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Background: We performed a systematic review and meta-analysis to assess the accuracy of
18F-fluorodeoxyglucose positron emission tomography with computer tomography (18F-FDG PET/CT)
for detection of regional lymph node metastasis in esophageal squamous cell carcinoma in per-patient
and per-nodal station basis.

Methods: Electronic databases were researched for studies assessing the sensitivity and specificity of PET/
CT to detect the regional lymph node metastasis published between January 2006 and December 2017 on
esophageal squamous cell carcinoma. STATA software was performed to assess the sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio (NLR), diagnostic odd ratio (DOR) and summary
receiver operating characteristic (SROC) curve. The Quality Assessment of Diagnostic Accuracy Studies 2
(QUADAS-2) and Deeks’ Funnel Plot Asymmetry Test were performed to evaluate the study quality and
publication bias of included studies.

Results: Nineteen studies were eligible for meta-analysis, comprising 1,089 patients with esophageal cancer
who underwent 18F-FDG PET/CT before surgery. According to the content of the article, we divided the
selected studies into per-patient basis group and per-nodal basis group (one of the articles was involved in
both groups). For the per-nodal station basis group (12 studies, 5,681 stations), the pooled sensitivity and
specificity estimates of 18F-FDG PET/CT for detecting regional lymph node metastasis were 66% [95%
confidence interval (CI): 51-78%] and 96% (95% CI: 92-98%), respectively. The corresponding values on a
per-patient basis group (8 studies; 506 patients) were 65% (95% CI: 49-78%) and 81% (95% CI: 69-89%)
in sensitivity and specificity, respectively.

Conclusions: Overall, 18F-FDG PET/CT have a moderate to low sensitivity and a high to moderate
specificity for detection of regional nodal metastasis in esophageal cancer. Therefore, since the false rate is
considerable, extending the extent of lymph node dissection or radiotherapy target volume is necessary after
diagnosis of regional nodal metastasis by 18F-FDG PET/CT.
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Introduction

Esophageal squamous cell carcinoma, a highly aggressive
malignant cancer that ranks sixth in cancer mortality and
third in morbidity worldwide, is the most common type
of esophageal cancer in China; it accounts for more than
90% of cases, while esophageal adenocarcinoma has a
high incidence in Western countries (1). The majority of
esophageal cancer patients are diagnosed with advanced
disease due to unclear early symptoms. Lymph node
metastasis is the main form of esophageal cancer metastasis.
N staging determines the target volume of radiotherapy
and the necessary extent of lymph node dissection in the
resection of esophageal cancer and is related to the local
control rate, recurrence and overall survival (OS).

Endoscopic ultrasound (EUS) is now considered the
most accurate method available to assess esophageal
carcinoma infiltration depth, with an accuracy of 89% (2).
However, the sensitivity, specificity and accuracy of EUS
for detecting N stage in esophageal cancer are 71%, 74%
and 73%, respectively (3). Computer tomography (CT) is
widely used to determine staging in thoracic malignancies,
including esophageal cancer. However, the accuracy of CT
in detecting regional lymph node metastasis in esophageal
cancer is unsatisfactory. The accuracy of CT for detecting
lymph nodes with a diameter less than 10 mm and for
detecting para esophageal lymph nodes in esophageal
carcinoma is only 16.78% and 9%, respectively (4,5).
Another study reported the sensitivity and specificity of CT
for the detection of lymph node metastasis in esophageal
cancer as 38.57% and 93.93%, respectively (6).

With the development and improvement of diagnostic
technology, the integration of 18F-fluorodeoxyglucose
positron emission tomography with CT (18F-FDG PE'T/
CT) has been used successfully with increasing frequency in
the evaluation and clinical management of many malignant
conditions. The aim of this systematic review and meta-
analysis was to assess the accuracy of integrated 18F-FDG
PET/CT for the detection of regional lymph node

metastasis in esophageal cancer.

Methods
Literature search strategy and selection/exclusion criteria

PubMed, EMBASE and the Cochrane Library were
systematically searched from January 2006 to December
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2017, with the key words “esophageal squamous cell
carcinoma”, “PET/CT”, “lymph node metastasis” and their
synonyms. Two reviewers independently selected studies
that examined the diagnostic value of 18F-FDG PET/
CT, either in routine clinical practice or in symptomatic
patients, in whom regional lymph node metastasis was
suspected before surgery using data that could be extracted
into a 2x2 contingency table. The reference standard for
positive lymph node metastasis in each selected study must
be pathology during or after surgery. Non-English language
studies were excluded, except those in Chinese. Conference
abstracts and letters to journal editors were excluded.

