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Objective

To assess the value of positron emission tomography with
"8fluorodeoxyglucose (FDG-PET) for preoperative lymph node
staging of patients with primary cancer of the esophagus and
gastroesophageal junction.

Summary Background Data

FDG-PET appears to be a promising tool in the preoperative
staging of cancer of the esophagus and gastroesophageal
junction. Recent reports indicate a higher sensitivity and speci-
ficity for detection of stage IV disease and a higher specificity for
diagnosis of lymph node involvement compared with the stan-
dard use of computed tomography and endoscopic ultrasound.

Methods

Forty-two patients entered the prospective study. All under-
went attenuation-corrected FDG-PET imaging of the neck,
thorax, and upper abdomen, a spiral computed tomography
scan, and an endoscopic ultrasound. The gold standard con-
sisted exclusively of the histology of sampled nodes obtained
by extensive two-field or three-field lymphadenectomies (n =

39) or from guided biopsies of suspicious distant nodes indi-
cated by imaging (n = 3).

Results

The FDG-PET scan had lower accuracy for the diagnosis of
locoregional nodes (N1-2) than combined computed tomog-
raphy and endoscopic ultrasound (48% vs. 69%) because of
a significant lack of sensitivity (22% vs. 83%). The accuracy
for distant nodal metastasis (M+Ly), however, was signifi-
cantly higher for FDG-PET than the combined use of com-
puted tomography and endoscopic ultrasound (86% vs.
62%). Sensitivity was not significantly different, but specificity
was greater (90% vs. 69%). The FDG-PET scan correctly up-
staged five patients (12%) from N1-2 stage to M+Ly stage.
One patient was falsely downstaged by FDG-PET scanning.

Conclusions

FDG-PET scanning improves the clinical staging of lymph
node involvement based on the increased detection of distant
nodal metastases and on the superior specificity compared
with conventional imaging modalities.

Carcinomas of the esophagus and gastroesophageal junc-
tion (GEJ) are still considered to have a poor prognosis
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40% of patients. Nodal involvement is the most important that FDG-PET could more accurately diagnose distant nodal
prognostic factor in esophageal carcinoma, with a dramaticnetastases than could conventional noninvasive imaging
fall in the cure rate in patients with positive nodes. modalities, and thus could improve therapeutic manage-
In the past two decades, esophagectomy has become theent, particularly in view of neoadjuvant chemoradiation
mainstay of treatment for resectable tumors, offering aegimens.
chance for cure or prolonged disease-free survival in many
: 45 .
pat!er!tsz. Thg generglly poor outcome in the unfortunate PATIENTS AND METHODS
majority of patients with advanced disease at surgery has
led to a recent change in approach. Induction chemoradio- The patients used for this study were part of a larger
therapy followed by resection appears to offer better surprospective study assessing the value of FDG-PET scanning
vival in those who respond, but the results remain difficultfor preoperative staging of carcinoma of the esophagus and
to interpret because of the lack of precise clinical sta§ing. GEJ?° All these patients underwent the standard preopera-
Current staging modalities include spiral computed tomog#ive staging procedures, including history, physical exami-
raphy (CT), endoscopy, and endoscopic ultrasonographgation, laboratory tests, ultrasound of the neck, a barium
(EUS). Although these methods provide a combined accuesophagogram, bronchoscopy, spiral CT of chest and abdo-
racy of 70% to 90% in the preoperative identification of men, and a transesophageal EUS. In the same week, FDG-
metastatic disease’®in many patients advanced disease iSPET scanning was performed. The FDG-PET scan, CT and
detected only during surgefyor after minimally invasive EUS findings, and all other preoperative staging data were
surgical staging by both laparoscopy and thoracosé8py. reviewed and correlated at a multidisciplinary tumor con-
Positron emission tomography (PET) using the radiolaference involving thoracic surgeons, medical oncologists, a
beled glucose analoguéF-fluorodeoxyglucose (FDG) as a pathologist, radiation oncologists, a diagnostic radiologist,
tracer is a well-established imaging technique that offereand a nuclear medicine physician.
new perspectives in the staging of malignant disease. FDG- Between October 1997 and December 1998, 74 consec-
PET scanning enables the creation of metabolic images aftive patients with de novo carcinomas of the esophagus
tissues by studying the altered glucose metabolism in neand GEJ were seen. Of these, we excluded patients with
plastic cells. These images are complementary to the tradprior treatment for carcinoma of the esophagus and GEJ,
tional morphologic images and may be more sensitive bediabetes mellitus, inflammatory lung disease, and inoper-
cause the functional changes can precede the anatomicatbility for medical reasons. We included only patients who
ones??24 had undergone FDG-PET scanning (this technique was still
Several studies have confirmed the importance of PET ifnvestigational and thus not reimbursed for carcinomas of
detecting occult metastases in patients with esophageal catie digestive system at the time of the study) and also had
cerr>2” and head and neck canc&rOur study group the extent of nodal involvement verified by histologic anal-
reported recently on the utility of FDG-PET scanning for ysis. Of the 42 patients eligible for inclusion, two-field€n
staging carcinomas of the esophagus and 8®Ve found 13) and three-field (n= 26) lymphadenectomy was per-
that FDG-PET scanning demonstrated better accuracy conflermed in conjunction with primary curative surgery. The
pared with combined CT and EUS in the diagnosis of stag¢hree other patients had biopsy-proven distant nodal metas-
IV disease (i.e., distant lymph nodes, organ metastasis, dases for which they received neoadjuvant chemoradiation.
both) (82% vs. 64%, respectivell, = .004). This was the
result of both a better sensitivity (74% vs. 47%) and speCa__.
ificity (90% vs. 78%). Peritumoral nodal assessment by PE'ISp'r""I CT of Chest and Abdomen
showed inferior sensitivity compared with CT and EUS In one imaging session, each patient underwent a routine
(33% vs. 62%) but improved specificity (89% vs. 67%). Forexamination of the chest and abdomen for tumor staging
detection of regional and distant nodal involvement as and a second examination for image fusion with the FDG-
combined entity, PET scanning achieved similar sensitivityPET scan. The routine examination was always performed
but improved specificity (98% vs. 909, = .025) com- first, using the following acquisition parameters: slice thick-
pared with CT and EUS. These results clearly indicated th@ess 5 mm, table speed 9 mm/rotation, pitch 1.8, and re-
potential value of FDG-PET scanning in clinical staging. construction interval 5 mm. The following intravenous con-
However, the study focused on peritumoral nodes. Studiesast injection parameters were used: concentration 350 mg
on combined regional and distant nodal involvement areodine/mL, velocity of injection 2 mL/sec, injection time 40
needed to assess the impact of FDG-PET scanning oseconds, scan delay 35 seconds, and total volume of contrast
clinical staging according to the commonly used TNM 80 mL or, when combining chest and abdomen in a single
system. session, 120 mL. The patient was positioned supine with the
The aim of this study was to assess the value of FDGarms above the head. To dilate the esophagus for a better
PET scanning for assessing the extent of nodal involvemergxamination of the tumor, an oral bolus of Gastrografin was
in preoperative TNM staging of resectable cancer of thegiven at the time of scanning. The scanning was performed
esophagus and GEJ. The specific working hypotheses wagithin one breath-hold. Immediately thereafter, an addi-
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tional CT examination was performed to acquire the imagesheory, maximizing the mutual information between the
for fusion with PET. The same modalities were used excepintensities of both image¥.
for a different pitch (1.2) and scan range (from jaw to celiac
level). The patient's arms were placed at the sides and thgur e
patient was instructed to breathe normally. gery

