
Lymph node stage in esophageal cancer is important as an
independent prognostic indicator. In addition to the lymph
node stage, which simply indicates whether the patient does
(Ni) or does not (NO) have regional node involvement, both
the number and the location of involved lymph nodes have
also been implicated as significant prognostic factors (1â€”6).
Current modalities for preoperative node evaluation in
esophageal cancer include CT and endoscopic sonography
(ES), whichdependon morphologicchangefor detecting
lymph node metastasis. However, CT shows poor sensitivity
for detecting lymph node involvement because small- to
normal-sized nodes containing tumor cells are disregarded
(7,8). A higher accuracy for lymph node assessment has
been reported for ES (9,10), but complete tumor staging is
impossible in approximately one third of esophageal cancer
patients because of failure of passage through the stenotic
lesion (9,10). Therefore, a more accurate diagnostic modal

ity is necessary for the preoperative node evaluation of
esophageal cancer.

Recent reports indicated that FDG PET could be more
accurate than CT for detecting node and distant metastasis in
esophageal cancer (11â€”13).However, most of these studies
evaluated the accuracy of detecting lymph node metastasis
in terms of node stage (i.e., NO or Ni) rather than individual
node groups because of the limited and variable range of
lymph node dissection in each patient. Thus, the true
accuracy of FDG PET for determining the presence of
malignancy in individual lymph node groups has not been
clearly shown. In addition, only a limited number of studies
have compared the accuracy of FDG PET with that of ES in
evaluating esophageal cancer (14).

The aim of this study was to prospectively evaluate the
accuracy of FDG PET in detecting individual lymph node
metastasis and compare it with that of CT and ES in
esophageal cancer patients undergoing esophagectomy and
lymph node dissection.

MATERIALS AND METHODS

Subjects
Sixty-one consecutive patients with biopsy-proven esophageal

cancer who underwent preoperative FDG PET between February

Because both the number and location of metastatic lymph
nodes and the N stage influencesurvival in esophagealcancer,
accuratenoninvasiveevaluationof indMdual lymphnodegroups
for the presence of metastasisis essentialfor therapeutic
planning.Therefore,we investigatedthe accuracyof FDG PET
for evaluatingindividuallymphgroupsin esophagealcancer
patients and compared the results with those of CT and endo
scopicsonography(ES).Methods:Sixty-oneconsecutivepa
tients with histologicallyproven primary esophagealcarcinoma
werestudiedprospectivelywithFDGPET.Thirteenpatientswho
weretreatednonsurgicallywereexcludedfromdataanalysis.
Theremaining48patientsunderwentesophagectomyandlymph
node dissection. All 48 patients underwent CT scanning, includ
ingthelowerneck,thorax,andupperabdomen,withintravenous
administrationofcontrast medium.ESwasperformedin45 of the
patients but was incomplete in 12 patients because of esopha
geal stenosis.The accuraciesof FDG PE1 CT, and ES were
compared with histologic findings. Results: During surgery, a
totalof382 lymphnodegroupsweredissectedin48 patients,of
which 100 node groups in 32 patientswere malignanton
histologic examination. For assessing metastasis to indMdual
groups,FDG PET showed57% sensitivity,97% specificity,and
86%accuracy,whereasCTshowed18%sensitivity(P< 0.0001),
99%specIficity(P= 0.033),and78%accuracy(P= 0.003).For
Nstaging,FDGPETwascorrectin83%(40/48)ofthepatients,
whereasC@I@andESwerecorrectin60%(29/48;P= 0.006)and58%
(26/45;P= 0.003),respectively.Conclusion:FDGPETismore
accuratethan is CT or ES for evaluatingmetastasisto individual
lymphnodegroupsandforN staginginesophagealcancerand
thusmaybehelpfulindeterminingthetherapeuticplan.
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ecause esophageal cancer is associated with unfavor
able prognosis, accurate determination of the extent of local
invasion, tumor size, lymph node involvement, and distant
metastasis provides valuable information for prognosis
assessment and treatment selection.
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StationDescriptionLocationRJ/LJRight/leftjugular

nodesAlong courseof internaljugularvein2RRight
upperparatrachealnodesBetween intersectionof caudalmarginof innominatearterywithtracheaandapexoflung2LLeft

upperparatrachealnodesBetween topofaorticarchandapexoflung4RRight
lowerparatrachealnodesBetween intersectionof caudalmarginof innominatearterywithtracheaandcephalicborder

