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The aim of this study was to assess the diagnostic performance of
18F-FDG PET and integrated '8F-FDG PET/CT for diagnosing re-
current esophageal cancer after initial treatment with curative intent.
Methods: The PubMed, Embase, and Cochrane library were sys-
tematically searched for all relevant literature using the key words
“18F-FDG PET” and “esophageal cancer” and synonyms. Studies
examining the diagnostic value of '8F-FDG PET or integrated '8F-
FDG PET/CT, either in routine clinical follow-up or in symptomatic
patients in whom recurrence of esophageal cancer was suspected,
were deemed eligible for inclusion. The primary outcome was the
presence of recurrent esophageal cancer as determined by histo-
pathologic biopsy or clinical follow-up. Risk of bias and applicability
concerns were assessed using the Quality Assessment of Diagnos-
tic Accuracy Studies (QUADAS-2) tool. Sensitivities and specificities
of individual studies were meta-analyzed using bivariate random-
effects models. Results: Eight eligible studies were included for
meta-analysis, comprising 486 patients with esophageal cancer
who underwent 8F-FDG PET or PET/CT after previous treatment
with curative intent. The quality of the included studies assessed by
the QUADAS-2 tool was considered reasonable; there were few
concerns with regard to the risk of bias and applicability. Integrated
18F-FDG PET/CT and standalone '8F-FDG PET were used in 4 and 3
studies, respectively. One other study analyzed both modalities
separately. In 4 studies, '8F-FDG PET or PET/CT was performed
as part of routine follow-up, whereas in 4 other studies the diagnos-
tic test was performed on indication during clinical follow-up.
Pooled estimates of sensitivity and specificity for 18F-FDG PET
and PET/CT in diagnosing recurrent esophageal cancer were 96%
(95% confidence interval, 93%-97%) and 78% (95% confidence
interval, 66%-86%), respectively. Subgroup analysis revealed no
statistically significant difference in diagnostic accuracy according
to type of PET scanner (standalone PET vs. integrated PET/CT) or in-
dication of scanning (routine follow-up vs. on indication). Conclusion:
18F-FDG PET and PET/CT are reliable imaging modalities with a high
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sensitivity and moderate specificity for detecting recurrent esopha-
geal cancer after treatment with curative intent. The use of '8F-FDG
PET or PET/CT particularly allows for a minimal false-negative rate.
However, histopathologic confirmation of '8F-FDG PET- or PET/CT-
suspected lesions remains required, because a considerable false-
positive rate is noticed.
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computed tomography; esophageal cancer; recurrent disease;
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Surgical resection of the esophagus with en-bloc lymphadenec-
tomy remains the cornerstone of treatment with curative intent for
patients with localized esophageal cancer (/). A multimodal ap-
proach is increasingly applied as strong evidence exists for a survival
benefit of 7%—-13% with neoadjuvant chemoradiotherapy over sur-
gery alone (2,3). Overall 5-y survival rates of patients with esopha-
geal cancer who are treated with curative intent remain relatively
poor (34%—47%) (3,4). These low survival rates are mainly attribut-
able to the high incidence of recurrent disease early after treatment
ranging from 45% to 53% (5-7). Most recurrences occur within the
first 2 y after surgery, with a median time to recurrence of 10-12 mo
(6,7). About half of these patients (51%) are diagnosed with isolated
distant systemic recurrence, which affects liver, bone, and lung
mainly (5-7). Locoregional recurrence or a combination of lo-
coregional and distant recurrence occur less frequently (14% and
35%, respectively) (7). After recurrent esophageal cancer is diag-
nosed, poor median survival rates of 3-9 mo have been reported (8).

Currently, most institutes use conventional imaging modalities
such as CT and endoscopy with or without endoscopic ultrasound
for the detection of recurrent esophageal cancer. However, the
interpretation of these imaging techniques after prior treatment is
difficult because of local anatomic changes caused by surgery (9).
In addition, distant recurrent esophageal cancer may be radiologic
occult on CT or may occur in unusual and unexpected locations
outside the conventional field coverage of CT (Z0).

