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Summary

Background After neoadjuvant chemoradiotherapy for oesophageal cancer, roughly half of the patients with squamous
cell carcinoma and a quarter of those with adenocarcinoma have a pathological complete response of the primary
tumour before surgery. Thus, the necessity of standard oesophagectomy after neoadjuvant chemoradiotherapy should
be reconsidered for patients who respond sufficiently to neoadjuvant treatment. In this study, we aimed to establish
the accuracy of detection of residual disease after neoadjuvant chemoradiotherapy with different diagnostic
approaches, and the optimal combination of diagnostic techniques for clinical response evaluations.

Methods The preSANO trial was a prospective, multicentre, diagnostic cohort study at six centres in the Netherlands.
Eligible patients were aged 18 years or older, had histologically proven, resectable, squamous cell carcinoma or
adenocarcinoma of the oesophagus or oesophagogastric junction, and were eligible for potential curative therapy with
neoadjuvant chemoradiotherapy (five weekly cycles of carboplatin [area under the curve 2 mg/mL per min| plus paclitaxel
[50 mg/m2 of body-surface area] combined with 41-4 Gy radiotherapy in 23 fractions) followed by oesophagectomy.
4-6 weeks after completion of neoadjuvant chemoradiotherapy, patients had oesophagogastroduodenoscopy with
biopsies and endoscopic ultrasonography with measurement of maximum tumour thickness. Patients with histologically
proven locoregional residual disease or no-pass during endoscopy and without distant metastases underwent immediate
surgical resection. In the remaining patients a second clinical response evaluation was done (PET-CT,
oesophagogastroduodenoscopy with biopsies, endoscopic ultrasonography with measurement of maximum tumour
thickness, and fine-needle aspiration of suspicious lymph nodes), followed by surgery 12-14 weeks after completion of
neoadjuvant chemoradiotherapy. The primary endpoint was the correlation between clinical response during clinical
response evaluations and the final pathological response in resection specimens, as shown by the proportion of tumour
regression grade (TRG) 3 or 4 (>10% residual carcinoma in the resection specimen) residual tumours that was missed
during clinical response evaluations. This study was registered with the Netherlands Trial Register (NTR4834), and has
been completed.

Findings Between July 22, 2013, and Dec 28, 2016, 219 patients were included, 207 of whom were included in the
analyses. Eight of 26 TRG3 or TRG4 tumours (31% [95% CI 17-50]) were missed by endoscopy with regular biopsies
and fine-needle aspiration. Four of 41 TRG3 or TRG4 tumours (10% [95% CI 4-23]) were missed with bite-on-bite
biopsies and fine-needle aspiration. Endoscopic ultrasonography with maximum tumour thickness measurement
missed TRG3 or TRG4 residual tumours in 11 of 39 patients (28% [95% CI 17-44]). PET-CT missed six of 41 TRG3 or
TRG4 tumours (15% [95% CI 7-28]). PET-CT detected interval distant histologically proven metastases in 18 (9%) of
190 patients (one squamous cell carcinoma, 17 adenocarcinomas).

Interpretation After neoadjuvant chemoradiotherapy for oesophageal cancer, clinical response evaluation with
endoscopic ultrasonography, bite-on-bite biopsies, and fine-needle aspiration of suspicious lymph nodes was adequate
for detection of locoregional residual disease, with PET-CT for detection of interval metastases. Active surveillance
with this combination of diagnostic modalities is now being assessed in a phase 3 randomised controlled trial (SANO
trial; Netherlands Trial Register NTR6803).

Funding Dutch Cancer Society.

Copyright © 2018 Elsevier Ltd. All rights reserved.
Introduction

Oesophageal cancer is an aggressive malignancy: the

proportion of patients who achieve 5-year survival after
primary oesophagectomy rarely exceeds 35%.' Overall

survival has improved substantially in the past two decades,
however, mainly as a result of the widespread use of
neoadjuvant chemo-radiotherapy.” Five weekly cycles of
carboplatin (area under the curve 2 mg/mL per min) plus
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Research in context

Evidence before this study

We did not do a formal search of published work before this trial.
The randomised CROSS trial established chemoradiotherapy
(weekly administration of carboplatin and paclitaxel plus 41-4 Gy
concurrent radiotherapy) followed by surgery as the standard of
care for patients with oesophageal cancer, compared with surgery
alone. However, after neoadjuvant chemoradiotherapy plus
surgery, 29% of treated patients achieve a pathological complete
response (as measured by histological examination of resection
specimens), which provides a rationale for an active surveillance
approach after neoadjuvant chemoradiotherapy with
oesophagectomy offered only to patients with proven
locoregional recurrence and without evidence of distant
metastases. In a systematic review of four small retrospective
studies, promising overall survival outcomes were associated with
active surveillance after neoadjuvant chemoradiotherapy in
patients with oesophageal cancer who had a clinically complete
response. Additionally, previous small retrospective studies of
single diagnostic modalities (endoscopy plus biopsy, endoscopic
ultrasonography, or **F-fluorodeoxyglucose PET-CT) for detection
of residual disease after neoadjuvant chemoradiotherapy have
shown poor diagnostic accuracy. So far, the optimal combination
of diagnostic tests for detection of residual disease in patients
with oesophageal or gastroesophageal junction cancer after
neoadjuvant chemoradiotherapy is unknown.