ofazygosvein4LLeft
lowerparatrachealnodesBetween topofaorticarchandcanna5Aortopulmonary

nodesSubaortic andpara-aorticnodeslateralto ligamentumarteriosum7Subcarinal
nodesCaudal to carina oftrachea8MMiddle

paraesophagealnodesFrom trachealbifurcationto caudalmarginof inferiorpulmonaryvein8LLower
paraesophagealnodesFrom caudalmarginof inferiorpulmonaryveinto esophagogastricjunction9Pulmonary

ligamentnodesWithin inferiorpulmonaryligament1ORRight
tracheobronchialnodesFrom cephalicborderof azygosveinto originof rightupperlobebronchusIOLLeft

tracheobronchialnodesBetween carinaandleftupperlobebronchus15Diaphragmatic
nodesLying ondomeof diaphragmandadjacentto orbehinditscrura17Left

gastricnodesAlong courseof leftgastricartery1
8Common hepaticnodesAlong courseof commonhepaticartery20Celiac

nodesAt baseof celiacarteryPAPara-aortic
nodesAlong courseofabdominalaortadistalto celiactrunk*M@Jified

fromreference6.

1997 and December 1998 were included in this study. All patients

underwent bone scintigraphy, esophagogastroduodenoscopy, bron
choscopy, ES, abdominal sonography, and CT of the chest and
upper abdomen within 3 wk of the FDG PET study. Abdominal CT
(n = 7), neck CT (n = 5), and neck sonography (n = 1) were
performed when clinically indicated. In this institution, all patients
without distant metastasis or definite evidence of extensive tumor
invasion to adjacent organs are routinely subjected to extensive
regional lymph node dissection along with esophageal resection.
We do not consider the presence of extensive lymph node
metastasis as a contraindication to surgical resection as long as the
nodes are included in the primary resection field. The ethics
committee of this institution approved the protocol, and informed
consent was obtained from all subjects.

Esophagectomy was not performed in 13 patients. Five patients
had surgically resectable disease but refused surgery. The remain
ing 8 patients were inoperable; 4 patients had distant metastatic
lesions on FDG PET, 3 had evidence of direct invasion to adjacent
organs (main bronchus, thyroid gland, or epiglottis), and 1 showed
malignant omental seeding on laparotomy. The 13 patients who did
not undergo esophageal resection were excluded from further
analysis. Therefore, a total of 48 patients (45 men, 3 women; age
range, 46â€”77y) were included in the study.

PETImaging
All patients fasted for at least 6 h before the PET study. PET

scans were obtained using an Advance PET scanner (General
Electric Medical Ssytems, Milwaukee, WI). Emission scans were
obtained from head to thigh for 5 mm per frame, 45 mm after the
intravenous injection of 370 MBq FDG. Tomographic images were
reconstructed without attenuation correction by filtered backprojec
tion with a Hanning filter (cutoff frequency, 8.0 mm) and displayed
in a 128 X 128 matrix (pixel size, 4.29 X 4.29 mm with a slice
thickness of 4.25 mm). In-plane and axial resolution of the
reconstructed images was 9.8- and 10.1-mm full width at half
maximum, respectively. In addition, attenuation-corrected images

were acquired in the thorax or upper abdomen level (or both) by
reconstruction using 10-mm postemission transmission or preinjec
tion transmission images with @Gerods.

Tomographic images displayed as coronal, sagittal, and trans
axial slices were viewed on a Hewlett-Packard workstation (Hewlett
Packard Co., Andover, MA). Two nuclear physicians who were
unaware of the CT and ES findings and histologic results reviewed
together and interpreted the PET images by consensus. Regional
lymph nodes were considered positive for malignancy if focal
prominent FlX@uptake, compared with normal lung parenchyma,
was found in 2 or more consecutive transaxial slices. Each lymph
node region visualized by PET was matched to a surgical specimen
with the help of the surgeon after surgery according to the modified
lymph node mapping system for esophageal cancer (5) (Table 1).