Whole-body '8F-FDG PET and integrated '8F-FDG PET/CT have
emerged as useful adjuncts to conventional staging modalities in the
pretreatment staging of esophageal cancer. In particular, baseline
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TABLE 1
Full Text of Search Strategy and Results as of December 16, 2014

No. Search query PubMed Embase Cochrane
1 pet OR pet-ct OR FDG OR “2 fluoro 2 deoxy” OR FDG OR 73,205 94,057 3,121
positron-emission tomography OR “18fdg”
2 esophageal OR esophagus OR esophageal OR 128,173 127,316 8,707
esophagus OR gastro- esophageal OR gastro-
esophageal OR gastroesophageal OR
oesophagogastric OR esophagogastric
3 cancer OR cancers OR tumor OR tumor OR tumors OR 2,206,283 2,270,954 90,252
tumors OR neoplasm OR neoplasms OR malignancy
OR malignancies OR adenocarcinoma OR
adenocarcinomas OR carcinoma OR carcinomas
4 #1 AND #2 AND #3 948 1,684 60

I8F.FDG PET/CT has gained ground by outperforming CT alone in
the detection of unexpected distant metastases (/7). Accordingly, '8F-
FDG PET or PET/CT may also be a useful method for detecting
recurrent disease in the postoperative follow-up of esophageal cancer
patients because recurrences tend to occur predominantly at distant
sites (7). In the past years, several studies have been published on
the utility of '®F-FDG PET or PET/CT in the detection of esophageal
cancer recurrence. However, it is difficult to draw conclusions based on
the individual studies because methodologic quality may vary, sample
sizes are generally small, and differences in study design and patient
populations may cause heterogeneity in reported outcomes.

To critically appraise and potentially overcome shortcomings of
individual studies, the aim of this study was to systematically
review and meta-analyze the diagnostic performance of '8F-FDG
PET and PET/CT for diagnosing recurrent esophageal cancer after
initial treatment with curative intent.

MATERIALS AND METHODS

The study protocol has been registered in the PROSPERO international
prospective register of systematic reviews and is accessible at http://www.
crd.york.ac.uk/prospero/ (registration no., CRD42014009615).

Search Strategy

On the December 16, 2014, a systematic search was performed in the
databases Medline (via PubMed), Embase, and the Cochrane library.
The full search strategy is presented in Table 1.

Study Selection

After duplicates of the retrieved articles were removed, titles and
abstracts were screened for eligibility by 2 authors independently. The
full text of potentially relevant articles was retrieved and indepen-
dently assessed by 2 authors for inclusion.

Studies examining the test accuracy of '8F-FDG PET or integrated '8F-
FDG PET/CT, either in routine clinical follow-up with a fixed time in-
terval irrespective of physical complaints or in symptomatic patients in
whom recurrence of esophageal cancer was suspected, were deemed el-
igible for inclusion. Only studies that included patients who were pre-
viously treated with curative intent for esophageal cancer and that reported
on the diagnostic accuracy of '8F-FDG PET or PET/CT for the detection
of disease recurrence were included. Treatment with curative intent should
have had at least included surgery, either or not combined with neoadju-
vant chemoradiotherapy. The reference standard was recurrent esophageal
cancer as confirmed by histopathologic biopsy or clinical follow-up.

Case reports, studies with fewer than 10 included patients, reviews,
poster abstracts, and animal studies were excluded. Also publications
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written in a language other than Dutch, English, or German were
excluded from this review. Missing data of possible eligible studies were
requested from study authors. References of the included studies and of
related review studies were also screened for inclusion. Disagreements
regarding the eligibility of a study were resolved by consensus.

Data Extraction and Quality Assessment

Study and patient characteristics along with '®F-FDG PET or PET/CT
parameters were extracted from each study. The quality of the included
studies was critically appraised by 2 authors independently, according
to the revised Quality Assessment of Diagnostic Accuracy Studies
(QUADAS-2) tool (12). QUADAS-2 assesses risk of bias and applicability
concerns on 4 key domains including patient selection, index text, refer-
ence standard, and flow and timing, respectively. To reach a judgment on
the risk of bias the provided signaling questions of the QUADAS-2 tool
were used. Risk of bias and applicability concerns were judged as low,
high, or unclear risk or concern for the various QUADAS domains.

