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META-ANALYSIS
Accuracy of Detecting Residual Disease After Neoadjuvant
Chemoradiotherapy for Esophageal Cancer
and Meta-analysis
A Systematic Review
Ben M. Eyck, MD,� Barbera D. Onstenk, BSc,� Bo J. Noordman, MD, PhD,� Daan Nieboer, MSc,y
Manon C. W. Spaander, MD, PhD,z Roelf Valkema, MD, PhD,§ Sjoerd M. Lagarde, MD, PhD,�

Bas P. L. Wijnhoven, MD, PhD,� and J. Jan B. van Lanschot, MD, PhD�
Objective: The aim of this study was to perform a meta-analysis on the

accuracy of endoscopic biopsies, EUS, and 18F-FDG PET(-CT) for detecting

residual disease after neoadjuvant chemoradiotherapy (nCRT) for esophageal

cancer.

Summary of Background Data: After nCRT, one-third of patients have a

pathologically complete response in the resection specimen. Before an active

surveillance strategy could be offered to these patients, clinically complete

responders should be accurately identified.

Methods: Embase, Medline, Cochrane, and Web-of-Science were searched

until February 2018 for studies on accuracy of endoscopic biopsies, EUS, or

PET(-CT) for detecting locoregional residual disease after nCRT for squa-

mous cell- or adenocarcinoma. Pooled sensitivities and specificities were

calculated using random-effect meta-analyses.

Results: Forty-four studies were included for meta-analyses. For detecting

residual disease at the primary tumor site, 12 studies evaluated endoscopic

biopsies, 11 qualitative EUS, 14 qualitative PET, 8 quantitative PET using

maximum standardized uptake value (SUVmax), and 7 quantitative PET using

percentage reduction of SUVmax (%DSUVmax). Pooled sensitivities and

specificities were 33% and 95% for endoscopic biopsies, 96% and 8% for

qualitative EUS, 74% and 52% for qualitative PET, 69% and 72% for PET-

SUVmax, and 73% and 63% for PET-%DSUVmax. For detecting residual

nodal disease, 11 studies evaluated qualitative EUS with a pooled sensitivity
and specificity of 68% and 57%, respectively. In subgroup analyses,
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sensitivity of PET-%DSUVmax and EUS for nodal disease was higher in

squamous cell carcinoma than adenocarcinoma.

Conclusions: Current literature suggests insufficient accuracy of endoscopic

biopsies, EUS, and 18F-FDG PET(-CT) as single modalities for detecting

residual disease after nCRT for esophageal cancer.

Keywords: accuracy, endoscopic biopsies, esophageal cancer, EUS,

neoadjuvant chemoradiotherapy, PET, residual disease, restaging

(Ann Surg 2019;xx:xxx–xxx)
E sophageal cancer is an aggressive disease. Less than half of the
patients can be offered curative treatment at first presentation. To

improve survival and prognosis after surgery, the value of neo-
adjuvant treatment has been investigated extensively. After poten-
tially curative neoadjuvant chemoradiotherapy (nCRT) followed by
surgery, 5-year overall survival varies from 47% to 60%.1,2 After this
treatment, one-third of patients have a pathologically complete
response (pCR) in the resection specimen, defined as the absence
of viable tumor cells at the resected primary tumor site and in the
regional lymph nodes as determined by conventional histopatholog-
ical examination.1,2 These patients are perhaps unnecessarily
exposed to the risk of surgery, which includes perioperative mortality
rates of 1% to 5% in high volume centers, severe postoperative
morbidity, and a large impact on health-related quality of life.3,4

Therefore, the question arises whether a standard esophagectomy
after nCRT is necessary in all patients, or if patients can be identified
who might benefit from a postponed or even omitted resection.

Active surveillance after nCRT, in which patients undergo
frequent clinical examinations instead of standard esophagectomy,
has been proposed as a novel treatment option.5 In this organ-sparing
approach, surgical resection is offered only to patients with evidence
or high suspicion of locoregional recurrence after nCRT without
distant metastases. Only patients without signs of locoregional
residual disease and distant metastases after nCRT are eligible for
active surveillance. To identify patients with locoregional residual
disease after nCRT, the disease should be restaged during clinical
response evaluations (CREs). These CREs should distinguish
patients with locoregional residual and/or disseminated disease from
patients with a (near) complete response after nCRT. In current
clinical practice, endoscopic biopsies, endoscopic ultrasonography
(EUS), and 18F-fluoro-2-deoxy-D-glucose (18F-FDG) positron
emission tomography with or without computed tomography
(PET(-CT)) are used for pretreatment staging and for restaging
during CREs.

The aim of the present study was to provide a systematic
review and meta-analysis of the literature regarding the accuracy of
endoscopic biopsies, EUS and 18F-FDG PET(-CT) for detecting
residual disease after nCRT in potentially curable esophageal

cancer patients.

www.annalsofsurgery.com | 1

authorized reproduction of this article is prohibited.

http://www.annalsofsurgery.com/
mailto:b.eyck@erasmusmc.nl


CE: ; ANNSURG-D-18-02623; Total nos of Pages: 12;

ANNSURG-D-18-02623

Eyck et al Annals of Surgery � Volume XX, Number XX, Month 2019
METHODS

Literature Search
The protocol of this study was registered in the PROSPERO

database (CRD42018116649) and the study was performed accord-
ing to the PRISMA-guidelines for systematic reviews and meta-
analyses.6,7 A systematic literature search was performed by a Health
Sciences librarian with expertise in systematic review searching to
identify studies that reported on the accuracy of endoscopic biopsy,
EUS, and/or PET(-CT) for detection of residual disease after nCRT
for esophageal or esophagogastric junctional cancer. The literature
search was limited to English language and human studies. Embase,
Medline, Cochrane Central libraries, and Web-of-Science were
searched until February 2018. The full search strategy is presented
in Supplementary Table 1, http://links.lww.com/SLA/B663. Refer-
ences of included studies and reviews of similar subjects were
screened for relevance.

