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Standard staging of esophageal and gastroesophageal junction
(GEJ) tumors substantially lacks accuracy. The aim of this study
was to investigate whether the addition of PET with 18F-FDG is
a valuable gain in the initial staging. Methods: Between January
1996 and January 2002, 18F-FDG PET was performed in 74
patients. Conventional staging included CT in all patients and
well-performed endoscopic ultrasonography (EUS) in 52 pa-
tients. They were compared with 18F-FDG PET with pathology
and follow-up of suspicious lesions as the gold standard. Re-
sults: PET identified 70 primary tumors (sensitivity, 95%). Sen-
sitivity to identify locoregional metastases was highest for EUS
(69%) but was not different for CT and PET (44% and 55%,
respectively). PET was able to identify distant nodal disease in
71% (17/24 patients) compared with 29% (7/24 patients) after
combined CT/EUS alone (P � 0.021). Sensitivity to detect dis-
tant nodal and systemic (M1) disease increased with PET (78%
vs. 37%; P � 0.012). PET upstaged 15 patients (15/74; 20%)
correctly as M1 disease, missed by CT/EUS, and correctly
downstaged 4 patients (5%) from M1 to M0 disease. However,
false upstaging and downstaging was encountered in 5 (7%)
and 3 (4%) patients, respectively. Conclusion: PET improves
the currently applied staging of esophageal and GEJ tumors,
particularly by ameliorating the detection of M1 disease.
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Adequate staging of esophageal cancer including CT
and endoscopic ultrasonography (EUS) will avoid useless
surgery. However, with standard diagnostic strategy, �30%
of the distant metastases are radiographically occult and
surgery is still performed in a considerable number of
patients with distant metastases (M1) (1,2). Moreover, the
overall survival after curative intended resection does not
exceed 25%, with an overall median disease-free survival of
only 12 mo (3). This can be explained by the presence of

micrometastases or undetected metastases at the time of
surgery (4). Conventional staging methods consisting of
both CT and EUS (CT/EUS) use anatomic alterations to
detect local unresectability or metastatic disease. Low ac-
curacy in determining curative intended surgery is caused
by low sensitivity and low specificity of these traditional
staging methods, indicating the need for a different ap-
proach. In contrast to conventional anatomic imaging, PET
is based on metabolic alterations in tumor tissues. Nearly all
malignant tumors present a high uptake of 18F-FDG as the
result of an increased anaerobic glycolysis. In previous
studies, 18F-FDG PET was found to be valuable in detecting
previously unknown metastases in esophageal cancer (5–
10). Routinely performed 18F-FDG PET in the preoperative
work-up of these tumors may therefore reduce the number
of unnecessary surgical procedures. The objective of this
study was to evaluate the performance of 18F-FDG PET in
staging esophageal and gastroesophageal junction (GEJ)
tumors compared with conventional staging, using histo-
logic examination as the gold standard.

MATERIALS AND METHODS

Patients
Between January 1996 and January 2002, 74 consecutive pa-

tients with a resectable carcinoma of the thoracic esophagus and
GEJ were entered in a study with 18F-FDG PET staging. Adeno-
carcinoma occurred in 62 patients and 12 patients had a squamous
cell carcinoma. Patient characteristics are presented in Table 1.
Approval of our medical ethics committee was obtained and all
patients had given written informed consent. All tumors were
conventionally staged as resectable with curative intent. Patients
with signs of unresectable or incurable disease on CT, EUS, and
ultrasound (US) of the neck were not included for PET scanning.

General Methods
Staging methods were analyzed without knowledge of the re-

sults of each staging procedure, including that of PET and pathol-
ogy. Tumors were classified according to the current International
Union Against Cancer TNM staging system (11). Two experienced
nuclear medicine physicians without knowledge of the conven-
tional staging results analyzed all PET scans. All PET scans were
performed within 2 wk after completion of the conventional stag-

Received Oct. 16, 2003; revision accepted Jan. 13, 2004.
For correspondence or reprints contact: John Th.M. Plukker, MD, PhD,

Department of Surgical Oncology, University Hospital of Groningen, 9700 RB
Groningen, The Netherlands.

E-mail: j.th.plukker@chir.azg.nl

980 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 45 • No. 6 • June 2004



ing. In case of disconcordance between the traditional staging
methods, the positive results of one procedure overruled the neg-
ative results of the other based on standard clinical results.