Spherical lymph nodes with a maximum cross-sectional The surgical approach was determined by the location of
diameter of at least 10 mm were considered metastatic. Ovalhe proximal pole of the tumor. For tumors below the carina
lymph nodes were considered metastatic when the longesind tumors of the GEJ, the access consisted of an extended
axis measured more than 15 mm. All examination resultdeft thoracophrenotomy through the sixth intercostal space.
were prospectively interpreted by a chest radiologist whorhe peritoneum at the dorsal side of the spleen was incised
was unaware of the results of the other imaging studies. to allow complete mobilization of the tail and part of the
pancreatic body. The spleen and pancreas could then be
lifted and reflected to the right. All lymphatic tissue local-
ized in the left upper abdominal quadrant, from the hiatus
down the celiac axis and mesenteric artery, including the

In most patients, EUS was performed with a radial scanarea covering the left adrenal gland down to the renal artery,
ner; in some, a linear sector scan was used. Patients weceuld be removed while maintaining direct vision of the
premedicated with 5 to 10 mg diazepam. In patients with arvascular plane of the descending aorta. The lymphadenec-
obstructing tumor (n= 5), dilatation was not normally tomy further included nodes along the left gastric artery, the
performed. The examination was limited to the part abovesplenic artery, and the hilum of the spleen. This was a
the stenosis. In all other patients, the examination startedpleen- and pancreas-preserving compartment Il dissection.
with a search for perigastric and periceliac lymph nodes, In the chest, a so-called posterior mediastinectomy was
followed by examination of the tumoral mass itself, the performed, with clearance of all lymphatic tissue including
peritumoral region, and the periesophageal structures abovke thoracic duct, subcarinal lymph nodes, aortopulmonary
the tumor. Endosonographic criteria for lymph node metaswindow, left lower paratracheal, and mainstem bronchi
tasis were based on size, shape, margins, and echo pattelymph nodes.
Based on these characteristics, nodes were classified asBecause lymphatic spread in tumors of the upper esoph-
probably malignant or probably benign by one of threeageal half is more likely toward the upper posterior medi-

Esophageal Endoscopic
Ultrasonography

examiners with 4 to 12 years of experience. astinum, tumors above the level of the carina were ap-
proached by a right thoracotomy, allowing optimal tumor
i i I h f th rior
FDG-PET Scan dissection and lymphadenectomy of the upper posterio

mediastinum.

