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PET and PET/CT Imaging in Esophageal and Gastric Cancers
Farrokh Dehdashti and Barry A. Siegel

Esophageal and gastric cancers are signiﬁcant health
problems. In the United States, it is estimated that 36,960
patients will be diagnosed in the year 2004 with
esophageal or gastric cancer and that these cancers will be
responsible for 4.5% of all cancer-related deaths (1). The
incidence of gastric cancer is decreasing, whereas the incidence of esophageal cancer is increasing, mainly because
of the increase in the frequency of adenocarcinoma of the
distal esophagus.
Surgery is the mainstay of treatment of both esophageal
and gastric cancer. Despite recent advances in surgical
treatment, the overall prognosis of patients with
esophageal or gastric cancer has not improved
signiﬁcantly because the neoplasm is often diagnosed at
an advanced stage of the disease. Local and systemic recurrences are common, even after complete resection of
the primary tumor and regional lymph nodes.
Multimodality therapy, consisting of surgery with adjuvant or neoadjuvant radiotherapy, chemotherapy, or
both, has been used recently as a means to improve survival of patients with esophageal or gastric cancer.
Randomized clinical trials have shown that concurrent
chemotherapy and radiotherapy are more effective than
radiotherapy alone in treating advanced esophageal
cancer (2). Current data suggest that these cancers are
best managed with a tailored therapeutic regimen, based
on thorough preoperative staging of the tumor and an understanding of established prognostic factors (3).
The TNM staging system is used for staging of both
esophageal and gastric cancers: T stage refers to the depth
of the invasion of the primary tumor, N stage refers to the
extent of lymph node involvement, and M stage indicates
the presence or absence of systemic metastases (Tables
11.1, 11.2). Current preoperative staging techniques, such
as computed tomography (CT), are of limited accuracy,
and invasive procedures often are used for better assessment of the stage of the disease. Beginning in the mid1990s, positron emission tomography (PET) has been
evaluated as a method for the staging of esophageal and
gastric cancer. In the past few years, combined PET/CT

scanners have been rapidly replacing conventional PET
for the evaluation of oncologic patients. Although there
are still only limited data regarding the use of PET/CT in
esophageal and gastric cancers, the combination of these
two modalities is expected to improve the accuracy of
image interpretation, and thus lead to better management
of cancer patients (4, 5).

Esophageal Cancer
Over the past two decades in Western countries, the incidence of esophageal adenocarcinoma has increased and is
currently higher than that of squamous cell carcinoma
(2). Effective treatment and prediction of outcome in
esophageal cancer are based on accurate tumor staging.
Patients with early-stage disease may beneﬁt from
esophagectomy alone, whereas multimodality therapy
with surgery and adjuvant or neoadjuvant chemotherapy
and/or radiation may be indicated in patients with advanced locoregional disease. Nonsurgical palliative
therapy is indicated in patients with distant metastatic
disease because these patients have a poor prognosis regardless of the type of treatment. Cancer of the esophagus
is most often diagnosed by endoscopic biopsy or brushing, and the size, location, and morphology of the tumor
are evaluated by endoscopy and barium esophagography.
Currently used staging methods include CT, endoscopic
ultrasonography (EUS), and magnetic resonance imaging
(MRI). However, these anatomic imaging techniques have
signiﬁcant limitations. EUS has been reported to have an
accuracy of 85% for assessment of the depth of tumor invasion and 75% for detection of regional lymph node
metastases (6). CT has also been found to have limited accuracy of 50% to 60% for staging esophageal cancer (7–9),
and MRI has not signiﬁcantly improved these staging
results. The main shortcoming of these imaging modalities is their reliance on detection of structural changes for
diagnosis of disease. The high rate of treatment failure
after surgery with curative intent in patients with imaging
165
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Table 11.1. TNM staging for esophageal carcinoma.

Table 11.2. TNM sStaging for gastric carcinoma.

Primary Tumor (T)

Primary Tumor (T)

Tis =

carcinoma in situ

Tis =

carcinoma in situ

T1

=

tumor invades into but not beyond the submucosa

T1

=

tumor invades lamina propria or submucosa

T2

=

tumor invades into but not beyond the muscularis propria

T2

=

tumor invades muscularis propria

T3

=

tumor invades into the adventitia

T3

=

tumor invades adventitia

T4

=

tumor invades adjacent structures

T4

=

tumor invades adjacent structures

Regional Lymph Nodes (N)

Regional Lymph Nodes (N)

N0 =

regional nodes not involved

N0 =

regional nodes not involved

N1 =

regional nodes involved

N1 =

Metastasis in perigastric lymph nodes(s) within 3 cm of edge of primary
tumor

N2 =

Metastasis in perigastric lymph nodes(s) more than 3 cm of edge of
primary tumor, or in lymph nodes along left gastric, common hepatic,
splenic, or celiac arteries

Distant Metastasis (M)
M0 =

no distant metastasis

M1 =

distant metastasis (including nodal involvement outside the
mediastinum)

Stage Grouping

Distant Metastasis (M)
M0 =

no distant metastasis

M1 =

distant metastasis (including nodal involvement outside the
mediastinum)

Stage 0

=

Tis, N0, M0

Stage 1

=

T1, N0, M0

Stage II

=

T1-2, N0-1, M0

Stage Grouping

Stage III

=

T3-4, N0-1, M0

Stage 0

Stage IV

=

Any T, Any N, M1

Stage 1

=

T1-2, N0-1, M0

Stage II

=

T1-3, N0-2, M0

Stage III

=

T2-4, N0-2, M0

Stage IV

=

Any T, Any N, M1

Source: From Valk PE, Bailey DL, Townsend DW, Maisey MN. Positron Emission
Tomography: Basic Science and Clinical Practice. Springer-Verlag London Ltd 2003,
p. 571.

evidence of only localized disease is likely related to
current inaccurate staging procedures.
The addition of PET with 2-[18F]ﬂuoro-2-deoxy-Dglucose (FDG) to the current imaging techniques that are
used for staging signiﬁcantly improves accuracy. The use
of FDG-PET in esophageal cancer was approved for reimbursement by the U.S. Medicare program in 2001. In
many institutions, FDG-PET is now routinely employed
for staging of esophageal cancer (10–17). There is very
limited experience in the application of PET with other radiopharmaceuticals (e.g., 11C-choline) for the evaluation
of esophageal cancer (18). Accordingly, this chapter exclusively describes clinical results obtained with FDG.