CT Imaging
Helical CT scans with 7-mm collimation and a pitch of I were

obtained from the level of thoracic inlet to the level of midpole
kidneys after intravenous injection of contrast media (100 mL
iopamidol [Iopamiron 300]; Bracco Diagnostics, Inc., Milan,
Italy). A HiSpeed Advantage scanner (General Electric Medical
Systems) was used. If the primary tumor was located in the cervi
cal or upper thoracic esophagus (n = 6), CT scanning (5-mm
collimation and a pitch of 1) or sonography of the neck was added.
Images of both mediastinal and lung windows were printed. The

images were interpreted before surgery by I radiologist who was
unaware of the PET, ES, and histologic findings. Regional lymph
nodes with a short axis > 10 mm were considered positive for
malignancy.

ES
ES was performed in all patients, except 3 who were unable to

endure the procedure, and was interpreted by I gastroenterologist
who was unaware of the PET, ES, and histologic findings. An
endoscopic ultrasonic probe (GF-UM 20; Olympus Optical Co.,
Ltd. Tokyo, Japan) having dual frequency, 7.5 or 12 MHz, was

TABLEI
Lymph Node Mapping System for Esophageal Cancer to Compare Imaging Findings with Histologic Results*
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used. Lymph nodes were considered positive for malignancy if they
fulfilled 2 or more of the following criteria: distinct borders, round
appearance, hypoechogenicity, and size >10 mm. ES could not be
completed in 26.7% (12145) of patients because of esophageal
stenosis. We analyzed the accuracy of ES in detecting node
metastasis in a total 45 patients with complete (n = 33) and
incomplete (n = 12) evaluation.

SurgicalResection
All patients underwent transthoracic esophagectomy with either

2-field (thoracoabdominal; n = 35) or 3-field (thoracoabdominal
and cervical; n = 13) lymph node dissection, except 3 patients with
carcinoma in situ who underwent transhiatal esophagectomy. A
thoracic surgeon dissected all visible or palpable lymph nodes
within the surgical field taking into consideration all results from
the preoperative studies including FDG PET. Each dissected node
group was labeled according to the modified lymph node mapping
system for esophageal cancer (5) (Table 1), and the nodes of each
group were examined histopathologically for the presence of
malignant cells.

Data Analysis and StatIstics
The accuracy of correctly detecting involvement of each node

group (individual node assessment) with each image modality
(FDG PET and CT, independently) was determined and compared
with histologic results. In addition, the node stage of each patient
(N stage) was assessed by each modality. In this study, Nl disease
was defined as involvement of any regional lymph node group,
including cervical, thoracic, and abdominal nodes, irrespective of
the location of the primary tumor. For example, celiac lymph node
involvement of upper esophageal cancer was considered as Ni
disease rather than Ml disease.

McNemar's x2test was used for the comparisons of accuracy for
individual node and nodal stage assessment between CT, ES, and
FDG PET. Fisher's exact test was used for the comparisons of
accuracy of FDG PET according to the location of lymph node.
P < 0.05 was considered statistically significant.

RESULTS

The histologic type of the primary esophageal mass was
squamous cell carcinoma in all cases: 15 well-differenti
ated carcinomas, 20 moderately differentiated carcinomas, 6
poorly differentiated carcinomas, 4 sarcomatoid carcinomas,
and 3 carcinomas in situ. During surgery, a total of 382
lymph node groups consisting of 24 cervical, 243 thoracic,
and 115 abdominal nodes were dissected in 48 patients, of
which 100 node groups in 32 patients were proven to be
malignant on histologic examination. Histologic and imag
ing results are summarized in Table 2.

Accuracyof IndividualNodeAssessment
The accuracy of FDG PET and CT for detecting mdi

vidual lymph node group metastasis is shown in Figure 1.
FDG PET showed a sensitivity of 57% (57/100), a specific
ity of 97% (273/282), and an accuracy of 86% (330/382) for
determining whether a lymph node group harbored metasta
sis. However, CT detected only 18% (18/100) of the
metastatic lymph node groups (P < 0.001) and showed an
accuracy of 78% (298/382), which was significantly lower
than that of FDG PET (P < 0.001). No significant difference

was found in specificity between FDG PET and CT (97%
versus 99%; P = not significant). Figure 2 illustrates a
sensitivity of FDG PET that is superior to that of CT for
detecting node metastasis.

Of a total of 43 false-negativenode groups in PET, 9
(20.9%) were located adjacent to the primary mass. PET
results were false-positive for node group metastasis in 8
patients. Six of these patients had inflammatory pulmonary
disease, which consisted of pulmonary tuberculosis in 5 and
bronchopneumonia in I patient (Fig. 3).

