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ABSTRACT

Introduction: Up to 32% of patients with esophageal
cancer show a pathological complete response (ypCR) after
neoadjuvant therapy. To prevent overtreatment, the indication
to perform esophagectomy in these patients should be recon-
sidered. Implementing an organ-preserving strategy for pa-
tients with ypCR requires an accurate assessment of residual
disease after neoadjuvant treatment. The aim of this study was
to systematically review the effectiveness of imaging tech-
niques used for detection of ypCR after neoadjuvant therapy
but before resection in patients with esophageal cancer.

Methods: A systematic literature search of the Medline,
Embase, and Cochrane Library databases was performed
from January 1, 2000, to December 13, 2017.
Eligible studies were diagnostic studies that compared re-
sults of imaging modalities after neoadjuvant therapy to
histopathological findings in the resection specimen after
esophagectomy. Methodological quality was assessed by the
Cochrane Quality Assessment of Diagnostic Accuracy
Studies, version 2, model. Primary outcome measures
were true positive, false-positive, false-negative, and true
negative values of imaging techniques predicting ypCR. A
meta-analysis was performed by pooling sensitivities and
specificities by using a bivariate model.

Results: A total of 4420 articles were identified. After
exclusion of irrelevant titles and abstracts, 360 articles
were reviewed in full text. In total, four imaging modal-
ities (computed tomography [CT], positron emission
tomography [PET-CT], endoscopic ultrasound [EUS],
and magnetic resonance imaging [MRI]) were used for
restaging. The meta-analysis was conducted with data
Journal of Thoracic Oncology Vol. 14 No. 7: 1156-1171
from 56 studies involving 3625 patients. The pooled
sensitivities of CT, PET-CT, EUS, and MRI for detecting
ypCR were 0.35, 0.62, 0.01 and 0.80, respectively,
whereas the pooled specificities were 0.83, 0.73, 0.99,
and 0.83, respectively. The positive predictive value in
detecting ypCR was 0.47 for CT, 0.41 for PET-CT, not
applicable for EUS, and 0.61 for MRI.

Conclusion: Current imaging modalities such as CT,
PET-CT, and EUS seem to be insufficiently accurate to
identify complete responders. More accurate diagnostic
tests are needed to improve restaging accuracy for patients
with esophageal cancer.

� 2019 International Association for the Study of Lung
Cancer. Published by Elsevier Inc. All rights reserved.
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Introduction
Worldwide, the annual incidence of esophageal car-

cinoma has increased rapidly over the past few years,
with more than 465,000 new cases diagnosed each
year.1 The cornerstone of curative treatment of esopha-
geal cancer consists of neoadjuvant therapy followed by
surgical resection. Esophagectomy is associated with
high postoperative morbidity (Clavien-Dindo grade �3)
of 60%, mortality rates up to 5%, and a large impact on
quality of life.2–4 After neoadjuvant treatment, a patho-
logical complete response (ypCR) (no viable tumor cells
found in the specimen, including in resected lymph
nodes) was observed in 24% to 32% of patients.5–7 For
the complete responders, active surveillance might have
been a safer alternative instead of esophagectomy, and
whether secondary surgery in cases of locoregional
recurrence might still be a curative option is uncertain.
An organ-preserving strategy is currently under inves-
tigation by the ESOSTRATE and SANO trial8,9; however,
evidence regarding the optimal selection of patients for
this strategy is still lacking.

Implementing an active surveillance strategy for
patients with a ypCR requires accurate assessment of
residual disease after neoadjuvant treatment. Primary
staging of esophageal cancer consists of computed to-
mography (CT), positron emission tomography (PET),
mostly combined with CT (PET-CT), and endoscopic
ultrasound (EUS) with or without fine-needle aspiration
(FNA). These diagnostic tests complement each other in
primary staging of esophageal cancer.10,11 Restaging af-
ter neoadjuvant therapy is considered a major challenge
because the radiological appearance of the tumor and
treated positive lymph nodes are hard to interpret on
account of to induced fibrosis and ulceration. The accu-
racy of image modalities to detect residual disease after
neoadjuvant treatment remains uncertain owing to
conflicting results in literature. A systematic review in
200512 showed that EUS, CT, and PET-CT seemed
promising in detecting residual disease after neo-
adjuvant therapy, but various more recent studies have
reported that EUS, CT and PET-CT are inadequate to
detect residual disease.13–15 Therefore, international
guidelines recommend esophageal resection in all pa-
tients after neoadjuvant therapy.16,17

The aim of this systematic review was to establish the
diagnostic accuracy of imaging modalities for assessing
ypCR after neoadjuvant chemotherapy or chemo-
radiotherapy and before surgery for esophageal cancer.
Materials and Methods
Search Strategy

A systematic search was performed in the Medline,
Embase, and Cochrane Library databases from January 1,
2000, to December 13, 2017. The complete search is
accessible in Supplementary Table 1. The review was
carried out in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guide-
lines,18 and the protocol was registered in the Interna-
tional Prospective Register of Systematic Reviews
international prospective register of systematic
reviews (http://www.crd.york.ac.uk/PROSPERO/ regis-
tration no., CRD42016041622). A manual search with
cross-references of the eligible articles was performed to
identify additional relevant articles.
Study Selection
Studies were considered eligible when imaging re-

sults of restaging were reported after neoadjuvant
therapy and before surgery in patients with esophageal
cancer. Only studies in which patients were treated with
curative intent, consisting of neoadjuvant chemotherapy
and/or radiotherapy followed by esophageal resection
and lymph node dissection, were included. Studies
without comparison with histopathological or imaging
tests that were performed during neoadjuvant treatment
were excluded. Other reviews, case reports, conference
abstracts, and studies with fewer than 10 patients were
excluded. Publications before the year 2000 were
excluded to ensure that the review would represent
contemporary imaging techniques. Studies addressing a
combination of diagnostic modalities (imaging and non-
imaging) were included only if separate data on the
imaging test was available. No language restrictions
were applied. In duplicate publications involving the
same population, the most recent publication or the one
with the most relevant information was included.