paclitaxel (50 mg/m2 of body-surface area) plus 41-4 Gy
radiotherapy in 23 fractions followed by oesophagectomy
significantly improved overall survival at 5 years compared
with oesophagectomy alone (47% [95% CI 39-54] in the
neoadjuvant group vs 33% [26—40] in the surgery only
group; hazard ratio 0-68 [95% CI 0-53-0-88]; log-rank
p=0-003).>* In 47 (29%) of 161 patients with oesophageal
carcinoma (18 [49%)] of 37 with squamous cell carcinoma
and 28 [23%)] of 121 with adenocarcinoma), a pathological
complete response was noted after neoadjuvant
chemoradiotherapy—ie, no viable tumour cells were
detected in the resected specimen during conventional
histological examination.’

This high frequency of pathological complete response
provides a rationale to reconsider the necessity of standard
oesophagectomy after neoadjuvant chemoradiotherapy.
Theoretically, active surveillance could be feasible in
patients without locoregional or disseminated disease,
given that oesophagectomy probably does not affect
oncological outcomes in patients with no viable tumour
cells. In a pan-active surveillance approach, patients would
undergo regular clinical investigations after neoadjuvant
chemoradiotherapy, and oesophagectomy would be
offered only to those with proven locoregional recurrence
and no evidence of distant metastases.”” However, an
active surveillance approach would only be justified if the
associated oncological outcomes were non-inferior to
those achieved with standard surgery. To select patients

Added value of this study

By contrast with previous studies, in this multicentre,
prospective cohort study, all available diagnostic modalities
used for pre-treatment staging in clinical practice were applied
to detect residual disease during active surveillance. These
findings establish the optimal set of diagnostic modalities to
accurately detect residual disease after neoadjuvant therapy in
patients with oesophageal cancer, allowing the stratification of
patients who would benefit from active surveillance versus
radical oesophagostomy.

Implications of all the available evidence

Clinical response evaluations after neoadjuvant
chemoradiotherapy for oesophageal cancer should consist of
endoscopic ultrasonography with bite-on-bite biopsies and
fine-needle aspiration of suspicious lymph nodes for detection of
locoregional residual disease and PET-CT for detection of interval
metastases. The promising diagnostic results of this study provide
the rationale for a phase 3, randomised, controlled trial of active
surveillance versus standard surgery in patients with oesophageal
cancer treated with neoadjuvant chemoradiotherapy. Our results
can be used to define the composition of the clinical response
evaluations and subsequent surveillance examinations in future
trials that could establish a new management protocol for
patients with oesophageal cancer.

for active surveillance, disease should be restaged after
neoadjuvant chemoradiotherapy by means of clinical
response evaluations, which need to accurately classify
patients as complete or incomplete responders. We aimed
to establish which combination of diagnostic tests for
clinical response evaluation most accurately detects
residual disease after neoadjuvant chemoradiotherapy in
patients with oesophageal cancer.

Methods

Study design and participants

We did a prospective, multicentre, diagnostic cohort
study at six centres in the Netherlands (appendix p 6); the
study protocol has been previously published.® After
adjuvant chemoradiotherapy, patients underwent a first
clinical response evaluation. Patients found to be
complete responders during the first clinical response
evaluation (ie, those with no locoregional or disseminated
disease proven by cytohistology) were offered postponed
surgical resection, and in the week preceding surgery, a
second clinical response evaluation was done before
patients  without distant metastases underwent
oesophagectomy. If the planned operation was postponed
for more than 4 weeks after the second clinical response
evaluation (eg, because the patient had not sufficiently
recovered from neoadjuvant chemoradiotherapy), a third
clinical response evaluation was recommended a week
before surgery.
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Eligible patients were aged 18 years or older, had
histologically proven, resectable, squamous cell carcinoma
or adenocarcinoma of the oesophagus or oesophagogastric
junction, and were eligible for potential curative therapy
with neoadjuvant chemoradiotherapy followed by
oesophagectomy.’ Patients with a severe stricture (no-
pass) on initial endoscopic ultrasonographic staging at
baseline (ie, pre-treatment) were also included. The study
protocol was approved by the medical ethics committee of
the Erasmus MC (Rotterdam, MEC-2013-211). All patients
provided written informed consent.