We also evaluated whether the anatomic region of the
lymph node group influenced the accuracy ofFDG PET. The
sensitivity appeared to be higher (although not statistically
significant) for thoracic node groups (66.1%, 41/62) than for
abdominal groups (46.7%, 14/30; P = 0.112) or cervical
node groups (37.5%, 3/8; P = 0.137). The specificity was
95.0% (172/181) for thoracic node groups and 100% for
cervical node groups (16/16) and abdominal node groups
(85/85), for which there were no false-positive PET findings.

Accuracy of Nodal Stage Assessment
The results of FDG PET, CT, and ES for assessing the N

stages of the patients are shown in Figure 4. PET (8 1%,
26/32) was more sensitive than was CT (41%, 13/32; P <
0.005) or ES (50%, 15/30; P < 0.05) for detecting the Ni
disease without a significant difference in specificity (87.5%,
14/16; 100%, 16/16; 73.3%, li/iS, respectively). Thus,
nodal staging by FDG PET was correct in 83% (40/48) of
the patients. Both CT (60%, 29/48; P < 0.001) and ES
(58%, 26/45; P < 0.01) were less accurate. No understaged
patients were found in nodal staging by CT, and nodal
overstaging (8.9%, 4/45) was most frequent with ES.

DISCUSSION

A higheraccuracyhas been reportedfor FDG PET than
for CT in detecting lymph node and distant metastasis in
esophageal cancer (11â€”13). In addition, a high tumor
standardized uptake value on FDG PET has been reported to
suggest poor prognosis in patients with esophageal cancer

(15). Our study confirms a higher accuracy of FDG PET than
that of conventional CT or ES for nodal staging in esopha
geal cancer. FDG PET also has a high accuracy (86%) for
detecting lymph node metastasis on an individual lymph
node group basis as well as N staging.

Although CT is used frequently for preoperative staging
of esophageal cancer, in this study CT showed a poor
sensitivity (18%) for detecting metastatic lymph node groups
compared with a sensitivity of 57% for FDG PET. This
resulted in understaging of the node status with CT in 60%
of the patients with Ni disease. This finding is comparable
with the poor sensitivity (28%) reported by Flanagen et al.
(11). Because CT detection of node metastasis is based on
lymph node size, limited microscopic metastasis in small- to
normal-sized nodes will result in false-negative results,
whereas enlarged nodes caused by either reactive hyperpla
sia or granulomatous inflammation will lead to false

positive interpretation.
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No. Loc. Type MalignantLN PETLN(+) CTLN(+) Op PET CT ES

TABLE2
Results of Node Metastasis Evaluated by Surgery, PET,CT, and ES

i C-U
2 L
3 L
4 L
5 M
6 L
7 U
8 M
9 U

10 L
ii M
12 M
13 M
14 U
15 M
16 M
17 L
18 M
19 Câ€”U
20 M
21 L
22 U-M
23 M
24 M
25 M
26 U
27 M
28 Uâ€”M
29 L
30 Mâ€”L
31 Mâ€”L
32 L
33 L
34 U-M
35 U
36 M
37 M
38 M-L
39
40 Mâ€”L
41 M
42 L
43 M
44
45 M
46 M
47 M
48 M-L

MD
CIS
PD
WD
CIS
WD
WD
CIS
MD
MD
MD
MD
WD
MD
SC
MD
MD
MD
WD
WD
MD
MD
MD
WD
MD
SC
MD
WD
MD
MD
PD
WD
WD
PD
PD
SC
MD
WD
PD
MD
PD
MD
WD
MD
WD
SC
WD
WD

