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Background Gastrointestinal stromal tumors (GISTs) have their specific

receptor that allows the use of specific target drug. CT scan is

the imaging technique of choice to evaluate the response of

the tumor. There are some conflicts about CT parameter such

as size and density that confuse radiologists in the evaluation of

the tumor response.

Objective Our objective is to evaluate CT appearances in patients with

GISTs who have  response after imatinib treatment by combination

of RECIST criteria and density, vascularity, solid nodule and

cystic change of the tumor.

Design Retrospective study

Setting King Chulalongkorn Memorial Hospital, Thai Red Cross Society.

Materials and Methods Sixty-five tumors from 14 patients were 33 intrahepatic and 32

extrahepatic lesions. All patients underwent contrast-enhanced

MDCT scan in both pre-and post treatment periods. The axial

images of CT portovenous phase with 8-mm slice thickness

were reviewed by the author and one experienced gastrointestinal

radiologist, with consensus.
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Results Significant decrease in size and density of overall tumors were

noted. The extrahepatic lesions had statistically significant

decrease in both size and density than intrahepatic lesions. On

pre-treatment images, solid nodules within the lesions were

found in 18 lesions (27.7%), mainly in extrahepatic lesions while

tumor vessels were found in 7 extrahepatic lesions (10.8%).

There were new cystic-like lesions in the liver of 2 patients on

post-treatment images. No new solid mass was seen after

treatment.

Conclusion Our data supports other studies on the response of GISTs to

imatinib treatment. We suggest that in case of mismatch

between size and density, size may not be reliable factor.

Density, vascularity, solid nodule and cystic change may

complement to each other in evaluation of response to treatment

in addition to size. Extrahepatic lesions display more definite

response in terms of size and density when compared to

intrahepatic lesions.
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เหตุผลของการทำวิจัย Gastrointestinal stromal tumors (GISTs) มี receptor เฉพาะที่

ทำใหส้ามารถทำการรกัษาไดโ้ดยใชย้าทีมี่ความจำเพาะตอ่ receptor

ชนิดนี้ การตรวจด้วยเครื่องเอกซเรย์คอมพิวเตอร์เป็นวิธีการที่นำมา

ใช้ในการประเมินผลของการรักษา แต่บางครั้งขนาดของเนื้องอกกับ

การวัด density ของเนื้องอกให้ผลขัดแย้งกันทำให้รังสีแพทย์เกิด

ความสับสนในการประเมินผลการรักษา

วัตถุประสงค์ เพื่อหาลักษณะของภาพเอกซเรย์คอมพิวเตอร์ใน Gastrointestinal

stromal tumors (GISTs) ที่ตอบสนองต่อการรักษาด้วย Imatinib

Mesylate โดยการใช้ RECIST criteria ร่วมกับ density  การเห็น

หลอดเลอืดในเนือ้งอก การเหน็ solid nodule และ การเปลีย่นแปลง

density ทีใ่กลเ้คยีงกบัถงุนำ้ของเนือ้งอก

รูปแบบการวิจัย การศึกษาแบบย้อนหลัง

สถานที่ทำการศึกษา โรงพยาบาลจฬุาลงกรณ ์สภากาชาดไทย

ตัวอย่างและวิธีการศึกษา ได้ศึกษาจำนวนก้อนเนื้องอกทั้งหมด 65 ก้อนจากผู้ป่วย 14 ราย