Study Selection
Studies were considered eligible if (1) the study population

consisted of patients with adenocarcinoma or squamous cell carci-
noma of the esophagus or esophago-gastric junction; (2) endoscopic
biopsy, EUS, and/or 18F FDG PET(-CT) were investigated; (3) the
index tests evaluated detection of residual disease after nCRT at the
primary tumor site or in regional lymph nodes; (4) histopathological
examination of the surgical resection specimen was used as reference
standard; and (5) the study contained sufficient data for construction
of a 2 � 2 contingency table. If studies had insufficient data to
construct 2 � 2 contingency tables, corresponding authors of each
study were contacted by email �3 times to provide missing or
incomplete data. Studies written in other languages than English,
conference abstracts, letters to the editor, editorials, reviews, and
studies including<10 patients were excluded. Also, studies reporting
on cervical esophageal cancer only were excluded because the
current standard of care with curative intent for these tumors is
definitive chemoradiotherapy.

The results of the literature search were collected and man-
aged in EndNote reference management software version X7.5
(Thomas Reuters, New York, NY). Records were deduplicated. If
duplicates were found during the formal screening process, the
record that was published earliest was included. Titles and abstracts
were independently evaluated by 2 authors (BE and BO). Potentially
relevant reports were screened independently on full text by the same
authors. Discrepancies were resolved by consensus discussion. In
case of disagreement, a third author (BN) gave a binding verdict.

Data Extraction
Data were extracted by 2 authors (BE and BO) and recorded in

predefined data-extraction forms. Study, patient, and test character-
istics for each diagnostic modality were extracted from the selected
studies. Values of true-positives (TP), false-positives (FP), true-
negatives (TN), and false-negatives (FN) were extracted from each
study or from additional data provided by the authors to construct 2�
2 contingency tables. If studies investigated multiple threshold for
one index test modality, TP, FP, TN, and FN values produced by the
optimal cutoff were chosen for data extraction. For data comparison,
pathological response criteria were equated. Studies that used path-
ological response criteria similar to pathologically complete versus
incomplete response were redefined, that is, percentage viable tumor
cells (0% vs >0%), American Joint Committee on Cancer TNM
stage (T0 vs Tþ, N0 vs Nþ, and T0N0 vs TþNþ), Mandard and
modified Mandard classifications of tumor regression grade (TRG1

vsTRG2–4), Japanese Esophageal Society response evaluation
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criteria (grade 3 vs grade 0–2), histomorphologic regression grading
according to Schneider (grade IV vs grade I–III), WHO and RECIST
criteria (complete response vs noncomplete response).8–14 Likewise,
studies that could be categorized as<10% versus>10% and<33.3%
versus >33.3% residual disease were redefined as such.

Quality Assessment
The quality of the included studies was independently

appraised by 2 authors (BE and BO) according to the revised Quality
Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool.15

Disagreements were resolved by consensus discussion. The QUA-
DAS-2 tool assesses risk of bias regarding 4 key domains: patient
selection, index test, reference standard, and flow and timing. Some
adjustments were made. Regarding patient selection, the use of
induction chemotherapy before concurrent chemoradiotherapy was
considered as low risk of bias. In the domain of the index test, the use
of non-prespecified thresholds was considered as high risk of bias if
these thresholds had not been validated previously. The use of
dichotomous outcome measures or validated thresholds was not
considered as a risk of bias if not prespecified. Knowledge of the
outcome of the reference standard was only considered as a risk of
bias when the index test results were reviewed after notification of
pathology of the resection specimen. Regarding the reference stan-
dard, pathological examination without blinding for the index test
was not considered as a potential risk of bias because pathological
examination is mainly an independent procedure. In the domain
of flow and timing, a time interval between index test and surgery
of >4 weeks was considered a high risk of bias because a longer
interval increases the probability of a varying index test and
pathology outcome.

Statistical Analysis
For individual studies, sensitivity and specificity along with

95% confidence intervals for distinguishing patients with residual
disease from patients with pathologically complete response were
calculated from TP, FP, TN, and FN and were displayed in forest plots
generated with RevMan version 5.3 (The Cochrane Collaboration).
Sensitivity was defined as the percentage of patients with residual
disease after nCRT who are correctly identified as such.

Random-effect meta-analyses were performed for index test
modalities that were evaluated by a minimum of 4 studies and used
pathologically complete response (pCR) as pathological response
criterion. Summary data were presented in summary receiver-oper-
ating characteristic (SROC) plots. The hierarchical summary
receiver-operating characteristic (HSROC) model was used to pro-
duce SROC curves. The bivariate model was used to generate
summary operating points, along with 95% confidence regions
and 95% prediction regions. The summary operating point reflected
pooled sensitivity and specificity of an index test. Precision of the
summary operating point was visualized by a 95% confidence region,
which showed the variability for the pooled sensitivity and specific-
ity. Lower variability represented a higher reliability for the index
test in identifying residual disease. Between-study heterogeneity was
visualized by the 95% prediction region.16,17 The existence of
between-study heterogeneity was primarily assessed through visu-
ally inspecting forest plots for the degree of overlapping confidence
intervals. The extent of heterogeneity was assessed by visual inspec-
tion of 95% prediction regions in SROC plots, where high heteroge-
neity was depicted by larger 95% prediction regions than 95%
confidence regions. Positive predictive value (PPV) and negative
predictive value (NPV) were computed from pooled sensitivities and
specificities and a representative prevalence of the target condition.