All patients were scanned in the morning, after an over- Whatever the location of the tumor, the lymphadenec-
night fast. The imaging was performed with a CTI-Siemenstomy of the upper abdominal compartment was completed
931/08/12 scanner (Knoxville, TN) with an axial field of by resecting the lesser curvature down to a level just prox-
view of 10.1 cm and a spatial resolution of 8 mm. A imalto the pylorus. This is frequently the site of lymph node
transmission scan was obtained in five bed positions, rangnetastasis, as shown by Akiyama ef &.cervical location
ing from the maxilla down to a midabdominal level. There- of the anastomosis allowed, in the meantime, a cervical
after, 6.5 MBg/kg FDG (maximum 555 MBq) was injected lymphadenectomy to be performed, the so-called third-field
into an antecubital vein, and after a 60-minute uptake pelymphadenectomy. This was done through a U-shaped in-
riod, PET imaging was initiated. The emission scan wagision in the neck. The third-field lymph node dissection
obtained in five bed positions (7 minutes per position), withincluded, bilaterally, lymph nodes lateral to the carotid
a similar sequence and range as the transmission scan. Aléssels (deep external nodes), the internal jugular and su-
images were corrected for decay and photon attenuation argtaclavicular nodes, and the lymph nodes along the recur-
reconstructed in a 128 128 matrix with use of an iterative rent nerves (deep internal nodes; i.e., the paratracheal nodes,
reconstruction algorithm and 32 iteratioi?s:* Transaxial, the brachiocephalic artery nodes, and the recurrent nerve
coronal, and sagittal views were evaluated by visual inspecaodes down to the point where the intrathoracic lymph node
tion on a high-resolution display monitor (SUN worksta- dissection ended). Reasons for not performing the cervical
tion, Sun Microsystems, Inc., Mountain View, CA). The (third-field) lymphadenectomy were diverse and included
visual analysis was performed prospectively by an analysadvanced biologic age, comorbidity, peroperative instabil-
unaware of all patient data. ity, and high-grade dysplasia/carcinoma in situ.

For precise spatial localization of the PET lesions, an
automated registration of the transaxial PET and CT inceﬁ
was performed. The reconstructed PET transmission images
(and hence the PET emission images) and the CT images The results of the imaging modalities were compared to a
were registered using an algorithm based on informatiorgold standard provided by the histologic examination of

ata Analysis
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routine hematoxylin—eosin-stained sections of the materialS
obtained during extensive two- or three-field lymphadenec-
tomies performed in conjunction with esophagectomy in 39

Table 1. STAGING OF LYMPH NODES
VERSUS PATHOLOGIC STAGING

patients, and in 3 patients by guided biopsies of lesions Pathologic FDG-
detected in distant nodal areas. Ultrasound findings, includratient Staging PET EUS cT
ing ultrasound-guided fine-needle aspiration cytology, as
indicated by any of the examinations, were not further ! TSNTMO NOMO N1MO NIM+Ly
: . ) . : 2 T3N2MO NOMO N1MO NOMO
included in the study design because at no time did they 5 TAN2M+Ly  NOM-+Ly X NOMO
provide further relevant information. 4 T3NIM+Ly  N1MO N1MO NOMO
To analyze the accuracy of the combined use of CT and 5 T3N1MO NOMO N1MO NOM-+Ly
EUS, the positive results of both techniques were summed. © TisNOMO NOMO NOMO NOMO
Thus, a positive result with one technique overruled a neg- ! TSNTMO N1MO N1MO NOMO
. : 8 T3NOMO NOMO NOMO NOMO
ative result with the other. In the same way, to analyze the T3N1MO NOMO N1MO N1MO
accuracy of the overall clinical staging, results of CT, EUS, 19 TINTIMO NOMO NOMO N1MO
and FDG-PET were combined. Finally, all resected nodes 11 T3N1MO N1MO N1MO N1M+Ly
were counted to compare the number of positive nodes 12 T3N2MO NTM+Ly N1M+Ly NTMO
counted clinically with the number of positive nodes found 18 T2NOMO NOMO N1M+Ly NOMO
. o S ) T3NOMO N1MO N1MO NOMO
on pathologic examination. Clinical and pathologic lymph TANTM+Ly  NOMO NTM-+Ly NAMO
node staging results were compared using the latest editiong T3NTMO N1MO N1MO NOMO
of the UICC TNM classificatior{? 17 TIN1MO NOMO N1MO NOMO
The sensitivity, specificity, and accuracy of CT, EUS, and 18 T3NOMO NOMO NOMO NOMO
FDG-PET were calculated using the standard definitfns. %m?m% H?MEL mmgl_ m?mg
Results were compared by a MacNemar test for correlated ,, T3N1MO Y N1I\/I+L§ N1M+L§ NTM-+Ly
proportions.P < .05 was considered significant. 20 T3NIM+Ly  NOMO NOMO N1MO
23 T1NOMO NOMO N1MO N1MO
24 T2NOMO NOMO N1MO NOM-+Ly
RESULTS 25 T3NTMO NOMO N1MO NOMO
26 T3N1MO NOMO N1MO NOMO
Patient Characteristics and Extent of gg %s; mg s?mo ] sgmo . m?mg
: + +
Lymph Node Sampling 29 T3NTM+Ly N1I\/I+L3y/ N1I\/I+L§ N1MO
The 42 patients in the study population were 7 women 30 T3NOMO NOMO N1MO NOMO
and 35 men with a mean age of 58.5 years (range 44-76).° TINOM+Ly  NOM+Ly NOM+Ly — NOMO
. : ; 32 T3N1MO NOMO N1MO NOMO
Three patients had biopsy-proven distant nodal metastases,, T3N1MO NOMO X NOMO
(M+Ly) (one paratracheal mediastinal and two in the neck) a4 TONOMO NOMO NOMO NOMO
and received induction chemoradiotherapy. The guided bi- 35 T3NIM+Ly  NIM+Ly X NOMO
opsies were based on the suspicion of distant nodal involve- gs gm(ﬁ smgL >>§ mémL
ment, as indicated by imaging. Thirty-nine patients (93%) - T2N1M+|_>y/ NOM+L§ NIM+Ly N1M+|_>y/
underwent extensive lymphadenectomies. The mean age ofq T3NOMO NOMO NTM-+Ly NOMO
the 13 patients undergoing two-field lymphadenectomy was 40 T™XNXM+Ly  NIM+Ly N1MO N1MO
63.6 years; the mean age of the 26 patients undergoing 41 TXNXM+Ly  N1IM+Ly N1MO N1MO
three-field lymphadenectomy was 58.3 years. 42 DXINXM+Ly  N1M+Ly N1MO NTMO