Primary Tumor Staging (T Stage)
The T stage is determined by the depth of tumor inﬁltration into or through the esophageal wall, and this is one of
the most important prognostic factors in esophageal
cancer. Because of the ability of the esophagus to distend,
dysphagia, which is a common presenting symptom, does
not occur until the disease is advanced and the tumor
bulk compromises the esophageal lumen. EUS is useful
for accurate evaluation of the depth of primary tumor
penetration within the wall and the invasion of
periesophageal tissues. However, EUS is operator dependent and is unable to distinguish tumor from inﬂammation, so that tumor stage may be overestimated in the
presence of peritumoral inﬂammation. The major limita-

=

Tis, N0, M0

Source: From Valk PE, Bailey DL, Townsend DW, Maisey MN. Positron Emission
Tomography: Basic Science and Clinical Practice. Springer-Verlag London Ltd 2003,
p. 572.

tion of EUS is its inability to evaluate tumors that have
caused stenosis of the esophageal lumen, thereby preventing passage of the endoscope. CT complements EUS in detecting macroscopic invasion of mediastinal fat and
inﬁltration into the adjacent organs, particularly the
trachea and bronchi (T3 and T4 stage). However, CT is
limited for detection of early-stage (T1 and T2) tumors
and for differentiating malignant from benign causes of
esophageal wall thickening. The accuracy of CT is further
limited by the diminished amount of mediastinal fat in
many patients with esophageal cancer, who often have
sustained signiﬁcant weight loss by the time of presentation. In addition, accurate assessment of the local extent
of the tumor may be hindered by partial-volume averaging consequent to the close proximity of the tumor to the
pulsating aorta or heart (19).
FDG-PET can detect esophageal cancer before it
becomes evident on CT, but PET is limited in its ability to
determine the extent of tumor spread through the
esophageal wall or tumor invasion of the adjacent structures. This limitation results chieﬂy from the poorer resolution of PET by comparison with anatomic imaging
methods and its limited delineation of normal anatomic
structures. In our experience, a heterogeneous pattern of
FDG uptake at the primary site, especially when it has irregular margins, is suggestive of local extension of the
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tumor into the surrounding soft tissues. Several investigators have shown that FDG-PET has a higher sensitivity
than CT for detection of primary esophageal cancer
(83%–100% versus 67%–92%) (10–13, 15–17, 20, 21). The
one exception was a study utilizing a partial-ring PET
scanner without attenuation correction of images, where
PET was found to have a lower sensitivity than CT (84%
versus 97%) (22). In most studies, false-negative results of
PET occurred in patients with small T1 lesions. Physiologic
uptake of FDG in the normal esophagus also may be a limitation in detection of small or well-differentiated tumors.
FDG uptake in primary esophageal tumors has been assessed mainly by qualitative visual analysis. Yeung et al.
(16) also assessed the FDG uptake in esophageal tumors
by determination of the standardized uptake value (SUV)
and found no difference in FDG uptake in adenocarcinomas and squamous cell carcinomas. Fukunaga et al. (23)
found that 47 of 48 patients with esophageal cancer had a
primary tumor SUV greater than 2.0 (sensitivity of 98%).
The mean SUV in primary esophageal cancers (6.99 ±
3.05; n = 48) was greater than that of either normal esophagus (1.34 ± 0.37; n = 10) or a single benign esophageal
tumor (0.86) (23). Flamen et al. (17) compared the
primary tumor SUV with the T stage in 50 patients and
found no correlation. In contrast, Kato et al. (24) reported
a signiﬁcant association between FDG uptake of the
primary tumor, as measured by the SUV, and the depth
of tumor invasion (P less than 0.05), tumor dimensions
(P less than 0.01), the occurrence of lymph node involvement (P less than 0.01), and lymphatic invasion (P less
than 0.01).
All currently used imaging techniques are limited in
differentiating tumor from inﬂammatory disease and in
detecting microscopic disease, so that histopathologic examination of the resected specimen remains the criterion
standard for T-stage determination.

Regional Lymph Node Metastases (N Stage)
The status of regional lymph nodes is the most important
prognostic factor in patients with esophageal cancer: patients with nodal metastases have a higher likelihood of
systemic spread of the disease and a worse prognosis
(25–27). Lymph node status has a major impact on treatment selection. Lymph node involvement, either regional
or distant, commonly occurs before involvement of other
distant organs. The high prevalence of lymph node involvement in esophageal cancer is the result of the rich
network of lymphatics, which extends along the entire
esophagus. The limitations of the current imaging techniques, CT and EUS, in accurate detection of lymph node
involvement are related to their inability to detect tumor
involvement in normal-sized lymph nodes and to differentiate whether lymph node enlargement is caused by
metastatic or inﬂammatory disease. Although multidetector CT has better resolution and improved ability to

detect small lymph nodes, it has not been shown to
improve the accuracy of esophageal cancer staging; this is
no doubt related to the size criterion used by CT for detection of lymph node metastasis. To increase the accuracy of preoperative staging, the use of minimally invasive
surgical staging, consisting of thoracoscopy with or
without abdominal staging laparoscopy, has been recommended. However, because of their invasiveness, morbidity, and high cost, these procedures are not used routinely
in clinical practice.
Clinical studies have shown that FDG-PET can
signiﬁcantly improve preoperative nodal staging (Table
11.3). Although most of these studies were retrospective
and the studies employed different imaging protocols, the
results demonstrate an important role for FDG-PET in
staging esophageal cancer. In early work at Washington
University, we studied 36 patients with esophageal cancer.
In 29 patients who underwent esophagectomy with curative intent, we found that the accuracy for detection of
nodal disease was 76% (22/29) for FDG-PET and 45%
(13/29) for CT (10). Most subsequent studies including
our own have demonstrated slightly lower sensitivity, with
similar or higher speciﬁcity for detection of locoregional
nodal disease by PET. The reported sensitivities have
ranged from 22% to 71% (with one report of 92%) for
PET, compared to 0% to 87% for CT (10–13, 15–17, 21, 22,
28–31) (Figure 11.1). Speciﬁcities ranged from 78% to
100% for PET and from 73% to 100% for CT (see Table
11.3) (10–13, 15–17, 21, 22, 28–32). A recent meta-analysis
of 12 studies reported in the literature has demonstrated
that the overall pooled sensitivity and speciﬁcity of FDGPET for detection of locoregional disease were 51% [95%
conﬁdence interval (CI), 34%–69%] and 84% (95% CI,
76%–91%), respectively (33).
Although these reports suggest that FDG-PET may
produce some small improvement in locoregional staging,
the sensitivity of both PET and CT is too low for use in
clinical decision making, and nodal sampling is used in all
patients who are otherwise considered to be surgical candidates. False-negative results are chieﬂy found in nodes
with small tumor burden (especially nodes less than 1 cm
in diameter) and involved lymph nodes that lie in close
proximity to the primary tumor. These adjacent lymph
nodes are typically resected with the primary tumor, and
their involvement usually does not alter management.
False-positive results are chieﬂy caused by inﬂammatory
disease or heterogeneous uptake in the primary tumor
simulating periesophageal nodal metastasis. Inﬂammatory adenopathy should be suspected when there is other
evidence of granulomatous disease on CT imaging (e.g.,
nodal calciﬁcation).