Procedures

All patients underwent primary clinical staging at baseline,
including oesophagogastroduodenoscopy with biopsies,
endoscopic  ultrasonography with measurement of
maximum tumour thickness,” CT of the neck, chest, and
upper abdomen, and 18F-fluorodeoxyglucose (18F-FDG)
PET-CT. Most patients were consciously sedated with
midazolam during endoscopic ultrasonography; general
anaesthesia was not routinely used.

The neoadjuvant chemoradiotherapy regimen con-
sisted of five weekly cycles of carboplatin (area under the
curve 2 mg/mL per min) plus paclitaxel (50 mg/m2 of
body-surface area) combined with 41-4 Gy radiotherapy
in 23 fractions, as per the CROSS trial recommendations.’
4-6 weeks after completion of the last cycle of neoadjuvant
chemotherapy, patients underwent a first clinical
response evaluation before surgery to identify non-
responders. During this clinical response evaluation, all
patients underwent oesophagogastroduodenoscopy with
biopsies and radial endoscopic ultrasonography with
measurement of maximum tumour thickness and area.
Patients with a severe stricture at endoscopy (no-pass) or
histological evidence of locoregional residual disease
underwent PET-CT to exclude distant metastases. If
no distant metastases were detected, eligible patients
underwent surgery within 2 weeks of the PET-CT
assessment. Patients without histological evidence of
residual disease during the first clinical response
evaluation were offered postponed surgery scheduled
approximately 6-8 weeks after the first clinical response
evaluation and approximately 12-14 weeks after neo-
adjuvant chemoradiotherapy (compared with 6-8 weeks
after neoadjuvant chemoradiotherapy for those with
histological evidence of residual disease). In the week
before surgery, we did a second clinical response
evaluation to detect any residual disease that had
developed or was previously undetected. The second
clinical response evaluations comprised PET-CT,
followed by oesophagogastroduodenoscopy with biopsies,
radial endoscopic ultrasonography for measurement of
maximum tumour thickness and area, and linear
endoscopic ultrasonography plus fine-needle aspiration
of any suspicious lymph nodes or 18F-FDG-avid lesions.
After the second clinical response evaluation, all patients
without distant metastases underwent oesophagectomy.

The third clinical response evaluation (in patients who
needed it) was similar to the second.

When we designed the trial, endoscopy with random,
conventional mucosal biopsies of the primary tumor site
and of any other suspected lesions in the oesophagus
were prespecified by protocol as part of the clinical
response evaluations,® because the safety of deep bite-on-
bite biopsies after neoadjuvant chemoradiotherapy was
unknown. An interim safety analysis was pre-planned
after inclusion of 60 patients to monitor serious com-
plications and assess the radicality of the performed
operations. On April 20, 2015, after about 95 patients
were enrolled and had a regular biopsy, the interim safety
analysis showed no biopsy-related adverse events, and
the protocol was amended on June 22, 2015, to change
the biopsy strategy. Thereafter, bite-on-bite biopsies were
done instead of conventional biopsies during clinical
response evaluations.”

During bite-on-bite biopsies, a second, deep, biopsy
sample is taken at the same location as the first to
increase the chance of detecting residual disease—
especially submucosal—tumours (appendix p 7).
Biopsies were taken from at least four different locations
from the primary tumour site and from any suspicious
lesions in the oesophagus. The regular biopsy procedure
consisted of one biopsy of at least four different locations
on the site of the primary tumour and from any
suspicious lesion. All endoscopy reports and endoscopic
ultrasonography images were reviewed by an experienced
upper-gastrointestinal gastroenterologist (MCWS), who
was blinded to pathological response results in the
resected specimen after surgery.

During the second clinical response evaluation,
fine-needle aspiration was done on any suspicious
lymph nodes (round, hypoechogenic, and greater than
5 mm in diameter), or any lymph nodes adjacent to the
primary tumour. Potential contamination from the
primary tumour during fine-needle aspiration of
adjacent lymph nodes was not an issue because the
source of residual disease was not a variable considered
in the trial outcome analyses. Maximum tumour
thickness was measured as reported previously;’
maximum tumour thickness of 6 mm or greater during
the second clinical response evaluation was classified
as non-complete response.’