Statistical Analysis

The target condition consisted of the presence of recurrent esophageal
cancer as determined by histopathologic biopsy or clinical follow-up. From
each included study, the number of true-positives (TPs), false-positives
(FPs), true-negatives (TNs), and false-negatives (FNs) were obtained on
a per-patient basis if available. From studies reporting on a per-lesion or
per-scan basis, the reported sensitivities and specificities were used, but
the absolute numbers leading to these estimates according to the total
number of patients with and without recurrent disease were recalculated
to prevent overestimation of the weight of the results. Subsequently, for
each study the sensitivity and specificity along with 95% confidence
intervals (95% ClIs) were calculated and depicted in Forest plots.

A bivariate random-effects model was used to obtain pooled estimates
of sensitivity and specificity with their corresponding 95% Cls from the
individual studies. The bivariate model uses a random-effects approach
to incorporate heterogeneity beyond chance as a result of clinical and
methodologic differences between studies (/3). The bivariate model also
estimates whether sensitivities and specificities are (negatively) corre-
lated across studies due to implicit differences in threshold to consider
a '8F-FDG PET or PET/CT scan suspected for recurrence (positive index
test result). The pooled estimate of sensitivity and specificity and the
corresponding 95% confidence ellipse is shown in receiver-operating-
characteristic space (14).

Subgroup analyses were performed by adding the following study
characteristics (covariates) to the bivariate model: “standalone '8F-FDG
PET” versus “integrated '8F-FDG PET/CT,” “index test performed on
indication” versus “index test performed as part of routine follow-up,”
and “Asian studies” versus “non-Asian studies.” A P value of less
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Inclusion criteria:

* Diagnostic studies on
performance of "*F-FDG PET or
PET/CT

* Detection of recurrent
esophageal cancer after treatment
with curative intent

* In humans

Cross-referencing:
0 relevant articles
Included studies:

n=8

Flowchart summarizing search results and study selection.

Exclusion criteria:

* Review (i = 13)

* Non-diagnostic (n = 8)

* Poster abstract (n = 5)

* Case report (n = 2)

* Sample size of <10 patients (n = 1)

* Chinese or Japanese language (n=4)
* Insufficient data (n = 2)

FIGURE 1.

than 0.05 was considered statistically significant. The nonlinear mixed
model procedure of SAS (version 9.2; SAS Institute) was used to esti-
mate the parameters of the bivariate model.

RESULTS

Eligible Studies

The systematic search yielded 948 articles from Medline, 1,684
from Embase, and 60 from the Cochrane library (Table 1). After
duplicates were removed, 1,867 articles remained, of which title and
abstract were reviewed. Forty-three articles were deemed potentially
relevant for this study. After the full text of the remaining studies was
read, 35 articles were excluded because these concerned review studies
(n = 13), nondiagnostic studies (n = 8), poster abstracts (n = 5),
publications in other than prespecified languages (n = 4), case reports
(n = 2), a study that included fewer than 10 patients (n = 1), or studies
in which insufficient data were available (n = 2). Missing data of these
latter 2 studies were requested from study authors without satisfying
result (/5,16). Screening of references of these eligible articles and
related review studies did not yield additional relevant publications.
Consequently, 8 studies met our inclusion and exclusion criteria, com-
prising 486 patients with esophageal cancer who underwent '8F-FDG
PET or PET/CT after previous treatment with curative intent. The
described process of study selection is summarized in Figure 1.

The general characteristics of the included studies are presented
in Table 2 (17-24). Table 3 outlines the used '8F-FDG PET or

TABLE 2
Characteristics of Included Studies (n = 8)
Type of scanner,
slice thickness
of CT,
acquisition
mode, and
First author, Type of No. of Mean Histology Initial reconstruction  Reason for
year Country study patients age(y) Sex (M/F) (SCC/AC/other) treatment method imaging
Sharma, India Retro 180 56 (26-81) 126/54 115/59/6 S, C, SC, CR, Integrated PET/ On indication
2014 (17) SR, nCRT CT, 4 mm,
and S 3D, IR
Sun, 2009 (78) China Retro 20 55 (39-68) 15/5 NR S and adj R Integrated PET/ On indication
CT, 3.3 mm,
IR, NR
Roedl, United Retro 47 NR (NR) 35/12 11/36/0 S, R Standalone PET Routine
2008 (79) States and integrated
PET/CT, 2
mm, NR, NR
Guo, 2007 (20) China Retro 56 NR (38-77) 47/9 NR nCRT and S Integrated PET/ On indication
CT, 4.24 mm,
NR, IR
Jadvar, United Retro 46 NR (47-84) 50/10 NR S, SC, R, C Integrated PET/ Routine
2006 (217) States CT, 3.4 mm,
NR, IR
Teyton, France Prosp 41 59 (43-83) 38/3 31/10/0 S, SC Standalone PET, Routine
2009 (22) NR, 3D, IR
Kato, 2004 (23) Japan  Retro 55 61 (36-74) 48/7 50/3/2 S Standalone PET, Routine
3.1 mm, NR,
IR
Flamen, Belgium Retro 41 62 (NR) 36/5 14/27 S Standalone PET, On indication
2000 (24) NR, NR, IR