Distant Metastatic Disease (M Stage)
The prognosis for patients with metastatic esophageal
cancer is very poor, and major surgery is not justiﬁed in
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Table 11.3. Comparison of FDG-PET and CT for detection of regional lymph node involvement in esophageal cancer.
Number of patients
Study (year)

Sensitivity (%)
a

Biopsy or surgery/total

PET

Specificity (%)
CT

PET

CT

Flanagan et al. (1997)

29/36

72

28

82

73

Block et al. (1997)b

35/58

52

28

78

78

Luketich et al. (1997)

21/35

45

NA

100

NA

Kole et al. (1998)

22/26

92

38

88

100

Rankin et al. (1998)

18/25

37

50

90

80

Yeung et al. (1999)

NA/67

28

25

99

98

Flamen et al. (2000)

39/74

33

0

89

100

Lerut et al. (2000)c

42/74

22

83

91

45

Meltzer et al. (2000)

37/47

41

87

88

43

Kim et al. (2001)

50/53

52

15

94

97

Himeno et al. (2002)

31/36

37

31

96

88

Kato et al. (2002)

32/32

78

61

93

71

Wren et al. (2002)

21/24

71

57

86

71

Räsänen et al. (2003)

19/42

37

89d

100

54d

Yoon et al. (2003)

81/136

30

11

90

95

Liberale et al. (2004)

8/24

38

25

81

50

NA, information not available.
a
Number of patients who underwent surgical resection of esophageal cancer.
b
The PET and CT results of some of these patients are also reported in Flanagan et al. (1997).
c
Reanalysis of 42 of 74 patients reported in Flamen et al. (2000).
d
Endoscopic ultrasonography.
Source: Updated from Valk PE, Bailey DL, Townsend DW, Maisey MN. Positron Emission Tomography: Basic Science and Clinical Practice. Springer-Verlag London Ltd 2003,
p. 574.

these patients. Therefore, it is essential to identify patients
with advanced disease accurately to permit selection of
the most effective and rational management approach and
to avoid subjecting them to ineffective costly and debilitating therapeutic procedures. Esophageal cancer typically
metastasizes to distant lymph nodes, liver, and lung,
before metastasizing to other organs, such as bone and
adrenal glands. Although evaluations of FDG-PET for detection of distant metastatic disease in patients with
esophageal cancer have included only limited patient
numbers, the results of these studies have demonstrated
an important role for PET in pretreatment staging.
Clinical studies have shown that FDG-PET is more sensitive than conventional imaging such as CT, ultrasonography, and bone scintigraphy for demonstrating the true
extent of metastatic disease (Table 11.4). In our initial
study, we demonstrated that FDG-PET was superior to
CT, detecting distant metastatic disease in 5 of 7 versus 0
of 7 patients (10). The positive PET ﬁndings were
conﬁrmed histologically in all 5 of these patients. The 2
patients with false-negative PET results were respectively
found at laparotomy to have a small hepatic metastasis
and a small pancreatic metastasis. Our subsequent evaluation of a larger patient group conﬁrmed these ﬁndings,
demonstrating a sensitivity of 100% (17/17) for PET versus
29% (5/17) for CT in detection of distant metastatic disease
(11). Eleven of these 17 patients subsequently underwent

minimally invasive staging procedures, such as percutaneous biopsy or mediastinoscopy, with conﬁrmation of the
PET results in every case (Figure 11.2).
Luketich et al. (13) studied 35 patients with esophageal
cancer and demonstrated that FDG-PET had a sensitivity
of 88% (7/8) and speciﬁcity of 93% (25/27) for detection of
distant metastatic disease. FDG-PET was falsely negative
in 1 patient with a 2-mm hepatic lesion. CT demonstrated
small (less than 1 cm) pulmonary lesions in 6 patients, all
of whom had negative PET studies. Video-assisted thoracotomy conﬁrmed the PET results in all 6 patients
showing benign hamartoma in 2 patients and benign
granuloma or ﬁbrosis in 4. These investigators reported
that FDG-PET results facilitated treatment planning by
demonstrating unsuspected distant metastatic disease in
up to 20% of patients with negative results by conventional imaging. In a later evaluation, Luketich et al. (14)
prospectively compared PET and CT with minimally invasive staging in 91 patients (100 PET scans) with
esophageal cancer. Seventy distant metastatic lesions in 39
patients were conﬁrmed clinically or by biopsy. Sensitivity
and speciﬁcity were 69% and 93%, respectively, for FDGPET and 46% and 74%, respectively, for CT. Similar
results are reported by others (12, 15).
In a prospective study of 74 patients, Flamen et al. (17)
found that FDG-PET was superior to CT and EUS in detection of stage IV disease. The sensitivity and speciﬁcity
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Figure 11.1. Staging esophageal cancer:
65-year-old man with an esophageal
cancer. Coronal (top) computed tomography (CT), positron emission tomography (PET)-CT fusion, and PET images
demonstrate intense 18F-2-deoxy-Dglucose (FDG) uptake within the thickened distal esophagus, consistent with
primary esophageal cancer. Transaxial
(middle and bottom) CT, PET/CT fusion,
and PET images demonstrate intense
FDG uptake in an enlarged gastrohepatic
ligament lymph node (2.0 × 2.5 cm)
(curved arrow;middle images) and a
small (7 mm) lymph node (arrow,
bottom images), which showed increased FDG uptake, suspicious for
metastatic disease.

Table 11.4. Comparison of FDG-PET and CT for detection of distant metastatic disease in esophageal cancer.
Number of patients

Sensitivity (%)
a

Study (year)

Biopsy or surgery/total

PET

Specificity (%)
CT

PET

CT

Flanagan et al. (1997)

7/36

71

0

NA

NA

Block et al. (1997)a

17/58

100

29

NA

NA
70

Luketich et al. (1997)

7/35

88

0

93

Kole et al. (1998)

8/26

100

62

92

92

Luketich et al. (1999)

39/91

69

46

93

74

Flamen et al. (2000)

34/74

74

47

90

78

Lerut et al. (2000)

b

13/42

77

83

90

69

Meltzer et al. (2000)

10/47

71

57

93

93

Wren et al. (2002)

12/24

67

83

92

75

Räsänen et al. (2003)

15/42

47

33

89

96

Heeren et al. (2004)

24/74

78

37

98

87

Liberale et al. (2004)

7/58

88

44

88

95

CI, conventional imaging [CT and/or ultrasound (US)].
a
The PET and CT results of some of these patients are also reported in Flanagan et al. (1997).
b
Reanalysis of 42 of 74 patients reported in Flamen et al. (2000).
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Figure 11.2. Staging esophageal cancer:
62-year-old man with adenocarcinoma
of the distal esophagus and gastroesophageal junction. Coronal (top) CT,
PET/CT fusion, and PET images demonstrate intense FDG uptake within the
primary tumor mass Transaxial (bottom)
CT, PET/CT fusion, and PET images show
intense FDG uptake in a normal size
(1 cm) right supraclavicular lymph node
(arrows), which was easily accessible for
biopsy to confirm inoperable disease.