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 4Rt,4Lt 0
0 7 0

i8,8L 0 0
17 0 0
L@.4 0 0

RJ,LJ 0 0
5,17 0 0

2R,2L,7@,i7 0 7
2L,4L,20 2L,4L,20 20

2R 2R 0
2R,2L,8L,i7 2R 0

2R 2R,iORt 0
2R,2L,i7 2R,2L 0

2R,2L, 1014,17,20 2R,2L 2R
2R,4R,7,9, 17,18,20,PA 2R,4R,7, 17,18,20,PA 17,18,20,PA

2R,2L,4L,7, 17,18,20 2R,7, 17,18,20 17
20 4R,2O 20
17 4R,i7 0

20
2L
0
2L
0
0
0
0
0

4Lt
8M

2R,7,17
0

4Lt
2R,7

0

NO NO NO NO
NO NO NO NO
NO NO NO NO
NO NO NO NO
NO NO NO NO
NO NO NO NO
NO NO NO NA
NO NO NO NO
NO NO NO NO
NO NO NO NO
NO NO NO NI
NO NO NO Ni
NO NO NO Nl*
NO NO NO Nl
NO Ni NO NO*
NO Ni NO NO
Ni NO NO NO*
Nl NO NO NO
NI NO NO NO*
Ni NO NO NO*
Ni NO NO Ni*
NI NO NI Ni
Nl Ni Ni NO
Ni Ni NO NO*
Ni Ni NO NO
NI Ni NO NO*
Ni Ni NO NO*
Ni Ni Ni N0
Ni Ni Ni NO
Nl Ni Ni NO
Ni Ni Ni NO
Ni Ni NO N0
Ni Ni Nl NO
Ni Ni Ni Ni
NI Ni NO Ni
Ni Ni Ni Ni
Ni Ni NO Ni
Ni Ni NO Ni
Ni Ni NO Ni*
Nl Ni NO Ni
Ni Ni NO Ni
Ni Ni Ni Ni
Ni Ni NI Nl
Ni NI Ni Ni
Ni Ni NO Nl
Ni Ni NO Ni
Ni Ni Ni NA
Ni Ni NO NA

20
2L, 17

2R
2Rt, 2L
2R,2L

2R,2L,7
2R,7,15,20

2R,8L
4R,7

4Lt, 7,9,20
8M,8L

RJ,2R,7,9
15

15,4Lt
2R,7,8M

RJ

20
RJ,LJ,2L,17

2R,7j,18
2L,8L,17

2R,2L
2R,2L 7,8M,r8LI:,I8L4

2R,7, 15,20
2R,8L

4R,7, 17
7,9,8t,17t,20
2R,2L,8M,8L
RJ,2R,7,9,17

RJ,2L,15
15,17

2R,7,8M,17
RJ,414,17

*Completeexaminationwasimpossiblebecauseofesophagealstenosis.
tFalse-positivelymphnodeofpatientswithactiveinflammatorypulmonarydisease.
ILymphnodeswerelocatedadjacentto primaryesophagealtumor.
Loc.= locationof primarytumor;Type= histologyof primarytumor;LN = lymphnode;Op = postoperativeN stage;C = cervical

esophagus;U = upperesophagus;MD= moderatelydifferentiatedcarcinoma;L = loweresophagus;CIS = carcinomain situ;PD = poorly
differentiatedcarcinoma; WD = well-differentiatedcarcinoma; M = mid esophagus; NA = not applicable; SC = sarcomatoid carcinoma.

All lymphnodestationsaredefinedinTable1.
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FIGURE 1. ComparisonsbetweenFOG
PETandCTin detectingindMduallymph
node metastasis. FDG PET had sensitivity
of 57%, specificityof 97%, and accuracyof
86%. However,CT foundonly 18% (P <
0.001) of metastatic lymph nodes and
showedpooreraccuracy(78%; P < 0.001)
comparedwith that of FOG PET.n.s. = not
significant.
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Accuracy

ES may be more accurate than CT for differentiating
benign from malignant lymph nodes in esophageal cancer
(9,10). Flamen et at. (14) reported that ES was more
sensitive than was FDG PET in evaluating node status in
esophageal cancer, although ES was performed only in a
limited number of patients undergoing FDG PET. However,
our study showed that the accuracy of ES was no better than
that of CT for N stage assessment, and it was significantly
less accurate than was FDG PET. This finding results from
the fact that 12 patients with incomplete ES examinations
were included in the analysis. The low accuracy of ES and
its limited applicability in severely stenotic lesions were
accompanied by the highest rate of nodal overstaging. Thus,
ESmayhavefewadvantagesovereitherFDGPETor CTfor
evaluating node status in esophageal cancer. We did not
compare ES with PET for the accuracy of individual node
group assessment because direct anatomic correlation be
tween node status by ES and histologic node status was
impractical. This may be another limitation of ES for node
assessment.