The primary tumor histology was squamous cell carci- , ,

. . . . CT, computed tomography; EUS, endoscopic ultrasound; FDG-PET, positron
noma in 10 patients (24%) and adenocarcinoma in 32 P&smission tomography using '®F-fluorodeoxyglucose; X: no EUS staging available
tients (76%). Fifteen patients (36%) had adenocarcinoma afecause the primary tumor could not be passed by the endoscope. Patients 3,
the GEJ, 21 patients (52%) had a tumor of the distal eSOpHS_S, 40, and 41 were upstaged specifically by FDG-PET scan findings.
agus, and 6 patients (14%) had tumor located in the middle
third. The total number of examined nodes was 1,976. In
one patient many nodes were removed but an exact count
was not available. The mean number of nodes examined per Table 1 lists the included patients, with the pathologic
patient who underwent lymphadenectomy was 51.5. The R8taging (gold standard) and the results of EUS and CT. The
(i.e., complete macroscopic and microscopic resection) ratgold standard indicated NOMO stage in 11 patients, N1-2
was 90% (35/39 patients). Twenty-eight patients (72%) hadtage in 18 patients, and-M.y disease in 13 patients. Table
a total number of 182 positive nodes, for a mean of 6.52 shows the results of the analysis of the diagnostic accu-
positive nodes per patient. Of the 26 patients who underracy, sensitivity, and specificity of FDG-PET and the com-
went three-field lymphadenectomy, 6 (23%) had positivebined use of CT and EUS in reference to the gold standard
cervical lymph nodes. for the diagnosis of N1-2 or MLy disease.
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Table 2. PREOPERATIVE ASSESSMENT Table 3. OVERALL ACCURACY IN LYMPH
OF LYMPH NODE INVOLVEMENT NODE STAGING
CT+ EUS* FDG-PET P Correct Overstaging Understaging

Sensitivity n % n % n %

N1-2 15/18 (83%) 4/18 (22%) .0026

M+Ly 6/13 (46%) 10/13 (77%) NS PET 24 57.5 4 9.5 14 33
Specificity CT 17 41 6 14 19 45

N1-2 5/11 (45%) 10/11 (91%) NS EUS* 15 40.5 10 27 12 32.5

M+Ly 20/29 (69%) 26/29 (90%) .0412
Accuracy CT, computed tomography; EUS, endoscopic ultrasound; PET, positron emission

N1-2 20/29 (69%) 14/29 (48%) NS tomography.

M+Ly 26/42 (62%) 36/42 (86%) 0094 * Includes only patients in whom complete passage of the primary tumor was

possible.

CT + EUS, combined computed tomography and endoscopic ultrasound; FDG-
PET, positron emission tomography using '8F-fluorodeoxyglucose.
* EUS includes only patients in whom complete passage of the primary tumor was

possible. overstage (27%) and understage (32.5%). FDG-PET over-
staged 4 patients (9.5%), CT 6 patients (14%), and EUS 10

patients (27%) (Table 3).
Sensitivity Patients 10 and 29 had correct clinical staging, but the

The sensitivity of combined CT and EUS was signifi- location of the involved lymph node field was incorrect.
cantly higher for locoregional nodal involvement (N1-2) One patient with pN1 dlgease had a positive mediastinal
than FDG-PET (83% vs. 22%, = .0026). For distant nodal node .on ,CT’ wh.ereas. this was negative on the.pathology
locations (M), the sensitivity was statistically similar for exgmlnatlon. This patient, however, had a positive local
both diagnostic approaches (77% vs. 46% FDG-PET vsPefitumoral node not seen on PET, EUS, or CT. The second
combined CT and EUS). False-negativerMy lesions on patient with pM+Ly had positive nodes around the celiac

FDG-PET were found in three patients. These lesions wer@*iS on EUS and FDG-PET; they were negative on the
located in the lower neck nodes in two patients and in thdathology examination. However, positive nodes were
posterior mediastinum in one patient. The missed nodefPund in the cervical field that were missed on the FDG-
were macroscopically not enlarged. In two of these lesions”ET: CT, and EUS. The accuracy for diagnosing distant

the histology report mentioned limited microscopic invasion'0dal metastasis was significantly higher for FDG-PET than
of the lymph nodes. for combined CT and EUS (86% vs. 62®,= .0094).