โดยแบ่งเป็น ก้อนในตับ 33 ก้อนและก้อนนอกตับ 32 ก้อน ผู้ป่วย

ทุกรายได้รับการตรวจด้วยเครื่องเอกซเรย์คอมพิวเตอร์ทั้งก่อนและ

หลังการรักษา โดยได้รับการฉีดสารทึบรังสี ภาพที่นำมาศึกษาเป็น

ภาพช่วง portovenous ที่มีความหนาของภาพ 8 มิลลิเมตรโดย

การศึกษาภาพทำโดยผู้เขียนร่วมกับรังสีแพทย์ที่มีประสบการณ์หนึ่ง

คนโดยลงความเห็นพ้องกัน

ผลการศึกษา เนื้องอกที่ทำการศึกษาทั้งหมดมีการเปลี่ยนแปลงอย่างมีนัยสำคัญ

ท้ังทางดา้นขนาดและ density โดยเนือ้งอกนอกตบัมีการเปลีย่นแปลง

ทั้งทางด้านขนาดและ density มากกว่า เนื้องอกในตับ ก่อนการทำ

การรกัษาพบวา่ม ีsolid nodule ใน 18 lesions (27.7%) โดยมากพบ

ใน extrahepatic lesions ในขณะที่การเห็นหลอดเลือดในเนื้องอก

พบใน 7 extrahepatic lesions (10.8%). หลังการรกัษาพบลกัษณะ

คลา้ยถงุนำ้ในตบัของผูป่้วย 2 คนซึง่ไมพ่บในการตรวจกอ่นการรกัษา

ในการศึกษาครั้งนี้ไม่พบเนื้องอกเกิดขึ้นใหม่หลังได้รับการรักษา
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สรุป ข้อมูลที่ได้จากการศึกษาครั้งนี้มีความสอดคล้องกันกับการศึกษา

ที่เคยทำกันมาก่อนหน้านี้ในกรณีที่ขนาดและ density ให้ผลขัดแย้ง

กัน ขนาดมีความน่าเชื่อถือน้อยกว่า ลักษณะของ density การเห็น

หลอดเลอืดในเนือ้งอก การเหน็ solid nodule และ การเปลีย่นแปลง

density ที่ใกล้เคียงกับถุงน้ำจะเป็นเหตุผลสนับสนุนซึ่งกันและกันใน

การประเมินผลการรักษานอกจากการอาศัยเพียงแต่เรื่องของขนาด

เพียงอย่างเดียว ข้อมูลของเราพบว่าเนื้องอกนอกตับให้การตอบ

สนองทีด่กีวา่เนือ้งอกในตบั ในแงก่ารประเมนิดว้ยขนาดและ density

คำสำคัญ Gastrointestinal stromal tumors, GISTs, CD 117, imatinib,

imatinib mesylate, เครือ่งเอกซเรยค์อมพวิเตอร.์
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The most common mesenchymal tumor of the

gastrointestinal tract is gastrointestinal stromal tumors

(GISTs). (1)

GISTs were actually originated from the

interstitial cell of Cajal which is the pacemaker cell of

the gastrointestinal tract. (2, 3) Immunohistochemistry

can  distinguished GISTs from other mesenchymal

tumors of the gastrointestinal tract by  expression of

the receptor tyrosine kinase, KIT (CD117), a growth

factor receptor (also found in interstitial cell of Cajal)

or platelet derived growth factor receptor–alpha

(PDGFRa), as a derivative obtained from exon

mutation.(2-5)  Other marker that can be found in GISTs

by immunohistochemistry is CD34 which is seen in

approximately 70% of GISTs.(6)

Tumor resection is the first-line of treatment

for patients who are considered being resectable.

Conventional chemotherapy and radiation have poor

outcome for unresectable or metastatic cases. (7)

In these cases, imatinib mesylate, a selective

competitive tyrosine kinase inhibitor, a molecular-

targeted drug being is proved as the first systemic

therapy for metastatic GISTs. Imatinib has a role for

treatment in all phases of chronic myleogenous

leukemia (CML). (8,9) The Food and Drug Administration

(FDA) has already approved imatinib mesylate for

treatment of GISTs in USA since February 2002. In

Thailand, imatinib has also been approved to be used

in treatment of unresectable or metastatic GISTs since

2002 and also in case of CML.

Multidetector computed tomography (MDCT)