Quality evaluation

The Quality Assessment of Diagnostic Accuracy Studies 2
(QUADAS-2, Figure SI) was performed to evaluate the
diagnostic accuracy qualities of the 19 eligible articles.
QUADAS-2 is a tool for systematic reviews of diagnostic
studies developed from the QUADAS tool, and it is used to
judge the risk of bias and applicability concerns, evaluating
four key domains: patient selection, index text, reference
standard, and flow and timing (7,8). QUADAS-2 evaluation
was performed using Review manager software version
5.3.5 (The Nordic Cochrane Centre, The Cochrane
Collaboration) and the full QUADAS-2 tool also could be
found from the QUADAS website (www.quadas.org).

Statistical analysis

The data from the 19 selected studies was extracted
and assembled into a 2x2 table, which consisted of true
positive (TP), false-negative (FN), false-positive (FP) and
true-negative (TIN) values. Forest plots of sensitivity and
specificity were generated using the forest command of the
midas package for STATA version 14.0 (Stata Corporation,
College Station, TX, USA). Summary receiver operating
characteristic (SROC) curves were constructed to examine
diagnostic accuracy. The inconsistency index (I°) was
calculated to assess the heterogeneity between studies.
I’ values greater than 50% were considered to indicate
substantial heterogeneity. Deek’s funnel plot was used to
assess the publication bias in this meta-analysis (9,10).
Meta-regression was performed to identify potential sources
of bias. Statistical significance was defined as a P value less

than 0.05.
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Figure 1 The flow chart of the search for eligible studies.

Meta-analysis of 18F-FDG PET/CT to detect regional lymph node in esophageal cancer

Results
Study selection and characteristics

A total of 19 studies were included in the review. The electronic
search yielded 562 studies; after excluding 145 duplicates
and 140 conference abstracts and letters to journal editors,
277 studies were assessed for eligibility. According to the
content of their abstracts, 244 articles were excluded. Then,
33 articles were screened based on their full text and eventually
we selected 19 articles (the flow chart of the screening of the
literature is shown in Figure I). Table 1 summarizes the clinical
characteristics and reported accuracy of the 19 selected eligible
articles. Included studies were grouped according to whether
the research unit was the patient or lymph nodes. Tuble 2
summarizes the type of scanner, amount of tracer agent and
the criteria for PET/CT positive detection of regional lymph
nodes in the included studies in this meta-analysis.

Study quality and study design

Figure 2 summarizes the methodological quality of all

Table 1 Characteristics of the 19 eligible studies and diagnostic accuracy of 18F-FDG PET and PET/CT

Author Year Subgroup Origin No. pts Median age L:;ndp;h Design No. yes in ™ EP EN Sensitivity Specificity Accuracy
[range] QUADAS-2 (%) (%) (%)
(group)
Yuan (11) 2006 Station China 45 57.5[40-73] 397 Prosp. 11 77 25 5 290 93.90 92.60 92.44
Hsu (12) 2009 Patient Taiwan (China) 45 60.8 [39-83] - Prosp. 11 12 4 9 20 57.10 83.30 71.11
Han (13) 2012  Station China 22 60 [51-75] 424 Prosp. 11 39 14 8 363 8298 96.29 94.81
Yano (14) 2012  Patient Japan 81 63 [44-75] - Retro. 11 12 13 25 31 32.40 70.40 53.09
Wang (15) 2012  Station China 26 Unmentined 119  Retro. 11 9 16 5 89 36.00 94.70 82.35
Tan (16) 2014  Station China 115 57.9 [45-76] 946  Prosp. 11 141 6 46 75 75.40 98.68 92.02
Yamada (17) 2014  Station Japan 258 66 [41-86] 1,231 Retro. 11 71 21 204 935 25.80 97.80 81.72
Sohda (18) 2010 Station Japan 21 65.9 [43-80] 96  Prosp. 10 8 4 25 49 24.20 93.70 66.28
Shum (19) 2012 Patient Taiwan (China) 26 60.4 [42-72] - Retro. 10 8 2 10 80.00 60.00 69.23
Yen (20) 2012 Patient Taiwan (China) 36  Unmentioned - Retro. 10 3 1 4 28 42.86 96.55 86.11
Wang (21) 2016  Station China 43 54.3 864  Retro. 10 107 51 47 641 69.48 92.71 88.42
Yu (22) 2011  Station China 16 56.5[46-70] 144  Prosp. 10 16 5 5 118 76.20 95.90 93.06
Manabe (23) 2013  Patient Japan 156  61.4 [40-84] - Retro. 10 49 7 40 60 66.10 85.70 69.87
Kato (24) 2008 Station Taiwan (China) 26 60.4 [42-72] - Retro. 10 8 6 2 10 80.00 60.00 69.23
Kim (25) 2015 Patient Korea 51 69 [561-80] - Prosp. 9 20 13 8 15 82.60 53.50 68.63
Kim (26) 2012  Station Korea 17 66.1 [52-75] 72 Retro. 9 10 14 7 4 58.80 90.90 70.83
Schreurs (27) 2008 Patient  Neterlands 61 63.4 [48-80] - Retro. 9 12 6 3 40 86.60 86.90 85.25
Bella (28) 2014  Station China 27 64 [48-79] 117 Retro. 8 26 10 6 75 81.20 88.20 86.32
Okada (29) 2009 Station Japan 18 68 [59-79] 210 Prosp. 8 15 1 10 184  60.00 99.46 94.76