Conventional Staging
All patients underwent the best-available conventional staging

procedure, including ultrasonography of the neck, CT of the thorax
and abdomen, and EUS whenever possible. Cervical ultrasonog-
raphy revealed no abnormality in the 74 included patients. In 32
patients, the CT scans were performed in our institute on fourth-
generation units (SR7000 [Philips Medical Systems] or Somatron
Plus 4 spiral CT [Siemens Medical Systems]) and in 42 patients,
CT scanning occurred in the referring hospital. After approval of
good quality, all scans were revised at the time of initial staging
and, recently, all available CT scans were revised again and scored
by an experienced oncologic radiologist who was unaware of the
previous results.

Visible primary tumors on CT were categorized as T�, invis-
ible as T0, and as T4 in case of suspected invasion in juxtaesopha-
geal structures. Depending on the localization of the primary
tumor, suspected nodes were classified as locoregional (N1) or
distant metastases (M1a or M1b). Technical details of CT scans in
this population are described in Table 2.

Adequate EUS examination was performed in 54 patients
(73%). Forty-six patients were examined with a radial scanner
(GF-UM20; 7.5–12 MHz, Olympus) and in 8 patients we used a
small-caliber EUS probe (MH-908; 7.5 MHz, Olympus). Later in

the study, fine-needle aspiration biopsy (FNAB) of suspicious
nodes was performed with a 22-gauge, 8-cm needle via a separate
linear array echo-endoscope (Benelux, FGUX-36; 5–7.5 MHz,
Pentax).

PET Imaging
18F-FDG was produced as described by Hamacher et al. with a

radiochemical purity of �98% (12). For data acquisition we used
an ECAT 951/31 with 31 planes over 10.9 cm or an ECAT HR�
positron camera (Siemens/CTI) with 63 planes over a 15.8-cm
axial field of view. After fasting overnight, 400–580 MBq 18F-
FDG were administered intravenously (6 MBq/kg). Data acquisi-
tion started 90 min after injection in whole-body mode, for 5 min
per bed position. For attenuation correction, transmission images
were obtained for 3 min per bed position. Images were recon-
structed using iterative techniques and read from computer mon-
itors. Both corrected and uncorrected images were evaluated for
tracer uptake by the primary tumor and categorized as T0 or T�.
Depending on the location of hot spots and the distance to the
primary tumor, nodes were classified as N0, N1, M1a positive, or
M1b positive by translation of PET findings to the TNM system.

Surgery
Surgery was denied when presumed distant metastases on 18F-

FDG PET were confirmed pathologically or identified by specific
radiographic examination, including bone scintigraphy and MRI,
depending on the hot spot localization. All resections included
dissections of the posterior mediastinal lymph nodes and abdom-
inal nodes along the celiac, left gastric, splenic, and common
hepatic arteries, the so-called 2-field lymphadenectomy. Tumors
located near or above the level of the carina were always ap-
proached by a right thoracotomy, after initial laparotomy. Tumors
of the GEJ and distal esophagus were usually resected by a left
thoracoabdominal approach. Resection was not performed in tu-

TABLE 1
Characteristics of 74 Patients with Carcinomas

of Esophagus or GEJ

Characteristic n (%)

Sex (n)
Male 60 (81)
Female 14 (19)

Mean age at diagnosis (y) 62 (21–78)*
Localization

GEJ 34 (46)
Thoracic esophagus

Distal 32 (43)
Mid 5 (7)
Proximal 3 (4)

Surgery
Resection 40 (54)
Surgical exploration without resection 28 (38)
Unresectable on preoperative staging (M1) 6 (8)

Staging by exploration (n � 68)
Curative intended resectable (n � 40)

pT1–pT4 N0 M0 19
pT1–pT4 N1 M0 21

Not curatively resectable or exploration only
(n � 28)

T4 NX MX (unresectable or tumor
extension) 14

TX N1/X M1a (distant lymph node
metastasis) 12

TX NX M1b (organ metastasis) 6
TX NX M1a/b (distant node and organ

metastasis) 7

*Value in parentheses is range.