Biopsies done at the first clinical response evaluation
with uncertain outcome were deemed negative to reduce
the risk of false-positive biopsies, whereas those with
uncertain outcomes done at the second clinical response
evaluation were judged positive to reduce the risk of
false-negative biopsies, in light of a future active-
surveillance strategy in patients with a clinical complete
response after second clinical response evaluation."”
Fine-needle aspirates taken from suspicious lymph
nodes with uncertain outcomes or that were not
representative (ie, no lymphoid tissue present) were
considered positive for residual disease.
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PET-CT was done according to the European
Association of Nuclear Medicine guidelines.” All scans
were reviewed by an experienced PET-CT radiologist
(RV), who was blinded to pathological response results.
18F-FDG PET-CT scans were visually assessed, including
intensity of uptake and 8F-FDG uptake in the environ-
ment (eg, adjacent oesophagus). A qualitative judgment
was made, and results were scored from 1to 5: 1 (benign),
2 (probably benign), 3 (equivocal), 4 (probably malignant),
and 5 (malignant). To ensure we did not exclude any
tumour residue, we defined all scores of 2 or higher as
18F-FDG positive. For locoregional response assessment,
PET-CT scans from the first clinical response evaluation
were analysed, whereas for distant dissemination scans
from Dboth clinical response evaluations, if available,
were used.

Transthoracic or transhiatal oesophagectomy was done
depending on patient characteristics and local preference.
A wide excision, including removal of regional lymph
nodes and standard dissection of the lymph nodes
around the coeliac axis, was done in all patients with the
aim of removing at least 15 lymph nodes.

Resected tumours reviewed by an experienced upper-
gastrointestinal pathologist (KB [an author] and MD [a
collaborator]) following a standard protocol, and classified
and graded according to the Union for International
Cancer Control TNM Cancer Staging (7th edn).* We used
the Chirieac modified tumour regression grade (TRG)
system,” the most commonly used system in the
Netherlands, to classify pathological response in the
resected specimens as no residual carcinoma (TRGI),
1-10% residual carcinoma (TRG2), 11-50% residual
carcinoma (TRG3), and greater than 50% residual
carcinoma (TRG4).” All negative biopsies in patients
with TRG3 or TRG4 tumours were re-reviewed by KB
and MD.

Serious adverse events, which resulted in death, were
life threatening, required hospital admission or
prolongation of hospital stay, resulted in persistent or
significant disability or incapacity, or were considered
serious by the treating physician, were monitored
continuously from the first clinical response evaluation
until the day that the patient underwent surgery.

Participants could leave the study at any time for any
reason if they wished to do so, and investigators could
withdraw participants from the study for urgent medical
reasons.

Outcomes

The primary outcome was to establish the accuracy of
residual ~ disease  detection  after  neoadjuvant
chemoradiotherapy, as reflected by the proportion of
tumours classified as TRG3 or TRG4 that was missed
during clinical response evaluations. The secondary
outcome was the proportion of patients who had an RO
resection, defined as a resection with no gross or
microscopic tumour cells present. Other prespecified

outcomes were correlations between individual dia-
gnostic modality (endoscopic examinations, PET-CT,
and analysis of cytohistological biopsies) and pathological
findings in the resection specimen, and optimal cutoffs
with maximal distinction between patients with and
without clinically relevant residual disease. Results for
RO resection will be published elsewhere.

Statistical analysis

We hypothesised that TRG3 and TRG4 tumours could be
detected reliably with the described clinical response
evaluations. The estimated maximum percentage of
clinically false-negative TRG3 and TRG4 tumours
accounted for was 10%.* Initially, we aimed to enrol
120 patients, approximately 45 (38%) of whom were
estimated to have TRG3 or TRG4 residual tumours after
surgery as per the CROSS trial results.’ However, because
of the change in biopsy strategy as per protocol
amendment (June 22, 2015) after about 95 patients were
enrolled and had a regular biopsy, the total sample size
was increased to 215, to ensure that at least 120 patients
would undergone bite-on-bite biopsies during the clinical
response evaluations.

Outcomes were analysed separately for both biopsy
strategies (regular biopsies vs bite-on-bite biopsies). For
endoscopic biopsies, results from both clinical response
evaluations were combined (if either was positive, the
patient was classified as having residual disease).
Outcomes of endoscopic ultrasonography with measure-
ment of maximum tumour thickness and PET-CT were
analysed in the overall patient population, because these
modalities were not amended during the trial. Patients
who did not have neoadjuvant chemoradiotherapy or
who withdrew consent, and those with missing index
tests because of protocol violation or death were excluded
from all analyses. Patients with missing reference
standard (ie, TRG) were excluded from the primary
analysis. Perioperatively irresectable tumours (T4D)
confirmed with frozen section analysis were classified as
TRG4. 95% Cls were calculated according to the Wilson
procedure, without a correction for continuity. Results of
PET-CT and endoscopy with biopsies and fine-needle
aspiration, and maximum tumour thickness measure-
ment were correlated to TRG with the ¥2 test. An interim
safety analysis (the results of which will be published
elsewhere) was done to assess the radicality of the
performed operations after a total inclusion of 60 patients.
The pre-planned stopping rule established that if the
proportion of patients with a radical resection was 70% or
less in the first 60 patients, the trial would be stopped.