After duplicates had been removed, the titles and
abstracts of all articles were screened independently
with the web-based EROS software by two reviewers
(D. G. and M. D.). The full texts of these potentially
eligible studies were retrieved and independently
assessed for eligibility by the two reviewers. Any
disagreement between reviewers was resolved through
discussion with a third reviewer (R. B.).
Data Extraction
The two reviewers independently extracted study

patient characteristics and image modality parameters
from each eligible study. The primary outcome was the
accuracy of predicting ypCR after neoadjuvant therapy
compared with the final histopathological results after
resection. This was expressed in terms of true positive
(TP), false-positive (FP), false-negative (FN), and true
negative (TN) values. Authors of studies that did not
report all data were asked to provide additional infor-
mation. If the study reported multiple imaging tests, the
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results regarding predicting ypCR were extracted for
each imaging test separately.

Quality Assessment
The methodological quality of each study was

assessed by the Cochrane Quality Assessment of Diag-
nostic Accuracy Studies, version 2, model.19 This is a
validated tool for assessing the methodological quality
and applicability of diagnostic accuracy studies. Some
modifications were made to the Cochrane Quality
Assessment of Diagnostic Accuracy Studies, version 2,
model in this review (Supplementary Table 2). Because
histopathological testing is an objective procedure, not
reporting that the reference standard is performed
without knowledge of the index test was not considered
a limitation of the methodological quality. Studies were
scored as having a high risk of bias on domain 2 (index
test) if they did not adhere to specified radiological
guidelines or criteria to evaluate a complete response.
Studies were scored as having a high risk of bias on
domain 4 (flow and timing) if the interval between the
imaging test for restaging and surgery exceeded 1 month
because cancer might progress with a prolonged interval
between imaging and surgery. Both reviewers indepen-
dently assessed the quality of each study. Disagreements
were resolved by consulting a third reviewer.

Statistical Analysis
Data from each study were summarized in 2 � 2

tables of TP, TN, FP, and FN to calculate sensitivity,
specificity, and positive predictive value. The sensitivity
and specificity of each study was drawn in forest plots
and in hierarchic summary receiver operating charac-
teristic plots to explore study variation in the perfor-
mance of each test using Review Manager (RevMan).
Primary outcomes are pooled estimates of sensitivity
and specificity with 95% confidence intervals. To esti-
mate the sensitivity and specificity of each test, we
planned to fit the bivariate model, which accounts for
between-study variability in estimates of sensitivity and
specificity.20 If a bivariate model could not be fitted
because of sparse data, a fixed model was used.21 From
the summary estimates of sensitivity and specificity, the
probability of having a ypCR on the basis of a positive
test result (ycCR) was calculated with the median
prevalence of all included studies. This is equivalent to
positive predictive value (PPV) as used in a single
diagnostic accuracy study. Data was analyzed using
Revman (version 5.3.5) and R software (version 3.0.1).

Subgroup Analysis
Subgroup analyses of diagnostic accuracy in detecting

ypCR were performed on the different histological tumor
types (adenocarincoma and squamous cell carcinoma),
neoadjuvant treatments (chemotherapy and chemo-
radiotherapy), restaging interval (<4-week interval and
>4-week interval), and criteria to evaluate ycCR.

Results
Identification of Studies

The search yielded a total of 4420 unique citations;
4060 references were excluded by screening the title
and abstract for the reasons described in the study se-
lection section (e.g., no imaging technique, no imaging
after neoadjuvant therapy, no correlation with histo-
pathological results, and studies with fewer than 10
patients). Of 360 screened articles, 303 were excluded in
the full-text screening for various reasons (Fig. 1). In
total, 57 studies involving 3660 patients met the inclu-
sion criteria.

Study Characteristics
An overview of the study characteristics are provided

in Table 1.22–77 The following imaging techniques were
used to diagnose ypCR: CT (eight studies),22–29 PET(-CT)
(35 studies),14,23,25,30–61 EUS (15 studies),28,60,62–74 and
MRI (three studies).75–77 Two studies22,69 were excluded
from the meta-analysis because the sensitivity could not
be estimated on account of a lack of patients with ypCR
and ycCR. All the MRI studies were feasibility studies
with a limited number of patients included. The results
of the quality assessment are presented in Figure 2
(quality assessment results per study are presented in
Supplementary Figure 1). In general, studies had a
retrospective design and included an uninterrupted se-
ries of patients. The imaging test was often scored as
unclear (n¼31 [54%]) because it could not be ascer-
tained that the reviewers of the imaging test were blin-
ded to pathology results. The most common quality
deficits were on the domain index test under item
studies without prespecified thresholds. Studies without
prespecified thresholds were defined as all studies that
did not adhere to a prespecified radiological guideline
for interpretation of imaging results but used post
hoc criteria instead (n¼13 [23%]). In total, 1 study
(2%) was assessed as having a low risk of bias for all
categories.

