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Because of improvements in diagnostic technology, the inci-
dental detection of synchronous primary tumors during the
preoperative work-up of patients with esophageal cancer has
increased. The aim of this study was to determine the rate and
clinical relevance of synchronous neoplasms seen on 18F-FDG
PET in staging of esophageal cancer. Methods: From January
1996 to July 2004, 366 patients with biopsy-proven malignancy
of the esophagus underwent 18F-FDG PET for initial staging.
This series of patients was retrospectively reviewed for the
detection of synchronous primary neoplasms. Results: Twenty
synchronous primary neoplasms (5.5%) were identified in 366
patients. Eleven neoplasms were in the colorectum, 5 in the
kidney, 2 in the thyroid gland, 1 in the lung, and 1 in the gingiva.
One of the thyroid lesions and the lung lesion were erroneously
interpreted as metastases, leading to incorrect upstaging of the
esophageal tumor. Conclusion: 18F-FDG PET detected unex-
pected synchronous primary neoplasms in 5.5% of patients
with esophageal cancer. Sites of pathologic 18F-FDG uptake
should be confirmed by dedicated additional investigations be-
fore treatment, because synchronous neoplasms may mimic
metastases.
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The association between synchronous primary tumors in
the aerodigestive tract is a well-known phenomenon that has
been explained by the concept of “field cancerization” (1,2).
The mucous epithelium of the head and neck, lung, and
esophagus is exposed to common carcinogenic agents, lead-

ing to multiple carcinomas in these regions. Strong epide-
miologic evidence implicates tobacco as the main carcino-
gen and alcohol as a promoter of carcinogenesis (3).

The incidence of synchronous cancers in patients with
esophageal cancer ranges from 3.6% to 27.1% (4,5). Most
of these synchronous cancers are in the head and neck
region. Other frequently reported sites of synchronous can-
cer associated with esophageal cancer are the stomach, lung,
and urinary bladder (6,7).

The detection of incidental synchronous tumors in pa-
tients with esophageal cancer during preoperative work-up
has increased along with recent improvements in diagnostic
technology. Whole-body PET with 18F-FDG has been used
successfully with increasing frequency in the evaluation and
clinical management of many tumors (8–10). Routine in-
terpretation of 18F-FDG PET scans may reveal incidental
hypermetabolic foci that are probably unrelated to the neo-
plasms for which these patients are initially scanned. On the
other hand, lesions on 18F-FDG PET that are interpreted as
metastatic deposits of the primary tumor may, in fact, reflect
accumulated 18F-FDG in a second synchronous tumor (11).

The aim of this study was to determine the rate and
clinical relevance of unexpected synchronous neoplasms
seen on 18F-FDG PET scans obtained during the preopera-
tive evaluation of patients with esophageal cancer.

MATERIALS AND METHODS

Patients
From January 1996 to July 2004, a total of 366 patients with

biopsy-proven malignancy of the esophagus were treated in 2
academic hospitals (University Medical Center Groningen and
Academic Medical Center Amsterdam) and retrospectively ana-
lyzed for this study. All patients underwent 18F-FDG PET, endo-
scopic sonography, CT of the thorax and abdomen, and external
sonography of the cervical region for the initial staging. Staging
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was according to the 2003 classification of the Union Internatio-
nale Contre le Cancer (12).

PET
PET was performed with an ECAT 951/31 or an ECAT HR�

positron camera (Siemens/CTI). The 951/31 acquires 31 planes
over 10.9 cm; the HR�, 63 planes over a 15.8-cm axial field of
view. All patients fasted for at least 4 h before a mean dose of 410
MBq of 18F-FDG was administered intravenously. The number of
bed positions ranged from 7 to 9, depending of the length of the
patient, and all patients were scanned from the crown to the mid
femoral region. Data acquisition in whole-body mode started 90
min after injection, with data being acquired for 5 min per bed
position from the skull to the knees. Transmission imaging for
attenuation correction was performed for 3 min per bed position.
Data from multiple bed positions were iteratively reconstructed
(ordered-subset expectation maximization) into attenuated and
nonattenuated whole-body PET images (13).

Interpretation
18F-FDG PET findings were interpreted on computer monitors

by 1 of 2 nuclear medicine physicians. Possible sites of metastatic
disease from esophageal cancer were reported. 18F-FDG accumu-
lation in regions not likely to be sites of metastatic spread from
esophageal cancer was reported as suggestive of synchronous
tumor, depending on intensity and pattern. All PET reports were
retrospectively analyzed.