The result of the FDG-PET scan disagreed with the result
of combined EUS and CT in 12 of the 42 patients (29%). In
Specificity the_se patients, _the FDG-PET result was correct in 11 of 12
patients; 5 patients (12%) were correctly upstaged from
The specificity of FDG-PET for the diagnosis of N1-2 Ng_1.2 stage to M-Ly. In two of these patients, although
and M+Ly involvement was 91% and 90%, respectively. eys could not pass the tumor, EUS missed positive nodes
For M+Ly, the specificity of FDG-PET was significantly 5-ximal to the tumor—supradiaphragmatic in one patient
higher compared with combined CT and EUS (69%,ith a GEJ tumor (patient 3) and in the neck in another
P = .0412). False-positive lesions were found in four pa-patient with a distal-third tumor (patient 35). In three other

tients on PET scanning. In two of these patients, hi5t0|093f)atients the FDG-PET scan indicated positive+ My

indicated the presence of inflammation in enlarged mediastinahllmph nodes that were missed by both CT and EUS. One

nodes; one patient had sarcoidosis. In another patient, ”}?atient (patient 40) had a GEJ tumor with positive paratra-

FDG-PET scan indicated the presence of a focal lesion in they o) mediastinal nodes. Two patients (patients 41 and 42)
hilus of the spleen; it was not evident at surgery and did NOLjith a middle- and distal-third tumor, respectively, had
manifest itself at follow-up. The fourth patient had heteroge—posi,[iVe nodes in the neck.

neous tracer uptake in the primary tumor that was incorrectly ;1.2 <ound of the neck (including ultrasound-guided fine-
considered as reflecting local nodal involvement.

needle aspiration cytology performed after PET in two
patients) was negative in all patients with histology-proven
positive nodes in the neck. Overall, eight patients had pos-
itive lymph nodes in the neck (19% of all patients, 23% of
the patients receiving three-field lymphadenectomy). In
Overall, clinical staging was correct in 24 patients, over-three patients, the diagnosis was based specifically on the
estimated in 13, and underestimated in 5. FDG-PET and CFDG-PET scan. Two patients had also correct cervical
tended to understage (33% and 45%), whereas EUS did bothmph node staging by either CT or EUS. Finally, in three

Accuracy for Diagnosis of Nodal
Involvement
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46.3%, 29.2%, and 27% of patients; the corresponding
incidence of abdominal lymph nodes was 12.2%, 39.9%,
and 74%. Involvement of distant lymph nodes was unpre-
PET EUS* dictable regardless of tumor location.

- In our experience in the T3N setting, adenocarcinoma

Table 4. ASSESSMENT OF NODAL
INVOLVEMENT BASED ON COUNT

n % n % of the distal esophagus had up to 30% unforeseen cervical
Understaged o4 60 10 295 lymph nodes; tumors of the_GEJ had up to ZEﬁ’/Eurthe_r,
Overstaged 2 5 14 41 many other lymph node regions (e.g., common hepatic and
Correct 13 33 10 29.5 splenic artery areas) are difficult to label correctly on CT or

. . » EUS!® This understaging and overstaging of lymph nodes
o lrasounci PET, posiron emission fomograghi: in a substantial fraction of tumors is a limiting factor for

* Includes only batients in whom complete passage of the primary tumor was adequate selection of patients for neoadjuvant treatment
possible. modalities. Moreover, when using chemoradiotherapy as an
induction treatment modality, the question arises whether to
include the supraclavicular and cervical area or the superior

others, the lymph node involvement was missed by th@bdpmin_al _com_partment in the irradiation field.. Er]lgrging

clinical investigation, including the ultrasound. Fhe irradiation field to such a m.agnltude may significantly
In six patients, FDG-PET scans were correctly down-ncrease the rates of complications and even death before

staged, from M-Ly stage to NO—1-2 stage, compared with &nd after surgery. _ _

the combination of EUS and CT. The cause of overstaging A more recent trend is the development of nonsurgical
was CT in four patients and EUS in two. One patient wasendoluminal destruction techniques for early superficial tu-
falsely downstaged by FDG-PET: this patient had a GEJNOrs, especially in Barrett carcinoma, using mucosectomy,
tumor with positive lymph nodes in the posterior mediasti-Photodynamic therapy, or laser destruction. A major obsta-

num missed on PET and diagnosed as suspicious on EUSIe, however, is the lack of discrimination between T1a and
T1b. T1b tumors carry a risk of lymph node involvement in

up to 50% of cases, but such nodes are frequently missed in the
Accuracy for the Number of Involved clinical workup because of limited involvemetitThis subset
Nodes of patients, however, is known to benefit from radical surgery