18F-FDG PET, 18F-fluorodeoxyglucose positron emission tomography; Pts, patients; QUADAS-2, The Quality Assessment of Diagnostic

Accuracy Studies 2.
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Table 2 Criteria of positive regional lymph node by 18F-FDG PET/CT in included studies in this meta-analysis

Amount of tracer Slice thickness

Criteria of positive regional lymph node by 18F-FDG

Author Year Type of scanner L Lo . .
agent of CT PET/CT in included studies in this meta-analysis
Yuan (11) 2006  Discovery LS; GE Healthcare 370 MBq 4.25 mm/slice  18F-FDG uptake prominently compared with
surrounding tissues and not related to normal
physiologic uptake
Hsu (12) 2009 Discovery VCT; GE Healthcare, Waukesha, 370 MBq Unclear SUVmax greater than 2.5 was considered positive
WI, USA
Han (13) 2012 MiniTrace; GE Healthcare, Piscataway, NJ,  300-400 MBq  4.25 mm/slice  The nodal accumulations with the intensity higher
USA than that of the mediastinal blood pool were first
visually detected on PET image and then precisely
localized on PET/CT fusion image to determine
whether they were LNs
Yano (14) 2012  Siemens-Asahi Medical Technologies, 3.5 MBa/kg Unclear SUVmax value of above 1.8
Tokyo, Japan
Wang (15) 2012  Philips Gemini TF 16, Philips, The 3.0-3.7 MBag/kg 3 mm/slice Maximum standardized uptake values (SUVmax)
Netherlands
Tan (16) 2014  GE Discovery LS4 PET/CT, General 5.55 MBag/kg 5 mm/slice Short diameter >10 mm; any sulcus oesophageal
Electrical Medical Systems lymph node; enhanced lymph node with thin wall
and ring shaped
Yamada (17) 2014  Nihon Medi-Physics Tokyo, Japan Not mentioned Unclear SUVmax =5.0 in the tracheal bifurcation and
pulmonary hilum or a value of 2.0 or more in other
sites
Sohda (18) 2010  Discovery STE; GE Healthcare; Biograph 5-6 MBa/kg Unclear A faint uptake of 18 F-FDG
16; Siemens Medical Solutions
Shum (19) 2012  Discovery STE, GE Medical Systems, 370 MBq 3.75 mm/slice  Combined with early SUVmax >2.5 alone and
Milwaukee, WI, USA retention index (RI)
Yen (20) 2012  GE Medical Systems, Milwaukee, WI, USA 370 MBq 4.25 mm/slice  SUVmax (not mentioned detail)
Wang (21) 2016  Amsterdam, The Netherlands 4.44 MBa/kg Unclear SUVmax was then computed, with cut-off values
setat2.5and 5
Yu (22) 2011 BIOGRAPH 16HR, Siemens Molecular 7.4 MBa/kg 5 mm/slice Short axis >10 mm or seen in the
Imaging, Knoxville, TN, USA tracheoesophageal groove
Manabe (23) 2013  GEMINI GXL (Philips Healthcare) 241.3 6+70.0 MBq Unclear Increased 18F-FDG uptake greater than the
background activity of the blood pool
Kato (24) 2008  GE Discovery ST8, GE, Milwaukee, USA Not mentioned 10 mm/slice  Short axis >1 cm in CT. Not mentioned with PET/
CT
Kim (25) 2015  Siemens Healthcare, Knoxville, TN, USA 5 MBqg/kg Unclear Cut-of value was determined by ROC of 18F-FDG
PET/CT parameters
Kim (26) 2012  Gemini Scanner; Philips, Bothell, WA, USA 5.6 MBa/kg 5 mm/slice FDG uptake within structurally identifiable nodes
that was focally prominent compared with
background mediastinal activity (regardless of
lymph node size)
Schreurs (27) 2008  Siemens/CTI, Knoxville, TN, USA 400-580 MBq Unclear Lymph nodes >1 cm on CT imaging with FDG-
uptake on PET imaging
Bella (28) 2014  GE Discovery ST-16 PET/CT System; Not mentioned Unclear SUVmax for lymph nodes was 4.1, which was
Wisconsin, USA calculated by ROC curve
Okada (29) 2009  Biograph; Siemens Japan, Tokyo, Japan 3 MBag/kg 8 mm/slice FDG uptake above the background