is the imaging technique of choice to diagnosis and

follow up the treatment response due to its high spatial

resolution and available worldwide. Although positron

emission tomography (PET) or PET-CT study with 18-

fluorodeoxyglucose demonstrates the early response

as 24 hrs following initiation of the treatment but it is

limited in cost and accessibility. GIST is highly vascular

tumor on MDCT with well-defined margin and it

appears as solid, homogeneously enhancing mass

on post enhanced MDCT scan. Huge GIST shows

less homogeneous enhancement due to necrotic,

hemorrhagic or degenerating components. Most

primary mass is exophytic from the wall of the

gastrointestinal tract with evidence of pressure effect

to the adjacent organs. Even though it has a large

size, it is not common to cause gastrointestinal tract

obstruction (10-13) The Response Evaluation Criteria in

Solid Tumors (RECIST) criteria are now widely used

for evaluation of solid tumor after treatment including

GISTs after treatment with imatinib mesylate. A RECIST

criterion uses the sum of longest dimension of solid

tumors to assess response of treatment. MDCT scan

is the modality of choice to evaluate the imatinib

response of GISTs. However a recent study by Choi

et al. found that RECIST criteria was not appropriate

to evaluate of the response of GISTs after treatment

with imatinib mesylate because of the possibility of

the increase in tumor size in some lesions despite of

its non-uptake on FDG PET study. They suggested

that the decrease in tumor density is more important

CT criterion than size to identify positive tumor

response. (14)   Warakaulle et al. also supported the

idea of decrease density as disease response. (15)   The

conflict of the tumor size and density for evaluation of

the tumor response often confuse radiologists in their

daily clinical work, so we retrospectively reviewed the

CT findings of the GISTs before and after treatment.
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Materials and methods

Materials

Medical records were reviewed to obtain a

list of patients who were initially prescribed with

imatinib mesylate (400 mg/day) from Jan 2003 to

June 2006. Then, we selected the patients who were

proved of GISTs by immunohistochemistry and had

done abdominal CT scan before treatment, within the

first 6 months after starting imatinib.

The exclusion criteria include MDCT studies

from outside hospital either before or during follow-

up treatment, no image data on Picture Archiving and

Communication System (PACS), patients who had no

immunohistological result to confirm the diagnosis of

GISTs, patients who previously received imatinib or

other chemotherapy. Finally fourteen patients (7 men,

7 women) were included into this study. We

concluded that primary and recurrent tumors were

considered extrahepatic lesions.

Imaging techniques

All abdominal MDCT studies were performed

with 4- or 16-slice CT scanners (Somatom sensation

4 and 16 slices, Siemens Medical Solution, German).

The kVp setting of both scanners was equal at 120

kVp while mAs of both scanners were slightly different;

120 mAs for 4-slice scanner and 140 mAs for 16-

slice scanner. Precontrast study was done and

followed by intravenous administration of 90-100 ml

of low osmolar iodinated contrast medium with

concentration of 300 mgI/ml (Iopromide, Iobitridol or

Iopamidol) with the injection rate ranged from 2.0 -

3.0 ml/second at 8-mm slice thickness. The scanning

times for portovenous phase study were 80 seconds

and 75 seconds for 4 slices and 16 slices scanners,

respectively. The axial images of CT portovenous

phase were retrieved from PACS and reviewed by

the author and one experienced gastrointestinal

radiologist with consensus.

Image analysis

We categorized all lesions into two groups:

intrahepatic and extrahepatic lesions that were

located in the intraperitoneal or pelvic cavities. The

lesions were enrolled to the study by consensus of

both reviewers on the basis of the longest diameter

not less than 1 cm and chosen up to 10 lesions per

location (intrahepatic or extrahepatic) if there were

multiple lesions in one location, on the pretreatment

images. Sixty-five lesions were enrolled in this

study (33 lesions in the liver and 32 lesions in the

intraperitoneal and pelvic cavities). Both reviewers

together compared the change on appearances of

each lesion between pretreatment and post treatment

images which included size, density, tumor vessels,

solid nodules within the lesions, new solid mass or

cystic-like lesion.

Tumor size was measured at the longest

dimension of each lesion by electronic caliper on

PACS. The tumor density was measured in Hounsfield

units (HU) by drawing a region of interest around the

margin of each lesion and computed by CT software.

The percentage of change in tumor size and density

from pretreatment to post treatment evaluations were

computed for each lesion as well as the average

percentage of change in the sum of tumor size and

density from all lesions.

Subjective response of the tumor was

determined by consensus both reviewers on the basis

of presence or absence of tumor vessels, solid

nodules within the lesions including new cystic-like

lesion or solid mass for each patient.
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Statistical analysis

Comparison of change in tumor size and

density between pretreatment and post treatment

evaluations of overall lesions was performed using

Paired T test. Comparison of percentage of change

in tumor size and density between intrahepatic and

extrahepatic lesions was performed using of Student’s

T test. Comparisons with p<0.05 represented

statistically significance.

Results

There were 65 lesions from 14 patients with

age of 30-84 years old (mean, 59.2 years old). Eight

patients had primary tumor before treatment, including

non resectable tumor, incomplete tumor removal by

surgery and recurrent at primary site after surgery.