for detection of stage IV disease were 74% and 90%, respectively, for FDG-PET, 41% and 83%, respectively, for
CT, and 42% and 94%, respectively, for EUS. Combined
use of CT and EUS had a sensitivity of 47% and a
speciﬁcity of 78% in this group of patients with advanced
disease. FDG-PET upstaged the tumor in 11 patients
(15%) by detecting unsuspected metastatic disease and
downstaged disease in 5 patients (7%). In a subsequent reanalysis of data in 42 of these 74 patients (28), these investigators also showed that FDG-PET had higher sensitivity
(77% versus 83%) and speciﬁcity (90% versus 69%) than
the combination of CT and EUS, speciﬁcally for detection
of distant nodal disease. Similar results have been reported by others (22, 34, 35). For detection of metastatic
disease, the reported sensitivities have ranged from 47%
to 100% for PET, compared with 0% to 83% for CT
(10–14, 17, 18, 22, 28, 31 ,34 ,35). Speciﬁcities ranged from
89% to 98% for PET and from 69% to 96% for CT [Table
11.4 (10–14, 17, 18, 22, 28, 31 ,34 ,35); Figure 11.3]. The
recent meta-analysis by van Westreenen et al. (33)
demonstrated that the overall pooled sensitivity and
speciﬁcity of FDG-PET for detection of distant metastatic
disease were 67% (95% CI, 58%–76%) and 97% (95% CI,
90%–100%), respectively.
Currently, there are no data available from multicenter
trials that assess the role of PET in staging esophageal
cancer, and the results of a recently completed multicenter trial (American College of Surgeons Oncology Group

Study Z0060) are not expected to be available until 2005.
The current literature demonstrates that FDG-PET at
initial diagnosis assists in selection of the most appropriate mode of therapy for esophageal cancer. In particular,
some patients with advanced disease, who are deemed to
have resectable tumors on the basis of conventional
imaging results, are excluded from attempted curative
surgical procedures. However, because the positive predictive value of FDG-PET is less than 100%, histologic
conﬁrmation of PET ﬁndings indicating nonresectability
is necessary before a patient is denied potentially curative
surgery. FDG-PET diagnosis of nonresectable disease has
the added advantage of also identifying the local or
distant metastatic sites that are the most accessible to
conﬁrmation by minimally invasive surgical procedures
(see Figure 11.3) (10, 11, 13, 14, 36). Therefore, the use of
PET for staging esophageal cancer can reduce both the
cost and morbidity of surgical management by reducing
the number of ineffective surgical procedures. This practice may also be expected to increase the percentage cure
rate of the resections that are undertaken.
It is expected that the interpretation accuracy of PET
and CT will improve with the use of PET/CT scanners.
These scanners provide accurately fused functional and
morphologic data in a single examination (4, 5, 37). It also
is expected that this improved accuracy will translate into
improved patient management. There are only limited
data yet available regarding the use of PET/CT in
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Assessment of Prognosis with FDG-PET

Figure 11.3. Staging esophageal cancer: 68-year-old man with adenocarcinoma of the
gastroesophageal junction. Coronal (top) and transaxial (middle) CT, PET/CT fusion, and
PET images demonstrate intense FDG uptake within the primary tumor mass. Transaxial
(bottom) CT, PET/CT fusion, and FDG-PET images demonstrate a small focal area of increased FDG accumulation within a 1-cm metastasis in the right lobe of the liver (open
arrows). The diagnosis of metastatic disease was confirmed by sonographically guided
biopsy of the hepatic lesion.

esophageal cancer. Bar-Shalom et al. (38) studied 18 patients with esophageal cancer with PET/CT and demonstrated improved detection and characterization of 35%
of suspicious lesions in 89% of patients. In addition, the
PET/CT results affected management of 22% of patients.
In a recent study, Wallace et al. (39) compared the effectiveness of several different strategies for preoperative
staging of patients with esophageal cancer. They compared the following six strategies: CT alone; CT + EUS
with ﬁne-needle aspiration biopsy; CT + thoracoscopy
and laparoscopy (TL); CT + EUS with ﬁne-needle aspiration biopsy + TL; CT + PET + EUS with ﬁne-needle aspiration biopsy; and PET + EUS with ﬁne-needle aspiration
biopsy. The model was based on a third-party payer perspective and incorporated the following: the test characteristics for each staging technique; prevalence of local,
regional, and distant disease; life expectancies and cost
associated with the treatment for patients with local, regional, and distant disease; and probability of death for
patients undergoing TL and those undergoing resection.
The investigators found the combination of PET + EUS
with ﬁne-needle aspiration biopsy to be the most effective
strategy.

Fukunaga et al. (23, 40) showed that semiquantitative and
quantitative measures of FDG uptake in primary
esophageal cancer can provide prognostic information.
They found that patients with a primary tumor with SUV
greater than 7.0 had a worse prognosis than those with
SUV less than 7.0 (23). They also demonstrated a good
correlation between hexokinase activity, assessed histochemically in the resected tumor specimens, and the preoperative tumor FDG uptake measured as SUV and as k3,
the rate constant for phosphorylation of FDG. Kato et al.
(24) also demonstrated that SUV for tumor FDG uptake
can be used to predict prognosis. They reported that patients with a primary tumor with SUV greater than 3 had a
worse prognosis than did those with SUV less than 3. The
2-year survival rate in the patients with high tumor FDG
uptake was 48% versus 91% in those with low uptake.
Luketich et al. (14) reported that FDG-PET demonstration of local or distant metastatic disease at initial presentation was highly predictive of survival. The 30-month
survival of patients with PET evidence of local disease
only (n = 64) was 60% versus 20% for patients with PET
evidence of distant disease (n = 27; P = 0.01). By comparison, when CT was used to stage the tumor, there was a
lesser, but statistically insigniﬁcant, correlation between
survival and CT ﬁndings: the 30-month survival of patients with CT evidence of local disease only (n = 58) was
52% versus 38% for patients with CT evidence of distant
disease (n = 33). Choi et al. (41) recently demonstrated
that several features of esophageal cancer on FDG-PET
such as SUV of the primary tumor, the number of positive
lymph nodes, the length of the tumor, and stage are independent prognostic predictors over other clinical features
of patients with esophageal cancer who were undergoing
curative surgery. The investigators studied 69 such patients, who were followed for disease recurrence and
cancer-related death to assess survival. In univariant survival analysis, they found that the presence of adjuvant
therapy, pathologic stage, number of CT-positive lymph
nodes (0, 1, =2), tumor length on PET (cutoff: 3 cm, 5 cm),
the number of PET-positive lymph nodes (0, 1, =3), and
PET stage (N0M0, N1M0, M1) were signiﬁcant prognostic
predictor for disease-free survival. However, on multivariant survival analysis, only the number of PET-positive
lymph nodes was an independent signiﬁcant prognostic
predictor for disease-free survival (hazard ratio, 1.87;
P less than 0.001). These investigators suggested that a
revised TNM staging system for esophageal cancer should
be considered to include tumor length and the number of
positive lymph nodes as important prognostic factors.