We calculated sensitivity, specificity, positive predictive
value, and negative predictive value for TRG2, TRG3,
and TRG4 combined versus TRG1. Patients with TRG2
tumours were not excluded from sensitivity, specificity,
negative predictive value and positive predictive value
analyses because this would bias results. As a secondary
sensitivity analysis, we used multiple imputation of TRG
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for patients who had active surveillance (instead of
surgery) after clinical response evaluations to calculate
the proportion of TRG3 and TRG4 residual tumours that
was missed during clinical response evaluations, and
sensitivity, specificity, positive predictive values, and
negative predictive values for combined TRG2—4 versus
TRG1L.” We used a significance level of 0-05, based on
two-sided tests. All analyses were done in SPSS
(version 21.0). This study is registered with the
Netherlands Trial Register (NTR4834).

Role of the funding source

The study funder had no role in study design; data
collection, analysis, interpretation, or writing of the
report. JJBvL had access to all study data and had final
responsibility for the decision to submit for publication.

Results

Between July 22, 2013, and Dec 28, 2016, 219 patients
were enrolled (appendix p 6); 12 (6%) were excluded
from further analyses: eight patients withdrew consent
and four did not received the complete neoadjuvant
chemoradiotherapy regimen (one had neoadjuvant
chemotherapy only, two had definitive chemoradio-
therapy, and one received palliative chemotherapy).
Of 207 patients who underwent clinical response
evaluations, 84 (41%) had clinical response evaluations
with upper endoscopy and regular biopsies, of whom
61 (73%) were included in the analyses, and 123 (59%) had
bite-on-bite biopsies, of whom 115 (93%) were included
in the corresponding analyses (figure; appendix pp 8-9).
Of the 207 patients who underwent clinical response
evaluations, 113 (55%) were included in the endoscopic
ultrasonographic examination of maximum tumour
thickness, and 129 (62%) were included in the PET-CT
analysis (figure; appendix pp 10-11). Baseline character-
istics of all patients who underwent clinical response
evaluations are shown in table 1.

Outcomes of regular biopsies and fine-needle aspiration
during clinical response evaluations were significantly
associated with the TRG of resected specimens (p=0-0036;
table 2). Eight of 26 patients who had a regular biopsies
and fine-needle aspiration, with a passable endoscopy, had
negative biopsies despite having a TRG3 or TRG4 tumour
(proportion of clinically false-negative cases 31% [95% CI
17-50]). 31 (51%) of 61 patients had positive biopsies,
positive fine-needle aspiration, or no-pass. Sensitivity,
specificity, negative predictive value, and positive
predictive value of TRG2-4 versus TRG1 were
54% (95% CI 38-68; 20 of 37), 69% (42-87; nine of 13),
35% (19-54; nine of 26), and 83% (64-93; 20 of 24),
respectively (table 2). Four patients with TRG1 residual
tumours had false-positive results (one had a positive
biopsy, one no-pass, one had an uncertain biopsy at the
second clinical response evaluation, and one non-
representative fine-needle aspiration specimen from
suspicious lymph node).

Outcomes of bite-on-bite biopsies and fine-needle
aspiration during clinical response evaluations were
significantly associated with the TRG of resected
specimens (p<0-0001; table 2). Four of 41 patients who
had bite-on-bite biopsies and fine-needle aspiration had
negative results despite having TRG3 or TRG4 tumours
(proportion of clinically false negative cases 10% [95% CI
4-23]; table 2). 69 (60%) of 115 patients had positive bite-
on-bite biopsies, positive fine-needle aspiration, or no-
pass at endoscopy. After the first clinical response
evaluation 45 (39%) of 115 patients who had bite-on-bite
biopsies had a positive index test. All four of 41 patients
with a negative bite-on-bite biopsy (false-negative

219 patients enrolled

12 excluded
—p! 8 withdrew consent

4 did not receive neoadjuvant chemoradiotherapy

v

207 received neoadjuvant chemoradiotherapy and
underwent clinical response evaluations

|
v v

clinical response evaluation
1died before evaluation

| 84 had regular biopsies | | 123 had bite-on-bite biopsies
23 excluded 8 excluded
15 protocol violations 6 protocol violations
P 7 had bite-on-bite biopsy during second > 2 died before evaluation

v

207 had endoscopic ultrasonography assessment

94 excluded
70 had no clinical response evaluation
| 12 did not undergo resection
9 based on central review of all
endoscopic ultrasonographic images
3 died before evaluation

A4

207 had PET-CT scan assessment

78 excluded

56 had positive first clinical response
! 14 did not have follow-up scan
5 had non-FDG-avid baseline scans
3 died before evaluation