1,2
After nCRT approximately one-third of patients have pCR.
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FIGURE 1. Flowchart summarizing search results and study selection.
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FIGURE 2. Forest plots demonstrating sensitivities and specificities from individual studies included in quantitative synthesis.
%DSUVmax indicates percentage reduction of SUVmax; ClinRC, clinical response criterion; EUS, endoscopic ultrasonography;
mCR, metabolically complete response; N, lymph nodes; N/A, not applicable; PathRC, pathological response criterion; pCR,
pathologically complete response; PET(-CT), positron emission tomography with or without computed tomography; SUVmax,
maximum standardized uptake value; T, primary tumor; uN0, ultrasonographic nodal stage 0; uT0, ultrasonographic tumor stage 0.
(A) Studies evaluating endoscopic biopsies. (B) Studies evaluating EUS. (C) Studies evaluating PET(-CT).
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had no significant impact on diagnostic performance (Table 2A).

Annals of Surgery � Volume XX, Number XX, Month 2019 Detecting Residual Esophageal Cancer After nCRT
Therefore, PPV and NPV were calculated with a prevalence of 66%
for having residual esophageal cancer after nCRT.

Subgroup analyses were performed to investigate sources of
heterogeneity (histology, definition of pCR, PET imaging technique,
and cutoff of quantitative PET parameters) by extending bivariate
models with covariates for both logit sensitivity and logit specificity.
Two-sided statistical significance level was set at P < 0.050.
Statistical analyses were performed in STATA version 15.1 (Stata-
Corp LLC, College Station, TX) and were performed in accordance
with the Cochrane Handbook for Diagnostic Test Accuracy Meta-
Analysis.18 Further explanation of statistical analysis is provided in
Supplementary information 1, http://links.lww.com/SLA/B663.

RESULTS

Eligible Studies
The systematic literature search identified 4130 records after

deduplication. The inclusion criteria were met by title and abstract in
258 records. After full-text review, 65 articles comprising one or
more index tests of interest were included for qualitative analysis
(Fig. 1).19–83 Endoscopic biopsies were evaluated by 13 articles,
EUS was evaluated by 16 articles, and PET(-CT) by 40 articles.
Twenty-one studies were excluded from quantitative synthesis
because a pathological response criterion other than pCR was used
or because <4 studies were included that evaluated the same index
test or the same combination of index tests. Data of studies
excluded from quantitative synthesis are shown in Supplementary
Information 2 and 3, Supplementary Tables 2–5 and Supplementary
Figures 1 and 2, http://links.lww.com/SLA/B663. Forty-four studies
were included for quantitative synthesis, comprising 6 index test
modalities.19–21,23,24,27,28,30,32–38,40–43,45–51,55–63,67,68,71,72,76,80–83

Endoscopy With Biopsies
Twelve studies comprising a total of 1328 patients evaluated

endoscopic biopsies for detecting any residual disease at the primary
tumor site as positive biopsy versus negative biopsies (Supplementary
Table 2, http://links.lww.com/SLA/B663).20,30,32,45,46,48,57,61,63,68,71,72

Three out of 12 studies were prospective studies.46,48,71 Patients’
median age ranged from 50 to 63 years, the majority was male
(89.3%), and more than half had squamous cell carcinoma (55.7%).
Patients received concurrent nCRT with a total radiation dose ranging
from 30 to 50.4 Gy. Chemotherapy regimens were based on a
fluoropyrimidine with a platinum compound in 11 of 12 studies.
Intervals between the end of nCRT and endoscopy with biopsies
ranged from 7 to 42 days and intervals from endoscopy with biopsies
to surgery ranged from <10 days to 42 days. Only 2 of 12 studies
reported on the number of biopsies that were taken, which had a
median of 4 biopsies.71,72 Locations of biopsies were not reported.
High risk of bias was present in 6 studies that evaluated endoscopy with
biopsies. 45,57,61,63,68,71 One of these studies had a high risk of bias in 2
domains (Supplementary Information 2, Supplementary Figure 1A,
http://links.lww.com/SLA/B663).63

Sensitivity and specificity of positive versus negative biopsies
to detect any residual disease at the primary tumor site ranged from
0.11 to 0.59 and from 0.77 to 1.00, respectively (Fig. 2A). The
summary operating point consisted of a pooled sensitivity of 0.33
(95% CI, 0.24–0.43) and a pooled specificity of 0.95 (95% CI, 0.88–
0.98) (Fig. 3A, Table 1). There was a higher variability for sensitivity
than for specificity. The forest plot (Fig. 2A) and the 95% prediction
region in the SROC plot (Fig. 3A) demonstrated substantial hetero-
geneity between studies. Computed PPV was 0.92 (95% CI, 0.83–
0.97) and NPV was 0.42 (95% CI, 0.39–0.45) (Table 1). For studies
evaluating endoscopic biopsies for detecting any residual disease at

the primary tumor site, histology (>80% adenocarcinoma vs >80%
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squamous cell carcinoma) and definition of pCR (ypT0 vs ypT0N0)
EUS
For EUS, 13 studies were included in quantitative

synthesis (Supplementary Table 3, http://links.lww.com/SLA/
B663).19,23,24,34,35,37,38,45,51,71,80,81,83 Of these, 11 studies comprising
a total of 563 patients evaluated qualitative EUS for residual disease
at the primary tumor site.23,24,34,37,38,45,51,71,80,81,83 Another 11 stud-
ies comprising a total of 629 patients evaluated qualitative EUS for
regional lymph nodes. 19,23,24,34,35,38,45,51,80,81,83 Three out of 13
studies were prospective studies.51,71,80 Patients’ median age ranged
from 55 to 62 years, the majority was male (86.0%), and less than
half had squamous cell carcinoma (42.8%). Patients received con-
current nCRT with a total radiation dose ranging from 30 to 50.4 Gy.
Chemotherapy regimens were based on a fluoropyrimidine with a
platinum compound in 10 of 13 studies. Intervals between the end of
nCRT and EUS ranged from <14 days to 42 days and intervals from
EUS to surgery ranged from 6 to 22 days. Six of 11 studies that
evaluated EUS for regional lymph nodes reported on whether or not
fine-needle aspiration (FNA) was used.23,35,45,80,81,83 Of these, only
one used FNA for cytological confirmation of positive lymph nodes.35

