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Abstract

Aim: The aim of this retrospective study was to investigate the ability of fluorodeoxyglucose positron emission
tomography/computed tomography (FDG-PET/CT) in the detection of synchronous cancers during staging workup for
esophageal squamous cell carcinoma.
Materials and Methods: We performed a retrospective chart review of 426 Taiwanese patients with esophageal
cancer who received FDG-PET/CT during their primary staging workup between December 2006 and December
2011. We defined synchronous cancers as those occurring within 6 months of the FDG-PET/CT scan. All of the
synchronous lesions were confirmed by histology or imaging follow-up. The study patients were followed for at least
18 months or were censored on the date of last follow-up.
Results: Fifty patients were excluded from analysis because of the presence of distant metastases. Of the remaining
376 patients, 359 were diagnosed with squamous cell carcinoma (SCC). We identified 17 patients with synchronous
cancers, and all of them had a diagnosis of SCC. Synchronous head and neck cancers were the most frequent
(n=13, 76.4%), followed by gastrointestinal cancers (colon cancer, n=2; hepatocellular carcinoma, n=1), and renal
cell carcinoma (n=1). FDG-PET/CT successfully detected 15 synchronous cancers (12 head and neck cancers, 2
colon cancers, and 1 renal cell carcinoma). In contrast, conventional workup detected only 9 synchronous cancers (7
head and neck cancers, 1 hepatocellular carcinoma and 1 renal cell carcinoma). The sensitivity of FDG-PET/CT and
conventional workup in detecting synchronous cancers were 88.2% and 52.9% respectively.
Conclusion: The most frequent synchronous lesions in patients with esophageal SCC were head and neck cancers
in Taiwan. Our data indicate that FDG-PET/CT is superior to conventional workup in the detection of synchronous
tumors during primary staging for esophageal squamous cell carcinoma.
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Introduction

Esophageal cancer is the seventh most common cancer in
Taiwanese males [1], and the sixth most frequently diagnosed
cancer worldwide [2]. A significant increase in the incidence of
esophageal cancer has been recently reported in Taiwan [1]. In
2009, the age-adjusted incidence rate of this malignancy was
12.97 per 100,000 Taiwanese males [1], which is significantly
higher than that observed in the US during 2010 (7.74 per

100,000 men) [3]. In light of these data, significant geographic
disparities in esophageal cancer burden are evident.

Esophageal cancer survival rate varies mainly according to
the stage in which the malignancy is diagnosed. Patients with
stage I disease have a 5-year survival rate of more than 60%,
whereas 5-year survival rates are less than 20% in patients
with stage IV disease. Overall, the 5-year overall survival rate
for esophageal cancer remains disappointingly low (20.5%) [3].
Although therapy with curative intent is generally possible for
patients with early-stage esophageal cancer, the presence of
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synchronous second primary tumors can influence treatment
selection. Previous studies have shown that synchronous
tumors are not uncommon in patients with esophageal cancer,
with an incidence of second primary malignancies ranging
between 4.3 and 11.6% [4-10].

Fluorodeoxyglucose positron emission tomography/
computed tomography (FDG-PET/CT) has better sensitivity
than conventional workup in the detection of distant
metastases in esophageal cancer and can thus directly
influence management decisions [11]. Therefore, FDG-PET/CT
is currently recommended by the National Comprehensive
Cancer Network guidelines in for the detection of metastatic
disease during the staging procedures [12]. However, the
clinical impact of FDG-PET/CT in the identification of second
primary cancers in patients with esophageal cancer is still
unclear.

There are significant differences in the pathogenesis and
geographical distribution of the two main histological types of
esophageal cancer (i.e., adenocarcinoma and squamous cell
carcinoma [SCC]). In Western countries, FDG-PET/CT has
been shown to be useful for the detection of second primary
tumors in patients with esophageal adenocarcinoma, the most
common site being the colon [8-10]. Differently from Western
countries where adenocarcinoma is prevalent, SCC is the most
common form of esophageal cancer in Asia [13] and the most
common second primary tumor site in SCC is in the head and
neck region or the stomach [4-7]. Currently, there is a paucity
of data on the clinical usefulness of FDG-PET/CT in the
detection of synchronous malignancies in Asian patients with
esophageal cancer. Therefore, the aim of this retrospective
study was to investigate the ability of FDG-PET/CT in the
detection of unexpected synchronous neoplasms during the
staging workup of Taiwanese patients with primary esophageal
SCC.