TABLE 2
Tumor and Staging Characteristics of 74 Patients and
Influence on Accuracy for Assessment of M1 Disease

Characteristic
No. of

patients

Accuracy of
conventional

staging P

Slice thickness
�5 mm 27 20/27

0.468�5 mm 47 31/47
Acquisition type

Multidetector 52 37/52
0.523Spiral 22 14/22

Enhancement
Peroral 71 48/71
Intravenous 74 51/74

Lung setting
Yes 66 45/66

0.694No 8 6/8
Histologic type

Adenocarcinoma 62 42/62
0.619Squamous carcinoma 12 9/12

Referred 42 30/42
0.593Nonreferred 32 21/32

EUS
Performed 54 39/54

0.313Not performed 20 12/20
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mors fixed to surrounding vital structures or with distant nodal
involvement (celiac trunk, paraaortic or retropancreatic) and ini-
tially unsuspected organ metastases. As a rule, macroscopically
suspected distant nodes (M1a) and organ lesions (M1b) were
biopsied during laparotomy.

Gold Standard
Comparison between traditional staging methods and 18F-FDG

PET findings was validated by FNAB or pathologic examination
of each resection specimen as the gold standard for each TNM
category. Surgical findings strongly suggesting tumor fixation to
adjacent structures were regarded as the gold standard for T4 stage.
The gold standard for nodal metastases was exclusively obtained
by pathologic verification of resection specimens after 2-field
lymphadenectomy or surgical node biopsies. The gold standard for
M1b disease was based on pathology whenever possible or iden-
tification by specific radiographic techniques and clinical or radio-
graphic follow-up of suspected PET lesions during 6 mo after
initial staging. The gold standard for the T stage and nodal me-
tastases (N stage) could not always be determined when surgery
was denied because of pathologically confirmed M1b metastases
identified by 18F-FDG PET.

Statistical Analysis
Sensitivity, specificity, and accuracy to identify nodal and organ

metastases were determined and compared between conventional
staging methods and 18F-FDG PET. Standard definitions were used
to calculate these parameters (13). Differences in sensitivity, spec-
ificity, and accuracy were analyzed by McNemar testing for paired
variables, corrected for continuity. P � 0.05 was considered to be
significant

RESULTS

Surgery
Of the 74 patients, resection with curative attempt was

performed in 40 patients (54%). Of the 28 patients who
underwent an explorative laparotomy, 18 (64%) had M1
disease, 14 (50%) had fixation to vital structures (T4) pre-
cluding resection, and 4 patients had a combination of both
T4 and M1 disease. Six patients (6/74; 8%) were not en-
rolled for surgery because of histologically confirmed me-
tastases on 18F-FDG PET (Table 1).

Primary Tumor
The gold standard of the T stage (histologically and

surgically) could be assessed in 54 patients (73%). In the

other 20 patients, the T stage could not be determined
adequately because of M1 disease at the time of initial
staging or during surgery. The pathologic tumor stage (pT)
could be determined in the 40 patients who underwent an
esophageal resection (Table 1). Histologic examination re-
vealed 9 pT1, 3 pT2, 25 pT3, and 3 pT4 tumors. Seventeen
tumors, 3 after curative intended resection, were considered
as T4.

CT demonstrated the primary tumor in 62 of 74 patients
(sensitivity, 84%). The nonvisualized tumors (n � 12) were
staged as pT1 (n � 4), pT2 (n � 2), and pT3 (n � 1), and
the tumor stage could not be determined on CT in the other
5 patients. EUS was successfully performed by visualizing
the primary tumor in all 54 patients (sensitivity, 100%).
Accuracy for EUS in determining the T stage could be
calculated in 42 patients with the gold standard for the T
stage. In the other 12 patients, the gold standard of the T
stage could not be determined given an overall accuracy of
67% (28/42). Seven tumors were understaged (17%) and 7
others (17%) were overstaged. The primary tumor was
visualized in 70 patients by 18F-FDG PET (sensitivity,
95%). The missed tumors were all classified as pT1 and
were �0.5 cm at final pathologic examination.

Regional Lymphatic Metastases
The gold standard for regional nodes (N1) could be

assessed in 61 patients. Table 3 gives an overview of
sensitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), and overall accuracy for the
assessment of regional node metastases in the different
staging modalities. Forty patients underwent resection with
concomitant 2-field lymphadenectomy. The tumor was not
resectable in the other patients, but biopsy of suspicious
lesions confirmed the presence of nodal metastases. The
gold standard of regional nodes could not be assessed in 13
patients. In 6 patients, surgery was denied because of patho-
logically confirmed M1 disease preoperatively, and 7 pa-
tients underwent laparotomy or thoracotomy for locally
extended tumors without biopsy of regional nodes.