A4

Efficacy and safety populations:
61 included in regular biopsy analysis
115 included in bite-on-bite biopsy analysis
113 included in endoscopic ultrasonography analysis
129 included in PET-CT analysis

Figure: Study profile
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Regular biopsies Bite-on-bite Overall (N=207)
(N=84) biopsies (N=123)
Median age, years (IQR) 65 (60-70) 66 (60-71) 66 (60-71)
Sex
Male 72 (86%) 101 (82%) 173 (84%)
Female 12 (14%) 22 (18%) 34 (16%)
Tumour type
Squamous cell carcinoma 22 (26%) 21 (17%) 43 (21%)
Adenocarcinoma 61 (73%) 102 (83%) 163 (78%)
Adenosquamous cell carcinoma 1(1%) 0 (0%) 1(<1%)
Clinical tumour stage*
T1 0 (0%) 1(1%) 1(<1%)
T2 14 (17%) 26 (21%) 40 (19%)
T3 66 (79%) 88 (72%) 154 (74%)
T4 3(4%) 8 (7%) 11 (5%)
Missing 1(1%) 0 (0%) 1(<1%)
Clinical lymph node stage
NO 21 (25%) 42 (34%) 63 (30%)
N1 32 (38%) 48 (39%) 80 (39%)
N2 29 (35%) 28 (23%) 57 (28%)
N3 1(1%) 5 (4%) 6 (3%)
Missing 1(1%) 0 (0%) 1(<1%)

Data are n (%), unless otherwise specified. Percentages might not total to 100% because of rounding. *Assessed by

endoscopic ultrasonography or CT and classified according to the International Union against Cancer’s TNM

classification (7th edn).

Table 1: Baseline characteristics of patients who underwent clinical response evaluations

TGR1 TRG2 TRG3 TRG4 p value*

Endoscopy with regular biopsies 0-0036
and fine-needle aspiration

Positive 4/13(31%)  2/11(18%)  4/9(44%)  14/17 (82%)

Negative 9/13(69%)  9/11(82%)  5/9 (56%) 3/17 (18%)
Endoscopy with bite-on-bite <0-0001
biopsies and fine-needle
aspiration

Positive 5/18 (28%) 17/29 (59%) 20/24(83%)  17/17 (100%)

Negative 13/18 (72%)  12/29 (41%)  4/24 (17%) 0/17
Endoscopic ultrasonography with 0-035
maximum tumour thickness

Positive 11/27 (41%)  13/29 (45%) 13/20 (65%)  15/19 (79%)

Negative 16/27 (59%) 16/29 (55%)  7/20 (35%)  4/19 (21%)
PET-CT 0191

Positive 17/27 (63%) 22/30 (73%) 17/19(89%) 18/22 (82%)

Negative 10/27 37%)  8/30(27%)  2/19 (11%)  4/22 (18%)

*Calculated with the ¥ test.

Table 2: Clinical response evaluation outcomes per diagnostic modalities and tumour regression grade in
patients who underwent oesophagectomy after neoadjuvant chemoradiotherapy

cases 10%, 95% CI 11-21; table 2) had TRG3 residual
disease—one patient had squamous cell carcinoma and
three had adenocarcinomas. Sensitivity, specificity,
negative predictive value, and positive predictive value of
TRG2—4 versus TRG1 were 77% (95% CI 66-85; 54 of 70),
72% (49-88; 13 of 18), 45% (28-62; 13 of 29), and 92%

(82-96; 54 of 59), respectively (table 2). Of the five patients
with TRG1 residual tumours who had false-positive
results, four (80%) were no-pass, and one (20%) had a
non-representative fine-needle aspiration specimen from
a suspicious lymph node.

Of the 69 patients with positive bite-on-bite biopsies,
fine-needle aspirate, or no-pass, seven (10%) had positive
fine-needle aspirates, but negative biopsies and a passable
tumour (ie, seven of the 24 positive second clinical
response evaluations were based on positive fine-needle-
aspiration results only). On the basis of biopsy results
only (i, without fine-needle aspiration data),
eight (31%) of 26 TRG3 or TRG4 tumours were missed
with regular biopsies, and seven (17%) of 41 with bite-on-
bite biopsies.

95 (84%) of 113 patients included in the endoscopic
ultrasonographic examination during the second clinical
response evaluation underwent oesophagectomy.
Maximum tumour thickness of 6 mm or greater during
the second clinical response evaluation was significantly
associated with TRG of resection specimens (p=0-035;
table 2). 11 (28%) of 39 patients with TRG3 or TRG4
residual disease had maximum tumour thickness of less
than 6 mm at their second or third clinical response
evaluation (proportion of clinically falsenegative cases
28% [95% CI 17-44]; table 2). Sensitivity, specificity,
negative predictive value, and positive predictive value
for TRG2—4 versus TRG1 residual disease were
60% (95% CI 48-71; 41 of 68), 59% (41-75; 16 of 27),
37% (24-52; 16 of 43), and 79% (66-88; 41 of 52),
respectively (table 2).