High risk of bias was present in 7 studies that evaluated EUS for the
primary tumor site, 24,37,38,45,51,71,83 and in 7 studies that evaluated
EUS for regional lymph nodes.23,24,35,38,45,51,83 None of these had a
high risk of bias in more than one domain (Supplementary Information
2, Supplementary Figure 1B, http://links.lww.com/SLA/B663).

Sensitivity and specificity of qualitative EUS uTþ versus uT0
for detecting any residual disease at the primary tumor site ranged
from 0.55 to 1.00 and from 0.00 to 0.56, respectively (Fig. 2B). The
summary operating point consisted of a pooled sensitivity of 0.96
(95% CI, 0.89–0.99) and a pooled specificity of 0.08 (95% CI, 0.03–
0.24) (Fig. 3B, Table 1). There was a slightly higher variability for
specificity than for sensitivity. The forest plot (Fig. 2B) and the 95%
prediction region in the SROC plot (Fig. 3B) demonstrated substan-
tial heterogeneity between studies. Computed PPV was 0.67 (95%
CI, 0.65–0.70) and NPV was 0.51 (95% CI, 0.19–0.85) (Table 1).
Sensitivity and specificity of qualitative EUS uNþ versus uN0 for
detecting any residual nodal disease ranged from 0.26 to 0.94 and
from 0.23 to 1.00, respectively (Fig. 2C). The summary operating
point consisted of a pooled sensitivity of 0.68 (95% CI, 0.54–0.80)
and a pooled specificity of 0.57 (95% CI, 0.43–0.70) (Fig. 3C,
Table 1). Variability for sensitivity and specificity was comparable.
The forest plot (Fig. 2C) and the 95% prediction region in the SROC
plot (Fig. 3C) demonstrated substantial heterogeneity between stud-
ies. Computed PPV was 0.75 (95% CI, 0.71–0.79) and NPV was 0.48
(95% CI, 0.41–0.55) (Table 1). For studies evaluating qualitative
EUS for residual nodal disease, histology had a significant impact on
sensitivity (P ¼ 0.0138) (Table 2B). Sensitivity was 0.52 (95% CI,
0.35–0.69) for studies including >80% adenocarcinoma versus 0.81
(95% CI, 0.67–0.90) for studies including >80% squamous cell
carcinoma. Corresponding specificities were 0.68 (95% CI, 0.50–
0.82) for studies including >80% adenocarcinoma versus 0.52 (95%
CI, 0.23–0.79) for studies including >80% squamous cell carci-
noma, but did not significantly differ (P ¼ 0.2301). For studies
evaluating qualitative EUS for the primary tumor site, histology had
no significant impact on diagnostic performance.

PET(-CT)
For PET(-CT), 24 studies were included in quantitative

synthesis (Supplementary Table 4, http://links.lww.com/SLA/
B663).20,21,27,28,33,36,40–43,47–50,55,56,58–60,62,67,76,81,82 Of these, 14

studies comprising a total of 1213 patients evaluated qualitative

www.annalsofsurgery.com | 5

authorized reproduction of this article is prohibited.

http://links.lww.com/SLA/B663
http://links.lww.com/SLA/B663
http://links.lww.com/SLA/B663
http://links.lww.com/SLA/B663
http://links.lww.com/SLA/B663
http://links.lww.com/SLA/B663
http://links.lww.com/SLA/B663
http://links.lww.com/SLA/B663
http://links.lww.com/SLA/B663


CE: ; ANNSURG-D-18-02623; Total nos of Pages: 12;

ANNSURG-D-18-02623

FIGURE 3. Summary receiver operating characteristic (SROC) plots demonstrating the diagnostic performance of index tests. The
grey circles represent the individual studies and sizes. Summary operating points (red block) along with 95% confidence regions
(orange dotted lines) are added to the SROC plots to reflect average observed accuracy and 95% prediction regions (grey dotted
lines) are added to demonstrate between-study heterogeneity. The continuous green line presents the SROC curve. %DSUVmax
indicates percentage reduction of SUVmax; EUS, endoscopic ultrasonography; mCR, metabolically complete response; pCR,
pathologically complete response; PET(-CT), positron emission tomography with or without computed tomography; SUVmax,
maximum standardized uptake value; uN0, ultrasonographic nodal stage 0; uT0, ultrasonographic tumor stage 0. (A) SROC of
endoscopic biopsies evaluating the primary tumor site using negative biopsies as clinical response criterion and pCR as pathological
response criterion. (B) SROC of EUS evaluating the primary tumor site using uT0 as clinical response criterion and pCR as
pathological response criterion. (C) SROC of EUS evaluating lymph nodes using uN0 as clinical response criterion and pCR as
pathological response criterion. (D) SROC of PET(-CT) evaluating the primary tumor site using mCR as clinical response criterion and
pCR as pathological response criterion. (E) SROC of PET(-CT) evaluating the primary tumor site using SUVmax < cutoff as clinical
response criterion and pCR as pathological response criterion. (F) SROC of PET(-CT) evaluating the primary tumor site using
%DSUVmax > cutoff as clinical response criterion and pCR as pathological response criterion.
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TABLE 1. Summary Diagnostic Performance of Studies Included in Quantitative Synthesis