Lymph node count (Table 4) revealed underestimation iPecause of_the relatively limited tumor load, with reported
24 patients, overestimation in 2 patients, and a correct courrYear survival rates of more than 66%These examples

in 13 patients for PET. For EUS the corresponding figuredllustrate that accurate staging is of crucial importance.
were 10, 14, and 10. Refinements in the cytology technique of fine-needle

aspiration under ultrasound or EUS guidance seem to open
promising perspectives and may become important tools,
DISCUSSION improving clinical staging.*®So far, however, these tech-

Accurate staging is of paramount importance in planning'©/0gies seem to have limited availability and require a
optimal therapeutic strategy for patients with carcinoma ofSt€€P learning curvé In this study all patients systemati-
the esophagus or GEJ. The mainstay of clinical staging i§&/ly underwent ultrasound of the neck in the clinical
CT combined with EUS. However, based on the literatureWorkup. If indicated, fine-needle aspiration cytology was
the accuracy of CT and EUS is far from optimal because ipperformed under ultrasound guidance. However, ultrasound
can both overstage and understage lymph ndtié€0ver- with or without fine-needle aspiration cytology failed to
staging is due to the difficulties in distinguishing reactive contribute to the clinical staging. EUS with fine-needle
inflammatory from neoplastic nodes, understaging to théspiration cytology was not performed in this series.
inability to identify nonenlarged nodes as neoplastic or Some centers propose the routine use of minimally inva-
minimally involved. Perhaps the most important reason isSive surgery as a staging procedure, using laparoscopy and
the well-known excessive and chaotic lymphatic spreadvideo-assisted thoracic surgeiyz*However, this approach
characteristic of cancer of the esophagus and GEJ. This wastime-consuming and expensive and delays final treatment.
most impressively illustrated by the results from three-fieldRoutine application is therefore limited. In this series, video-
lymphadenectomy, as has been reported mainly by Japanegssisted thoracic surgery and laparoscopy were rarely used,
investigators. Akiyama et Zkxtensively studied the lymph and only on specific indication.
node metastasis pattern in a series of 200 patients. The The use of FDG-PET using radioactive tracers to detect
frequency of nodal metastasis was studied according to thehanges in metabolism between normal and malignant tis-
location of the tumor and each of the three dissected fieldssue also seems to open new perspectives in improved ac-
According to the location of the tumor (upper, middle, or curacy of staging. In several types of carcinoma, including
distal third), cervical lymph node involvement was seen inesophageal carcinoma, FDG-PET applications have been
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reported to increase the detection of occult metastasis blymphadenectomy, the cervical field revealing positive
10% to 20% compared with conventional stagfig’>3° nodes in 6 of the 26 patients (23%).

This study specifically addresses the potential value of Overall, of the 42 patients, 8 had positive nodes in the
FDG-PET in assessing lymph node involvement by com-neck. In three patients, FDG-PET specifically diagnosed
paring the results with those obtained with CT and EUS, andervical lymph node metastasis, missed in all three by CT
the value of the combined CT, EUS, and PET compareéhind EUS and cervical ultrasound, including ultrasound-
with the final pathologic staging in a series of 42 patientsguided fine-needle aspiration cytology in two patients. Add-
Thirty-nine patients underwent primary resection with ex-ing the cervical field to the lymphadenectomy again con-
tensive two- and three-field lymphadenectomy. This is dirms the high incidence of “unforeseen” positive nodes in
unique feature compared with other published series. Inthe neck that have been missed by conventional CT and
deed, all other reports included several patients who wer&US imaging:® Obviously, the high specificity and accu-
either not considered for further primary resectional surgeryacy of FDG-PET compared with combined CT and EUS,
or in whom resection consisted in a transhiatal esophage@specially for detecting distant nodal metastasist-(y),
tomy. It is generally accepted that this approach is lesprovided key information and may be essential in making
adequate for assessing lymph nodes and thus underestimatherapeutic plans for patients with carcinoma of the esoph-
potential lymph node involvemefi. agus and GEJ. False-positive lesions were found in four

Comparing clinical with pathologic staging, the overall patients, suggesting the need for caution in interpreting
accuracy for lymph node staging was 57%, with a tendencyositive nodes on an FDG-PET scan. In two of these pa-
for understaging in FDG-PET (33%) and confirming thetients (one with sarcoidosis), histology indicated the pres-
tendency for both understaging (32.5%) and overstagingnce of inflammation in enlarged mediastinal nodes. In
(27%) for EUS. another patient, the FDG-PET scan indicated the presence