Materials and Methods

Ethics Statements
The Institutional Review Board of the Chang Gung Memorial

Hospital approved the study protocol (101-1991B). The
requirement of informed consent from the participants was
waived because of the retrospective observational nature of
this study. The data set were stored securely, accessibly only
to the investigator, and analyzed anonymously.

Subjects
We performed a retrospective chart review of 426 Taiwanese

patients with histology-proven esophageal cancer who received
FDG-PET/CT during their primary staging workup between
December 2006 and December 2011. Fifty patients were
excluded from analysis because of the presence of distant
metastases.

Conventional workup
The conventional workup (CWU) included computed

tomography (CT), barium esophagram, and panendoscopy. All
of the abnormalities identified during the initial staging and

within 6 months thereafter were carefully recorded. A
retrospective review of CT images was performed to identify
the number of affected lymph nodes and accommodate staging
according to the seventh edition of the AJCC Cancer Staging
Manual.

FDG-PET/CT
FDG-PET/CT scans were performed using a GE Discovery

ST 16 PET/CT scanner. Patients fasted for at least 4 h before
the tracer injections, and scans were obtained 50 min after the
intravenous administration of 370 MBq FDG. Non-contrast CT
data were acquired for anatomical correlation and attenuation
correction. The CT data were acquired at the following settings:
120 kV, automatic mA (ranging from 10 to 300 mA), pitch
1.75:1, collimation 16 × 3.75 mm, and rotation cycle 0.5 s.
Whole-body PET scans were performed from the skull base to
the mid-thigh, with 3 min of acquisition time per bed position.
We used a total of 7-9 cradle positions to enable height
adjustment.

Image interpretation
FDG-PET/CT images were analyzed by board-certified

nuclear medicine physicians. The presence of synchronous
cancers in the FDG-PET/CT reports was carefully recorded.
Synchronous malignancies were defined by abnormal FDG
uptake on FDG-PET unlikely due to distant metastases from
the primary esophageal lesion. When possible, all of the
synchronous lesions identified by FDG-PET/CT or CWU were
confirmed by histology. We used the results of imaging follow-
up when histopathological confirmation was not feasible.

Treatment
All of the treatment decisions were taken after discussion in

the tumor board. A total of 301 patients received concurrent
chemoradiotherapy (CCRT). Of them, 186 received definitive
CCRT, whereas 115 were treated with CCRT followed by
surgery. Sixty-two patients received surgery, and 17 of them
were subsequently treated with adjuvant therapies. Five
patients received chemotherapy only and 8 refused any
treatment.

Statistical analysis
Descriptive statistics were summarized using percentiles,

means, medians, and standard deviations. Categorical
variables were analyzed using the chi-square test. Overall
survival was calculated from the date of diagnosis until the date
of death or censored at the last follow-up. Survival curves were
evaluated using the Kaplan- Meier method and compared with
the log-rank test. All statistical analyses were performed using
SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA).
Two-tailed P values <0.05 were considered statistically
significant.
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Results

Patient population
Of the 376 patients without distant metastases, 359 had a

diagnosis of SCC (95.5%), and all of the patients with
synchronous cancers were diagnosed with this histology type
(Figure 1). The median age of these 359 patients was 56 years
and female subjects consisted only 5.3% of them (Table 1).

Synchronous cancers were diagnosed in 17 patients
(17/359, 4.7%). The diagnosis was confirmed by
histopathology (n = 15), typical imaging feature of
hepatocellular carcinoma (n = 1), or an increase in the colon
lesion size on imaging follow-up (n = 1). Synchronous head
and neck cancers were the most frequent (n = 13, 76.4%),
followed by gastrointestinal cancers (colon cancer, n = 2;
hepatocellular carcinoma, n = 1), and renal cell carcinoma (n =
1; table 2). Three patients had premalignant lesions, including
colon tubular adenoma (n = 1), hypopharyngeal carcinoma in
situ (n = 1), and gastric carcinoma in situ (n = 1).