CT was able to predict N1 metastases in 17 of 39 eval-
uated patients (sensitivity, 44%). Due to reconstruction ar-
tifacts, assessment by CT was not possible in 1 patient with
pN1. EUS was performed in 43 of the 61 patients with a

TABLE 3
Sensitivity, Specificity, PPV, NPV, and Accuracy in Different Staging Modalities Assessing Nodal (N) Metastases

Staging method Sensitivity Specificity PPV NPV Accuracy

EUS* 18/26 (69) 13/17 (76) 18/22 (82) 13/21 (62) 31/43 (72)
CT 17/39 (44) 19/21 (90) 17/19 (89) 19/41 (46) 36/60 (60)
PET 22/40 (55) 15/21 (71) 22/28 (79) 15/33 (45) 37/61 (61)

*Only patients with successfully performed EUS.
PPV � positive predictive value; NPV � negative predictive value.
Values in parentheses are percentage. P values are not significant.
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defined gold standard. Regional nodes were positive in 26
tumors and EUS was able to predict nodal disease in 18 of
these N1 tumors (sensitivity, 69%). However, with identi-
fication of 4 false-positive lesions, specificity of EUS was
lower than that of CT (76% vs. 90%, respectively). 18F-FDG
PET could predict nodal metastases in 22 of 40 N1-positive
tumors (sensitivity, 55%). In 6 of the 21 node-negative
tumors, 18F-FDG PET falsely indicated N1 disease (speci-
ficity, 71%). Of the 6 false-positive PET scans, one had a
multifocal tumor representing different hot spots in the
esophageal region, and pathologic examination in 2 other
patients revealed anthracosilicosis, probably responsible for
the peritumoral hot spot. Sensitivity and specificity of 18F-
FDG PET for assessing N1 disease were comparable with
the performance of CT. Although EUS had the highest
sensitivity to predict regional node metastases, this differ-
ence was not significant (EUS � 69% sensitivity vs. PET �
55% and CT � 44% sensitivity; Table 3).

Distant Nodal Disease
The gold standard of distant nodal disease defined as M1a

by the TNM staging system could be assessed in 72 patients
(Table 4). Two other patients had confirmed M1b disease
precluding surgical exploration and, therefore, the gold
standard was not accessible in these patients. M1a was
present in 24 patients (33%). The involved distant nodes
were located around the celiac trunk or paraaortic in 21
patients. One patient also had mediastinal paraaortic in-
volvement, and supraclavicular node metastases were con-
firmed in 3 patients. Conventional staging methods (CT/
EUS) correctly identified M1a disease in 7 patients
(sensitivity, 29%; 7/24). The false-negative distant nodes in
the remaining 17 patients were located along the abdominal
aorta (n � 13), supraclavicular (n � 3), and mediastinal
(n � 1). Two patients with suspected regional nodes along
the left gastric artery were falsely staged as M1a, precluding
resectability by conventional methods. In 1 patient it was
based on CT alone and in the other patient EUS was
false-positive.

PET correctly revealed distant nodal involvement in 17 of
the 24 patients with M1a disease (sensitivity, 71%). The
difference in sensitivity between 18F-FDG PET and conven-
tional staging appeared to be significant (71% vs. 29%; P �
0.021), with a correct upstaging as M1a in 12 patients (16%;
12/74). Correct upstaging with PET identifying distant
lymph node metastases is illustrated in Figures 1 and 2.
18F-FDG PET missed distant M1a metastases in 7 patients
and the location of all was paraaortic in GEJ tumors. Both
PET and CT/EUS was false-negative in 3 of these 7 patients
by missing these abdominal node metastases, resulting in
false downstaging in 4 patients when using PET alone. PET
revealed only one false-positive lesion in the assessment of
distant nodal involvement. The location of this hot spot was
supraclavicular, probably caused by asymmetric muscular
activity. Echographically guided biopsies and long-lasting
follow-up did not yield metastatic disease. Table 4 gives an
overview of the assessment in different staging modalities.