18F-FDG PET/CT, 18F-fluorodeoxyglucose positron emission tomography with computer tomography. SUV, standardized uptake value.
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Figure 2 The quality assessment of 19 included studies by QUADAS-2 tool. QUADAS-2, The Quality Assessment of Diagnostic Accuracy

Studies 2.

included studies after assessment by the QUADAS-2 tool.
If the answers to all of the questions about a domain were
judged as ‘yes’, indicating a low risk of bias, then this domain
was judged to be at low risk of bias. In contrast, if one was
judged as ‘no’, then that would indicate ‘high risk’, and a
potential bias might exist. ‘Unclear’ indicated insufficient
information to determine whether partial verification was
present. In our study, seven studies (11-17) were rated
as ‘yes’ for the 11 questions in the QUADAS-2 quality
assessment tool. Four studies (18-21) were rated as 10 ‘yes’
and 1 ‘unclear’ on the 11 questions in the QUADAS-2
quality assessment tool, while two studies (22,23) were
rated as 10 ‘yes’ and 1 ‘no’ in the 11 questions on the
QUADAS-2 quality assessment tool. Two studies (24,25)
were rated as 9 ‘yes’, 1 ‘unclear’ and 1 ‘no’, while two
studies were rated as 9 ‘yes’ and two ‘unclear’ (26) or two
‘no’ (27). One study (28) was rated as 8 ‘yes’, 2 ‘unclear’ and
1 ‘no’ and one study (29) was rated as 8 ‘yes’, 1 ‘unclear’ and
2 ‘no’ in the QUADAS-2 quality assessment tool. In nine of
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nineteen studies, the study design was prospective.

Publication bias and sensitivity analysis

Deek’s funnel plots of diagnostic odds ratio inverse of the
square root of the effective sample size were constructed
to assess the publication bias of the articles. The shape of
the funnel plots revealed no asymmetry in both subgroups
[t=0.48, P=0.65 on a per-patient basis (Figure 34) and
t=-0.05, P=0.96 on a per-nodal station basis (Figure 3B)]. A
sensitivity analysis was performed to assess whether or not
the meta analyses were stable by excluding studies one by
one. The results showed that the data were stable and not
significantly different on a per-patient basis (Figure 3C) or
on a per-nodal station basis (Figure 3D).

Detection of lymph node metastasis on a per-patient basis

The paired forest plots of sensitivity and specificity for

7 Thorac Dis 2018;10(11):6066-6076
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Figure 3 Deek’s funnel plot and sensitivity analysis of 19 included studies. (A,C) On per-patient basis subgroup; (B,D) on per-nodal station

basis subgroup.

the eight individual articles (a total of 506 patients) are
presented in Figure 44 and indicate that 18-FDG PET/
CT resulted in a low estimated sensitivity and moderate
estimated specificity of 0.65 [95% confidence interval (CI):
0.49-0.78] and 0.81 (95% CI: 0.69-0.89), respectively.
I*-values were 75.26 (95% CI: 57.97-92.55, Cochrane’s
Q P=0.00) for sensitivity and 76.50 (95% CI: 60.28-
92.72, Cochrane’s Q P=0.00) for specificity and indicate
substantial heterogeneity. However, no factor was caused
the heterogeneity via meta-regression analysis. The
positive likelihood ratio (PLR), negative likelihood ratio
(NLR) and diagnostic odd ratio (DOR) were 3.4 (95% CI:
2.1-5.4), 0.44 (95% CI: 0.29-0.65) and 8 (95% CI: 4-16),
respectively.