Index Test Region ClinRC PathRC

Median
Cutoff
(range)

No.
Studies

Summary
Sensitivity
(95% CI)

Summary
Specificity
(95% CI)

Computed
PPV�

Computed
NPV�

Endoscopic
biopsies

T Biopsies
negative

pCR N/A 12 0.33
(0.24–0.43)

0.95
(0.88–0.98)

0.92
(0.83–0.97)

0.42
(0.39–0.45)

EUS T uT0 pCR N/A 11 0.96
(0.89–0.99)

0.08
(0.03–0.24)

0.67
(0.65–0.70)

0.51
(0.19–0.85)

EUS N uN0 pCR N/A 11 0.68
(0.54–0.80)

0.57
(0.43–0.70)

0.75
(0.71–0.79)

0.48
(0.41–0.55)

PET(-CT) T mCR pCR N/A 14 0.74
(0.68–0.79)

0.52
(0.44–0.60)

0.75
(0.70–0.79)

0.51
(0.43–0.58)

PET(-CT) T SUVmax <
cutoff

pCR 2.7
(2.25–6)

8 0.69
(0.64–0.74)

0.72
(0.64–0.78)

0.83
(0.79–0.86)

0.55
(0.50–0.60)

PET(-CT) T %DSUVmax >
cutoff

pCR 72.3%
(52%–79.3%)

7 0.73
(0.57–0.85)

0.63
(0.51–0.74)

0.79
(0.74–0.84)

0.55
(0.42–0.67)

%DSUVmax indicates percentage reduction of SUVmax; ClinRC, clinical response criterion; EUS, endoscopic ultrasound; mCR, metabolically complete response; N, lymph
nodes; N/A, not applicable; NPV, negative predictive value; PathRC, pathological response criterion; pCR, pathologically complete response; PET(-CT), positron emission tomography
with or without computed tomography; PPV, positive predictive value; SUVmax, maximum standardized uptake value; T, primary tumor; uN0, ultrasonographic nodal stage 0; uT0,
ultrasonographic tumor stage 0.

�PPV and NPV were computed with the summary sensitivity, summary specificity and a prevalence of 66% for having residual disease after nCRT.
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PET as metabolically non-complete response versus metabolically
complete response (mCR) for residual disease at the primary
tumor site.20,21,33,36,41,48–50,55,56,60,62,76,81 Another 8 studies com-
prising a total of 430 patients evaluated quantitative PET for the
primary tumor site by using maximum standardized uptake value
(SUVmax),27,33,40,42,47,59,67,82 and 7 studies comprising a total
of 511 patients by using percentage reduction of SUVmax
(%DSUVmax).28,33,40,43,58,62,67 Four out of 24 studies were prospec-
tive.27,33,36,48 Patients’ median age ranged from 55 to 67 years, the
majority was male (83.7%) and less than half had squamous cell
carcinoma (48.8%). Patients received concurrent nCRT with a total
radiation dose ranging from 36 to 50.4 Gy. Chemotherapy regimens
were based on a fluoropyrimidine with a platinum compound in 21 of
24 studies. Intervals between the end of nCRT and PET ranged from
14 to 52 days and intervals from PET to surgery ranged from 2 to 42
days. For studies evaluating SUVmax, the median cutoff was 2.7
(range 2.25–6.0). For %DSUVmax, median cutoff was 72.3% (range
52%–79.3%). High risk of bias was present in 7 studies that
evaluated qualitative PET.20,21,33,50,55,56,60 Two of these studies
had a risk of bias in 2 domains.33,50 High risk of bias was
present in 7 studies that evaluated PET-SUVmax.27,33,40,42,47,67,82

Four of these studies had a risk of bias in �2 domains.27,33,67,82

High risk of bias was present in 4 studies that evaluated
PET-%DSUVmax.28,33,40,67 Three of these studies had a risk of bias
in 2 domains (Supplementary Information 2, Supplementary
Figure 1C, http://links.lww.com/SLA/B663).28,33,67

Sensitivity and specificity of qualitative PET metabolically
noncomplete response versus mCR for detecting any residual disease
at the primary tumor site ranged from 0.42 to 0.93 and from 0.14 to
0.78, respectively (Fig. 2D). The summary operating point consisted
of a pooled sensitivity of 0.74 (95% CI, 0.68–0.79) and a pooled
specificity of 0.52 (95% CI, 0.44–0.60) (Fig. 3D, Table 1). There was
a higher variability for specificity than for sensitivity. The forest plot
(Fig. 2D) and the 95% prediction region in the SROC plot (Fig. 3D)
demonstrated substantial heterogeneity between studies. Computed
PPV was 0.75 (95% CI, 0.70–0.79) and NPV was 0.51 (95% CI,
0.43–0.58) (Table 1). Sensitivity and specificity of quantitative PET-
SUVmax for detecting any residual disease at the primary tumor site
ranged from 0.62 to 0.80 and from 0.25 to 0.86, respectively
(Fig. 2D). Cutoffs ranged from 2.5 to 6.0. The summary operating