TABLE 4
Sensitivity, Specificity, PPV, NPV, and Accuracy in Different Staging Modalities Assessing Distant Node (M1a)

Metastases: Gold Standard Assessable in 72 Patients

Staging method Sensitivity Specificity PPV NPV Accuracy

EUS* 2/14 (14) 37/38 (97) 2/3 (67) 37/49 (76) 39/52 (75)
CT 5/24 (21) 47/48 (98) 5/6 (83) 47/66 (71) 52/72 (72)
CT/EUS 7/24 (29) 46/48 (96) 5/9 (56) 46/63 (73) 53/72 (74)
PET 17/24 (71) 47/48 (98) 17/18 (94) 48/55 (87) 64/72 (89)

P value† 0.021 NS 0.008 0.06 0.09

*Only patients with successfully performed EUS.
†Difference calculated between combined CT/EUS and PET by McNemar test for sensitivity, specificity, and accuracy and by �2 analysis

for PPV and NPV.
NS � not significant.
Values in parentheses are percentage.

FIGURE 1. Upstaging with
18F-FDG PET of histologically
proven distant lymph node
metastasis at celiac region in
patient with GEJ tumor. Con-
ventional staging was nega-
tive for distant nodal metasta-
ses. Thick arrow indicates
primary tumor; thin arrow indi-
cates lesion at celiac trunk re-
gion.
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Distant Organ Metastasis
The gold standard for the presence of M1b disease was

assessed in all 74 patients. In 10 patients (12%), pathologic
biopsies, radiographic techniques, or clinical follow-up
demonstrated the presence of organ metastases. CT identi-
fied M1b disease in 3 of the 10 patients with confirmed
lesions, whereas PET correctly identified 7 M1b lesions
(sensitivity, 30% vs. 70%). Peritoneal metastases were
present in 5 patients, liver metastases in 5 patients, lung
metastases in 3 patients, and a combination of different
organ involvement in 3 patients. In 4 of the 5 patients with
hepatic metastases, conventional staging methods missed
these lesions, but 18F-FDG PET correctly upstaged the dis-
ease in 3 of these 4 patients. In 1 patient, neither PET nor
CT/EUS was able to detect a solitary liver metastasis of 0.8
mm in size, which was detected during laparotomy. Both
CT and PET correctly identified lung metastases (n � 3) but
could not identify peritoneal carcinomatosis (n � 5) seen
during laparotomy. However, 4 of these patients already had
been upstaged correctly by PET, identifying distant nodal
(celiac trunk or paraaortic) disease. On a lesion basis, con-
ventional staging identified 4 (sensitivity, 33%) and PET
identified 7 of the 12 lesions (sensitivity, 58%). CT dem-
onstrated 12 false-positive lesions in 6 patients (8 hepatic
lesions in 4 patients and 4 lung lesions in 2 patients).
Echographically guided biopsy was performed unsuccess-
fully in 1 patient and all 4 lung lesions were negative during
follow-up. With PET, a total of 20 hot spots in 7 patients
were identified, warranting further diagnostic procedures or
follow-up. Seven hot spots were confirmed to be malignant,
(PPV, 35%; 7/20). Six other spots were negative, including
4 costal lesions in a patient with rheumatoid arthritis, one

suspicious rectal hot spot caused by proctocolitis, and one
liver lesion not seen during laparotomy or detected during
follow-up. The character of 7 intrapulmonary hot spots in 3
patients could not be assessed because the patients died
within the acquired follow-up period. In 2 patients, the
cause of death was peritoneal disseminated disease. A sec-
ond primary tumor was detected with 18F-FDG PET in 2
patients (3%). CT missed a non–small cell lung carcinoma
with a distinct hot spot in the right upper pulmonary lobe on
PET. The other was a carcinoma in the hepatic flexure
confirmed by colonoscopy.

Relation of PET to Tumor and Patient Characteristics
on Conventional Staging

We examined whether certain tumor or patient-related
characteristics influenced the value of PET in determining
the presence of distant metastases. The influence of histo-
logic type (adenocarcinoma vs. squamous cell carcinoma),
tumor localization (tubular esophagus vs. GEJ), tumor
stages as identified by EUS and quality of CT, and referral
from other (nontertiary) hospitals on the outcome of PET
were studied. To determine the effect of CT imaging qual-
ity, the study group was divided into patients investigated
by CT with a resolution of �5 mm and those staged with a
resolution of �5 mm. Moreover, the effect of the acquisi-
tion type (multidetector vs. spiral CT) was noted. Finally,
the group of patients with adequate EUS was compared with
patients in whom EUS results were not available. The main
endpoint was the number of patients in each group in which
PET provided correct upstaging from M0 to M1 disease.
None of the characteristics mentioned earlier had a signif-
icant influence, as shown in Table 2.