RESULTS

In this series of 366 patients who underwent 18F-FDG
PET during initial staging of esophageal cancer, synchro-
nous primary lesions were identified in 20 patients (5.5%).

Except for the 5 renal tumors, the described neoplasms were
not detected by routine staging procedures. Details of these
20 patients are summarized in Table 1. Sixteen unexpected
foci of uptake could be pathologically confirmed. Ten pa-
tients (50%) had a malignant synchronous tumor, and the
remaining 10 patients had a benign or premalignant neo-
plasm.

Malignant Lesions
18F-FDG PET suggested a synchronous neoplasm in the

ascending colon in patients 1 and 2. Colonoscopy revealed
adenocarcinoma in both patients, and they underwent trans-
thoracic esophagectomy (Ivor–Lewis method (14)) and
right hemicolectomy in a single surgical session.

A synchronous primary tumor was found in the kidney in
5 patients (patients 3, 4, 5, 6, and 7). In all these patients,
initial abdominal CT also revealed a mass in the renal
region. Patient 3 underwent a diagnostic laparoscopy re-
vealing peritonitis carcinomatosa, and therefore, no surgical
therapy was indicated. In patient 4, cytology revealed a
Grawitz’s tumor; however, the tumor of the esophagus was
not eligible for curative therapy. Patient 5 underwent a
curative esophageal resection followed by a curative ne-
phrectomy 3 mo later. Patients 6 and 7 were considered
eligible for esophagectomy and nephrectomy in a single
surgical session. However, in patient 7 (Fig. 1), after a
successful nephrectomy the tumor of the esophagus was
considered unresectable because of unexpected invasion of
the thoracic aorta. Pathologic examination revealed a Gra-
witz’s tumor in both patients.

TABLE 1
Characteristics of 20 Patients with Esophageal Cancer and a Synchronous Neoplasm

Patient no. Sex Age (y)

Esophageal cancer Synchronous primary neoplasm

Location Histology Location Histology

1 F 69 Distal AC Right colon AC
2 M 65 Distal AC Right colon AC
3 M 71 GEJ AC Right kidney Grawitz’s tumor
4 M 67 Distal AC Right kidney Grawitz’s tumor
5 M 68 GEJ AC Right kidney Grawitz’s tumor
6 M 69 GEJ AC Right kidney Grawitz’s tumor
7 M 47 Mid esophagus SCC Left kidney Grawitz’s tumor
8 M 72 Distal SCC Lung SCC
9 F 70 Mid esophagus SCC Thyroid Hürthle cell tumor

10 M 58 Mid esophagus SCC Gingiva SCC
11 M 55 Distal SCC Right colon —
12 M 74 GEJ AC Right colon —
13 M 64 Distal AC Left colon Tubulovillous adenoma
14 M 63 Distal AC Left colon Tubulovillous adenoma
15 M 70 Distal AC Left colon Tubulovillous adenoma
16 M 70 Distal AC Rectum Tubulovillous adenoma
17 M 70 GEJ AC Rectum Tubular adenoma
18 M 53 Mid esophagus SCC Rectum Tubular adenoma
19 M 71 Distal AC Rectum —
20 M 64 Distal AC Thyroid —

AC � adenocarcinoma; GEJ � gastroesophageal junction; SCC � squamous cell carcinoma.
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In patient 8, with a squamous cell carcinoma of the
esophagus, 18F-FDG PET revealed a lesion in the right
upper lobe suggestive of lung metastasis or synchronous
lung carcinoma. Additional bronchoscopic examination
provided cytologic evidence of a primary squamous cell
carcinoma of the lung. The patient underwent right upper
lobectomy and esophagectomy in a single session.

In patient 9, a supraclavicular metastasis was suspected
on the basis of 18F-FDG PET findings (Fig. 2). However,
neither initial CT nor sonography of the cervical region
showed any lymphatic abnormalities, nor did additional
MRI of the cervical region. A second sonographic exami-
nation with fine-needle aspiration demonstrated a Hürthle
cell thyroid tumor, for which a thyroidectomy was per-
formed several months after the initial esophagectomy.