point consisted of a pooled sensitivity of 0.69 (95% CI, 0.64–0.74)
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and a pooled specificity of 0.72 (95% CI, 0.64–0.78) (Fig. 3E,
Table 1). Variability for sensitivity and specificity was comparably
low. Besides the outlying specificity of Kim et al, the forest plot
demonstrated low heterogeneity between studies (Fig. 2D).47 The
low heterogeneity leads to identical 95% confidence and 95%
prediction regions. Computed PPV was 0.83 (95% CI, 0.79–0.86)
and NPV was 0.55 (95% CI, 0.50–0.60) (Table 1). Sensitivity and
specificity of quantitative PET-%DSUVmax for detecting residual
disease at the primary tumor site ranged from 0.42 to 0.94 and from
0.32 to 0.81, respectively (Fig. 2D). Cutoffs ranged from 52% to
79.3%. The summary operating point consisted of a pooled sensitiv-
ity of 0.73 (95% CI, 0.57–0.85) and a pooled specificity of 0.63 (95%
CI, 0.51–0.74) (Fig. 3F, Table 1). Variability was higher for sensi-
tivity than for specificity. The forest plot (Fig. 2D) and the 95%
prediction region in the SROC plot (Fig. 3F) demonstrated substan-
tial heterogeneity between studies. Computed PPV was 0.79 (95%
CI, 0.74–0.84) and NPV was 0.55 (95% CI, 0.42–0.67) (Table 1).
For studies evaluating quantitative PET-%DSUVmax for detecting
any residual disease at the primary tumor site, histology had a
significant impact on sensitivity (P¼ 0.0403) (Table 2C). Sensitivity
was 0.43 (95% CI, 0.34–0.51) for studies including >80% adeno-
carcinoma versus 0.80 (95% CI, 0.64–0.90) for studies including
>80% squamous cell carcinoma. Corresponding specificities were
0.58 (95% CI, 0.40–0.74) for studies including >80% adenocarci-
noma versus 0.57 (95% CI, 0.44–0.70) for studies including >80%
squamous cell carcinoma, but did not significantly differ (P ¼
0.9662). For the other PET modalities, subgroups had no significant
impact on diagnostic performance.

DISCUSSION

This systematic review and meta-analysis suggest that endo-
scopic biopsies, qualitative EUS, qualitative PET(-CT), and quan-
titative PET(-CT) with SUVmax or %DSUVmax as single
modalities can correctly identify residual esophageal cancer at
the primary tumor site after nCRT with summary sensitivities of
33%, 96%, 74%, 69%, and 73%, respectively. Corresponding sum-
mary specificities for correctly identifying a complete response
were 95%, 8%, 52%, 72%, and 63%, respectively. Qualitative EUS
can correctly identify residual nodal disease after nCRT with a
sensitivity of 68% and can identify complete response with a

specificity of 57%.
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TABLE 2. Results From Study-level Subgroup Analyses

A. Studies Evaluating Endoscopic Biopsies

Region ClinRC PathRC Parameter Category N
P Value for

Global Effect
Sensitivity
(95% CI) P

Specificity
(95% CI) P

T Biopsies
negative

pCR Histology >80% AC 4 0.0129 0.25 (0.15–
0.40)

0.3315 0.91 (0.81–
0.96)

0.1847

>80% SCC 6 0.36 (0.24–
0.52)

0.99 (0.72–
1.00)

Definition of
pCR

ypT0 6 0.5590 0.32 (0.18–
0.50)

0.2841 0.94 (0.84–
0.98)

0.7766

ypT0N0 2 0.20 (0.07–
0.44)

0.97 (0.69–
1.00)

B. Studies Evaluating EUS

Region ClinRC PathRC Parameter Category N
P Value for

Global Effect
Sensitivity
(95% CI) P

Specificity
(95% CI) P

T uT0 pCR Histology >80% AC 2 0.0098 0.88 (0.71–
0.95)

0.0708 0.04 (0.01–
0.20)

0.3082

>80% SCC 3 0.98 (0.90–
1.00)

0.18 (0.05–
0.49)

Definition of pCR ypT0 11 N/A 0.96 (0.89–
0.99)

N/A 0.08 (0.03–
0.24)

N/A

ypT0N0 0 N/A N/A
N uN0 pCR Histology >80% AC 4 0.0456 0.52 (0.35–

0.69)
0.0138 0.68 (0.50–

0.82)
0.2301

>80% SCC 3 0.81 (0.67–
0.90)

0.52 (0.23–
0.79)

Definition of pCR ypN0 11 N/A 0.68 (0.54–
0.80)

N/A 0.57 (0.43–
0.70)

N/A

ypT0N0 0 N/A N/A

C. Studies Evaluating PET (-CT)

Region ClinRC PathRC Parameter Category N
P Value for

Global Effect
Sensitivity
(95% CI) P

Specificity
(95% CI) P

T mCR pCR Histology >80% AC 4 0.0540 0.61 (0.47–
0.74)

0.5848 0.56 (0.42–
0.69)

0.1954

>80% SCC 4 0.76 (0.62–
0.86)

0.38 (0.25–
0.54)

Definition of
pCR

ypT0 3 0.3917 0.76 (0.51–
0.90)

0.5042 0.63 (0.49–
0.75)

0.2423

ypT0N0 6 0.77 (0.72–
0.82)

0.46 (0.26–
0.67)

Imaging
technique

PET 3 0.1839 0.86 (0.77–
0.92)

0.0662 0.49 (0.26–
0.72)

0.5434

PET-CT 9 0.70 (0.58–
0.79)

0.53 (0.42–
0.65)

T SUVmax <
cutoff

pCR Histology >90% AC 0 N/A N/A N/A N/A N/A

>90% SCC 6 0.69 (0.64–
0.74)

0.72 (0.64–
0.78)

Definition of
pCR

ypT0 5 0.4660 0.71 (0.61–
0.80)

0.8145 0.77 (0.66–
0.85)

0.2224

ypT0N0 2 0.69 (0.58–
0.78)

0.66 (0.50–
0.79)

Imaging
technique

PET 0 N/A N/A N/A N/A N/A

PET-CT 7 0.69 (0.63–
0.75)