SCC = squamous cell carcinoma; AC = adenocarcinoma; Retro = retrospective; S = surgery; C = chemotherapy; SC = surgery and
chemotherapy; CR = chemoradiotherapy; SR = surgery and radiotherapy; nCRT = neoadjuvant chemoradiotherapy; 3D = 3 dimensional;

IR = iterative reconstruction; NR = not reported; adj = adjuvant; R =

radiotherapy; Prosp = prospective.
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TABLE 3
18F-FDG PET or PET/CT Parameters, Methods of Image Interpretation, and Reference Standard of Included Studies

Time between

18F-FDG Duration
First author, 18F-FDG administration and  Criteria for Reference of clinical  Patients with
year dose scanning (min) positive scan Interpreters standard follow-up  recurrence (%)
Sharma, 370 MBq 45-60 Suggestive 2 nuclear Histology or Minimally NR
2014 (17) CT lesions medicine clinical 6 mo
with physicians follow-up
18F-FDG with imaging
uptake,
suggestive
CT lung
lesion,
18F-FDG
hotspot
liver
Sun, 60 MBq 60 Markedly to 2 nuclear Histology or Minimally 55.0
2009 (18) moderately medicine clinical 10 mo
increased physicians follow-up
uptake of
18F-FDG
Roed|, 555 MBq 60 Focal and Nuclear Histology or NR 57.4
2008 (19) eccentric medicine clinical
uptake of physicians follow-up
18F-FDG and with imaging
radiologists.
Guo, 370 MBq 60 Focal uptake 3 nuclear Histology or Minimally 80.4
2007 (20) of 18F-FDG medical clinical 6 mo
physicians follow-up
with imaging
Jadvar, 555 MBq 60 Focal uptake NR Histology or Up to 60.9
2006 (217) of '8F-FDG clinical 18 mo
follow-up
with imaging
Teyton, 355 MBq 60 Focal uptake 2 nuclear Histology or NR 56.1
2009 (22) of 18F-FDG medicine clinical
physicians follow-up
with imaging
Kato, 275-370 40 NR 2 nuclear Histology or Within 49.1
2004 (23) MBq medicine clinical 6 mo
physicians follow-up
with
imaging
Flamen, 6.5 MBa/kg, 60 NR 2 nuclear Histology or Minimally 80.5
2000 (24) maximum medicine clinical 6 mo
555 MBq physicians follow-up
with imaging

NR = not reported.

PET/CT parameters and reference standards. Only 1 of the 8
studies was prospectively designed to answer this research ques-
tion (22). The duration of clinical follow-up after acquisition of
a '8F-FDG PET or PET/CT scan was less than 6 mo in 1 of the
included studies (23), at least 6 mo or longer in 5 studies
(17,18,20,21,24), and not described in 2 other studies (/9,22).
In 4 studies, the diagnostic value of integrated '3F-FDG PET/CT
was analyzed (/7,18,20,21), and 3 studies analyzed the diagnos-
tic value of standalone '8F-FDG PET (22-24). In 1 study, the
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value of integrated '8F-FDG PET with CT versus '8F-FDG PET
alone was analyzed separately; hereafter, the data from this study
are referred to as Roedl 1 and Roedl 2, respectively (/9). In 4
studies, the diagnostic test was performed on a routine basis
(19,21-23), whereas in the other studies the diagnostic test was
performed on indication during clinical follow-up (17,18,20,24).
In 6 studies, '8F-FDG PET- or PET/CT-positive results were
analyzed on a per-patient basis, whereas in 2 studies the results
were assessed on either a per-scan (/7) or a per-lesion (24) basis.
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TABLE 4
Quality Assessment of Included Studies