Assessment of Response to Therapy
The treatment for localized esophageal cancer is surgery;
however, the long-term outcome for patients treated with
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surgery alone is very poor. Despite recent advances in surgical techniques and decreasing operative mortality, 5year survival rates have remained low (5% to 23%) in
patients treated by surgery alone (42–44). Recently, multimodality therapeutic approaches, combining surgery with
neoadjuvant or adjuvant chemotherapy, radiation
therapy, or both, have been used in patients with resectable and unresectable disease.
It has been shown that one of the strong predictors of
long-term survival is the degree of response to
chemotherapy and radiation therapy (45). Longer survival
has been reported in patients showing complete response
to chemotherapy and radiation than in patients with
partial or no response. Conventional imaging techniques
are limited for assessing the effectiveness of therapy, and
a delay of several weeks after completion of therapy is
necessary for evaluating response. Early assessment of
tumor response during treatment would be valuable if
nonresponders could be identiﬁed reliably, so that alternative treatment could be substituted in these patients
and morbidity associated with ineffective treatment could
be avoided. The role of PET in monitoring therapy of
esophageal cancer has not been studied extensively, but
FDG-PET has been used effectively to monitor therapy of
several other cancers. Typically, a decrease in tumor FDG
uptake is seen early during effective treatment whereas no
signiﬁcant decrease or even an increase is noted with ineffective therapy (46). The changes in FDG uptake generally
occur earlier than corresponding anatomic changes on
CT. It has been shown that FDG accumulates in sites of
inﬂammation; thus, for assessment of response after
therapy, a delay of several weeks or months after completion of therapy is believed to be needed to avoid false-positive results, although the optimal timing of such studies
is still being investigated. There are two principal approaches for the use of FDG-PET in monitoring response
to therapy in esophageal cancer. One approach involves
the use of PET after completion of therapy to identify suitable candidates for surgical resection of esophageal
cancer. The other approach involves the use of FDG-PET
during the course of therapy to predict response to
therapy and identify nonresponders so that an alternative
therapy can be initiated.
Several studies have used FDG-PET at the completion
of neoadjuvant therapy to assess response to therapy
before surgical resection of esophageal cancer. Brücher
et al. (47) correlated histopathologic tumor response to
neoadjuvant radiation therapy and chemotherapy with
changes in tumor FDG uptake, determined 3 weeks after
completion of therapy in patients with esophageal carcinoma. The tumors of 13 patients showed a histopathologic response, deﬁned as less than 10% residual viable
tumor cells, whereas the tumors in 11 patients did not
respond and had 10% or more residual viable tumor cells.
The reduction in tumor FDG uptake was signiﬁcantly
more marked in responders than in nonresponders (mean
± standard deviation, –72% ± 11% versus –42% ± 22%; P
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= 0.002). With a 52% reduction in tumor FDG uptake
from baseline deﬁned as the cutoff value, the sensitivity
and speciﬁcity of FDG-PET for detection of response to
neoadjuvant therapy were 100% and 55%, respectively.
The positive predictive value and negative predictive
value were 72% and 100%, respectively. After surgery, patients without evidence of response by PET had a
signiﬁcantly shorter survival (P less than 0.0001) (47).
Similar results have been described by others (48).
However, conﬂicting results were reported by Brink et al.
(49), who demonstrated that the percent decrease in
tumor FDG uptake 2.7 ± 0.6 weeks after neoadjuvant
chemoradiotherapy did not correlate with tumor regression. Downey et al. (50) prospectively studied 24 patients
with esophageal cancer before and after completion of
neoadjuvant therapy. They demonstrated that patients
with a median posttherapy decrease greater than 60% in
primary tumor FDG uptake, as measured by the SUV, had
better survival than did patients with a median decrease
less than 60%. The 2-year disease-free survival in these
two groups was 67% and 38%, respectively (P less than
0.05). In this relatively small study, the posttherapy FDGPET study did not add to the assessment of locoregional
resectability and did not detect new distant metastases. In
our own experience, FDG-PET performed after induction
therapy detected new metastatic disease, precluding
resection, in about 10% of patients (Figure 11.4) (R.
Battafarano et al., unpublished data). Swisher et al. (51)
retrospectively studied 100 patients with PET, CT, and
EUS before and 3 to 5 weeks after completion of neoadjuvant therapy. Fifty-eight patients had a pathologic response (=10% viable cells) to neoadjuvant chemoradiotherapy. After completion of therapy, the sensitivity,
speciﬁcity, and accuracy were 51%, 69%, and 62%, respectively, for CT (response deﬁned as esophageal thickness
less than 14.5 mm); 56%, 75%, and 68%, respectively, for
EUS (response deﬁned as mucosal mass length less than
1 cm); 62%, 84%, and 76%, respectively, for PET of the
primary tumor (response deﬁned as SUV less than 4); and
69%, 78%, and 75%, respectively, for PET of primary
tumor, regional, and distant metastatic disease (response
deﬁned as SUV less than 6). The investigators reported
that only posttherapy SUV of the primary tumor predicted
long-term survival. The 18-month survival of patients with
posttherapy SUV of 4 or more was 34% compared with
77% for patients with an SUV less than 4.0 (P = 0.01).
Increased FDG uptake in inﬂamed tissue shortly after
completion of therapy makes evaluation of response to
cancer therapy by FDG-PET difﬁcult. In a recent study, we
found that the change in tumor FDG uptake 3 to 4 weeks
after completion of neoadjuvant chemoradiotherapy was
not reliable in distinguishing posttreatment inﬂammation
from residual tumor (52). The time interval between
chemoradiation therapy and follow-up PET should be
carefully selected in future prospective studies to minimize false-positive results. It also is possible that differences in the false-positive rates between various studies
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a Initial staging

b Restaging

Figure 11.4. Response to therapy of esophageal carcinoma. (a) Coronal (top) and
transaxial (bottom) CT, PET/CT fusion, and PET images demonstrate intense FDG uptake
within the primary tumor mass (solid arrows). (b) Approximately 4 weeks after completion of chemoradiation, similar images show complete resolution of abnormally increased FDG uptake in the primary cancer (solid arrows). However, there is a new focal
area of increased FDG uptake in the left supraclavicular region (open arrows), suspicious for interval development of distant metastatic disease. The diagnosis of metastatic disease was confirmed by biopsy of the left supraclavicular lymph node.