Six patients did not have primary tumor before

treatment. The size ranged from 1.18 to 20.42 cm

(mean, 4.00 cm) before treatment and ranged from 0

to 18.07 cm (mean, 3.25 cm) after treatment. The

density of these lesions ranged from 16.71 to 104.50

HU (mean, 58.38 HU) before treatment and ranged

from 6.60 to 92.61 HU (mean, 37.00 HU) after

treatment [Table1]. Forty-eight of 65 lesions (73.8%)

were decrease in both size and density. Among these

lesions, three extrahepatic lesions (4.6%) were

completely disappeared.

The rest of 17 lesions demonstrated in

different findings. Two intrahepatic lesions (3.1%)

were no significant change in density (change less

than 0.1%) but decrease in size, about 11.2% and

31.2 %. One extrahepatic lesion (1.5%) was

unchanged in size but decreased in density, about

48.5%. 8 lesions (12.3%); 4 intrahepatic and 4

extrahepatic lesions, had increase in size (ranged from

3.1% to 50.7%; mean = 20.4%) after treatment despite

of decrease in CT attenuation (ranged from 3.2% to

74.4%; mean = 45.4%). Four intrahepatic and 1

extrahepatic lesions (7.7%) demonstrated increase

in density (ranged from 5.1% to 74.3%; mean = 29.6%)

and decrease in size (ranged from 5.9% to 41.2%;

mean = 21.8%) after treatment. There was only one

intrahepatic lesion (1.5%) that increase in both size

(17.1%) and attenuation (23.9%) on the follow-up CT

images.

Table 1.  Tumor size and density on CT scan before and after treatment.

Measurement Intrahepatic (n=33) Extrahepatic (n=32) Total (n=65)

Mean ± ± ± ± ± SD Range Mean  ±±±±± SD Range Mean ±±±±± SD Range

Size (cm)

Pretreatment 2.89 ± 1.55 1.18-6.60 5.14 ± 4.23 1.50-20.42 4.00 ± 3.34 1.18-20.42

Post treatment 2.63 ± 1.59 0.86-6.34 3.89 ± 3.49 0-18.07 3.25 ± 2.80 0-18.07

% change -10.95 ± 18.77 -49.9 to + 46.6 -26.00 ± 33.32 -100* to +50.7 -18.36 ± 27.77 -100* to +50.7

Density (HU)

Pretreatment 62.88 ± 18.21 16.71-104.50 53.73 ± 12.41 29.56-82.32 58.38 ± 16.17 16.71-104.5

Post treatment 47.57 ± 18.86 17.26-92.61 26.09 ± 12.62 6.60-64.64 37.00 ± 20.00 6.60-92.61

% change -21.05 ± 30.19 -74.00 to +74.3 -51.07 ± 25.67 -100* to +5.1 -35.82 ± 31.68 -100* to +74.3

*-100 means disappearance of the lesions
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Up to 6 months after treatment, decrease in

the overall tumor size and tumor density were both

statistical significance (p<0.001, Paired T test). Mean

CT attenuation was decreased about 21.3 HU (36%).

Comparing the two subgroups of lesions, intrahepatic

and extrahepatic masses, we found statistical

significance in the difference between the percentage

of change in decreased tumor density (p<0.001;

Student’s T test) and tumor size (p=0.028; Student’s

T test) which more decrease in the extrahepatic

lesions than intrahepatic lesions.

On subjective evaluation, solid nodules within

the lesions were found in 18 lesions (27.7%): 12

extrahepatic and 6 intrahepatic lesions. After the

treatment, 2 of the 6 lesions with internal solid nodules

from intrahepatic lesions persisted on both pre- and

post-treatment studies. However the solid nodules in

these two lesions became smaller in size during

the follow-up study. All the solid nodules within the

extrahepatic lesions disappeared after the treatment,

reflecting to a good response [Fig.1]. Findings of

tumor vessels were seen only in 7 extrahepatic lesions

(10.8%) [Fig.2]. All of them disappeared on post-

treatment study accompanied by decreased in both

size and density of the lesions, indicating good

responses.  Furthermore, we also found new cystic-

like lesions occurring in the liver of 2 patients which

was not detected in the pretreatment scan [Fig. 3].

There was one lesion in the pretreatment

study that showed homogeneously low density mass

in the liver. This low density lesion increased in size

with a newly developed intralesional solid nodule after

treatment. However, this solid nodule became smaller

on follow-up studies [Fig.4].