Figure 4B presents the SROC curve analysis (with
prediction and confidence contours) of the ability of 18-
FDG PET/CT to detect regional nodal metastasis in
patients with esophageal cancer on a per-patient analysis in
the eight eligible articles. The area under the SROC curve

© Journal of Thoracic Disease. All rights reserved.
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(AUC) was 0.80 (95% CI: 0.76-0.83).

Detection of lymph node metastasis on a per-nodal station basis

The paired forest plots of the sensitivity and specificity
values reported in the 12 relevant individual articles are
presented in Figure SA. Of the total of 5,681 nodal stations
analyzed, 18-FDG PET/CT had a low estimated sensitivity
and a high estimated specificity of 0.66 (95% CI: 0.51-0.78)
and 0.96 (95% CI: 0.92-0.98), respectively. I*-values were
95.27 (95% CI: 93.61-96.94, Cochrane’s Q P=0.00) for
sensitivity and 94.66 (95% CI: 92.71-96.61, Cochrane’s
Q P=0.00) for specificity, which indicated substantial
heterogeneity. Meta-regression showed the type of research
(P=0.01) and origin (P=0.00) contributed to the high
heterogeneity. The PLR, NLR, and DOR values were 15.2
(95% CI: 8.0-28.8), 0.36 (95% CI: 0.24-0.53), and 43 (95%
CI: 19-96), respectively. Figure 5B illustrates the summary
SROC (with prediction and confidence contours) for the

7 Thorac Dis 2018;10(11):6066-6076
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Figure 5 The forest plot of sensitivity and specificity (A) and SROC curve (B) for 18F-FDG PET/CT in the detection of regional lymph
node metastasis in patients with esophageal cancer on per-nodal station basis. (Number in B represented included studies, sequence is shown
in A). SROC, summary receiver operating characteristic; 18F-FDG PET/CT, 18F-fluorodeoxyglucose positron emission tomography with

computer tomography.

ability of 18F-FDG PET/CT to detect regional nodal Discussion

metastasis in patients with esophageal cancer on a per-station As a result of the widespread application of 18F-FDG PET/
basis for the 12 eligible articles. The SROC AUC was 0.92 CT, these techniques are now used to detect regional lymph
(95% CI: 0.90-0.94). node metastasis in a variety of malignant neoplasms (30-32).
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The benefits and accuracy of 18F-FDG PET/CT remain
controversial and inconclusive in esophageal squamous
cell carcinoma. In this meta-analysis, the pooled sensitivity
and specificity values for 18F-FDG PET/CT were 0.64
(95% CI: 0.47-0.78) and 0.78 (95% CI: 0.68-0.85) on a
per-patient basis, respectively. On a per-nodal basis, the
pooled sensitivity and specificity were 0.66 (95% CI:
0.51-0.78) and 0.96 (95% CI: 0.92-0.98), respectively,
indicating that 18F-FDG PET/CT has a moderate/low
sensitivity and high/moderate specificity for the detection
of regional lymph node metastasis in esophageal squamous
cell carcinoma.

There was high heterogeneity among studies in both
subgroups on a per-patient basis and on a per-nodal station
basis. Meta-regression showed that research type and
origin or included studies led to a high heterogeneity in the
subgroup on a per-nodal station basis. However, in the per-
patient basis subgroup, no factor was found to be related
to the high heterogeneity. The small number of studies
included in this meta-analysis and the small sample size in
each included study in the subgroup on a per-patient basis
may have resulted in the high heterogeneity. Future studies
should be designed to evaluate this heterogeneity.

The low sensitivity of PET/CT for regional lymph
node metastasis may be related to Glut 1 expression. Glut
1 expression and tumor size are correlated with FDG
accumulation and influence the sensitivity of PET scans
in both primary tumors and metastatic lymph nodes of
esophageal squamous cell carcinoma (33). The size of
lymph node metastases is smaller in esophageal cancer
than that in other cancers. Several studies have shown that
small regional metastatic lymph nodes (range: 2-10 mm)
could not be detected by FDG-PET in cases of esophageal
carcinoma (34), and it might difficult to detect LN
metastasis with a minimum size of 6-8 mm by FDG-PET
near the cardiac-gastric region (35).