With the high accuracy for detecting metastasis in mdi
vidual node groups, FDG PET may provide useful prognos
tic information and may be helpful in making therapeutic
plans for patients with esophageal cancer. However, the 57%
sensitivity of FDG PET for detecting metastatic node groups
is still not entirely sufficient and suggests that the limited
spatial resolution of FDG PET may not allow detection of
microscopic node metastasis. Limited resolution and scatter
effects may also have contributed to the 21% false-negative
rate for detecting metastasis in node groups located adjacent
to the primary mass. FDG PET showed a relatively lower
sensitivity for detecting metastasis to cervical and abdomi
nal lymph node groups, where attenuation correction was
not performed routinely, than for thoracic node groups.
Because regional lymph nodes of esophageal cancer are
located primarily deep within the body, attenuation effects
may substantially decrease the sensitivity of FDG PET for
small lymph nodes that are more vulnerable to partial
volume effects (16). Also, peristalsis of the esophagus and

stomach may have induced motion artifacts that possibly
contributed to the relative decrease in sensitivity for detect
ing node metastasis in paraesophageal and abdominal lymph

nodes.
Because FDG PET depends on regional changes in

glucose metabolism, it is not completely specific for tumors.
although there were no false-positive interpretations of
cervical or abdominal lymph node groups in this study, 8

patients had false-positive thoracic lymph node groups by
FDG PET. Six of these patients were proven to have active
inflammatory pulmonary disease, most of which was pulmo
nary tuberculosis. Similar findings were reported by Flana
gan et al. (11), although the incidence of active inflammatory
pulmonary disease was different (3.5% versus 12.5% in this
study). This finding suggests the need for caution in
interpreting increased FDG accumulation in thoracic lymph
nodes of patients with active inflammatory pulmonary
disease. False-positive results attributed to reactive hyperpla
sia or active inflammation may be a problem particularly in

endemic areas or in populations with an increased incidence
of pulmonary tuberculosis.

In this study, we classified any lymph node metastasis as
Ni disease for data analysis. The current nodal staging
system for esophageal carcinoma by the American Joint
Committee on Cancer (AJCC) classifies positive lymph
nodes as either regional or metastatic disease (stage IV)
according to the location of the lymph node only, without
regard to the location of the primary tumor (17). For
example, the AJCC system classifies all cases with celiac
lymph node involvement as Ml disease, not Nl disease.
However, the adequacy of the current nodal staging system
has been questioned for several reasons (1â€”6).First, this
nodal staging system does not fully consider tumors located
in the intra-abdominal esophagus and gastroesophageal
junction and has no discrete mapping system for tumors

located at these sites. Second, it includes only general
anatomic descriptions of which lymph nodes are regional
and which represent more extensive node disease. Third, by
considering lymph node involvement outside regional nodes
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FIGURE2. TransaxialImagesof FOG
PET (A, C, E, and G) and concomitantCT
scans (B, 0, F, and H) of patient 30 (64-y-
old man).FOG PET revealedabnormal
increased uptake in right upper paratra
cheal lymph node (A), subcarinal lymph
node (C), left gastric lymph node (LGL) (E),
and commonhepatic lymphnode (CHL)
and celiac lymph node (CL) (G). LK = left
kidney.All nodes were histologically posi
five for malignancy. However, only enlarged
leftgastnciymphnode(F,arrow)wasfound

G
H

as Ml disease, this system classifies such tumors as stage N
and categorically unresectable. Finally, it does not stratify
disease according to the number of metastatic lymph nodes,
a factor believed to be important for predicting survival of
patients undergoing resection for esophageal carcinoma. For
example, Korst et al. (6) proposed the concept of N2 stage
for a portion of cases categorized as Ml disease by the AJCC
system and reported a significantly beuer prognosis in N2
patients compared with patients with visceral metastasis.
They also noted a significant difference in prognosis accord
ing to the number of malignant lymph nodes (0 versus 1â€”3
versus 4 or more). Because of such controversy about
appropriate nodal staging, we did not discriminate between
regional and nonregional lymph nodes in our data analysis.
If the stagingsystemwereto be revisedwithconsiderations
for the location and number of malignant nodes according to
the site of the primary tumor, FDG PET could become more
useful for nodal staging of esophageal cancer because of its

high accuracy for detecting metastasis of individual node
groups.