Luketich et af® reported an accuracy of 48% for locore- of a focal lesion in the hilus of the spleen. This was not
gional nodal metastasis. Kole et*areported an overall confirmed at surgery and subsequent follow-up. From these
90% accuracy and Flanagan ef?ah 76% accuracy for observations, it is clear that positive findings on an FDG-
lymph node detection. The lower accuracy in this study iSPET scan must be confirmed by pathologic examination,
most likely explained by patient selection: only patientswhenever possible, before denying any patient a chance for
considered for resection with curative intent, including ex-a therapeutic regimen with curative intent.
tensive lymphadenectomy, were included. A remaining obstacle is the difficulty of both EUS and

The low 22% sensitivity of FDG-PET for locoregional FDG-PET in determining the number of involved lymph
lymph node (N1-N2) staging can be explained by the dif-nodes, with frequent overscoring and underscoring, and
ficulty in discriminating the primary tumor from peritu- incorrect labeling of the region of “positive” nodes. Al-
moral lymph nodes. This is due to intense tracer accumuthough the TNM stage may be accurate, the tumor load in
lation and ill-defined anatomical boundaries, even wherlymph nodes can be underscored or overscored. The number
using the most accurate CT/PET image registration techef involved nodes was underscored in 24 patients (62%) by
niques?® or the limited microscopic invasion of the lymph FDG-PET and in 10 (29.5%) by EUS. The number of nodes
nodes, as seen in two patients. involved was overscored in 2 patients (5%) by PET scan-

In staging distant LN metastasis (M.y), the sensitivity ning and 14 (41%) patients by EUS.
was higher (77.6%). The false-negative results were related The number of involved nodes is a well-documented
to a minimal tumor load in the lymph nodes in two patients.prognostic indicator. Several studies suggest that a positiv-
The missed lymph nodes were macroscopically not enity rate more than 10% leads to a significantly worse prog-
larged, resulting in difficulties in resolving increased FDG nosis?*® These findings resulted in a change in the most
uptake in lesions less than 1 cm in diameter. Similar diffi-recent UICC TNM classification, using the number of in-
culties are well known in EUS because sensitivity decreasegolved regional nodes as a discriminator between N1 and
for lymph node metastases less than 1%nfuture im- N2 disease for GEJ tumors.
provements in spatial resolution or development of new Insummary, PET scanning is not yet solving the problem
radiotracers are needed to improve the negative predictivef accurate clinical staging in cancer of the esophagus and
value of lymph node involvement in FDG-PET. GEJ. However, its high specificity for lymph node staging

The most important positive finding in this study was theand its well-documented increased potential for detecting
significantly higher specificity of PET versus CT and EUS. occult organ metastasis make it superior to any other avail-
The specificity of FDG-PET was 91% for locoregional able staging investigation. A good illustration is the high
nodes and 90% for distant lymph nodes versus 45% anthcidence (90%) of complete RO resections, despite locally
69% for CT and EUS. In assessing the accuracy for diagadvanced disease in 72% of the patients. The overall RO
nosis of M+Ly, PET FDG scanning correctly upstaged five resection rate was 81% in our previous experience, before
patients (12%) from N to M+Ly (i.e., stage IV disease). PET*These arguments justify the routine use of FDG-PET
This upstaging effect is very much related to the design ofn the clinical staging of these often complex carcinomas.
the study and the extensive surgery, including three-fieldHowever, when positive FDG-PET findings would deny a
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patient a chance for treatment with a curative option, con=<0.

firmation by histopathology is mandatory. Extensive mini-
mally invasive staging and extensive lymphadenectomy af,
the time of resection remain the reference techniques.
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removed lymph nodes as a predictor of survival in squamous celyoy can change the treatment philosophy—unless you say to go
carcinoma of the esophagus. Br J Surg 1994; 81:410-413. for surgery in such a patient because you can improve disease-free

44. Lerut T. Esophageal surgery at the end of the millennium. J Thoracsurvival, with good quality of life. That, of course, is a matter of
Cardiovasc Surg 1998; 116:1-20. how you look at the problem of treating cancer patients at an

advanced stage of disease when they are getting into a palliative
situation.

Discussion

ProF. H. OerTopP (Amsterdam, The Netherlands): | found it a
Pror. T. DemeesTer (Los Angeles, California): | have three |iyje difficult to figure out what the real advantage of the PET scan
questions. One is that whenever you look at these tests, the way \well, let us say it is 10%. You were not using ultrasound of the
you set up the test population affects the outcome. Really, yoeck and fine-needle aspiration cytology; therefore, the whole
should have a chance for the test to be equally positive or negativg,yentional workup could have been better. Also, you could have
on your test population. So it would be nice, although it is difficu!t used endo-ultrasound with fine-needle aspiration cytology. My
| am sure, 10 look at your data, and have 50% of the people Wm}irst question is, do you think if you used these techniques, would

regional or distant node metastases and 50% who did not, and th H .
: . ere be any advantage at all of the PET scan? My second question
analyze the data, because as you give them more negative cases

you load it to make it look better in its specificity. So | am not sure ;S abo:ththe N.2 Iytmp.h nodes,has melntloned |tr;]your maTu;clrlpt.'\fbs
you really have a specificity that is that good. Second, is it all aras [ know, in staging esopnageal cancer, there IS only N.L or N©,