PET/CT and CWU for the detection of synchronous
cancers in patients with esophageal cancer

FDG PET/CT successfully detected synchronous tumors in
15 patients (15/359, 4.2%). The detected lesions included head
and neck cancers (n = 12), renal cell carcinoma (n = 1), and
colon cancers (n = 2). Of all the synchronous malignancies, six
head and neck cancers and two colon cancers were detected
by FDG-PET/CT only (47%, 8/17). In contrast, CWU revealed
the presence of synchronous tumors in nine patients (9/359,
2.5%), including head and neck cancers (n = 7), hepatocellular
carcinoma (n = 1), and renal cell carcinoma (n = 1). Two
lesions (11.8%, 2/17) were detected by CWU only, including
one case of hepatocellular carcinoma (subsequently confirmed
by angiography) and one case of hypopharyngeal cancer
(subsequently confirmed by histology). Overall, seven
synchronous cancers (6 head and neck cancers and 1 renal
cell carcinoma) were detected by both FDG PET/CT and CWU.

Figure 1.  Flow of the patients through the study.  
doi: 10.1371/journal.pone.0082812.g001

False-positive findings in the detection of synchronous
cancers

Six patients had false-positive PET/CT findings for the
presence of synchronous cancers. Of them, two were
premalignant lesions (one hypopharyngeal carcinoma in situ
and one colon tubular adenoma). Two other patients were
diagnosed with squamous hyperplasia of the tongue and the
hypopharynx, respectively. Another patient had a left gastric
lymph node metastasis which was misinterpreted as a cancer
located to the body of the stomach on PET/CT scans. All of
these lesions were confirmed by histology. Finally, one patient
presenting with asymmetric FDG uptake at the larynx had a
diagnosis of vocal palsy at the contralateral side. This condition
was diagnosed by fiber endoscopic examination and the results
of imaging follow-up were negative. Conventional workup
yielded false-positive results in one patient who had a gastric
carcinoma in situ (subsequently confirmed by histology).

Table 1. General characteristics of patients with
esophageal squamous cell carcinoma patients according to
the presence of synchronous cancers.

 
No synchronous cancers
(n=342), n (%)

With synchronous cancers,
(n=17), n (%) p

Sex 0.388
Male 323 (94.4) 17 (100.0)  
Female 19 (5.6) 0  
Age, years 0.517
30-39 20 (5.8) 0  
40-49 81 (23.7) 6 (35.3)  
50-59 120 (35.1) 6 (35.3)  
60-69 71 (20.8) 5 (29.4)  
70-79 39 (11.4) 0  
≥ 80 11 (3.2) 0  
Grading1 0.584
WD 5 (1.5) 0  
MD 197 (57.6) 8 (47.1)  
PD 74 (21.6) 6 (35.3)  
Unknown 66 (19.3) 3 (17.6)  
Tumor location 0.553
Cervical 19 (5.5) 2 (11.8)  
Upper 95 (27.8) 5 (29.4)  
Middle 148 (43.3) 8 (47.0)  
Lower 80 (23.4) 2 (11.8)  
Stage 0.033
1-2 75 (21.9) 8 (47.1)  
3 267 (78.1) 9 (52.9)  
T-stage 0.034
1-2 76 (22.2) 8 (47.1)  
3-4 266 (77.8) 9 (52.9)  
N-stage 0.006
N0 46 (13.5) 7 (41.2)  
N+ 296 (86.5) 10 (58.8)  
1 WD = well-differentiated, MD = moderately-differentiated, PD = poorly-
differentiated.
doi: 10.1371/journal.pone.0082812.t001
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Metachronous cancers
At the end of the follow-up, 112 of the 359 study patients

were alive. Of them, seven patients developed metachronous
cancers (including 6 head and neck cancers and 1 prostate
cancer) and were alive at the end of the study. In contrast,
other 4 patients who developed metachronous malignancies (3
head and neck cancers and 1 hepatocellular carcinoma) died
during the follow-up period. The patient diagnosed with
hepatocellular carcinoma also developed a third primary
oropharyngeal cancer 243 days after the diagnosis of the liver
malignancy.