0.71 (0.64–
0.78)

T %DSUVmax
> cutoff

pCR Histology >80% AC 1 0.0460 0.43 (0.34–
0.51)

0.0403 0.58 (0.40–
0.74)

0.9662

>80% SCC 5 0.80 (0.64–
0.90)

0.57 (0.44–
0.70)

Definition of
pCR

ypT0 2 0.7072 0.74 (0.58–
0.85)

0.6514 0.64 (0.53–
0.73)

0.9131

ypT0N0 2 0.76 (0.60–
0.87)

0.66 (0.43–
0.83)
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TABLE 2. (Continued)

C. Studies Evaluating PET (-CT)

Region ClinRC PathRC Parameter Category N
P Value for

Global Effect
Sensitivity
(95% CI) P

Specificity
(95% CI) P

Imaging
technique

PET 0 N/A N/A N/A N/A N/A

PET-CT 5 0.70 (0.52–
0.83)

0.63 (0.50–
0.74)

%DSUVmax indicates percentage reduction of SUVmax; ClinRC, clinical response criterion; EUS, endoscopic ultrasound; mCR, metabolically complete response; N, lymph
nodes; N/A, not applicable; PathRC, pathological response criterion; pCR, pathologically complete response; PET, positron emission tomography with or without computed
tomography; SUVmax, maximum standardized uptake value; T, primary tumor; uN0, ultrasonographic nodal stage 0; uT0, ultrasonographic tumor stage 0.
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In the light of an active surveillance strategy, sensitivity is an
important diagnostic parameter because FN results cause delay in
detecting residual disease. This delay allows for tumor growth and
potential distant dissemination, jeopardizing oncological safety.
However, corresponding specificity has its importance as well. As
the number of FP increases and therewith specificity decreases, more
patients will be incorrectly classified as having residual disease.
Consequently, patients in an active surveillance program might be
unnecessarily exposed to operative risks. Considering this, endo-
scopic biopsies, EUS, qualitative PET(-CT), and quantitative PET(-
CT) with SUVmax or %DSUVmax seem insufficiently accurate for
individually detecting residual disease at the primary tumor site after
nCRT. EUS with uN0 as clinical response criterion seems also
insufficiently accurate for detecting residual nodal disease.

For the quantitative synthesis in this study, only studies using
pathologically complete response as pathological response criterion
were included, which reflected the actual accuracy of index tests.
However, it is debatable how accurate index tests should be to safely
perform an active surveillance strategy. Although ideally the smallest
amount of residual disease should be detected, microscopic residue is
often missed during preoperative clinical response evaluations in
current clinical practice. Yet, existing studies show no decline in
oncological outcome for patients who underwent active surveillance
with similar diagnostic tests (ie, endoscopic biopsies and PET(-CT)
instead of standard esophagectomy after nCRT).84,85 This might be
explained by regrowth of microscopic residual disease to a detectable
and still resectable amount of tumor during active surveillance,
resulting in oncological outcomes similar to immediate resection.
Consequently, patients might undergo postponed radical resection
with comparable oncological outcomes. Moreover, the known
decrease in health-related quality of life after esophagectomy as
well as high postoperative morbidity and mortality rates should be
taken into account when considering an active surveillance strategy.
A discrete choice experiment showed that in a hypothetical situation
patients with esophageal cancer are willing to trade off 16% 5-year
overall survival to reduce the risk of an esophagectomy from 100%
(standard surgical treatment after nCRT) to 35% (active surveillance
in case of cCR after nCRT). Moreover, it should be taken into
consideration whether patients have squamous cell carcinoma or
adenocarcinoma. After primary surgery, patients with squamous cell
carcinoma have a higher risk of locoregional recurrence than patients
with adenocarcinoma. This might suggest that the level of error for
detecting residual disease in patients with squamous cell carcinoma
should be lower. On the contrary, squamous cell carcinoma tends to
respond better to nCRT than adenocarcinoma, resulting in compara-
ble locoregional recurrence rates if patients are treated with nCRT
followed by surgery.86 For example, pCR rate for patients receiving
nCRT according to the CROSS regimen is 23% for adenocarcinoma
compared with 49% for squamous cell carcinoma.87 These patients

with squamous cell carcinoma might benefit more from an
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organ-preserving strategy than patients with adenocarcinoma. More-
over, after nCRT for squamous cell carcinoma less patients have
TRG3–4 residual tumor. It could, therefore, be argued that the level
of error for missing TRG3–4 residual tumor can be higher for
patients with squamous cell carcinoma. Providing an exact level
of error for detecting residual disease after nCRT has disadvantages
because there are many factors that have to be taken into consider-
ation. Only well-designed prospective trials that compare immediate
surgery with active surveillance for patients with cCR after nCRT
that take all these issues into account can provide more evidence on
the acceptable level of error for this complex concept.

For endoscopic biopsies, EUS and PET(-CT), respectively, 1,
6, and 23 clinical response criteria were excluded from quantitative
syntheses. Interestingly, some studies excluded from quantitative
synthesis show promising results. One study quantified EUS meas-
urements as maximum tumor thickness after nCRT (yMTT).44