Outcomes of PET-CT during the second clinical
response evaluation were not significantly associated
with tumour regression grades (p=0-191; table 2). Six of
41 patients with TRG3 or TRG4 residual tumours had
negative PET-CT results (proportion of clinically false
negative cases 15% [95% CI 7-28]; table 2). 102 (79%) of
129 patients had positive PET-CT results during the
second or third clinical response evaluation. The six
patients with false-negative PET-CTs comprised
two (33%) patients with TRG3 tumours and four (67%)
patients with TRG4 tumours. Sensitivity, specificity,
negative predictive value, and positive predictive value
for TRG2—4 versus TRG1 were 80% (95% CI 70-88;
57 of 71), 37% (22-56; ten of 27), 42% (24-61; ten of 24),
and 77% (66-85; 57 of 74), respectively (table 2).

190 (92%) of 207 patients were included in the analysis
of interval distant metastases (17 patients with missing
follow-up scans were excluded: one participating centre
did not do follow-up scans after a positive first clinical
response evaluation). In 38 (20%) of 190 patients, PET-CT
identified possible metastases, resulting in 18 (9%) cases
of histologically proven metastases (one squamous cell
carcinoma, 17 adenocarcinomas). Detection of distant
metastases was more sensitive with PET-CT than
with low-dose CT: 18F-FDG-positive metastases would
have been missed by CT in three patients; in another
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False-negative
cases (95% Cl)*

Sensitivity (95% Cl)

Specificity (95% Cl)  Negative predictive
value (95% Cl)

Positive predictive
value (95% Cl)

Endoscopy with regular biopsies and
fine-needle aspiration

31% (13-49) 54% (38-70)

Endoscopy with bite-on-bite biopsies
and fine-needle aspiration

11% (1-21) 74% (64-83)

Endoscopic ultrasonography with 59% (48-70)
maximum tumour thickness
(second clinical response evaluation)

29% (15-43)

PET-CT (second clinical response
evaluation)

14% (3-24) 82% (73-90)

missed during clinical response evaluations per diagnostic modality.

Accuracy estimates were calculated as TRG1 vs TRG2-4 after multiple imputation (for age, sex, histology, tumour grading, clinical T stage, clinical tumour stage, clinical
lymph-node stage, WHO performance score, number of cycles of chemotherapy, total radiation dose, and results from endoscopic biopsies, fine-needle aspiration, maximum
tumour thickness measurement, and PET-CT) per diagnostic modality for patients who had active surveillance instead of surgery after clinical response evaluations. Totals
per group cannot be calculated, since this is a multiple imputation analysis. TRG=tumour regression grade. *Calculated as the proportion of TRG3 and TRG4 residual tumours

69% (44-94) 35% (16-53) 83% (68-98)

77% (59-95) 45% (29-62) 92% (85-99)

58% (40-75) 38% (25-52) 76% (64-87)

38% (21-55) 44% (26-63) 77% (68-87)

Table 3: Sensitivity analysis for accuracy of residual tumour detection in clinical response evaluations and predictive value of the tumour regression grades

three patients, distant lymph nodes smaller than 6 mm
in diameter would probably not have been scored
positive without a positive 18F-FDG-PET. In at least
two of the remaining 12 patients, the positive findings
on PET increased the confidence.

No biopsy-related or fine-needle-aspiration-related
serious adverse events were encountered during any
clinical response evaluation in any patients included in
the analyses. One patient had a mucosal tear during
endoscopy, but this event did not have treatment
implications. Two patients died during the study
(one because of an aorto-oesophageal fistula and
one because of pulmonary failure). Neither death was
related to clinical response evaluations.

Sensitivity analysis after imputation of the TRG for
patients who had active surveillance after clinical
response evaluations showed a proportion of false-
negative case rates for detection of residual tumour
similar to those in the main analysis (table 3), for
endoscopy with regular biopsies and fine-needle
aspiration (31% [95% CI 13-49]), endoscopy with bite-on-
bite biopsies and fine-needle aspiration (11% [1-21)),
endoscopic ultrasonography with maximum tumour
thickness at the second clinical response evaluation (29%
[15-43]), and PET-CT at the second clinical response
evaluation (14% [3-24]). The appendix shows outcomes
for patients who were excluded from the analyses (p 2).