18F-FDG PET showed in patient 10 a focus suggestive of
a synchronous neoplasm in the oral cavity. Examination by
a maxillofacial surgeon revealed a small squamous cell
carcinoma of the gingiva. The gingival carcinoma in this
patient was resected, but because of severe comorbidity the
esophageal tumor was treated with combined intraluminal
and extraluminal irradiation with curative intention.

Benign Lesions
Synchronous neoplasms were suspected in the ascending

colon of patients 11 and 12 and in the descending colon of
patients 13–15. Colonoscopy revealed tubulovillous ade-
noma in patients 13–15, which was resected endoscopically.
In patients 11 and 12, no histologic examination was per-
formed before surgery. Patient 11 underwent transthoracic
esophagectomy with curative intent. However, because lo-
coregional recurrence developed shortly after resection, fol-
low-up of this synchronous lesion was not possible. In
patient 12, diagnostic laparoscopy, which is standard in the

diagnostic work-up of cardia carcinoma, revealed peritonitis
carcinomatosa, and the lesion in the colon was therefore not
analyzed further.

In 4 patients, an unexpected 18F-FDG accumulation was
observed in the rectum and considered suggestive of a
neoplasm. Sigmoidoscopy revealed tubulovillous adenoma
in patient 16 (Fig. 3) and tubular adenoma in patients 17 and
18. All these adenomas were resected endoscopically. In
patient 19, no histologic examination was performed. All
the patients underwent esophagectomy with curative inten-
tion. Patient 19 died postoperatively; therefore, no histo-
logic examination of the rectal lesion was performed.

In patient 20, 18F-FDG PET showed a lesion suggestive
of a neoplasm in the thyroid gland. Additional sonography
of the neck showed a hypoechogenic lesion suggestive of
thyroid adenoma, and the lesion did not progress during 6
mo of follow-up.

DISCUSSION

The rate of synchronous neoplasms seen on 18F-FDG
PET in this unselected group of 366 patients with esopha-
geal cancer was 5.5%. Most lesions were in the colon or
rectum (11/20, or 55%). Sixteen lesions were evaluated
histologically.

The rate of unexpected synchronous neoplasms in this
study lies within the range of synchronous tumors for
esophageal cancer as reported in the literature (4,6,7). In
general, the occurrence of synchronous cancers strongly
depends on the type of the initial cancer. Synchronous
malignant tumors were detected in 9%–18% in patients with
head and neck cancer, whereas in an inhomogeneous group
of various cancer types the rate of malignant and premalig-
nant tumors was 1.7% (15–17).

Misinterpretation of synchronous primary neoplasms
may lead to incorrect upstaging of the primary tumor, as
was demonstrated in patients 8 and 9. These patients were

FIGURE 2. 18F-FDG PET scan
(coronal view) of patient 9,
with tumor in mid esophagus
(bottom arrow) and synchro-
nous Hürthle cell thyroid tu-
mor (top arrow) as confirmed
by fine-needle aspiration.

FIGURE 1. 18F-FDG PET scan
(coronal view) of patient 7,
with synchronous carcinoma
of mid esophagus (top arrow)
and Grawitz’s tumor of left
kidney (bottom arrow).
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initially suspected of having distant metastases (stage IV),
on the basis of the PET findings, and would have errone-
ously been considered ineligible for surgery if histologic
conformation had not been sought. Therefore, additional
investigations are mandatory to confirm the PET findings
before any therapeutic decision is made. However, 4 lesions
were not histologically verified in this study. In some pa-
tients, it was argued that the esophageal cancer heavily
determined prognosis and that, therefore, the verification of
assumed benign or premalignant lesions was not necessary.
Nevertheless, the 2 lesions of the colorectum that turned out
to be carcinomas are an argument in favor of verification of
any positive PET finding. Another reason to verify positive
PET findings is the well-known risk of false-positive re-
sults. 18F-FDG is not a tumor-specific substance, and false-
positive results may occur as a result of increased glucose
metabolism in benign lesions (e.g., inflammatory tissue).
Therefore, positive findings on 18F-FDG PET must be con-
firmed by additional investigations, preferably by percuta-
neous or ultrasound- or CT-guided cytologic biopsy, or
dedicated radiography, before patients are denied surgery
with curative intent (11). Usually, physiologic colonic ac-
tivity appears more tubular and diffuse than do separate
colonic tumors, which appear more focal and of higher
intensity. Because the renal excretion pattern of 18F-FDG is
similar to that of other radiopharmaceuticals, physiologic
activities in renal collecting systems are easily detectable
based on the precise location of activity, intensity of distri-
bution, shape of the calyces and pelvis, and overall pattern
of both kidneys.