Diagnostic Accuracy: Complete Response
The TP, FP, FN, and TN values of all imaging tests in

predicting ypCR in the tumor and regional lymph nodes
together are summarized in the forest plot in Figure 3
and summary receiver operating characteristic curve in
Figure 4. The pooled sensitivity and specificity in pre-
dicting ypCR derived from the bivariate random effects
model is summarized in Table 2. All studies that



Figure 1. The process used to screen articles. CT, computed tomography; PET, positron emission tomography; EUS, endo-
scopic ultrasound; MRI, magnetic resonance imaging; nCRT, neoadjuvant chemoradiotherapy; nCT, neoadjuvant
chemotherapy.
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reported ycCR based on CT used volume-based criteria
to define ycCR. One of the five studies used change in
volume before and after neoadjuvant therapy, which
resulted in a sensitivity and specificity of 0.76 and 0.69
compared with 0.26 and 0.86 for the other studies,
respectively. For PET-CT different criteria were defined
to detect ycCR; they can be grouped into three sub-
groups: complete normalization of the lesion (n¼11),
based on the SUVmax value (n¼2), and based on
the reduction in SUVmax after neoadjuvant treatment
(n¼10). A pooled sensitivity and pooled specificity of
0.55 and 0.88 were found for studies that defined ycCR
as complete normalization of the lesion versus values of
0.47 and 0.96 for studies that defined ycCR on the basis
of SUVmax and values of 0.74 and 0.61 for studies that
defined ycCR on the basis of the change in SUVmax after
neoadjuvant therapy. The sensitivity based on EUS was
very low because four of the five included studies (80%)
had no true positive results in predicting ypCR, resulting
in a sensitivity of 0%. Moreover, in three studies63,72,74

no ycCR was detected in any of the patients. All the
included studies based on EUS defined ycCR when no
tumor was visualized, except for the study by Willis
et al.,74 which defined ycCR as more than 50% reduction
in the tumor thickness after neoadjuvant therapy, which
in turn resulted in the same sensitivity and specificity of



Table 1. Characteristics of the included studies

Study Characteristics Tumor Type
Neoadjuvant
Therapy Imaging Test

Modality Author Year Study design N TNM AC SCC ChT CRT Restaging
Prevalence
(%) Criteria ycCR imaging test

Slice
thickness

CT Alfieri et al.22 2015 Prospective 35 I–III 26 9 0 35 ycT0N0 0 of 35 (0%) �25.3% tumor volume change
(before vs. after therapy)a

5 mm

Cerfolio et al.23 2005 Prospective
database

48 I–IV 43 5 0 48 ycT0N0
ycT0
ycN0

15 of 48 (31%)
16 of 41 (39%)
33 of 41 (80%)

TNM criteria (AJCC, sixth edition) 5 mm

Djuric-Stefanovic
et al.24

2015 Retrospective 40 II–III 0 40 0 40 ycT0 15 of 40 (38%) Blood flow <30.0 mL/min/100 g 5 mm

Kim et al.25 2007 Prospective 62 II–III 0 62 0 62 ycT0N0 28 of 62 (45%) Maximal tumor length and wall
thickness, no threshold reported

5 mm

Konieczny et al.26 2013 Retrospective 35 I–III 25 10 0 35 ycT0N0
ycT0
ycN0

10 of 35 (29%)
10 of 35 (29%)
24 of 35 (69%)

Tumor: wall thickness <5 mm
Node: short axis diameter <10 mm

2 mm

Li et al.27 2012 Retrospective 93 II–III 0 93 0 93 ycT0N0 22 of 93 (24%) Tumor: wall thickness <15 mm 5 mm
Mesenas et al.28 2008 Prospective

analysis
102 I–III 91 11 99 0 ycN0 36 of 99 (36%) Diameter < 5 mm 5 mm

Voncken et al.29 2014 Retrospective 56 II–IV 40 16 0 56 ycT0N0 17 of 56 (30%) �20% tumor volume change
(before vs. after therapy)a

NR

Modality Author year Study design N TNM AC SCC ChT CRT Restaging
Prevalence
(%) Criteria ycCR imaging test

Hybrid
PET/CT

PET-CT Arnett et al.30 2017 Retrospective 193 I–IV 164 23 193 0 ycT0N0 66 of 193 (34%) Normalization of FDG activity to
hepatic SUVmean of blood pool
SUVmean in the clinical setting of
underlying hepatic fatty
infiltration

Low-dose CT

Bruzzi et al.31 2007 Retrospective 88 II–III 75 13 0 88 ycN0 39 of 55 (71%) SUVmax value <2.5 CT
Cerfolio et al.23 2005 Prospective

database
48 I–IV 43 5 0 48 ycT0N0

ycT0
ycN0

15 of 48 (31%)
16 of 41 (39%)
33 of 41 (80%)

Tumor: TNM criteria (AJCC, sixth
edition)

Node: SUVmax value <2.5

CT

Dewan et al.32 2017 Prospective 70 I–IV 0 70 0 70 ycT0N0 24 of 70 (34%) PERCIST: Normal distribution of
FDG uptake

Low-dose CT

Elliott et al.33 2014 Retrospective 89 I–III 89 0 0 89 ycT0N0
ycN0

15 of 89 (17%)
41 of 89 (46%)

Tumor: SUVmax reduction >52%
(before vs. after therapy)a

Node: focus of increased [18 F]FDG
avidity compared with
background uptake

CT
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Table 1. Continued

Modality Author year Study design N TNM AC SCC ChT CRT Restaging
Prevalence
(%) Criteria ycCR imaging test

