaluation the tumor response were presented which might
determine disease prognosis. A combination of RECIST
criteria and patterns of CT change have been proposed for
better response evaluation in GISTs. The early detection
of focal solid or new solid lesions after maximal dose of
imatinib mesylate suggests disease progression and might
be helpful in early intervention such as surgery or new
tyrosine kinase inhibitors.
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Background

For optimal clinical outcome, the accurate assessment of tumor response to
any treatments is important. RECIST criteria have commonly been used to
assess response in solid tumors for decades. The criteria are based solely on
changes in size of mass on cross-sectional imaging studies. However, there
are circumstances in which the response according to RECIST criteria does not
correspond to clinical outcome. This means other imaging criteria may be needed
to improve assessment. There are observations that show changes in pattern
enhancement can be different in tumors after treatment. Among solid tumors,
metastatic GISTs are a good example to show how pattern of enhancement in CT
can predict clinical outcome.

Research frontiers

Many new anticancer drugs are being developed, particularly those which affect
tumor blood vessels, so-called antiangiogenic drugs. Imatinib mesylate (also
known as Gleevec, a selective-tyrosine kinase inhibitor) is one of these, and
is highly effective in patients with metastatic GISTs. Due to its effect on tumor
angiogenesis, the change may be able to be observed during dynamic contrast
enhancement acquisition by using CT or MRI techniques.

Innovations and breakthroughs

This study showed evaluating response of metastatic GISTs to imatinib by size
alone is not enough. Combined changes in density or pattern enhancement on CT
are more reliable.

Applications

The combined use RECIST criteria and changes in the pattern of enhancement
are useful in evaluating tumor response, particularly in patients treated with
antiangiogenic drugs or other means that have an effect on tumor blood vessels.

Peer review

This is an interesting study on the follow-up of non-resectable GIST treated with
imatinib. Tumor response was assessed by the RECIST criteria complemented by
other criteria on CT. Overall, the results show beautiful iconography.
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