Discussion

In our study conducted among 359 patients with potentially
curable esophageal SCC, we identified 17 cases (4.7%) of
synchronous cancers. Of them, seven (41%) were correctly
identified by both FDG-PET/CT and CWU. Notably, eight (47%)
cases were identified by FDG-PET/CT only, whereas two
(12%) were diagnosed by CWU only. The sensitivity of FDG-
PET/CT in the detection of synchronous cancers was 88.2%
(15/17), whereas CWU had a diagnostic sensitivity of 52.9%
(9/17). The added diagnostic value of FDG-PET/CT in the
detection of synchronous cancers was chiefly confined to the
head and neck region (Figure 2). The detection rates of
synchronous cancers in the head and neck region were 92.3%
and 53.8% for FDG-PET/CT and CWU, respectively. Because
the majority of synchronous malignancies in patients with
esophageal SCC are head and neck cancers, the observation
that FDG-PET/CT is superior to CWU in the detection of these

lesions suggests its clinical utility for the clinical management
of this patient group.

Notably, FDG-PET/CT was able to detect synchronous colon
cancers that are likely to be missed by the CWU. Because
colon lesions are not usually investigated during CWU, our
findings highlight the utility of FDG-PET/CT as a whole-body
screening tool for synchronous malignancies in patients with
esophageal SCC [14]. In fact, colon cancer has an increasing
incidence trend in Taiwan and has been the most commonly
diagnosed cancer in 2009 [1]. In this scenario, the ability of
FDG-PET/CT in the detection of a highly prevalent malignancy
like colon cancer may have a significant impact on prognostic
stratification and clinical management.

The results from the present study indicate that the most
frequent synchronous malignant lesions in patients with
esophageal SCC were head and neck cancers. These results
are in agreement with those previously reported in studies
conducted in Japan and Hong Kong [4-7], where SCC is the
main histological subtype of esophageal cancer. In the report of
Kumagai et al. and Kagei et al., head and neck cancers were
also one of the major types of second primary cancers. Where
as in the reports of Poon et al. and Natsugoe et al., head and
neck cancers were the leading synchronous cancers (Figure
3). Taken together, studies conducted in Asian countries
indicate a close relationship between esophageal and head
and neck squamous cell carcinomas, suggesting that these
malignancies may be manifestations of field cancerization in
the upper aerodigestive tract. Cigarette smoking and alcohol
consumption are well-known risk factors for esophageal cancer
[15]. An epidemiological study conducted in Taiwan has shown
that the odds ratio for esophageal cancer is greater for alcohol
drinking than smoking (17.6 vs 5.4) [16]. Moreover, alcohol

Table 2. List of patients with esophageal cancer diagnosed with synchronous malignancies.

Age, years Sex Location Grade1 Stage Second primary2 Second tumor stage Detected by CWU3 Detected by FDG-PET Alive Survival, days
60 M U PD 2A Colon 1 N Y N 662
56 M C MD 3C Colon 3C N Y N 515
65 M U MD 2B HPX 1 N Y N 455
45 M M PD 2B HPX 1 N Y Y 755
67 M L MD 3B HPX 1 N Y Y 842
51 M M MD 3B HPX 2 N Y Y 935
50 M M PD 1B Tongue base 1 N Y Y 1574
51 M L MD 2A Tonsil 3 N Y Y 899
49 M C MD 2B HPX 1 Y N Y 720
62 M U Unspecified 3A HCC 1 Y N N 367
58 M M MD 3A HPX 2 Y Y N 650
49 M U Unspecified 2A HPX 2 Y Y N 667
70 M M Unspecified 3B HPX 3 Y Y N 167
42 M M PD 3A Tonsil 3 Y Y N 552
48 M U MD 3C Tongue 3 Y Y N 535
54 M M PD 3C OPX 4A Y Y N 88
62 M M PD 1B RCC 1 Y Y N 95
1 MD = moderately differentiated, PD = poorly differentiated.
2 HCC = hepatocellular carcinoma, HPX = hypopharynx, OPX = oropharynx, RCC = renal cell carcinoma.
3 CWU = conventional workup.
doi: 10.1371/journal.pone.0082812.t002
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drinking is a recognized risk factor for head and neck
malignancies [17], esophageal cancer [18], stomach cancer
[19], and colon neoplasms [20]. The increased cancer risk in
people who consume alcohol has been attributed to the first
metabolite of alcohol oxidation, acetaldehyde. Acetaldehyde is
highly mutagenic and carcinogenic, especially in subjects
carrying specific aldehyde dehydrogenase risk polymorphisms
[21]. This observation can explain the association of
esophageal cancer with both head and neck malignancies and
gastrointestinal cancers observed in our study. Moreover,
these findings are in accordance with the results from previous
investigations conducted in Japan and Hong Kong.