Hybrid
PET/CT

Erasmus et al.34 2006 Retrospective 42 II–IV 35 6 0 42 ycT0 12 of 42 (29%) FDG uptake was substantially
greater than the background
activity of the adjacent
esophagus

CT

Flamen et al.35 2002 Prospective 36 I–IV 9 27 0 36 ycT0N0 6 of 36 (17%) Complete normalization of the
lesion

NR

Harada et al.36 2017 Prospective 126 II–III 122 4 0 126 ycT0N0 20 of 107 (19%) SUVmax reduction � 35% (before
vs. after therapy)a

NR

Heneghan et
al.14

2016 Retrospective 138 I–III 103 35 0 138 ycT0N0 30 of 138 (22%) Physiological distribution of FDG,
<4 mm and no nodal uptake

CT

Higuchi et al.37 2008 Prospective 50 III–IV 0 50 35 15 ycT0N0 8 of 50 (16%) Tumor : SUVmax <2.5 NR
Izumi et al.38 2015 Retrospective 73 I–III 0 73 73 0 ycT0N0 7 of 73 (10%) Complete resolution of 18F-FDG

uptake by all lesions � liver
activity and indistinguishable
from background blood-pool
levels

CT

Kim et al.39 2015 Retrospective 19 II–III 0 19 0 19 ycT0
ycN0

4 of 19 (21%)
11 of 19 (58%)

Tumor and node: SUVmax PET-CT
<2.5 and size <1 cm on CT

CT

Kim et al.25 2007 Prospective 62 NR 0 62 0 62 ycT0N0 28 of 61 (45%) Normal distribution of FDG tracer CT
Klayton et al.40 2012 Retrospective 57 II–IV 8 49 0 57 ycT0N0 14 of 57 (25%) Normal distribution of FDG uptake CT
Kukar et al.41 2015 Retrospective 77 NR 77 0 0 77 ycT0N0 22 of 77 (29%) SUVmax % reduction >45% (before

vs. after therapy)a
Low-dose

CT
McLoughlin et

al.42
2008 Retrospective 81 II–IV 57 24 0 81 ycT0N0 32 of 81 (40%) Normal distribution of FDG uptake No standard

CT
Metser et al.43 2014 Retrospective 44 II–IV NR NR 0 44 ycT0N0 14 of 44 (32%) PERCIST: Normal distribution of FDG

uptake
CT

Miyata et al.44 2016 Prospective 302 I–IV 0 302 302 0 ycN0 103 of 302 (34%) Normal distribution of FDG uptake CT
Myslivecek et

al.45
2012 Retrospective 34 I–IV 17 17 0 34 ycT0N0 7 of 34 (21%) Normal distribution of FDG uptake CT

Park et al.46 2013 Retrospective 25 III 0 25 0 25 ycT0 11 of 25 (44%) SUVmax % reduction >72.1%
(before vs. after therapy)a

CT

Platz et al.47 2013 Retrospective 16 I–III 16 0 0 16 ycT0N0 6 of 16 (38%) SUVmax % reduction >35% (before
vs. after therapy)a

CT

Port et al.48 2007 Retrospective 62 II–IV 51 11 62 0 ycT0N0 3 of 62 (5%) SUVmax % reduction >50% (before
vs. after therapy)a

NR

Sakai et al.49 2015 Prospective 32 III 0 32 0 32 ycT0N0 7 of 32 (22%) SUVmax % reduction >79.3%
(before vs. after therapy)a

andSUVmax <2.25

CT

Smith et al.50 2009 Retrospective 21 I–IV 21 0 NR NR ycT0N0 9 of 21 (43%) SUVmax % reduction >50% (before
vs. after therapy)a

NR

Smithers et al.51 2008 Retrospective 40 NR 40 0 20 20 ycT0N0 2 of 40 (5%) SUVmax % reduction >50%
(before vs. after therapy)a

NR
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Table 1. Continued

Modality Author year Study design N TNM AC SCC ChT CRT Restaging
Prevalence
(%) Criteria ycCR imaging test

Hybrid
PET/CT

Song et al.52 2005 Prospective 32 II–III 0 32 0 32 ycT0 21 of 32 (66%) Normal distribution of FDG uptake NR
Stiekema et al.53 2014 Retrospective 48 II–III 39 9 0 48 ycT0N0 14 of 48 (29%) SUVmax % reduction >50% (before

vs. after therapy)a
Low-dose CT

Stiles et al.54 2013 Prospective 120 II–IV 82 38 81 39 ycT0N0 21 of 120 (18%) Normal distribution of FDG uptake NR
Swisher et al.55 2004 Retrospective 83 II–IV 73 10 0 83 ycT0 26 of 83 (31%) Normal distribution of FDG uptake No standard

CT
Takemura et

al.56
2013 Retrospective 37 II–III NR NR 0 37 ycT0N0 1 of 37 (3%) TNM criteria (AJCC, sixth edition) NR

Wieder et al.57 2003 Prospective
database

33 NR 0 33 0 33 ycT0N0 7 of 33 (21%) SUV % reduction >30% (before vs.
after therapy)a

NR

Yanagawa et
al.58

2012 Retrospective 51 I–IV 0 51 51 0 ycT0 3 of 51 (6%) PERCIST: Normal distribution of FDG
uptake

Low-dose CT

Yasuda et al.59 2015 Prospective 51 II–IV 0 51 51 0 ycN0 10 of 51 (20%) SUVmax <2.5 CT
Yen et al.60 2012 Retrospective 90 I–IV 0 90 0 90 ycT0

ycN0
17 of 36 (47%)
29 of 36 (81%)