could be related to the dose of radiation therapy or the
type of chemotherapeutic agents.
There is evidence that response to therapy can be predicted by PET as soon as 14 days after initiation of
chemotherapy or chemoradiotherapy in esophageal

cancer. Weber et al. (53), in a prospective study of 37 patients with locally advanced cancer of the esophagogastric
junction, demonstrated that FDG-PET performed 14 days
after the ﬁrst cycle of cisplatin-based polychemotherapy
was useful in predicting response to neoadjuvant
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chemotherapy. Clinical response was deﬁned as a 50% reduction of tumor length and wall thickness as assessed by
endoscopy and standard imaging techniques after 3
months of therapy. Histopathologic tumor response also
was assessed in 32 patients who underwent surgery; complete response was deﬁned as either no or a few scattered
residual tumor cells. The decrease in tumor FDG uptake
was signiﬁcantly more marked in responders than in nonresponders (mean ± standard deviation, –54% ± 17%
versus –15% ± 21%; P less than 0.001). When a 35% reduction in tumor FDG uptake relative to baseline was
deﬁned as the cutoff value between response and nonresponse, the early PET ﬁndings predicted clinical response
with a sensitivity of 93% (14/15 patients) and a speciﬁcity
of 95% (21/22 patient). Eight of 15 patients with a metabolic response, but only 1 of 22 patients without a metabolic response, had histologically complete or subtotal
tumor regression. In addition, patients without evidence
of response on PET had signiﬁcantly shorter progressionfree survival (P = 0.01) and overall survival (P = 0.04)
(53). Wieder et al. (54), in a prospective study of 38 patients with intrathoracic esophageal cancer, demonstrated
that the change in tumor FDG uptake at 14 days after initiation of neoadjuvant chemoradiotherapy was predictive
of subsequent response to therapy and of survival. They
observed that the decrease in tumor SUV was signiﬁcantly
higher in responders (deﬁned as less than 10% viable cells
in the resected specimen) than in nonresponders (decrease of 44% ± 15% in responders versus 21% ± 14% in
nonresponders) (P = 0.0055). In addition, the change in
tumor FDG uptake at this time point correlated with
patient survival (P = 0.011). Using a 30% decrease of FDG
uptake from baseline as the cutoff value, FDG-PET had a
sensitivity of 93% and a speciﬁcity of 88% for distinguishing responders from nonresponders. Similarly, 3 to 4
weeks after completion of therapy, responders had greater
reduction in tumor SUV than did nonresponders (70% ±
11% versus 51% ± 21%) (54). These investigators also reported that a radiation dose of 40 Gy and administration
of ﬂuorouracil as a continuous infusion causes a mild increase in FDG uptake in normal esophageal tissue during
and early after completion of therapy (54).
These ﬁndings suggest that FDG-PET early during
treatment or after completion of therapy has the potential to monitor response to therapy. It appears that the
magnitude of the change in tumor FDG uptake after
therapy in esophageal cancer is predictive of pathologic
response and has long-term prognostic signiﬁcance.
With increasing use of multimodality therapy, such noninvasive assessment of tumor response has become
more important. Further evaluations are required to
deﬁne fully the role of PET in assessing response to
therapy in esophageal cancer and to show that the use of
PET to guide treatment decisions will result in improved
patient outcomes.
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Detection of Recurrent Disease
The long-term survival of patients with esophageal cancer
remains poor despite aggressive therapy. Recurrence is
common following presumed curative resection, mainly
because of micrometastatic disease; thus, recurrence at
distant sites is more common than local recurrence.
Patients with recurrent disease have a poor prognosis, and
the survival beneﬁt of early detection of recurrent disease
is uncertain. However, aggressive therapy of local recurrence may prolong disease-free survival or occasionally be
curative. Although anatomic imaging modalities are
limited in differentiating scar from recurrent disease,
FDG-PET has the ability to detect and differentiate recurrent disease from posttherapy changes when disease has
altered metabolism without any structural changes. Thus,
PET is more suitable for early detection of recurrent
disease.
Fukunaga et al. (40) studied 13 patients with suspected
recurrent esophageal cancer; increased FDG uptake was
noted in 6 of 7 patients with proven recurrent disease,
whereas no signiﬁcant FDG uptake was seen in the 6 patients who did not have recurrence. Flamen et al. (55) assessed the utility of FDG-PET in diagnosis of suspected
recurrent esophageal cancer after initial curative resection
in a study of 41 patients. Thirty-three patients proved to
have recurrent disease. Forty lesions were identiﬁed: 9
local recurrences at the anastomotic site, 12 regional
nodal metastases, and 19 distant metastatic lesions.
For detection of local recurrence, the sensitivity and
speciﬁcity were 100% and 43%, respectively, for PET and
100% and 93%, respectively, for conventional imaging
(CT and EUS). For detection of metastatic disease, the
sensitivity and speciﬁcity were 96% and 67%, respectively,
for PET and 85% and 67%, respectively, for conventional
imaging. FDG-PET provided additional information in 11
of 41 patients (27%); PET correctly detected recurrent
disease in 5 patients with equivocal or negative conventional imaging results and demonstrated distant metastasis in 5 patients who had local recurrence. In another
patient with equivocal conventional ﬁndings, PET correctly excluded recurrent disease. False-positive results attributable to inﬂammation were found in 4 patients with
progressive anastomotic stenoses requiring repetitive dilatations. Thus, the patient’s clinical history has to be considered to minimize false-positive results. Kato et al. (56)
retrospectively compared PET and CT for detection of recurrent disease in 55 patients who had undergone
esophagectomy for esophageal cancer. The sensitivity,
speciﬁcity, and accuracy for detection of locoregional and
distant metastatic disease were 96%, 68%, and 82%, respectively, for PET and 89%, 79%, and 84%, respectively
for CT. PET had higher sensitivity but lower speciﬁcity
than did CT for detection of locoregional recurrence. In
addition, PET had higher sensitivity for detection of bone
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metastasis than did CT, but had lower sensitivity than did
CT for detection of lung metastasis. This study suggests
that a combined PET/CT study will be the most sensitive
tool for detection of recurrent disease.