Figure 1. Contrast-enhanced CT scan of a 48-year-old male who had multiple intraabdominal metastatic GISTs,

demonstrated three lesions with mural nodules (arrow) on pretreatment scan (a). Complete disappear of all

solid nodules in these lesions was noted after 1 month of imatinib treatment (b).
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Figure 2. Contrast-enhanced CT scan of a 76-year-old male with large GIST in the mesentery. demonstrated evidence

of tumor vessels (arrow) on pretreatment scan (a). After 2.5 months of treatment, tumor vessels were absent

together with markedly decreased tumor size (b).

Figure 3. Contrast-enhanced CT scan of a 71-year-old male with advance GIST, pretreatment scan showed no space-

occupying lesion (a). Newly developed cystic lesion (arrow) in superomedial segment of left hepatic lobe

was visualized in post treatment image (b).

Figure 4. Contrast-enhanced CT scan of abdomen in a 30-year-old woman with metastatic GIST at liver and received

imatinib for 1.5 months. Pretreatment image: (a) showed homogeneous low density mass in the liver. There

was increase in size of the lesion with a newly developed intralesional solid nodule (arrow) (b).
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Discussion

In our study, we found that tumor density

decreases significantly, approximately 21.3 HU

(36%). Decrease in tumor size and/or attenuation was

found more in the extrahepatic lesions than in the

intrahepatic lesions with statistically significance. Most

lesions decreased in size or even disappeared in

some cases, supporting the positive response based

on the RECIST criteria. The increase in size of

the lesions were associated with the overall decrease

in tumor density and was found in 8 lesions

(4 intrahepatic and 4 extrahepatic lesions) from

4 patients during 1 to 3.5 months of imatinib treatment.

We think that increase in size of these lesions

could be secondary to the development of myxoid

degeneration of the tumor. (16)

There was one lesion which increased in both

size and density. However, this lesion showed slowly

decrease in size without significant change of the

density on multiple follow-up studies. Most lesions in

this patient, except the aforementioned, decreased

in both size and density. So, this lesion may be

associated with slow tumor response rather than

progression of the tumor.

Shankar et al. found that solid nodules within

the lesions reflecting the viable tumors. Tumor

response should demonstrate disappearance or

decrease in size of these solid nodules. (17)  Our study

confirmed this result. However, we had a case of  solid

nodule development within one intrahepatic lesion that

increased in size but much of it decreased in HU

during the follow-up CT images [Fig.4]. After 2.5 years

of observation, this solid nodule gradually decreased

in size and the nodule finally disappeared. This is

possibly a process of slow tumor response.

The appearance of tumor vessels is also one

of the good indicator which is seen on CT images. (14)

Tumor vessels were found less than we expected

(10.8%), but when it presents, it can be easily to

detected and used as an indicator of response on

CT images. The disappearance of these vessels

represents positive response to the treatment.

Chen et al. showed that post treatment of the

hepatic metastases of GISTs appeared as well-

defined near-cystic in attenuation with attenuation

around 20 - 25 HU on post contrast enhanced CT

after received 8 weeks of imatinib treatment. (18)   This

low attenuation allows discriminating the lesion from

its surrounding normal liver parenchyma. Our study

shows new developed cystic-like lesions in the liver

in 2 of 14 patients. This new cystic lesion in the liver

after treatment was discussed before in the study of

Ryu et al. They concluded that a new cystic lesion in

the liver after treatment  was preexisting isoattenuated

solid hepatic lesions which cannot be differentiated

from the normal liver background in CT study. Hyaline

degeneration from imatinib treatment changes the

tumor from solid to cystic component resulting in more

well discrimination of the lesion from the normal liver

background. (19)

According to the medical records, all patients

had good clinical outcome on the follow-up day after

receiving post-treatment CT scan. Nobody had to

increase the dose of imatinib. The survival outcome

is good because almost patients are still alive at the

time of December 2007 (survival range 1.5 - 3.5

years), except for one patient who  expired due to

sepsis after 3 months of imatinib treatment.

The limitations of this study include small

sample size, the duration of the first time follow up
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which was up- to 6 months (typical duration of the

first follow-up CT scan by NCCN guideline V3.2007

was within 3 months from the baseline).

Conclusion

Our study shares similar result with other

studies in response of GISTs to imatinib treatment. If

the lesion shows mismatch between change in size

and density, size may not be reliable. Density,

vascularity, present of solid nodule and cystic change

may be complementary to each other in evaluation

of response to treatment in addition to size only.

Extrahepatic lesions display more explicit response

in term of size and density when comparison to

intrahepatic lesions.
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