worth it for 10% improvement? | mean, the cost of that PET scanand one.of the grguments in favor of the PET scan is that it helps
in our country is probably $1,000—more than the surgeon’s feeYoU to differentiate between these N1 and N2 nodes. Could you

almost. And you get all this other stuff, too. It is getting too Clarify this issue?
theoretical. Third, | think a lot of this is generated by the oncol- ) )
ogist. Their real effort is to take the patient and give preoperative PROF. LERUT: To the second question: the N2 in the TNM system
chemotherapy. By the way, | think we have done enough of thisis for GE junction tumors only.
It does no good to 60% of the people, don’t you agree? You started
your presentation by saying how often lymph nodes are involved. PROF. OserTor So the GE junction tumors are staged as gastric
Why don’t you go straight to surgery? If patients have more thancancers?
four lymph nodes or whatever degree of involvement you want to
take, then treat them with postoperative chemotherapy. Now, the Pror. LEruT: That is right, but they are treated as esophageal
internist does not want to do that, because he wants to use you &ancers.
a biological assay for your patients and how they are doing with
their chemotherapy. That is what he wants. Pror. OserTor OK. | know this is also a very difficult topic and
we should not go into that.

Pror. T. LERUT (Levven, Belgium): | will try to come back on
each of the questions. The first is a very good remark, but of course Pror. LEruT: Different centers can have different attitudes. In
this study was set up as an evaluation of a new tool that becamegur center, we consider that GE junction tumors behave like
available. In our series, there were 28% of patients with negativgumors of the esophagus, and we treat them accordingly. Concern-
nodes out of a group of 39, so that is a very small group. What young other diagnostic tools, in fact we did use ultrasound of the neck
say is indeed correct, but to accumulate enough material to havgnd, where it was feasible, fine-needle aspirates were made, but in
significant statistical power will require quite a bit of time. To e patients none of them was positive. Fine-needle cytology with
validate the full spectrum of all the possibilities is just one of the echoendoscopy is a relatively new methodology. Our echoendos-
options that should come up in the future. copists are using it very recently, only in the past 6 months. It has
. IS it Wor_th 10%? I think you do not see the value Of_ PET SCaAN 6t been incorporated in the routine evaluation in our center, and
N assessing lymph r_10de mvolvement on its own, disconnecte t this point | doubt that there are many centers that have sufficient
from its overall value in staging, because one of the most powen‘uexperience with fine-needle aspiration using EUS. It requires a
elements of the PET scan is its ability to detect occult systemic .

organ metastases. So it is the combination of the two. In this serieé’,ery highly trained echoendoscopist, so | think for the time being

that was 18%. Then I think that it becomes worthwhile. that should not be considered as a routine diagnostic tool.

Yes, also in Belgium, the cost is maybe more than the fee of the ~ .
surgeon. But there is more than just the surgeon. If you operate on ProF. M. BUC_H"E_R (Bern, va.ltzerland):. As you know, we have
the patient, then you have to calculate the costs of the operatiofione PET studies in pancreatic cancer in the early 1990s together
the hospital stay, and so on. with Hans Beger. My question goes to the following problem. You

For the third question, you know that | am a true follower of the have shown us three patients where it is quite clear that there is a
gospel according to Tom DeMeester concerning the value ofPOL, and it is quite convincing that this is tumor, but you have not
surgery in esophageal cancer. | fully agree that we are poisonin@hown us most of the others. The problem | had when we studied
our patients, once in a while, with too much chemotherapy. Nev{ancreatic cancer was that itis not a “yes” or “no.” It is not that we
ertheless, | think it depends on how you look at those things. Ohave a big spot, and then we have no spot; it is very frequently
course one should not deny the patient any chance of cure argbmething gray. Then the nuclear medicine people thiy is
indeed go for surgery. But if you have, let us say, six lymph nodegpositive, then in other patients they say it is not positive, it is back-
involved, spread through three different compartments, you and ground. So my question goes to how ydetermined what is
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positive and what is negative, because the biggest problem is inptake, and they do not show up on PET scan. That is definitely

interpreting those scans that are gray, a bit more gray, and a littlene of the reasons why the sensitivity is so low. It simply does not

bit more gray, and they say this is positive and this is negative. show up until it reaches a critical mass, which has an important

implication. Nobody should conclude from a negative PET scan

Pror. LERUT: That is indeed a problem related to the technology,that there is no lymph node and so lymphadenectomy should not

and there is certainly a learning curve in how to use PET, which webe done.

have only started to study. One of our nuclear medicine people was

familiar with the technology when we started the study, so that this Pror. B. Kremer (Kiel, Germany): Could you show any effect

learning curve was excluded. Of course | did not show you everyof neoadjuvant or palliative treatment to the lymph nodes by

patient; one can’t do that in a 10-minute talk on all 39 patients. BUPET scan?

what | did show you was that the sensitivity in the regional and

distal metastases group was rather low because the patients hadPror. LEruT (Closing Discussion): That is the question of eval-

minimal tumor loads. That, of course, has to do with the biologyuating downstaging after chemotherapy. This study is ongoing,

of the tumor. If there is a minimal tumor load, there is minimal maybe to be presented here next year!