Risk of bias Applicability concerns

Patient Reference Flow and Patient Reference
First author, year selection Index test standard timing selection Index test standard
Sharma, 2014 (17) Low Low Unclear Low High Low Low
Sun, 2009 (718) Low Low Unclear Low High Low Low
Roedl, 2008 (79) Low Low Unclear Unclear Low Low Low
Guo, 2007 (20) High Low Unclear Low High Low Low
Jadvar, 2006 (217) Unclear Low High Unclear High Low Low
Teyton, 2009 (22) Low Low Unclear Unclear Low Low Low
Kato, 2004 (23) Low Low Unclear High Low Low Low
Flamen, 2000 (24) Low Low Unclear Low Low Low Low

Quality Assessment

The results of the quality assessment using the QUADAS-2 tool
are presented in Table 4. The risk of bias concerning patient se-
lection was low in 7 of the included studies; 1 study was deemed
at high risk of bias because it did not include a consecutive sample
of patients (20). Risk of bias with regard to the index test was low
in all studies because the index test results were consistently inter-
preted without knowledge of the outcome of the reference test.
However, the risk of bias for the reference test was deemed un-
clear for most studies because these articles failed to report whether
or not the reference standard was interpreted without knowledge
of the index test result. Furthermore, applicability concerns for
patient selection were found in 4 studies because the study pop-

ulation consisted of patients who underwent a variety of treatment
regimens. In general, there were only a few high concerns with
regard to the risk of bias and applicability; the quality of the
currently available literature was considered reasonable.

Diagnostic Accuracy

The results of 2 studies that assessed the diagnostic value of
ISE.FDG PET or PET/CT on a per-lesion or per-scan basis were
adjusted according to their sample size (/7,24). The paired Forest
plots of sensitivity and specificity of the 8 individual studies are
presented in Figure 2. The reported sensitivities ranged from 89%
to 100% and specificities from 55% to 94%. For the calculation of
the overall pooled estimates, only the data of Roedl 1—and not of
Roedl 2—were used to prevent using the
data from this study twice (19). Sensitivity

A o B

1217127 PET-CT = Sharma 2014 43153

Sun2009 1111 Sun 2009 819
Roed| 2008 24127 Roed! 2008 24127
Guo2007 43145 Guo 2007 8111
Jadvar 2006 28128
Teyton2008 23123

PET alone Teyton 2008 18718

Roed| 2008 24/27 Roed| 2008 11420
Kato2004 26127

Kato 2004 19/28

Flamen2000  31/33 Flamen 2000 6/8

PET-CT

PET alone

was eventually pooled with a fixed-effect
model as the between-study variation was
not larger than could be expected by chance.
More variation than expected by chance
was observed for specificity; therefore, a ran-
dom-effects pooling was used for specificity.
Pooled estimates of sensitivity and specific-
ity were 96% (95% CI, 93%-97%) and 78%
(95% Cl, 66%—-86%), respectively. The esti-
mates from the individual studies and the
pooled estimates of sensitivity and specific-
ity together with the 95% confidence ellipse
are shown in Figure 3.

The planned subgroup analysis was re-
stricted to specificity alone because there was
no real heterogeneity in sensitivity. These
subgroup analyses revealed no statistically
significant difference in specificity according
to type of PET scanner (standalone PET vs.

integrated PET/CT), indication of scanning

0 20 40 60 80 100 o 20

Sensitivity (%)

Specificity (%)

(part of routine follow-up vs. on indication),
and country of origin (Asian vs. non-Asian)
(Table 5).

40 80 80 100

FIGURE 2.

(A) Forest plot of sensitivity of integrated '8-F-FDG PET/CT and PET alone for de-

DISCUSSION

tection of recurrent esophageal cancer after treatment with curative intent. n = number of TP;

N = number of TP + number of FN. (B) Forest plot of specificity of '8F-FDG PET with integrated
CT and PET alone for the detection of recurrent esophageal cancer after treatment with curative

intent. n = number of TN; N = number of TN + number of FP.
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This study is the first, to our knowledge,
to systematically review and summarize the
currently available evidence on the accuracy
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FIGURE 3. Pooled estimate of sensitivity and specificity (m) and cor-
responding 95% confidence ellipse along with estimates from individual
studies (A) in receiver-operating-characteristic space.