Previous studies on the detection of second primary
neoplasms on FDG-PET scans used for staging purposes were
conducted in the Netherlands [8], UK [9], and Ireland [10]. The
majority of patients with esophageal cancer enrolled in these
studies were diagnosed with adenocarcinomas, and the most
common site of synchronous tumors was the colon (Figure 3).
Differences in the distribution of second primary neoplasms
between esophageal SCC and adenocarcinoma indicate the
presence of distinct biological features and clinical behavior. To
our knowledge, this is the first study assessing the clinical utility
of FDG-PET/CT during primary staging of patients with
esophageal SCC.

In our study, synchronous cancers occurred more frequently
in patients with early-stage esophageal cancer. The median
overall survival of patients with and without synchronous
cancers was 650 ± 87 days and 390 ± 40 days, respectively.

Figure 2.  A case of synchronous cancer identified on
FDG-PET/CT.  In addition to the cancer located in the lower
third of thoracic esophagus, FDG-PET/CT identified an
additional left hypopharyngeal malignancy missed by
conventional CT images (arrow).
doi: 10.1371/journal.pone.0082812.g002

Although the difference between the two groups did not reach
statistical significance (log-rank test, p=0.398), the trend toward
a longer overall survival in subjects with synchronous cancers
can be due at least in part to the association with early-stage
disease and prompt initiation of treatment following early
diagnosis. The FDG-PET/CT identification of second primary
synchronous cancers in patients with early-stage esophageal
cancer may thus translate into a potential survival benefit.

Besides being the most common synchronous cancers
identified during primary staging, head and neck cancers also
represented the majority of metachronous cancers in
esophageal SCC patients. Of the 11 metachronous cancers
that occurred during the follow-up period, 9 were head and
neck cancers; these results confirm the existence of a strong
association between esophageal SCC and head and neck
cancers. Because metachronous cancers may develop even
five years after the diagnosis of the primary cancer, long-term
follow-up studies are needed to confirm and expand our
results.

Despite the promising results in the identification of
potentially curable synchronous cancers, FDG-PET yielded a
certain degree of false-positive and false-negative findings.
Because FDG is a non-specific tracer, its uptake does not
always indicate the presence of malignant lesions. For
example, an increased physiologic uptake of FDG may be
commonly observed in the gastroesophageal junction [22].
Moreover, false-positive results due to the presence of
lymphoid hyperplasia have been also reported in the head and
neck region [23]. The misregistration of PET and CT images
may also cause difficulties in image interpretation [24]. Under
these circumstances, pathological results are needed to avoid
inappropriate clinical management. Furthermore, FDG-PET did
not yield reliable results in the detection of superficial
esophageal lesions. Previous reports found only half of the
clinical T1 lesions being correctly detected on FDG-PET scans
[25,26]. These caveats notwithstanding, FDG-PET/CT was
clinically useful in the identification of early synchronous tumors
in potentially curable esophageal SCC patients. Our study
provides clues about the usefulness of FDG PET/CT in the
staging of patients with esophageal cancer, not only for
identifying distant metastases but also for the purpose of
detecting second primary cancers.

Our report has several limitations. First, our study is
retrospective in nature and a selection bias cannot be excluded
because not all patients with esophageal cancer underwent
FDG-PET/CT during the staging workup. Second, some
synchronous lesions may have disappeared after
chemoradiotherapy; consequently, we may have
underestimated the exact number of lesions. It should be
noted, however, that our data are in line with those previously
obtained in previously published reports from Asian countries.
We therefore believe that our data are valid and can be
clinically helpful to improve the clinical management of Asian
patients with esophageal cancer.
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Conclusions

The most common form of esophageal cancer in Taiwan is
SCC, and the most frequent synchronous lesions in this patient
group are head and neck malignancies. Our data indicate that
FDG-PET/CT is superior to conventional workup in the
detection of synchronous tumors (especially head and neck
cancers and colon neoplasms) during primary staging for
esophageal squamous cell carcinoma. We conclude that FDG-
PET/CT may allow early therapeutic interventions and confer
survival benefits in this patient group.
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doi: 10.1371/journal.pone.0082812.g003

Synchronous Esophageal Cancer by FDG

PLOS ONE | www.plosone.org 6 November 2013 | Volume 8 | Issue 11 | e82812



References

1. (2012) Taiwan cancer registry annual report 2009. Taipei: Bureau of
Health Promotion, Department of Health, Executive Yuan.