To our knowledge, only a few reports of the preoperative
nodal staging in patients with esophageal carcinoma by FDG
PET have been published (11â€”13).Because these studies
included many patients with adenocarcinoma of the distal
esophagus, many patients underwent transhiatal esophagec
tomy instead of transthoracic esophagectomy. Whereas a
transthoracic approach allows direct visualization and sam
pling of nodes, with transhiatal esophagectomy, the nodes
are removed en bloc with the esophagectomy specimen,
rendering it difficult to directly correlate findings with the
imaging results of each node group and to perform adequate
regional lymph node dissection. In this study, transthoracic
esophagectomy was performed prospectively on all subjects
except for 3 patients with carcinoma in situ, in which the
likelihood of node metastasis is low. In addition to the
difference in choice of surgical approach, previous reports

ESOPHAGEAL CARCINOMA BY FDG PET â€¢Choi et al. 813
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FIGURE3. Transaxialimagesof FOG
PET(AandC) andconcomitantCTscans
(B and 0) of patient 42 (61-y-old man).
IncreasedFOGuptakeandmultiplecavitary
or centnlobularnodulessuggestingactive
pulmonarytuberculosiswereseenonCT in
both upper lobes (Aand B). IncreasedFOG
uptakewas found in left lower paratracheal
lymph node (C, arrow), which also ap
pearedas enlargednodeonCT (0, arrow).
However,nomalignantcellswerefoundon
histologic examination, and patient's spu
tum stainedpositivefor acid-fastbacilli.

p

also suffer from a relatively smaller number of subjects for
evaluating the accuracy of FDG PET for node metastasis.
Our accuracy (83%) and sensitivity (8 1%) for nodal staging
by PET are slightly better than those reported in other
studies: 76% and 72% (11), 48% and 45% (12), and 56% and
45% (13), respectively. One plausible explanation for this
discrepancy is the difference in the location and histologic
type of the primary tumor. In other reports (11,13), more
than half of the primary tumors were located in the distal
esophagus and esophagogastric junction, where tumor may
spread preferentially to abdominal lymph nodes, whose
detection sensitivity with FDG PET may be lower compared
with thoracic lymph nodes as suggested from our results. In
contrast with other reports, only one third of the primary
tumors in this study were located in the distal esophagus and
none were in the esophagogastric junction. In addition, no
patients with esophageal adenocarcinoma were included in
this study, which possibly may be attributed to demographic

or racial differences. Another difference is that other studies
used a stricter indication for surgical resection, and surgery
was not performed in patients with suspected multiple
lymph node metastasis, which may have lowered the
apparent accuracy of FDG PET. A final difference is the
method of attenuation correction. Attenuation correction
was not performed in 1 study (12), whereas others used a
segmentation method with 2-mm transmission scans (11,13).
In this study, we measured attenuation using a 10-mm
transmission scan. Because the regional lymph nodes in
volved in esophageal carcinoma are usually located in the
innermost highly attenuated part of the body and are usually
<2 cm in the short axis diameter, accurate attenuation
correction may be important for correct assessment of lymph
nodes with FDG PET. For example, El-Zeftawy et al. (18)
reported that evaluating peripheral lesions or intra-abdomi
nal lesions that were < I .5 cm was difficult in nonattenuated
FDG images.

p < 0.05 p=n.s. p<O.O1

FIGURE4. ComparisonsamongFOG
PET,CT,and ES (EUS)for evaluatingN
stageof patientswithesophagealcancer.
PETwas more sensitivethan was CT (P <
0.005) or ES (P < 0.05) for detecting Ni
stagewithoutsignificantdifferenceinspeci
ficity. N staging by FOG PET was correct in
83% of patients. However,both CT (60%;
P < 0.001) and ES (58%; P < 0.01) were
less accuratethan was FOG PET for N
staging.n.s. = not significant.
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One potential limitation of this study is that not all
patients had neck lymph node dissection. Cervical and
supraclavicular node dissection was done in only 27% of the
patients, most of whom had the primary tumor located in the
cervical or upper esophagus. The remaining patients did not
undergo neck dissection during surgery, although none had
clinical or imaging findings that suggested cervical node
involvement. Because lymphatic spread of esophageal can
cer can occur along the entire esophagus regardless of the
primary tumor site, we cannot exclude the possibility of
microscopic metastasis in these nodes that were not detected
by the imaging studies.

CONCLUSION

Preoperative FDG PET is more accurate than is CT or ES
for evaluating lymph node status in patients with esophageal
cancer and may be helpful in determining the therapeutic
plans for these patients. In patients with active inflammatory
pulmonary disease, careful interpretation of positive tho
racic lymph nodes is warranted because of possible in
creased accumulation of FDG in reactive hyperplasia or
active inflammation.
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