The results of PET were not related to the histologic type,
although a fair comparison was difficult due to a relatively
low number of squamous cell carcinomas. Tumor localiza-
tion, acquisition and type of CT used, and referral of pa-
tients from other hospitals had no significant effect on the
correct upstaging by PET. In addition, upstaging of PET
occurred in the same frequency in the group in which EUS
was part of conventional staging compared with the group
in which no EUS was performed. However, when patients
were divided according to tumor stage as identified by EUS,
an interesting phenomenon was seen. All patients, correctly
upstaged by PET from M0 to M1 disease, at least had an
EUS-confirmed T3 tumor. None of the 11 EUS-staged T1 or
T2 N0 tumors turned out to have M1 disease. In this
subgroup of patients, PET was false-positive for N1 disease
in 6 patients (55%) and false-positive for M1 disease in 1
patient, limiting the additional value of PET in these pa-
tients. In contrast, 8 of 41 patients (20%) with T3 or T4
tumors, as determined by EUS, were correctly upstaged as
M1 disease with PET.

Overall Prognostic Value
Sensitivity to detect M1 disease defined by distant node

or organ metastases was increased with PET (78% [21/27]
vs. 37% [10/27], P � 0.012; Table 5). As a whole, 15 of the

FIGURE 2. Detection of su-
praclavicular lymph node me-
tastases with 18F-FDG PET
leading to correct upstaging.
Thick arrow indicates primary
tumor; thin arrow indicates
cervical node metastasis.
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74 patients (20%) were correctly upstaged with PET by
identification of M1a metastases (n � 10), lymphatic M1b
metastases (n � 2), hematogenic (liver) M1b metastasis
(n � 1), and a combination of M1a/M1b disease (n � 2).
However, with PET, surgery would have been avoided in
only 2 of these patients by detecting supraclavicular node
metastases. In 4 patients (5%), PET correctly performed
downstaging from M1 to M0 disease. False upstaging and
downstaging were obtained in 5 patients (7%) and 3 patients
(4%), respectively.

DISCUSSION

This study clearly shows the additional value of 18F-FDG
PET in staging carcinoma of the esophagus and GEJ. Though
performance of PET in assessing N1 disease is not better than
that of current staging methods, there is a significant advantage
in detection of M1 disease, avoiding unnecessary surgery.
18F-FDG PET detected 95% (70/74) of the primary esoph-
ageal tumors, which is comparable with percentages in
previously reported studies (5–10). PET missed 5% of the
primary tumors, but all missed lesions were pT1 adenocar-
cinomas of the GEJ that were �0.5 cm. False negativity in
these small tumors is usually caused by limitations in the
spatial resolution of PET (14).

18F-FDG PET does not add much in the detection of
regional nodes. Currently available staging methods are of
limited value to assess regional node involvement, with the
highest reported sensitivity for EUS (70%–90%) (2). The
direct vicinity of the primary tumor, obscuring 18F-FDG
uptake, probably causes false-negative results in peritu-
moral N1 nodes. Moreover, small metastatic nodes could
cause false negativity by limitations in the spatial resolu-
tion. Specificity of 71% (15/21) with PET in assessing
regional metastases is comparable with that of other series.
Anthracosilicosis in mediastinal nodes, multifocality of the
primary tumor, and inhomogeneous uptake of the tracer
may cause different hot spots, leading to false-positive
results, as shown in 3 of 6 patients in this study. Combining
CT, EUS, and PET leads to an increased sensitivity but the
number of false-positive N1 nodes also increases, lowering
the specificity as found in the literature (14–17).

To identify unsuspected M1 disease, 18F-FDG PET per-
formed better than the combination of CT/EUS. The rate of
M1 metastases only detected by 18F-FDG PET in conven-
tionally staged tumors is 10%–20% (5–10,15–18). 18F-FDG
PET upstaged the disease in about 20% (15/74) as M1
disease. The accuracy of 69% (51/74) for detecting M1
disease with CT/EUS increased to 86% (64/74) with 18F-
FDG PET (Table 5). A combination of all 3 modalities
increased the accuracy for detecting M1 disease up to 92%
(68/74) as was the result of a more sensitive detection of
both distant node and organ metastases. Some consider-
ations must be mentioned about the upstaging role of 18F-
FDG PET. First, the difference in detecting M1 disease
between conventional staging and 18F-FDG PET is probably
high due to a substantial percentage of patients referred to
our hospital—a tertiary referral center—after CT was al-
ready performed. If CT in the referring center had indicated
M1 disease, this patient would not have been referred to our
hospital for surgical resection. On the other hand, this
phenomenon—the central finding of correct upstaging M1
disease by 18F-FDG PET in a substantial percentage of
patients compared with conventional staging—does not ex-
plain low sensitivity for detection of distant abdominal
nodes (24%).