The detection of synchronous tumors by whole-body
18F-FDG PET poses a dilemma in the choice of the most
suitable therapeutic strategy. For synchronous cancers, in-
cluding esophageal cancer, the highest-priority treatment
should focus on the tumor most limiting the prognosis (6).
Therefore, optimal pretreatment staging of both tumors to
assess their prognosis is the first step in clinical assessment.

If discrimination between 2 independent primary tumors
versus metastatic disease is not possible based on conven-
tional histology, cytogenetic analysis such as determination
of loss of heterozygosity and p53 aberrations may be helpful
to therapeutic decision making (18).

Resection of both neoplasms with curative intention fre-
quently offers the best long-term survival; however, even in
the case of an incurable synchronous cancer (e.g., metastatic
prostate cancer), esophagectomy is not always contraindi-
cated (19). The type of treatment for such esophageal car-
cinomas strongly depends on the type and prognosis of the
synchronous malignancy.

Evidence-based arguments about whether to perform a
simultaneous or a staged operation are not available. Suzuki
et al. report that simultaneous resection of both neoplasms
has acceptable morbidity and mortality rates (18). However,
for each patient, the risks and benefits of simultaneous
surgery should be weighed against those of a second oper-
ation (20).

The incidental detection of synchronous colorectal polyps
or cancers and other malignancies by 18F-FDG PET is not
uncommon (17,21,22). Unfortunately, 18F-FDG PET is not
able to differentiate between colorectal adenoma and carci-
noma (23). A true association between adenocarcinoma of
the esophagus and colonic neoplasms would suggest com-
mon causes and might indicate the existence of an inherited
general genetic defect. Another possible explanation might
be exposure to environmental factors such as alcohol, smok-
ing, and a fatty diet. In addition, increased expression of the
cyclooxygenase 2 enzyme is central to the predisposition of
both esophageal and colorectal cancers (24,25). However, a
population-based cohort study in Sweden did not demon-
strate an association between colorectal cancer and adeno-
carcinoma of the esophagus (26).

CONCLUSION
18F-FDG PET may detect synchronous primary neo-

plasms in patients with esophageal cancer. Sites of sus-
pected metastases should be confirmed histologically before
treatment, because synchronous neoplasms can mimic met-
astatic disease.

ACKNOWLEDGMENT

This study was supported by a ZonMw program for
Health Care Efficiency Research.

REFERENCES

1. Poon RT, Law SY, Chu KM, Branicki FJ, Wong J. Multiple primary cancers in
esophageal squamous cell carcinoma: incidence and implications. Ann Thorac
Surg. 1998;65:1529–1534.

2. Van Rees BP, Cleton-Jansen AM, Cense HA, et al. Molecular evidence of field
cancerization in a patient with 7 tumors of the aerodigestive tract. Hum Pathol.
2000;31:269–271.

3. Castellsague X, Quintana MJ, Martinez MC, et al. The role of type of tobacco and
type of alcoholic beverage in oral carcinogenesis. Int J Cancer. 2004;108:741–
749.

4. Kagei K, Hosokawa M, Shirato H, et al. Efficacy of intense screening and

FIGURE 3. 18F-FDG PET scan
(sagittal view) of patient 16,
with distal esophageal tumor
(top arrow) and synchronous
rectal adenoma (bottom ar-
row).

1324 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 46 • No. 8 • August 2005



treatment for synchronous second primary cancers in patients with esophageal
cancer. Jpn J Clin Oncol. 2002;32:120–127.

5. Voormolen MHJ, Van Deelen RAJ, Tilanus HW, van Lanschot JJB. Esophageal
carcinoma and multiple primary tumors. Dis Esophagus. 1995;8:218–221.

6. Kumagai Y, Kawano T, Nakajima Y, et al. Multiple primary cancers associated
with esophageal carcinoma. Surg Today. 2001;31:872–876.

7. Nagasawa S, Onda M, Sasajima K, Takubo K, Miyashita M. Multiple primary
malignant neoplasms in patients with esophageal cancer. Dis Esophagus. 2000;
13:226–230.