of '8F-FDG PET and PET/CT for diagnosing recurrent esophageal
cancer after primary treatment with curative intent. The methodo-
logic quality of the 8 included studies analyzed by the QUADAS-2
tool concerning risk of bias was low in most studies. Pooled esti-
mates for '8F-FDG PET and PET/CT yielded a high sensitivity and
moderate specificity of 96% and 78%, respectively. Sensitivity was
consistently high in all studies, but variation was present in speci-
ficity. Subgroup analysis could not link specific study characteristics
to systematically higher or lower specificity. Current evidence indi-
cates that '3F-FDG PET and PET/CT are valuable tests for clinical
practice in the follow-up of patients with esophageal cancer after
primary treatment.

Certain limitations apply to this meta-analysis. Methodologic
concerns that may have influenced the results of the various studies
include absence of masking the index test from the reference test and
inclusion of heterogeneous treatment modalities among individual
studies. Another limitation is the limited number of included studies
in this meta-analysis. Also, in this meta-analysis, 3 of 8 studies
included only patients with a clinical suspicion of recurrence. This
may have led to an overestimation of the diagnostic value of '8F-
FDG PET or PET/CT, as these patients have an increased pretest
probability, compared with patients without suspicion of recurrence.
However, subgroup analysis could not confirm this potential differ-
ence in diagnostic accuracy of '3F-FDG PET or PET/CT on clinical
indication or as part of routine follow-up (specificity, 78% [95% CI,
69%—-86%] vs. 16% [95% CI, 65%—-85%], respectively; P = 0.748).
In addition, the country of origin did not seem to have influenced the
results of the different studies significantly. Last, differential verifi-
cation bias was of concern in most included studies because different
reference standards were used for confirmation of the diagnosis.
Most negative '8F-FDG PET or PET/CT cases were verified by
a potentially less reliable and second-best reference test (clinical
follow-up instead of histopathologic biopsy), which may have
resulted in a slight overestimation of sensitivity and underestimation
of specificity (25). None of the included studies applied a correction
method to their results for this potential bias.

Conventional imaging modalities for recurrent esophageal cancer
include endoscopy with or without endoscopic ultrasound and CT of
the thorax and abdomen. Endoscopic ultrasound has proven to be
effective for the detection of locoregional recurrence (sensitivity
> 90%), but both endoscopy and endoscopic ultrasound fail to de-
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tect distant metastases (26). Currently, distant metastases are of par-
ticular interest because the incidence of locoregional recurrence is
substantially reduced by new treatment algorithms, including neo-
adjuvant chemoradiotherapy (7). CT scans are commonly used for
the detection of distant metastases, although the diagnostic value of
CT for local recurrence is limited at the site of resection because of
anatomic distortion caused by surgery and radiotherapy (9). Fur-
thermore, only limited data on the diagnostic value of CT for
detecting recurrent esophageal cancer is available, with reported
sensitivities ranging from 65% to 89% (22,23). The pooled sensi-
tivity estimate for '3F-FDG PET and PET/CT of 96% from this
meta-analysis indicates that '8F-FDG PET and PET/CT is likely
to outperform CT to this regard, which is confirmed by direct
comparison in 2 studies (22,23).

Comparison of reported specificities for CT and the current
pooled specificity estimate for '8F-FDG PET and PET/CT suggests
an inferior specificity for '8F-FDG PET and PET/CT, compared
with standalone CT (78% vs. 79%-91%, respectively) (22,23).
The lower specificity of '8F-FDG PET is a common problem in
oncologic patients and is mainly caused by FP findings due to
chronic inflammation after surgery, chronic respiratory tract dis-
ease, radiation pneumonitis, or dilation of anastomotic strictures
(20,27,28). A combination of metabolic imaging ('8F-FDG PET)
with anatomic imaging (CT) has been reported to improve diagnos-
tic accuracy, compared with PET alone, especially in diagnosing
locoregional recurrence (15,17,19). To this regard, the only direct
comparative study in esophageal cancer recurrence diagnosis found
a higher specificity in favor of PET/CT, compared with PET alone
(75% vs. 55%, respectively) (19). However, this potential benefit of
I8F-FDG PET/CT as opposed to standalone '8F-FDG PET for di-
agnosing recurrent esophageal cancer did not reach statistical sig-
nificance by subgroup analysis in this meta-analysis (specificity,
78% [95% CI, 70%—85%] vs. 70% [95% CI, 59%-80%], respec-
tively; P = 0.213).