2. Ferlay J, Shin HR, Bray F, Forman D, Mathers C, et al. (2010)
GLOBCAN 2008 v2.0, cancer incidence and mortality worldwide: IARC
CancerBase No. 10. Lyon, France: International Agency for Research
on Cancer. Available: http://globocan.iarc.fr. Accessed 9 August 2013

3. Howlader N, Noone AM, Krapcho M, Garshell J, Neyman N, et
al..SEER cancer statistics review, 1975-2010, National Cancer
Institute. Bethesda, MD. Available: http://seer.cancer.gov/csr/
1975_2010/. Accessed 9 Auguest 2013.

4. Poon RT, Law SY, Chu KM, Branicki FJ, Wong J (1998) Multiple
primary cancers in esophageal squamous cell carcinoma: incidence
and implications. Ann Thorac Surg 65: 1529-1534. doi:10.1016/
S0003-4975(98)00177-5. PubMed: 9647053.

5. Kumagai Y, Kawano T, Nakajima Y, Nagai K, Inoue H et al. (2001)
Multiple primary cancers associated with esophageal carcinoma. Surg
Today 31: 872-876. doi:10.1007/s005950170025. PubMed: 11759880.

6. Kagei K, Hosokawa M, Shirato H, Kusumi T, Shimizu Y et al. (2002)
Efficacy of intense screening and treatment for synchronous second
primary cancers in patients with esophageal cancer. Jpn J Clin Oncol
32: 120-127. doi:10.1093/jjco/hyf028. PubMed: 12072421.

7. Natsugoe S, Matsumoto M, Okumura H, Ishigami S, Uenosono Y et al.
(2005) Multiple primary carcinomas with esophageal squamous cell
cancer: clinicopathologic outcome. World J Surg 29: 46-49. doi:
10.1007/s00268-004-7525-y. PubMed: 15592914.

8. van Westreenen HL, Westerterp M, Jager PL, van Dullemen HM, Sloof
GW et al. (2005) Synchronous primary neoplasms detected on 18F-
FDG PET in staging of patients with esophageal cancer. J Nucl Med
46: 1321-1325. PubMed: 16085589.

9. Vyas S, Markar SR, Iordanidou L, Read S, Stoker D et al. (2011) The
role of integrated F-18-FDG-PET scanning in the detection of M1
disease in oesophageal adenocarcinoma and impact on clinical
management. J Gastrointest Surg 15: 2127-2135. doi:10.1007/
s11605-011-1686-4. PubMed: 21964582.

10. Malik V, Johnston C, Donohoe C, Claxton Z, Lucey J, et al. (2012)
(18)F-FDG PET-detected synchronous primary neoplasms in the
staging of esophageal cancer: incidence, cost, and impact on
management. Clin Nucl Med 37: 1152-1158.

11. Barber TW, Duong CP, Leong T, Bressel M, Drummond EG et al.
(2012) 18F-FDG PET/CT has a high impact on patient management
and provides powerful prognostic stratification in the primary staging of
esophageal cancer: a prospective study with mature survival data. J
Nucl Med 53: 864-871. doi:10.2967/jnumed.111.101568. PubMed:
22582047.

12. NCCN clinicsl practice guidelines in oncology - Esophageal and
esophagogastric junction cancers. Version 2.2013. National
Comprehensive Cancer Network. Available: http://www.nccn.org/
professionals/physician_gls/pdf/esophageal.pdf. Accessed 6 July 2013.

13. Hongo M, Nagasaki Y, Shoji T (2009) Epidemiology of esophageal
cancer: Orient to Occident. Effects of chronology, geography and
ethnicity. J Gastroenterol Hepatol 24: 729-735. doi:10.1111/j.
1440-1746.2009.05824.x. PubMed: 19646015.

14. Choi JY, Lee KS, Kwon OJ, Shim YM, Baek CH et al. (2005) Improved
detection of second primary cancer using integrated [18F]

fluorodeoxyglucose positron emission tomography and computed
tomography for initial tumor staging. J Clin Oncol 23: 7654-7659. doi:
10.1200/JCO.2005.01.4340. PubMed: 16234527.