SUVmax increase (before vs. after
therapy)a threshold not reported

Low-dose CT

Yuan et al.61 2016 Retrospective 52 I–III 0 52 0 52 ycT0 23 of 52 (44%) SUVmax <2.7 Full-dose CT

Modality Author year Study Design N TNM AC SCC ChT CRT Restaging
Prevalence
(%) Criteria ycCR imaging test

Transducer
MHZ

EUS Agarwal et al.62 2004 Prospective
database

97 I–III 84 13 0 97 ycN0 34 of 53 (64%) None of these criteria: round
shape, hypoechoic texture or
sharp margins, diameter >5 mm

NR

Beseth et al.63 2000 Prospective 26 II–III 24 2 6 20 ycT0N0
ycT0
ycN0

7 of 26 (27%)
7 of 26 (27%)
16 of 26 (62%)

Tumor: no tumor visualized
Node: diameter <10 mm

7.5 MHz

Bohle et al.64 2016 Retrospective 48 I–III 37 10 30 18 ycT0
ycN0

9 of 48 (19%)
25 of 48 (52%)

Tumor: no tumor visualized
Node: none of these criteria:

hypoechoic texture, round
shape, sharp border, diameter
>10 mm

7.5 and 12
MHz

Eloubeidi et al.65 2011 Retrospective 107 NR 82 6 11 96 ycN0 80 of 107 (75%) None of these criteria: hypoechoic
texture, round shape, sharp
border, diameter >10 mm

5–10 MHz

Griffin et al.66 2012 Retrospective 73 NR 66 7 0 73 ycT0N0
ycT0
ycN0

17 of 71 (24%)
22 of 72 (31%)
47 of 71 (24%)

Tumor: no tumor visualized NR

Jost et al.67 2010 Prospective 40 II–III 23 17 0 40 ycT0 11 of 40 (28%) Maximum tumor thickness <6 mm
Kalha et al.68 2004 Retrospective 83 I–III 83 0 0 83 ycT0N0

ycT0
ycN0

22 of 83 (27%)
20 of 76 (26%)
58 of 83 (70%)

Tumor: no tumor visualized
Node: none of these criteria:

hypoechoic texture, round
shape, sharp border, diameter
>10 mm

7.5 and 12
MHz
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Table 1. Continued

Modality Author year Study Design N TNM AC SCC ChT CRT Restaging
Prevalence
(%) Criteria ycCR imaging test

Transducer
MHZ

Machlenkin et
al.69

2009 Retrospective 33 II–III 22 11 20 0 ycT0N0
ycN0

0 of 20 (0%)
9 of 20 (45%)

Tumor: no tumor visualized
Node: none of these criteria:

round, hypoechoic structures
with a discrete border, diameter
>10 mm

7.5 and 12
MHz

Mesenas et al.28 2008 Prospective
analysis

99 I–III 91 11 99 0 ycN0 36 of 99 (36%) <3 of these criteria: : hypoechoic
internal echo pattern, sharp
borders, rounded shape,
diameter >5 mm

NR

Misra et al.70 2012 Retrospective 110 I–III 99 11 110 0 ycT0
ycN0

19 of 110 (17%)
60 of 110 (55%)

Tumor: no tumor visualized
Node: diameter <5 mm

7.5 and 12
MHz

Ota et al.71 2005 Prospective 62 II–III NR NR 43 19 ycT0 9 of 62 (15%) RECIST: >30% reduction tumor
thickness (before vs. after
therapy)a

7.5 and 12
MHz

Ribeiro et al.72 2006 Prospective 49 I–III 45 4 49 0 ycT0N0
ycT0
ycN0

2 of 45 (4%)
2 of 45 (4%)
21 of 45 (47%)

Tumor: no tumor visualized
Node: diameter <5 mm

7.5 and 12
MHz

Schneider et
al.73

2008 Prospective 80 II–III 31 49 0 80 ycT0 11 of 70 (16%) Tumor: no tumor visualized NR

Willis et al.74 2002 Retrospective 41 NR 28 12 0 41 YCT0N0
ycT0
ycN0

12 of 41 (29%)
13 of 41 (32%)
24 of 41 (59%)

<50% reduction tumor thickness
(before vs. after therapy)a

NR

Yen et al.60 2012 Retrospective 90 I–IV 0 90 0 90 ycT0
ycN0

34 of 83 (32%)
66 of 83 (80%)

Tumor: no tumor visualized
Node: none of these criteria: lymph

node >5 mm in width, round
shape, hypoechoic pattern, and
smooth border

20 MHz

Modality Author
Publication
year Study design N TNM AC SCC ChT CRT Restaging

Prevalence
(%) Criteria ycCR imaging test

Slice
thickness

MRI Heethuis et al.75 2016 Prospective 25 I–III 21 3 0 25 ycT0N0 6 of 22 (27%) AUC difference >24.6% (before vs.
after therapy)a

3 mm

Riddell et al.76 2007 Prospective 33 NR 33 0 33 0 ycN0 14 of 33 (42%) Node <2 mm 3 mm
Van Rossum et

al.77
2015 Prospective 20 I–III 15 5 0 20 ycT0N0 4 of 17 (24%) ADC difference >40% (before vs.