The specificities used in this meta-analysis were derived from
analysis on a per-patient basis, and the pooled results can therefore
not exclude the possibility of superiority of '®F-FDG PET/CT over
PET for specific anatomic sites. Anatomic site-specific TP and FP
numbers were reported on a per-lesion basis in 5 of 8 studies

TABLE 5
Results from Subgroup Analyses for Specificity
No. of
Factor studies Specificity P
Type of scan 0.213
18F-FDG PET/CT 5 78% (70-85)
18F-FDG PET 4 70% (59-80)
Indication of test 0.748
Routine imaging 4 78% (69-86)
Clinical suspicion 4 76% (65-85)
Country of origin 0.099
Asian 4 73% (64-81)
Non-Asian 4 84% (73-91)

Subgroup analysis was performed only for specificity, because
there was no variation beyond chance for sensitivity. Data in

parentheses are 95% Cls.
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(17,19,20,23,24) and suggested a difference in the positive pre-
dictive values (e.g., TP/[TP + FP]) for diagnosing locoregional
recurrence using '8F-FDG PET/CT (range, 79%-95%) (17,19,20),
compared with '8F-FDG PET (range, 59%-68%) (19,23,24). The
differences between positive predictive values for diagnosing dis-
tant recurrence of PET/CT (range, 89%-95%) (17,19,20) and PET
(84%-90%) studies were minor (/9,23,24). However, in contrast
to specificities, the pooling of positive predictive values is ques-
tionable because of their strong dependency on the pretest prob-
ability (e.g., prevalence of true recurrences), which varies among
the included studies with different clinical settings. To this regard,
another subject of note is the continuous technologic progress of
I8F.FDG PET/CT image generation and reconstruction algo-
rithms, and '8F-FDG PET with integrated MR imaging is now
clinically introduced (29). These developments may prove to
further increase the accuracy in diagnosing recurrent esophageal
cancer.

In the current guidelines of the European Society for Medical
Oncology and the National Comprehensive Cancer Network, there
is no room for routine imaging or endoscopy with biopsies after
initial treatment for esophageal cancer (30,31). The key reason to
refrain from routine imaging is the limited amount of adequate
therapeutic options when recurrence is detected. Current treatment
options for recurrent disease consist of salvage chemoradiother-
apy, which is associated with symptomatic relief and improved
survival rates (32,33). Furthermore, recent experimental studies
have demonstrated that reoperation for selected cases of local-
ized recurrence or solitary recurrence in lymph nodes, lungs, and
subcutaneous lesions is safe and may improve survival (34-38).
This finding is supported by a recent study that demonstrated
a significant survival benefit for patients with cervical lymph
node recurrence who were treated with salvage lymphadenec-
tomy, compared with chemoradiotherapy (37).

Future clinical decision making with regard to treatment
strategy for recurrent disease will depend on the extent and lo-
cation of the recurrence. Routine imaging with CT and PET has
been shown to possess the ability to detect recurrent esophageal
cancer in a presymptomatic phase (8,39). However, so far no stud-
ies combining routine imaging with aggressive treatment strate-
gies are available. Also, little is known about cost-effectiveness of
routine imaging and gain of quality of life after early detection of
recurrent esophageal disease. Therefore, with the limited evidence
available for routine imaging in recurrent esophageal cancer, at
this time routine imaging is not recommended. In the case that
recurrent disease is clinically suspected, the method of choice is
18F-FDG PET/CT.

CONCLUSION

This meta-analysis demonstrates that '3F-FDG PET and PET/CT
are reliable imaging modalities, with a high sensitivity and moder-
ate specificity for detecting recurrent esophageal cancer. The use of
I8E-FDG PET or PET/CT particularly allows for a minimal FN rate.
However, histopathologic confirmation of '8F-FDG PET- and
PET/CT-suspected lesions remains required, because a considerable
FP rate is noticed. The benefit of '®F-FDG PET and PET/CT over
conventional imaging techniques, in terms of cost-effectiveness and
improving clinical outcome, remains a subject of debate. Future
studies are warranted to analyze whether earlier detection of recur-
rent esophageal cancer along with more aggressive therapeutic
approaches will improve survival and quality of life.
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