Second, in 13% of the patients (2/15) who were cor-
rectly upstaged by 18F-FDG PET, surgery could be
avoided. Both patients had cytologically confirmed cer-
vical node metastases. The other 13 patients needed a
laparotomy to confirm distant nodal or liver metastases.
This is related to the premise that suspicious hot spots in
our study design must be confirmed by cytopathologic
examination, avoiding the possibility of denying a cura-
tive resection or the risk of tumor progression during
possible unnecessary induction treatment. Otherwise, all
intraabdominally located M1a lesions demonstrated on
PET in our series were confirmed during laparotomy
(PPV, 100%). Performing surgery in this group would
possibly postpone induction chemotherapy. Furthermore,
EUS-guided cytologic biopsies of suspected celiac nodes
are a promising technique currently used in this respect
(19). A proportion of CT scans was not performed in our

TABLE 5
Sensitivity, Specificity, PPV, NPV, and Accuracy in Different Staging Modalities for Overall Assessment

of M1 Disease (Combination of Distant Node and Organ Metastases)

Staging method Sensitivity Specificity PPV NPV Accuracy

CT/EUS* 10/27 (37) 41/47 (87) 10/16 (88) 41/58 (71) 51/74 (69)
PET 21/27 (78) 43/47 (98) 21/25 (84) 43/49 (88) 64/74 (86)

P value 0.012 NS NS NS NS

*Combined CT/EUS.
NS � not significant.
Values in parentheses are percentage.
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institute, limiting standardization of this procedure. The
influence on the quality of the conventional staging in
this study seems to be small because all CT scans were
revised at the time of initial staging and would have been
repeated if they were of unacceptable quality. Further-
more, all available CT scans were rescored without
knowledge of the results of 18F-FDG PET or the gold
standard without increasing sensitivity and accuracy in
the assessment of N1 or M1 disease. Although EUS was
not acquired in a proportion of patients, increasing the
number of EUSs performed in our study would probably
not have led to a higher detection of M1 disease because
none of the M1a or M1b lesions identified by conven-
tional staging had negative CT scans. Moreover, compar-
ison of the accuracy for the assessment of M1 disease did
not differ significantly between referred and nonreferred
patients or between patients for whom EUS results were
not available (Table 2). Therefore, the central finding of
this study—namely, a correct upstaging by 18F-FDG PET
in 20% of the patients (15/74)—merely depends on the
metabolic reflection of the tumor rather than on the
limitations of anatomic staging results of the conven-
tional methods.

The incremental value of 18F-FDG PET will be higher in
tumors with a high probability of distant metastatic disease.
Eleven of 54 patients, in whom EUS was performed, were
staged as T1/T2 N0 M0. In 5 of these 11 patients, PET
displayed locoregional hot spots, but none of them was
found in resection specimens, representing false upstaging
of N1 disease by 18F-FDG PET. Therefore, the additional
value of performing PET scans in these low-staged tumors
may be questionable. Otherwise, all patients who were
correctly upstaged to have M1 disease had T3 N0–N1
tumors, as identified by EUS. Therefore, these results sup-
port the arguments for a selective demand of 18F-FDG PET
in high-staged esophageal tumors. This option becomes
even more attractive at the background of the limited avail-
ability of PET scanners. A proposal for such a selective
demand of PET based on the staging of these tumors with
EUS is given in Figure 3. A well-designed cost-effective-
ness study eventually should definitively answer this impor-
tant question.

Based on the results of this study, comparing the results
of conventional staging methods (CT/EUS) with 18F-FDG
PET, we recommend the routine addition of 18F-FDG PET
in the preoperative staging of potentially resectable esoph-
ageal tumors. This approach may lead to a remarkable
increase in the detection of distant node and organ metas-
tases. This benefit seems to be even greater for locally
advanced tumors, as being more often affected by M1
disease.