Gastric Cancer
The incidence of gastric cancer has declined in the United
States, but it is still the second most common cancer (57)
and the second most common cause of cancer-related
death in the world (58). Because of distensibility of the
stomach, gastric cancers often become symptomatic only
when the tumor is advanced and unresectable. Ninety-ﬁve
percent of gastric cancers are adenocarcinomas, and the
remaining 5% consist of leiomyosarcomas, lymphomas,
carcinoids, squamous cell carcinomas, and other lesscommon tumors. Gastric cancers arising outside of the
cardia have been classiﬁed by Lauren into intestinal and
diffuse types. Intestinal-type cancers typically form glandlike structures and primarily involve the distal stomach
(59). They typically occur in elderly individuals of low socioeconomic status and are believed to develop in a stepwise transition from normal mucosa to atrophic gastritis,
intestinal metaplasia, dysplasia, and, ﬁnally, adenocarcinoma. The diffuse-type cancer is a poorly differentiated
tumor that lacks glandular structures. This lesion is found
more often in younger individuals and there appears to be
a genetic predisposition (60, 61). Despite their differences,
both types of gastric cancers are strongly associated with
Helicobacter pylori infection (62). Over the past three
decades, there has been a decrease in cancer of the antrum
and an increase in cancer of the cardia and proximal
stomach. Approximately 10% of gastric cancers involve
the submucosa throughout the entire stomach, resulting
in a rigid nondistendable organ (linitis plastica).
Surgical resection is the only curative therapy for
gastric adenocarcinoma, and typically involves en bloc resection of the entire tumor and regional lymph nodes.
Patients with early gastric cancer who are treated surgically have an excellent 5-year survival rate of approximately 90% (63). Limited surgery, such as endoscopic
mucosal resection and laparoscopic wedge resection, are
used in some patients with well-differentiated tumors of
less than 2 cm that involve only the mucosal layer without
nodal spread. Lymphatic involvement is a major determinant of prognosis in gastric cancer. Unfortunately, gastric
cancer is all too often detected when the tumor is advanced and unresectable. Advanced disease is treated with
neoadjuvant chemotherapy and has a very poor prognosis; the 5-year survival rate in the United State is reported
to be 3% to 13% (63).
Gastric cancer is usually diagnosed by endoscopy or
barium studies. These techniques provide excellent evalu-
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ation of the mucosal surface of the stomach but are
unable to determine the depth of mural invasion by tumor
or the extent of metastatic disease. CT and EUS are the
most common imaging methods used to determine the locoregional extent of disease. EUS is particularly useful for
assessment of the depth of tumor invasion, but both
imaging techniques are insufﬁciently accurate for nodal
staging. Staging laparoscopy is performed routinely in patients who are thought to have resectable tumor on the
basis of imaging ﬁndings to avoid surgery in patients with
nonresectable tumor.
Several studies have evaluated the role of FDG-PET in
gastric cancer (20, 64–67). Yeung et al. (65) studied 23 patients with gastric cancer. FDG-PET correctly identiﬁed all
but 1 primary tumor (12/13) and identiﬁed recurrent
disease at the anastomotic site in 2 patients. FDG-PET had
a sensitivity of 93% and speciﬁcity of 100% for detection
of tumor at the primary site (Figure 11.5). However, for
detection of metastatic disease in intraabdominal lymph
node stations, FDG-PET had a sensitivity of only 22%
(2/9) with a speciﬁcity of 97% (32/33). FDG-PET correctly
identiﬁed distant metastatic disease in 4 patients and was
falsely negative in 4 additional patients who had peritoneal tumor spread. Stahl et al. (64) correlated tumor
FDG uptake with histopathologic and endoscopic features
of gastric cancer in 40 patients with locally advanced

Figure 11.5. Staging of gastric cancer: 62-year-old woman with adenocarcinoma of
the stomach. Coronal (top) and transaxial (bottom) CT, PET/CT fusion, and PET images
of the torso demonstrate intense increased FDG uptake in the wall of the stomach.
There is no evidence of locoregional or distant metastatic disease.
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cancer and 10 controls. FDG-PET detected 24 of the 40 patients (60%) with gastric cancer, and the detection rate
was signiﬁcantly higher for intestinal-type tumors than
for nonintestinal-type lesions (83% versus 41%; P = 0.01).
The mean SUV was signiﬁcantly different between the intestinal and nonintestinal types (6.7 ± 3.4 versus 4.8 ± 2.8;
P = 0.03), between nonmucinous and mucinous cancers
(2/18 intestinal type and 17/22 nonintestinal type contained extra-and intracellular mucin) (7.2 ± 3.2 versus 3.9
± 2.1; P less than 0.01) and between grade 2 and grade 3
tumors (7.4 ± 2.3 versus 5.2 ± 3.3; P = 0.02). The survival
rate was not signiﬁcantly different between patients with
PET-positive and PET-negative tumors (P = 0.85). The
authors concluded that the low detection rate of gastric
cancers by FDG-PET in their series was likely due to the
greater number of nonintestinal-type tumors with high
mucin content, which typically have lower FDG uptake
than intestinal-type tumors. More recently, Mochiki et al.
(66) studied 85 patients with gastric cancer with FDG-PET
at initial diagnosis. FDG-PET detected the primary tumor
in 75% (64/85) of the patients, and a signiﬁcant correlation was noted between the primary tumor SUV and the
depth of invasion (P less than 0.05), the size of the tumor
(P less than 0.05), and the presence of lymph node metastasis (P less than 0.05). The primary tumor was not detected on FDG-PET in 21 patients; 15 patients of these
patients had T1 primary lesions. The histology of the
primary tumors (intestinal versus nonintestinal histology)
did not signiﬁcantly inﬂuence tumor detectability by PET
(P = 0.5) in this study. CT was more sensitive (65% versus
23%) but less speciﬁc (77% versus 100%) than FDG-PET
for detecting locoregional lymph node metastasis. This
result was attributed to the difﬁculty of distinguishing
FDG uptake in locoregional lymph nodes from that in the
adjacent primary tumor on PET images. The intensity of
FDG uptake was predictive of survival; patients with
primary tumor SUVs greater than 4 had signiﬁcantly
poorer 2-year survival (51%) than did those with SUVs
less than 4 (81%) (P less than 0.05). In addition, the 2-year
survival of patients with PET-positive cancers was 66%
and that for patients with PET-negative cancers was 94%.
Yoshioka et al. (67) reported that FDG uptake in the
primary tumor and in metastatic foci in the liver, lymph
nodes, and lung is greater than that in bone metastases
or peritoneal or pleural carcinomatosis. They also reported higher primary tumor FDG uptake in well-differentiated and moderately differentiated adenocarcinoma
than in poorly differentiated adenocarcinoma and signet
ring cell carcinoma (13.2 ± 6.3 versus 7.7 ± 2.6; P less
than 0.05).
As in esophageal cancer, patients with gastric cancer
who respond to neoadjuvant therapy have a more-favorable outcome. However, only 30% to 40% of patients
respond to neoadjuvant therapy. Thus, the large fraction
of patients with nonresponding tumors undergo several
months of ineffective, toxic therapy without a survival
beneﬁt. Ott et al. prospectively evaluated 44 patients with

Positron Emission Tomography

locally advanced gastric cancer with FDG-PET before
therapy and 14 days after initiation of cisplatin-based
polychemotherapy (68); 35 of the 44 tumors had sufﬁcient
uptake on the PET images for quantitative analysis.
Metabolic response was deﬁned as a decrease of tumor
FDG uptake by 30% or more. The PET ﬁndings after 14
days of therapy correctly predicted histopathologic response after 3 months of neoadjuvant therapy in 10 of 13
responders (77%) and in 19 of the 22 nonresponders
(86%). Metabolic response also was predictive of survival.
The median overall survival was 19 months for patients
without a metabolic response (2-year survival of 25%) and
had not been reached for patients with a metabolic response (2-year survival of 90%) (P = 0.002). If conﬁrmed
in larger studies, these results suggest that PET will be
quite valuable for guiding the management of patients
with locally advanced disease and for sparing nonresponders unnecessary morbidity and expenses of ineffective
therapy.
The limitations of FDG-PET for evaluation of gastric
cancer are similar to the limitations encountered in
esophageal cancer and include poor sensitivity for detecting small tumor deposits. Sensitivity for detection of
diffuse-type gastric cancer with high mucin content is
lower than for detection of the intestinal type of gastric
cancer (64, 68). Normal, moderately intense physiologic
FDG uptake in the stomach may obscure tumors with lowlevel FDG uptake.