The DOR is an index of test accuracy that combines
the sensitivity and specificity data into a single number.
The DOR is the ratio of the odds of a positive test in a
patient with the disease relative to the odds of a positive
test in a patient without the disease, and it ranges from 0 to
infinity, with higher values indicating better discriminatory
test performance (36). There is no means to discriminate
between patients with and without the disorder by the
diagnostic test if the value of DOR is 1.0. In this meta-
analysis, the pooled DOR values for 18F-FDG PET/CT
in the per-patient and per-nodal station meta-analyses were

8 (95% CI: 4-16) and 43 (95% CI: 19-96), respectively,
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indicating that 18F-FDG PET and PET/CT have a
low accuracy for the detection of regional lymph node
metastasis in esophageal squamous cell carcinoma.

A similar result was reported in another study on
esophageal cancer, and we also found that PET/CT had an
overall high accuracy to detect regional nodal metastasis
in primary head and neck cancer before treatment (37,38).
We hypothesized that the low DOR value for PET/
CT in detecting regional lymph nodal metastasis in
esophageal squamous cell carcinoma is due to the common
complications of esophageal squamous cell carcinoma such
as esophagitis and infection.

Radiomics is a new field that extracts and analyzes large
amounts of advanced quantitative imaging features with
high throughput from medical images obtained with CT,
PET or magnetic resonance imaging (MRI) (39). Radiomic
analysis using density thresholds for FDG-PET/CT can
improve the clinical value of 18F-FDG PET/CT, such
as differentiating benign from malignant mediastinal and
hilar lymph nodes and tumor subtypes in patients with lung
cancer (40). PET/CT images that display the Haralick co-
occurrence can identify and reveal the higher heterogeneity
areas in lymph nodes in patients with metastatic breast
cancer, which can be used to select suspicious lymph nodes
for image-informed biopsy (41). The development of
radiomics is promising to increase the PET/CT accuracy
and precision in the detection of regional lymph node
metastasis in patients with esophageal squamous cell
carcinoma.

Since the DOR is not easy to interpret or use in clinical
practice and likelihood ratios are considered more clinically
meaningful, both the PLR and NLR were calculated as
measures of diagnostic accuracy. PLR of >10 or NLR <0.1
are indicative of a high accuracy. The amalgamated PLR
values for 18F-FDG PET/CT in the per-patient and per-
nodal station meta-analyses were 3.4 (95% CI: 2.1-5.4)
and 15.2 (95% CI: 8.0-28.8), respectively. The pooled
per-nodal station PLR value indicated that 18F-FDG PE'T/
CT is capable of determining nodal staging for patients
with esophageal squamous cell carcinoma. However, the
amalgamated per-patient value suggests that 18F-FDG
PET/CT is not accurate enough to determine nodal staging
for patients with esophageal squamous cell carcinoma.
Moreover, the amalgamated NLR values for 18F-FDG
PET/CT in the per-patient and per-nodal station meta-
analysis were 0.44 (95% CI: 0.29-0.65) and 0.36 (95%
CI: 0.24-0.53), respectively. These results suggest that we
still need biopsy or other diagnostic tests to confirm the

7 Thorac Dis 2018;10(11):6066-6076
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diagnosis of negative but suspicious regional lymph nodes
after PET/CT while other tomographic imaging methods
(such as CT, MR or EUS) give a positive diagnosis in
patients with esophageal cancer in clinical practice.

This meta-analysis possesses several limitations. First,
the high heterogeneity between the individual studies had
a limited impact on the meta-analysis. Meta-regression
analysis showed that research type and origin or included
studies led to the high heterogeneity in the subgroups
on a per-nodal station basis. However, in the per-patient
basis subgroups, meta-regression analysis did not detect
potential sources of heterogeneity. The small number of
included studies may have led to inaccurate estimates of
heterogeneity. Second, the lack of clinical and imaging
follow-up data may affect our assessment of the sensitivity
and specificity of 18F-FDG PET/CT. Third, the spatial
resolution of PET/CT increased the difficulty of identifying
metastatic lymph nodes less than 5 mm in diameter; this
difficulty might lead to underestimates of lymph node
involvement. In addition, since the meta-analysis only
included studies of esophageal squamous cell carcinoma, our
results do not fully explore the role of PET/CT in detecting
regional lymph nodes in esophageal adenocarcinoma.
In addition, the discrepancies among different patient
populations, types of scanners, the criteria for positive
lymph nodes, and excluded articles including conference
abstracts or letters to the editor may impact this evaluation
of the accuracy of 18F-FDG PET/CT. Moreover, each
of the abovementioned factors may affect the accuracy of
18F-FDG PET/CT for the detection of regional lymph
node metastasis in patients with esophageal squamous cell
carcinoma. With the developments in current research on
radiomics, it is promising to improve the accuracy of PET/
CT in the diagnosis of esophageal squamous cell carcinoma.