Although feasibility has yet to be confirmed, this method showed
a favorable sensitivity (0.86) and specificity (0.64). The ratio of
maximum tumor thickness after and before nCRT (yMTT/MTT) also
showed favorable sensitivity (0.79) and specificity (0.82).44 Also,
several quantitative PET measurements showed promising results.
Percentage decrease in tumor length (sensitivity of 0.92 and speci-
ficity of 0.90), percentage reduction of standardized uptake value of
tumor volume (sensitivity of 0.70 and specificity of 0.95), percentage
reduction of PET area (sensitivity of 0.93 and specificity of 0.68),
percentage reduction of standardized uptake value of tumor area
(sensitivity of 1.00 and specificity of 0.68), percentage reduction of
tumor diameter (sensitivity of 0.89 and specificity of 0.91), and
percentage reduction of diameter multiplied by standardized uptake
value of tumor area with cutoff 56% (sensitivity of 0.93 and 0.91) all
showed good accuracy. However, results should be confirmed
because these studies were performed in one hospital with over-
lapping cohorts.64–66 Moreover, combining index test modalities to
obtain an optimal set for response evaluation can improve diagnostic
accuracy.39,48,53

Several limitations were present in the included studies.
According to the QUADAS-2 tool, most studies were of low quality.
The majority was retrospectively designed and had insufficient
statistical power. Furthermore, most studies did not determine the
optimal combination of tests for response evaluation, but investigated
index tests separately. Also, the clinical investigations had not been
aimed to detect residual disease for distinguishing between patients
who might benefit from active surveillance and patients who might
not. Because of this lack of clinical focus of the clinical operator,
accuracy may not have been optimal for response evaluations for a
future active surveillance strategy.

The present study also has several limitations. First, substan-
tial between-study heterogeneity existed. Studies included in the
meta-analyses comprised many variables, which have led to a wide

range of sensitivity and specificity values. Interpreting the pooled
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data with wide confidence intervals should therefore be done with
caution. Second, the majority of the studies included in the qualita-
tive analysis and all of the studies included in the quantitative
synthesis investigated a single modality. To identify patients with
residual disease after nCRT, a combination of modalities would
probably have better diagnostic performance. Moreover, because
most studies investigated a single modality, between-study hetero-
geneity is potentially greater which could complicate comparison of
modalities. Third, studies of low quality based on the QUADAS-2
were not excluded because well-designed, sufficiently powered,
prospective studies on this topic are scarce. Fourth, different histo-
logical subtypes and a wide range of tumor and nodal stages were
initially analyzed together. It has been shown that patients with
squamous cell carcinoma tend to respond better to nCRT than
patients with adenocarcinoma, making residual disease less likely.87

Moreover, patients with lower T and N stages have a higher chance of
having pCR. In contrast to positive and negative predictive values,
however, sensitivity and specificity are not influenced by prevalence
of disease. Subgroup analyses were performed on histological sub-
types (>80% adenocarcinoma vs>80% squamous cell carcinoma) to
investigate heterogeneity on study level. Sensitivity values of EUS
for detecting residual nodal disease and of PET-%DSUVmax for
detecting any residual disease at the primary tumor were better for
squamous cell carcinoma than for adenocarcinoma. This suggests
that histology might have had a significant impact on diagnostic
performance for studies evaluating these diagnostic tests. Fifth,
studies with different definitions for discriminating pathological
responders from nonresponders were included. Most studies used
pathologically complete versus incomplete response to discriminate
between both groups. Studies that used similar pathological response
criteria were redefined to pathologically complete versus incomplete
response. Some studies defined pCR as ypT0 and some as ypT0N0.
To investigate the influence of these different interpretations of pCR,
subgroup analyses were performed. No sources of heterogeneity
were found in the definition of pCR subgroup. However, subgroups
consisted of <10 studies and therefore results should be interpreted
with caution.

Future studies should focus on further improving diagnostic
accuracy of clinical response evaluation, thereby decreasing the
number of patients potentially endangered by unresectable regrowth
after FN response evaluation and decreasing the number of patients
with unnecessary surgical resections after FP response evaluation.
The recently published prospective diagnostic preSANO trial showed
that combining diagnostic tests can improve detection of residual
disease.88 In this study, a combination of PET-CT, endoscopy with
bite on-bite biopsies and EUS with fine-needle aspiration of sus-
pected lymph nodes detected TRG3–4 tumors with a sensitivity of
90%. In addition, PET-CT detected interval metastases in 10% of
patients, which prevented unnecessary surgical resection. This diag-
nostic strategy is currently tested in the Dutch randomized phase III
SANO trial, which compares active surveillance with standard
resection in patients with a clinically complete response after nCRT.5

In the preSANO trial, sensitivity of detecting TRG2–4 residual
tumor improved from 54% to 77% by using bite-on-bite biopsies.
This is most likely because residual disease is often found in the
submucosal layer, whereas the mucosal layer is free of residual
tumor.89 Alternative esophageal sampling techniques such as wide-
area transepithelial sampling for wider and deeper sampling and the
Cytosponge for entire esophageal sampling might lower false-nega-
tive rates as well.90,91 Prolonging the interval between nCRT and
response evaluation could potentially increase accuracy as well.
Twelve weeks after completing nCRT, radiation-induced esophagitis
still causes noise on PET-CT. Because inflammation of the esoph-

ageal wall and therewith noise decreases over time, serial
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quantitative PET-CT will most likely be of considerably additional
value during follow-up as the 18F-FDG signal is expected to increase
during tumor regrowth. Moreover, additional imaging techniques
such as dynamic contrast-enhanced MRI, diffusion-weighted MRI,
and more advanced quantitative PET analyses could further increase
accuracy of response evaluations.92,93 Also, other novel techniques
such as multianalyte blood tests and circulating cell-free tumor DNA
(liquid biopsies) might in future prove of additional value in evalu-
ating response to nCRT and detecting disease recurrence early during
active surveillance.94,95

In conclusion, current literature suggests that endoscopy with
biopsies, endoscopic ultrasonography, or 18F-FDG PET(-CT) as
single modalities are moderately accurate for detecting locoregional
residual esophageal cancer after neoadjuvant chemoradiotherapy.
These accuracies are regarded insufficient to direct therapeutic
management in individual patients.
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