15. Lin Y, Totsuka Y, He Y, Kikuchi S, Qiao Y et al. (2013) Epidemiology of
esophageal cancer in Japan and China. J Epidemiol 23: 233-242.
Available online at: doi:10.2188/jea.JE20120162. PubMed: 23629646

16. Wu IC, Lu CY, Kuo FC, Tsai SM, Lee KW et al. (2006) Interaction
between cigarette, alcohol and betel nut use on esophageal cancer risk
in Taiwan. Eur J Clin Invest 36: 236-241. doi:10.1111/j.
1365-2362.2006.01621.x. PubMed: 16620285.

17. Oze I, Matsuo K, Suzuki T, Kawase T, Watanabe M et al. (2009)
Impact of multiple alcohol dehydrogenase gene polymorphisms on risk
of upper aerodigestive tract cancers in a Japanese population. Cancer
Epidemiol Biomarkers Prev 18: 3097-3102. doi:
10.1158/1055-9965.EPI-09-0499. PubMed: 19861527.

18. Ding JH, Li SP, Cao HX, Wu JZ, Gao CM et al. (2010) Alcohol
dehydrogenase-2 and aldehyde dehydrogenase-2 genotypes, alcohol
drinking and the risk for esophageal cancer in a Chinese population. J
Hum Genet 55: 97-102. doi:10.1038/jhg.2009.129. PubMed: 20010786.

19. Matsuo K, Oze I, Hosono S, Ito H, Watanabe M et al. (2013) The
aldehyde dehydrogenase 2 (ALDH2) Glu504Lys polymorphism
interacts with alcohol drinking in the risk of stomach cancer.
Carcinogenesis 34: 1510-1515. doi:10.1093/carcin/bgt080. PubMed:
23455379.

20. Gao CM, Takezaki T, Wu JZ, Zhang XM, Cao HX et al. (2008)
Polymorphisms of alcohol dehydrogenase 2 and aldehyde
dehydrogenase 2 and colorectal cancer risk in Chinese males. World J
Gastroenterol 14: 5078-5083. doi:10.3748/wjg.14.5078. PubMed:
18763293.

21. Seitz HK, Stickel F (2010) Acetaldehyde as an underestimated risk
factor for cancer development: role of genetics in ethanol metabolism.
Genes Nutr 5: 121-128. doi:10.1007/s12263-009-0154-1. PubMed:
19847467.

22. Heusner TA, Hahn S, Hamami ME, Kim UH, Baumeister R et al. (2009)
Gastrointestinal 18F-FDG accumulation on PET without a
corresponding CT abnormality is not an early indicator of cancer
development. Eur Radiol 19: 2171-2179. doi:10.1007/
s00330-009-1405-7. PubMed: 19415294.

23. Bhargava P, Rahman S, Wendt J (2011) Atlas of confounding factors in
head and neck PET/CT imaging. Clin Nucl Med 36: e20-e29. doi:
10.1097/RLU.0b013e318212c872. PubMed: 21467845.

24. Cheng NM, Yu CT, Ho KC, Wu YC, Liu YC et al. (2009) Respiration-
averaged CT for attenuation correction in non-small-cell lung cancer.
Eur J Nucl Med Mol Imaging 36: 607-615. doi:10.1007/
s00259-008-0995-7. PubMed: 19050875.

25. Little SG, Rice TW, Bybel B, Mason DP, Murthy SC et al. (2007) Is
FDG-PET indicated for superficial esophageal cancer? Eur J
Cardiothorac Surg 31: 791-796. doi:10.1016/j.ejcts.2007.01.037.
PubMed: 17337344.

26. Miyata H, Doki Y, Yasuda T, Yamasaki M, Higuchi I et al. (2008)
Evaluation of clinical significance of 18F-fluorodeoxyglucose positron
emission tomography in superficial squamous cell carcinomas of the
thoracic esophagus. Dis Esophagus 21: 144-150. doi:10.1111/j.
1442-2050.2007.00743.x. PubMed: 18269650.