8. Czernin J, Phelps ME. Positron emission tomography scanning: current and
future applications. Annu Rev Med. 2002;53:89–112.

9. Gambhir SS, Czernin J, Schwimmer J, Silverman DH, Coleman RE, Phelps ME.
A tabulated summary of the FDG PET literature. J Nucl Med. 2001;42(suppl):
1S–93S.

10. Van Westreenen HL, Westerterp M, Bossuyt PM, et al. Systematic review of the
staging performance of 18F-fluorodeoxyglucose positron emission tomography in
esophageal cancer. J Clin Oncol. 2004;22:3805–3812.

11. Van Westreenen HL, Heeren PA, Jager PL, van Dullemen HM, Groen H, Plukker
JT. Pitfalls of positive findings in staging esophageal cancer with F-18-fluoro-
deoxyglucose positron emission tomography. Ann Surg Oncol. 2003;10:1100–
1105.

12. Sobin LH, Wittekind C. TNM Classification of Malignant Tumours. 6th ed. New
York, NY: John Wiley and Sons; 2003:60–64.

13. Lonneux M, Borbath I, Bol A, et al. Attenuation correction in whole-body FDG
oncological studies: the role of statistical reconstruction. Eur J Nucl Med.
1999;26:591–598.

14. Visbal AL, Allen MS, Miller DL, Deschamps C, Trastek VF, Pairolero PC. Ivor
Lewis eosphagogastrectomy for esophageal cancer. Ann Thorac Surg. 2001;71;
1803–1808.

15. Schwartz DL, Rajendran J, Yueh B, et al. Staging of head and neck squamous cell
cancer with extended-field FDG-PET. Arch Otolaryngol Head Neck Surg. 2003;
129:1173–1178.

16. Stokkel MP, Moons KG, ten Broek FW, van Rijk PP, Hordijk GJ. 18F-Fluoro-
deoxyglucose dual-head positron emission tomography as a procedure for de-
tecting simultaneous primary tumors in cases of head and neck cancer. Cancer.
1999;86:2370–2377.

17. Agress H Jr, Cooper BZ. Detection of clinically unexpected malignant and
premalignant tumors with whole-body FDG PET: histopathologic comparison.
Radiology. 2004;230:417–422.

18. van der Sijp JR, van Meerbeeck JP, Maat AP, et al. Determination of the
molecular relationship between multiple tumors within one patient is of clinical
importance. J Clin Oncol. 2002;20:1105–1114.

19. Suzuki S, Nishimaki T, Suzuki T, Kanda T, Nakagawa S, Hatakeyama K.
Outcomes of simultaneous resection of synchronous esophageal and extraesopha-
geal carcinomas. J Am Coll Surg. 2002;195:23–29.

20. Morris HL, da Silva AF. Co-existing abdominal aortic aneurysm and intra-
abdominal malignancy: reflections on the order of treatment. Br J Surg. 1998;
85:1185–1190.

21. Tatlidil R, Jadvar H, Bading JR, Conti PS. Incidental colonic fluorodeoxyglucose
uptake: correlation with colonoscopic and histopathologic findings. Radiology.
2002;224:783–787.

22. Zhuang H, Hickeson M, Chacko TK, et al. Incidental detection of colon cancer
by FDG positron emission tomography in patients examined for pulmonary
nodules. Clin Nucl Med. 2002;27:628–632.

23. Yasuda S, Fujii H, Nakahara T, et al. 18F-FDG PET detection of colonic
adenomas. J Nucl Med. 2001;42:989–992.

24. Buskens CJ, Van Rees BP, Sivula A, et al. Prognostic significance of elevated
cyclooxygenase 2 expression in patients with adenocarcinoma of the esophagus.
Gastroenterology. 2002;122:1800–1807.

25. Church RD, Fleshman JW, McLeod HL. Cyclo-oxygenase 2 inhibition in colo-
rectal cancer therapy. Br J Surg. 2003;90:1055–1067.

26. Lagergren J, Nyren O. No association between colon cancer and adenocarcinoma
of the oesophagus in a population based cohort study in Sweden. Gut. 1999;44:
819–821.

SYNCHRONOUS NEOPLASMS ON 18F-FDG PET • van Westreenen et al. 1325