In conclusion, 18F-FDG PET/CT has a moderate/
low sensitivity and high/moderate specificity for the
detection of regional nodal metastasis in patients with
esophageal squamous cell carcinoma. These results indicate
that enlarging the extent of lymph node dissection or
radiotherapy target volume in patients with a diagnosis of
regional nodal metastasis based on 18F-FDG PET/CT
may be necessary in esophageal squamous cell carcinoma,
since 18F-FDG PET/CT has a considerable false negative
rate for detection of regional nodal metastasis. In clinical
practice, we still need pathologic or cytological examination
to identify the suspected regional lymph nodes due to the
high NLR of PET/CT for detection of regional lymph
node metastasis in patients with esophageal squamous
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Supplementary

QUADAS-2

Phase 1: State the review question:

Patients (setting, intended use of index test, presentation, prior testing):

Index test(s):

Reference standard and target condition:

Phase 2: Draw a flow diagram for the primary study

Phase 3: Risk of bias and applicability judgments

QUADAS-2 is structured so that 4 key domains are each rated in terms of the risk of bias and
the concern regarding applicability to the research question (as defined above). Each key
domain has a set of signalling questions to help reach the judgments regarding bias and
applicability.

DOMAIN 1: PATIENT SELECTION
A. Risk of Bias

Describe methods of patient selection:

<+ Was a consecutive or random sample of patients enrolled? Yes/No/Unclear
<+ Was a case-control design avoided? Yes/No/Unclear
<+ Did the study avoid inappropriate exclusions? Yes/No/Unclear

Could the selection of patients have introduced bias? RISK: LOW/HIGH/UNCLEAR

B. Concerns regarding applicability

DOMAIN 3: REFERENCE STANDARD
A. Risk of Bias

Describe the reference standard and how it was conducted and interpreted:

Describe included patients (prior testing, presentation, intended use of index test and setting):

Is there concern that the included patients do not match  CONCERN: LOW/HIGH/UNCLEAR
the review question?

% Is the reference standard likely to correctly classify the target Yes/No/Unclear
condition?
< Were the reference standard results interpreted without Yes/No/Unclear

knowledge of the results of the index test?
Could the reference standard, its conduct, or its
interpretation have introduced bias?

RISK: LOW /HIGH/UNCLEAR

B. Concerns regarding applicability

Is there concern that the target condition as defined by CONCERN: LOW /HIGH/UNCLEAR
the reference standard does not match the review
question?

DOMAIN 2: INDEX TEST(S)
If more than one index test was used, please complete for each test.

A. Risk of Bias

DOMAIN 4: FLOW AND TIMING
A. Risk of Bias

Describe the index test and how it was conducted and interpreted:

<+ Were the index test results interpreted without Yes/No/Unclear
knowledge of the results of the reference standard?
<+ If a threshold was used, was it pre-specified? Yes/No/Unclear

Could the conduct or interpretation of the index test RISK: LOW /HIGH/UNCLEAR

have introduced bias?

B. Concerns regarding applicability

Is there concern that the index test, its conduct, or CONCERN: LOW /HIGH/UNCLEAR

interpretation differ from the review question?

Describe any patients who did not receive the index test(s) and/or reference standard or who
were excluded from the 2x2 table (refer to flow diagram):

Describe the time interval and any interventions between index test(s) and reference standard:

< Was there an appropriate interval between index test(s) Yes/No/Unclear
and reference standard?

¢ Did all patients receive a reference standard? Yes/No/Unclear

< Did patients receive the same reference standard? Yes/No/Unclear

< Were all patients included in the analysis? Yes/No/Unclear

Could the patient flow have introduced bias? RISK: LOW /HIGH/UNCLEAR

Figure S1 The Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2).