CONCLUSION

This study showed that 18F-FDG PET is sensitive and
accurate in the preoperative staging of distant metastases in

patients with cancer of the esophagus and GEJ and leads to
upstaging, particularly in T3 and N1 tumors.

REFERENCES

1. Ajani JA, Eisenberg B, Emanuel P. NCNN practice guidelines for upper gastro-
intestinal carcinomas. Oncology. 1998;12:179–225.

2. Rice TW. Clinical staging of esophageal carcinoma: CT, EUS and PET. Chest
Surg Clin N Am. 2000;10:471–485.

3. Flanagan FL, Dehdashti F, Siegel BA, et al. Staging of esophageal cancer with
18F-fluorodeoxyglucose positron emission tomography. AJR. 1997;168:417–424.

4. Wright C, Mathisen D, Wain J, et al. Evolution of treatment strategies for
adenocarcinoma of the esophagus and GE junction. Ann Thorac Surg. 1994;58:
1574–1579.

5. Block MI, Patterson A, Sundaresan RS, et al. Improvement in staging of esoph-
ageal cancer with the addition of positron emission tomography. Ann Thorac
Surg. 1997;64:770–777.

6. Luketich JD, Friedman DM, Weigel TL, et al. Evaluation of distant metastases in
esophageal cancer: 100 consecutive positron emission tomography scans. Ann
Thorac Surg. 1999;68:1133–1137.

7. Yeung HWD, Hacapinlac HA, Mazumdar M, Bains M, Finn RD, Larson SM.
FDG-PET in esophageal cancer: incremental value over computed tomography.
Clin Positron Imaging. 1999;2:255–260.

8. Fukunaga T, Okazumi S, Koide Y, Isono K, Imazeki K. Evaluation of esophageal cancers
using fluorine-18-fluorodeoxyglucose PET. J Nucl Med. 1998;39:1002–1007.

9. Flamen P, Lerut A, Van Cutsem W, et al. Utility of positron emission tomography
for the staging of patients with potentially operable esophageal carcinoma. J Clin
Oncol. 2000;18:3202–3210.

10. Kole AC, Plukker JTP, Nieweg OE, Vaalburg W. Positron emission tomography
for the staging of esophageal and gastroesophageal malignancy. Br J Cancer.
1998;78:521–527.

11. Sobin LH, Wittekind C, eds. UICC: TNM Classification of Malignant Tumours.
6th ed. New York, NY: John Wiley; 2002:60–64.

FIGURE 3. Diagnostic tree proposal for staging of patients
with cancer of esophagus or GEJ.

986 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 45 • No. 6 • June 2004



12. Hamacher K, Coenen HH, Stocklin G. Efficient stereospecific synthesis of
no-carrier-added 18F-fluoro-2-deoxy-D-glucose using aminopolyether supported
nucleophilic substitution. J Nucl Med. 1986;27:235–238.

13. Beck J. Likelihood ratios: another enhancement of sensitivity and specificity.
Arch Pathol Lab Med. 1986;110:685–686.

14. Yasuda S, Raja S, Hubner KF. Application of whole-body positron emission
tomography in the imaging of esophageal cancer: report of a case. Surg Today.
1995;25:261–264.

15. Rankin SC, Taylor H, Cook GJR, Mason R. Computed tomography and positron
emission tomography in the pre-operative staging of oesophageal carcinoma. Clin
Radiol. 1998;53:659–665.

16. Kim K, Park SJ, Kim B-T, Lee KS, Shim YM. Evaluation of lymph node
metastases in squamous cell carcinoma of the esophagus with positron emission
tomography. Ann Thorac Surg. 2001;71:290–294.

17. Lerut T, Flamen P, Ectors N, et al. Histopathologic validation of lymph node
staging with FDG-PET scan in cancer of the esophagus and gastroesophageal
junction. Ann Surg. 2000;232:743–752.

18. Hiroyuki K, Hiroyuki K, Masanobu N, et al. Comparison between positron
emission tomography and computed tomography in the use of the assessment of
esophageal carcinoma. Cancer. 2002;94:921–928.

19. Chang KJ, Katz KD, Durbin TE, et al. Endoscopic ultrasound-guided fine-needle
aspiration. Gastrointest Endosc. 1994;40:694–699.

ESOPHAGEAL CANCER, STAGING, AND 18F-FDG PET • Heeren et al. 987