after therapy)a
4 mm

Note: TNM refers to the initial TNM stage of patients included in the study.
aBefore versus after therapy refers to the difference between image features before and after neoadjuvant therapy.
AC, adenocarcinoma; SCC, squamous cell carcinoma; Cht, chemotherapy; CRT, chemoradiotherapy; ycCR, clinical complete response; AJCC, American Joint Committee on Cancer; CT, computed tomography; PET,
positron emission tomography; FDG, fludeoxyglucose; SUVmax, maximum standard uptake value; SUVmean, mean standardized uptake value; PERCIST, Positron Emission Tomography Response Criteria in Solid Tumors;
NR, not reported; AUC, area under the curve; ADC, apparent diffusion coefficient.
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Figure 2. Quality assessment of the included studies according to the Cochrane Quality Assessment of Diagnostic Accuracy
Studies, version 2, tool. Risk of bias and applicability concerns summary: review authors’ judgements about each domain for
each included study.
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0% and 100%, respectively. For studies based on MRI,
both studies defined ycCR on the basis of the change
from before to after neoadjuvant therapy; one study was
based on dynamic contrast enhanced MRI,75 and the
other study was based on diffusion-weighted MRI.77

Diagnostic Accuracy: Primary Tumor Response
In studies predicting ypCR for the primary tumor 23

studies were available: three studies were available for
CT, nine for PET-CT, and 11 for EUS (see Table 2). The
sensitivity and specificity of PET and EUS to detect ypCR
in the tumor (ypT0) were comparable to the results in
detecting ypCR of tumor and lymph nodes (ypT0N0).
Only in the subgroup based on CT better results were
found when detecting ypCR in the tumor (ypT0) than
when detecting ypCR in tumor and lymph nodes
(ypT0N0). However, this is mainly due to the study of
Djuric-Stefanovic et al.,24 which found no false-positive
or false-negative results in 40 patients using a non-
prespecified threshold based on CT perfusion blood
flow values (Supplementary Fig. 2).

Diagnostic Accuracy: Regional Lymph Node
Response

For detecting regional lymph node metastases after
neoadjuvant therapy 23 studies were available: three
studies for CT, seven for PET-CT, 12 for EUS, and one for
MRI (see Table 2). The diameter of the lymph node was
used to define ycN0 in all included studies based on CT,
EUS, and MRI. One study based on CT used a diameter
less than 5 mm to define ycN0 and one study used a
diameter less than 10 mm to define ycN0, which resulted
in a sensitivity and specificity of 0.76 and 0.69 compared
with 0.26 and 0.86, respectively. For studies based on
EUS, five studies used a diameter less than 5 mm to
define ycN0 and 5 studies used a diameter less than 10
mm to define ycN0, which resulted in a pooled sensi-
tivity and specificity of 0.41 and 0.67 compared with
0.34 and 0.43, respectively. For MRI, only one study76

evaluated ycCR in lymph nodes in 33 patients defining
ycN0 as a lymph node diameter less than 2 mm. All
studies based on PET-CT defined ycN0 as an SUVmax
value less than 2.5 or normal distribution of fludeox-
yglucose F18 (Supplementary Fig. 3).

Subgroup and Sensitivity Analyses
Supplementary Table 3 shows the subgroup analysis

on the detection of ypCR for each histological tumor
type, neoadjuvant treatment, and restaging interval.
Compared with the overall detection rates (see Table 2),
a higher sensitivity was found for PET(-CT) when only
studies with neoadjuvant chemotherapy were included,
0.62 versus 0.70. On the basis of the histologic features
of the tumor, a higher specificity was found for studies
based on PET-CT that included only patients with
squamous cell carcinoma than for studies that included
only patients with adenocarcinoma, 0.79 versus 0.49;
however, a lower sensitivity, 0.64 versus 0.75 was found.
For studies based on CT, the sensitivity was higher when
only studies with a restaging interval of less than 4
weeks after neoadjuvant therapy were included than
with inclusion of studies with an interval greater than 4
weeks (0.64 versus 0.20), but the specificity was lower
(0.70 versus 0.96, respectively). For studies based on
PET-CT, a higher specificity was found when only studies
with a restaging interval of less than 4 weeks were
included (0.86 versus 0.65). Exclusion of studies with a
high risk of bias did result in a sensitivity and specificity
for predicting ypCR of 0.20 and 0.91 based on studies
with CT, 0.61 and 0.73 for PET-CT, and 0.00 and 0.99 for
EUS, respectively. Only for studies based on CT were the
pooled results changed by excluding studies with high
risk of bias, but in none of these analyses was the change
clinically relevant.

Positive Predictive Value
The positive predictive value in detecting ypCR was

0.47 for CT, 0.41 for PET-CT, not applicable for EUS,
and 0.61 for MRI. Using these calculations, we modeled
the consequences of omission of surgery based on ycCR



Figure 3. Forest plot for detection of pathological complete response of tumor and lymph nodes (ypT0N0). CT, computed
tomography; TP, true positive; FP, false-positive; FN, false-negative; TN, true negative; CI, confidence interval; MRI, mag-
netic resonance imaging; PET, positron emission tomography; EUS, endoscopic ultrasound.
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had a watchful waiting protocol been applied. The
clinical consequences were that 37% of patients with
ypCR could have avoided surgery when relying on CT
versus 61% when relying on PET-CT, 0% when relying
on EUS, and 80% when relying on MRI. However, 12%
of all patients treated with neoadjuvant therapy fol-
lowed by surgery would have had false detection of
ypCR when relying on CT, 21% when relying on PET-
CT, 1% when relying on EUS, and 13% when relying
on MRI (Table 3).