Synchronous Esophageal Cancer by FDG

PLOS ONE | www.plosone.org 7 November 2013 | Volume 8 | Issue 11 | e82812

http://globocan.iarc.fr
http://seer.cancer.gov/csr/1975_2010/
http://seer.cancer.gov/csr/1975_2010/
http://dx.doi.org/10.1016/S0003-4975(98)00177-5
http://dx.doi.org/10.1016/S0003-4975(98)00177-5
http://www.ncbi.nlm.nih.gov/pubmed/9647053
http://dx.doi.org/10.1007/s005950170025
http://www.ncbi.nlm.nih.gov/pubmed/11759880
http://dx.doi.org/10.1093/jjco/hyf028
http://www.ncbi.nlm.nih.gov/pubmed/12072421
http://dx.doi.org/10.1007/s00268-004-7525-y
http://www.ncbi.nlm.nih.gov/pubmed/15592914
http://www.ncbi.nlm.nih.gov/pubmed/16085589
http://dx.doi.org/10.1007/s11605-011-1686-4
http://dx.doi.org/10.1007/s11605-011-1686-4
http://www.ncbi.nlm.nih.gov/pubmed/21964582
http://dx.doi.org/10.2967/jnumed.111.101568
http://www.ncbi.nlm.nih.gov/pubmed/22582047
http://www.nccn.org/professionals/physician_gls/pdf/esophageal.pdf
http://www.nccn.org/professionals/physician_gls/pdf/esophageal.pdf
http://dx.doi.org/10.1111/j.1440-1746.2009.05824.x
http://dx.doi.org/10.1111/j.1440-1746.2009.05824.x
http://www.ncbi.nlm.nih.gov/pubmed/19646015
http://dx.doi.org/10.1200/JCO.2005.01.4340
http://www.ncbi.nlm.nih.gov/pubmed/16234527
http://doi:10.2188/jea.je
http://www.ncbi.nlm.nih.gov/pubmed/20120162
http://dx.doi.org/10.1111/j.1365-2362.2006.01621.x
http://dx.doi.org/10.1111/j.1365-2362.2006.01621.x
http://www.ncbi.nlm.nih.gov/pubmed/16620285
http://dx.doi.org/10.1158/1055-9965.EPI-09-0499
http://www.ncbi.nlm.nih.gov/pubmed/19861527
http://dx.doi.org/10.1038/jhg.2009.129
http://www.ncbi.nlm.nih.gov/pubmed/20010786
http://dx.doi.org/10.1093/carcin/bgt080
http://www.ncbi.nlm.nih.gov/pubmed/23455379
http://dx.doi.org/10.3748/wjg.14.5078
http://www.ncbi.nlm.nih.gov/pubmed/18763293
http://dx.doi.org/10.1007/s12263-009-0154-1
http://www.ncbi.nlm.nih.gov/pubmed/19847467
http://dx.doi.org/10.1007/s00330-009-1405-7
http://dx.doi.org/10.1007/s00330-009-1405-7
http://www.ncbi.nlm.nih.gov/pubmed/19415294
http://dx.doi.org/10.1097/RLU.0b013e318212c872
http://www.ncbi.nlm.nih.gov/pubmed/21467845
http://dx.doi.org/10.1007/s00259-008-0995-7
http://dx.doi.org/10.1007/s00259-008-0995-7
http://www.ncbi.nlm.nih.gov/pubmed/19050875
http://dx.doi.org/10.1016/j.ejcts.2007.01.037
http://www.ncbi.nlm.nih.gov/pubmed/17337344
http://dx.doi.org/10.1111/j.1442-2050.2007.00743.x
http://dx.doi.org/10.1111/j.1442-2050.2007.00743.x
http://www.ncbi.nlm.nih.gov/pubmed/18269650

	Detection of Synchronous Cancers by Fluorodeoxyglucose Positron Emission Tomography/Computed Tomography during Primary Staging Workup for Esophageal Squamous Cell Carcinoma in Taiwan
	Introduction
	Materials and Methods
	Ethics Statements
	Subjects
	Conventional workup
	FDG-PET/CT
	Image interpretation
	Treatment
	Statistical analysis

	Results
	Patient population
	PET/CT and CWU for the detection of synchronous cancers in patients with esophageal cancer
	False-positive findings in the detection of synchronous cancers
	Metachronous cancers

	Discussion
	Conclusions
	Acknowledgements
	Author Contributions
	References