Gastrointestinal Stromal Tumors
Gastrointestinal stromal tumors (GISTs) are the most
common mesenchymal tumors of the gastrointestinal
tract and account for approximately 0.1% to 3% of all gastrointestinal (GI) tract tumors. GISTs are deﬁned as immunohistochemically Kit-positive primary mesenchymal
tumors of the GI tract. Approximately 95% of GISTs stain
positively for Kit (CD117), a tyrosine kinase growth factor
receptor (69). These tumors are thought to arise from
Cajal cells in the gut wall, which are important for gut
motor function. The majority of tumors previously diagnosed as GI smooth muscle tumors, such as leiomyoma,
leioblastoma, or leiomyosarcoma, are now thought to
have been GISTs. However, differentiation of leimyosarcoma from GIST is important to determine prognosis and
the appropriateness of Kit-inhibitor therapy. Mature
smooth muscle tumors have negligible mitotic activity
and have benign behavior and do not express Kit. GISTs
occur throughout the entire GI tract and also may arise
from the omentum, mesentery, and retroperitoneum.
GISTs arise predominantly in the stomach (60%) and
small intestine (25%) and rarely in the rectum (5%),
esophagus (2%), and a variety of other locations (5%) in
the abdomen (69). They can be small benign tumors or
sarcomas. Benign GISTs are more common in the
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stomach whereas malignant GISTs are more common in
the intestines. Tumors that have metastasized at presentation have a very poor prognosis (70). Thirty percent of
GISTs are malignant and 70% are benign. Mitotic rate,
tumor size, and tumor site are three important prognostic
factors. Tumors that are small (=2 cm) and show fewer
than 5 mitotic ﬁgures per 50 high-power ﬁelds have an excellent prognosis, likely independent of site. Malignant
GISTs tend to recur, and they metastasize commonly to the
liver and peritoneum and less commonly to lung, pleura,
peritoneum, bone, and subcutaneous tissues (71). Patients
with metastatic or recurrent disease have a median overall
survival in the range of 12 to 19 months (72, 73).
Radiologic features of GIST vary depending on their size
and organ of origin. Most GIST that arise within the muscularis propria of the gut wall commonly manifest as dominant masses outside the organ of origin. Dominant
intramural and intraluminal masses are less common.
GISTs that occur in the GI tract and mesentery have areas of
low attenuation on CT attributable to hemorrhage, necrosis, or cyst formation (74). After successful therapy, there is
a signiﬁcant decrease in CT attenuation values (75, 76).
Surgery is the mainstay of therapy for GISTs. These
tumors are insensitive to conventional chemotherapy and
radiation. GISTs are generally characterized by a gain-offunction mutation of the Kit receptor and, occasionally, of
the platelet-derived growth factor (PDGF) receptor a.
Mutant isoforms of the Kit or PDGF receptors uniformly
expressed by GIST are considered the therapeutic targets
for imatinib mesylate (STI571, Gleevec), a speciﬁc inhibitor of these tyrosine kinase receptors (77). This
mutant receptor is thought to be the main reason for malignant transformation as well as for tumor growth in
these patients (79). Imatinib inhibits tumor growth in
GIST by competitive interaction at the adenosine triphos-

a Pretherapy

Figure 11.6. Response to therapy of
gastrointestinal stromal tumor: 64-yearold man with metastatic gastrointestinal
stromal tumor undergoing therapy with
imatinib mesylate. (a) Left posterior
oblique reprojection image (left) and a
transaxial image (right) demonstrate a
focal area (arrows) of increased FDG
uptake in the posterior segment of the
right lobe of the liver, consistent with
hepatic metastasis. (b) Twenty-four
hours after initiation of imatinib therapy:
left posterior oblique reprojection image
(left) and a transaxial image (right) show
almost complete resolution (arrows) of
the FDG uptake in the hepatic metastasis.

phate-binding site of the c-kit receptor (80). However,
imatinib therapy is quite costly and is associated with
several side effects, including anemia, periorbital edema,
skin rash, fatigue, granulocytopenia, and diarrhea (81).
The type of KIT or PDGFR-a mutation in advanced GIST
is predictive of the response to imatinib therapy. Most
GISTs express kinase oncoproteins that are intrinsically
sensitive to imatinib and have an excellent overall clinical
response to this drug. However, a minority of GISTs
express kinase oncoproteins that are either intrinsically
resistant to imatinib or are associated with a poor clinical
response despite in vitro sensitivity to the drug (82). The
response rates in GIST patients are 4% complete remission, 67% partial remission, 18% stable disease, and 11%
progression, and 73% of GIST patients are free from progression at 1 year (81). It is important to assess response
to therapy early to identify those patients with stable
disease or disease progression, who can then be treated
more aggressively with a higher dosage of imatinib or be
considered for treatment with other investigational
agents. FDG-PET has been shown to be superior to CT in
detection of early metabolic changes indicative of tumor
response induced by imatinib therapy. Gayed et al. (71)
studied 54 patients with GIST and showed that FDG-PET
detected 110 and CT detected 114 involved sites and/or
organs, respectively, before initiation of therapy. The sensitivity and positive predictive values were 93% and 100%,
respectively for CT and 86% and 98%, respectively, for
FDG-PET. At 2 months after therapy, PET and CT
ﬁndings agreed in 71% of patients (57% responders and
14% nonresponders). FDG-PET predicted response to
therapy earlier than did CT in 22.5% of patients whereas
CT predicted lack of response in 4% of the patients earlier
than did PET (Figure 11.6). Stroobants et al. (83) studied
21 patients with GIST before and 8 days after initiation of

b 24-hr after therapy
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Gleevec therapy. PET response based on the European
Organization for Research and Treatment (EORTC) criteria (84) was compared with clinical response based on the
RECIST criteria (85). PET response was associated with a
longer progression-free survival (PFS) by comparison
with PET nonresponse (92% versus 12% at 1 year; P =
0.00107).
In a recent study, Goerres et al. (86) evaluated 28 patients with PET/CT after treatment with imatinib. Patients
without FDG uptake after the start of treatment had a
better prognosis than did patients with residual activity.
However, contrast-enhanced CT alone provided insufﬁcient prognostic power. In another study, Antoch
et al. (5) compared the value of PET alone, CT alone, and
combined PET/CT for assessment of response to imatinib
therapy in 20 patients with GIST. When patients were
evaluated with FDG-PET/CT before and 1, 3, and 6
months after initiation of therapy, 135 lesions were detected by PET alone, 249 by CT alone, 279 by PET and CT
side-by-side evaluation, and 282 lesions by fused PET/CT.
PET/CT correctly determined tumor response in 95% of
the patients after 1 month and in 100% after 3 months and
6 months of therapy. PET and CT images viewed side-byside correctly determined response in 90% of the patients
at 1 month and 100% at 3 and 6 months after therapy. PET
alone correctly diagnosed response in 85% of the patients
at 1 month and 100% at 3 and 6 months after therapy. CT
was accurate in 44% of the patients at 1 month and 60% at
3 and 57% at 6 months after therapy. It appears that the
combination of functional and anatomic imaging has the
best performance for assessment of response to imatinib
therapy in patients with GIST.
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