Figure 4. Summary receiver operating characteristic (SROC) curve for detection of pathological complete response of tumor
and lymph nodes (ypT0N0). Hierarchic (SROC) plot of computed tomography (CT) (left graph), positron emission tomography
(PET) (middle graph), and endoscopic ultrasound (EUS) (right graph) for detecting pathological complete response (ypCR)
after neoadjuvant therapy in patients with esophageal cancer. For each test the summary point (filled) and summary curve
are plotted. The study points are scaled by the sample size of the study.
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Discussion
The results of this systematic review in which we

studied the accuracy of imaging techniques in staging
ypCR after neoadjuvant therapy showed that CT, PET-CT,
and EUS are not sensitive enough to guide treatment
decisions. The sensitivity of CT, PET-CT, and EUS in
detecting ypCR of the regional lymph nodes (ypN0) was
higher than that in detecting ypCR in tumor and lymph
nodes (ypT0N0); however, the specificity for detection of
ypN0 was very low. For MRI, a higher sensitivity of 80%
was found in predicting ypCR; however these results
were based only on feasibility studies with a limited
number of patients.
Table 2. Summarized Diagnostic Accuracy per Imaging Techniq

Restaging Modality No. of Studies Sensitivity

ypT0N0 CT 5 0.35 (0.16–0
PET 23 0.62 (0.50–0
EUS 5 0.01 (0.00–0
MRI 2 0.80 (0.46–0

ypT0 CT 3 0.68 (0.05–0
PET 9 0.60 (0.42–0
EUS 11 0.05 (0.01–0

ypN0 CT 3 0.79 (0.51–0
PET 7 0.89 (0.59–0
EUS 12 0.40 (0.31–0
MRI 1 0.64

Note: ypT0N0 results are those for the detection of pathological complete res
detection of pathological complete response only in the tumor; and ypN0 results
lymph nodes.
CI, confidence interval; LR-positive, positive likelihood ratio, which is a direct es
change for patients with clinical complete response; CT, computed tomograp
magnetic resonance imaging.
Comparison with Other Studies
Our results are in agreement with those of other

reviews in establishing that PET-CT, CT, and EUS after
neoadjuvant therapy are not sensitive enough to detect
ypCR.13,78 Most recently, van Rossum et al.13 studied
EUS and FNA in predicting ypCR in a meta-analyses and
also found a very low sensitivity for EUS of 10.9%, even
when combined with FNA. Our results were not in
agreement with those of Westerterp et al.,12 who
showed that EUS and PET-CT seemed promising in
2005; however, this finding could not be confirmed in
our review including several newer studies with more
patients.
ue

(95% CI) Specificity (95% CI) LR-Positive (95% CI)

.60) 0.83 (0.71–0.91) 2.06 (1.05–3.07)

.73) 0.73 (0.64–0.81) 2.22 (1.66–2.98)

.92) 0.99 (0.81–1.00) 0.07 (–50.56 to 0.71)

.95) 0.83 (0.65–0.93) 4.64 (0.67–8.61)

.99) 0.96 (0.59–1.00) 17.32 (–45.57 to 80.22)

.76) 0.73 (0.60–0.82) 2.19 (1.46–2.92)

.19) 0.98 (0.93–0.99) 2.28 (–1.64 to 6.20)

.93) 0.45 (0.16–0.78) 1.44 (0.58–2.30)

.98) 0.50 (0.19–0.81) 1.79 (0.62–2.96)

.50) 0.60 (0.52–0.68) 1.01 (0.63–1.39)
0.79 3.05

ponse in the tumor and regional lymph nodes; ypT0 results are those for the
are those for the detection of pathological complete response in the regional

timate of how much the odds of detecting pathological complete response will
hy; PET, positron emission tomography; EUS, endoscopic ultrasound; MRI,



Table 3. Clinical relevance

Imaging Test
by Stage

yT0N0 yT0 yN0

CT PET EUS MRI CT PET EUS CT PET EUS

Median prevalence,
% (range)

30 (24–45) 23 (3–45) 27 (4–29) 25 (24–27) 38 (29–39) 39 (6–66) 26 (4–32) 69 (36–80) 58 (20–81) 57 (24–80)

True detection of
ypCR, TP, %

11 14 0 20 26 23 1 55 52 23

False detection of
ypCR, FP, %

12 21 1 13 2 16 1 17 21 17

Missed cases that
could avoid
surgery, FN, %

19 9 27 5 12 16 25 14 6 34

True detection of
residual disease,
TN, %

58 56 72 62 60 45 73 14 21 26

False ycCR rate,
1 – PPV, %

52 59 NA 39 9 42 53 24 30 43

Note: ypT0N0 results are those for the detection of pathological complete response in the tumor and regional lymph nodes; ypT0 results are those for the
detection of pathological complete response only in the tumor; and ypN0 results are those for the detection of pathological complete response in the regional
lymph nodes. TP results are those if patients with a ypCR were assigned as a ycCR. FP results are those if patients with no no ypCR were assigned as clinical
complete response ycCR. FN results are those if patients with pathological complete response (ypCR) were assigned as residual disease (no ycCR). TN result and
true detection of residual disease (no ypCR) were assigned as no clinical complete response (no ycCR).
CT, computed tomography; PET, positron emission tomography; EUS, endoscopic ultrasound; MRI, magnetic resonance imaging; ypCR, pathological complete
response; ycCR, clinical complete response; TP, true positive; FP, false-positive; FN, false-negative; TN, true negative; PPV, positive predictive value for a
pathological complete response; NA, not applicable.
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Clinical Implications
The most important issue in the development of

active surveillance strategies in esophageal cancer is
identification of the complete responders. This review
suggests that conventional imaging modalities such as
CT and EUS are at insufficient accuracy to reliably
select patients who might benefit from an active sur-
veillance approach. Recently, attempts have been made
to improve results by combining EUS with biopsies. In
a study by Heneghan et al.,14 the accuracy of PET-CT
and EUS with FNA after neoadjuvant chemo-
radiotherapy was studied in 138 patients. They
reported a lower sensitivity of predicting ypCR by PET-
CT combined with EUS and FNA (24%) than by PET-CT
(53%). In the preSANO trial, a second, deep biopsy
was performed at the same location as the first biopsy
(bite-on-bite biopsies). This resulted in a sensitivity of
72% and specificity of 77% to detect ypCR. Although
this seems a promising improvement, there is a risk of
unjustified omission of surgery in 16 out of 71 patients
without a ypCR. Our results show a comparable risk of
unjustified omission of surgery in patients without
ypCR based on CT (12% of all patients), PET-CT (21%),
and MRI (13%).

In the case of patients with recurrent localized but
not metastasized disease, salvage surgery might be an
option, but it is known to be associated with higher
postoperative morbidity.79 Furthermore, there is
currently insufficient evidence that active surveillance
will identify residual disease in an early stage. Cancer
biology might evolve during chemoradiotherapy, result-
ing not only in a chemoradiotherapy resistant residue
but possibly a more aggressive cancer. The ongoing,
phase 3, ESOSTRATE and SANO trial8,9 are comparing
watchful waiting versus standard surgery for patients
with ycCR and are of high interest to study the outcomes
of salvage surgery for patients with unjustified omission
of surgery.

Performing adequate restaging could also identify
patients with progressive disease before surgery,
thereby omitting noncurative surgery.80 These results
are not included in this review, but in 11% of patients
distant metastases were detected by PET-CT after neo-
adjuvant chemoradiotherapy. In such patients, restaging
with PET-CT prevents overtreatment while reducing
health care costs.10

Strength and Limitations
The main strengths of this review are the broad

search strategy and the large number of studies
included. The presented literature represents a detailed
overview of current imaging techniques that are used in
restaging esophageal cancer and summarizes the diag-
nostic accuracy of all imaging tests that are clinically
used in predicting ypCR after neoadjuvant therapy. Some
limitations should also be discussed. First, the criteria
used to define complete response in the included papers
varied widely. Some articles measured change in
maximal cross-sectional area before and after neo-
adjuvant therapy, whereas others defined ycCR by using
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more general response evaluation criteria.81 Therefore,
given this variability, point estimates of pooled results
should be interpreted cautiously and may not reflect an
exact measure of how a specific test will work when
implemented in a particular clinical setting. For PET-CT,
the response criteria (Positron Emission Tomography
Response Criteria in Solid Tumors), as proposed in 2009,
might solve this problem.43 However, only three out of
35 included PET-CT studies used these criteria. Second,
data of three of the included studies could be used in
more than one comparison in this review. Because these
results originated from the same study, they are prob-
ably not independent. Third, the prevalence of some of
the included studies was lower than the prevalence re-
ported in literature. This could lead to an overestimation
of the positive predictive value. Furthermore, in some of
the included studies, patients with distant disease were
excluded from the analysis because they had a contra-
indication for surgery. This could have led to an under-
estimation of the negative predictive value. Finally,
most of the included studies scored a moderate risk of
bias, mainly because it was unclear whether the radiol-
ogists reviewing the imaging test were unaware of the
pathology results. In general, the imaging test is
reviewed before surgery when the pathological results
are unknown, and therefore, a high risk of bias is not
expected.
Future Perspectives
On the basis of these results, there is a need for new,

innovative imaging techniques in the management of
esophageal cancer. Currently, promising new techniques
are being studied to predict ypCR more accurately,
including hybrid PET-MRI, ultrasmall supraparamagnetic
iron oxide particles–MRI (MRI with specific lymph node
contrast agent), and intraoperative fluorescence imag-
ing.82–84 Another possibility to improve diagnostic accu-
racy in predicting ypCR is to perform repetitive
measurements over time. Quantifying changes in image
features before and after neoadjuvant therapy, such as
apparent diffusion coefficient in MRI, perfusion in CT, or
SUV value in PET-CT, might also be effective, but few data
are available on clinical results for these image process-
ing techniques.

Another possible improvement is combining diag-
nostic modalities. In this review only three studies that
combined imaging tests were included, and these studies
showed unreliable results. Larger studies are needed to
evaluate the diagnostic value of multiple imaging modal-
ities. Furthermore, there is insufficient knowledge about
combining diagnostic results with clinical factors, initial
biopsies, liquid biopsies, and circulating tumor DNA.85
Conclusion
This review has provided detailed and systematically

analyzed results for predicting ypCR after neoadjuvant
therapy in patients with esophageal cancer. Current
imaging modalities such as CT, PET-CT, and EUS are unfit
to identify complete responders and the results should
be carefully interpreted.

Supplementary Data
Note: To access the supplementary material accompa-
nying this article, visit the online version of the Journal of
Thoracic Oncology at www.jto.org and at https://doi.
org/10.1016/j.jtho.2019.04.004.
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