Discussion

To our knowledge, our trial is the first prospective study
designed to assess the optimal composition of clinical
response evaluations and the accuracy of residual disease
detection in patients with oesophageal or junctional
cancer. Repeated endoscopic ultrasonography with bite-
on-bite biopsies and fine-needle aspiration of suspicious
lymph nodes was safe, and missed 10% (95% CI 4-23) of
TRG3 and TRG4 residual tumours after neoadjuvant
chemoradiotherapy for oesophageal or junctional cancer.
Endoscopic ultrasonography with regular biopsies and

fine-needle aspiration, measurement of maximum
tumour thickness, and PET-CT were less accurate to
detect locoregional residual disease, as shown by the
high proportion of false-negative cases. Results were
similar in the sensitivity analyses, which used multiple
imputation of TRG for patients who received active
surveillance instead of oesophagectomy. PET-CT scans
after neoadjuvant chemoradiotherapy detected new
interval metastases in 9% (95% CI 6-14) of patients who
had a pre-treatment or baseline PET-CT scan. These
results provide insight into the optimal composition of
clinical response evaluations after neoadjuvant chemo-
radiotherapy for patients with oesophageal or junctional
cancer, and might help to stratify patients who would
benefit from active surveillance and those who should
undergo oesophagectomy.

In view of the substantial postoperative morbidity and
mortality associated with surgery, and the effect of surgery
on quality of life, an active surveillance approach could
improve outcomes, not only for patients who do not show
signs of disease after neoadjuvant chemoradiotherapy,
but also for those with subclinical distant metastases
after neoadjuvant chemoradiotherapy.**” All available
diagnostic modalities used in clinical practice for pre-
treatment staging were applied to detect residual disease,
and compared to establish the optimal composition of
future active surveillance strategies. Previous studies”*
of clinical response evaluations were retrospective and
examined a single diagnostic modality for residual disease
detection. Furthermore, the main objective of diagnostic
examinations in previous studies”? was not to detect
residual disease to identify patients who might benefit
from active surveillance. Therefore, diagnostic accuracy
might have not been accurately estimated.

Biopsies were more accurate in our study than reported
previously.””* Possible explanations for this increased
accuracy are the timepoints chosen for the first and
second clinical response evaluations, and the adherence
to a strict, pre-specified protocol in our trial, including
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random biopsies from the site of the primary tumour and
targeted biopsies from any suspicious lesions. Fine-needle
aspiration of suspicious lymph nodes also increased the
sensitivity of the clinical response evaluation assessments
in patients with negative biopsies. The percentage of
TRG3 or TRG4 residual tumours that was missed by
endoscopy plus regular biopsies and fine-needle
aspiration decreased from 31% (95% CI 17-50) to 10%
(4-23) after introduction of bite-on-bite biopsies, and the
negative predictive value increased from 35% (95% CI
19-54) to 45% (28-62). Residual disease is often located in
the oesophageal mucosa, or the deeper submucosa, but
can be rarely also present in isolated remnants within the
muscle layer or the surrounding stroma (deeper than the
submucosa).” Bite-on-bite biopsies are thought to
increase the chance of detecting residual cancer cells in
deeper layers of the oesophagus, such as the submucosa,
compared with regular biopsies, which rarely penetrate
the submucosa (appendix p 7).

Although the diagnostic accuracy of PET-CT for the
detection of locoregional residual disease is poor, PET-CT
was useful for detection of interval distant metastases (in
9% [95% CI 6-14] of all patients) during clinical response
evaluations. The extended period from the end of
neoadjuvant chemoradiotherapy to PET-CT during the
second clinical response evaluation supposedly improved
the signalto-noise ratio, because artifacts related to
radiation-induced oesophagitis were expected to have
diminished. Nevertheless, results were similar to those
noted in previous studies.””* During active surveillance,
PET-CT is expected to detect distant metastases, thereby
preventing oesophagectomy in patients with initially
subclinical distant metastases. In view of the high
frequency of false positivity (63% [95% CI 44-78] of TRG1
tumours) of PET-CT for detection of locoregional disease
and the limited additional value as an adjunct to endoscopy
with bite-on-bite biopsies and fine-needle aspiration, we
propose that PET-CT should primarily be used for
detection of distant metastases during response
evaluations. However, during active surveillance, serial
PET-CT might prove valuable for detection of local
regrowths: an increase in 18F-FDG-avidity theoretically
suggests disease recurrence, whereas a decrease is more
likely to depict recovery from oesophagitis.

Results of measurement of maximum tumour thickness
were similar to those from an earlier study.’ However,
diagnostic accuracy of maximum tumour thickness was
worse than that of endoscopic ultrasonography with bite-
on-bite biopsies and fine-needle aspiration, with 28%
(95% CI 17-44) of TRG3 and TRG4 tumours missed and a
frequency of false-positive diagnosis of 41% (95% CI
25-59) for TRG1 tumours. Taken together, we recommend
that clinical response evaluations after neoadjuvant
chemoradiotherapy in patients with oesophageal or
gastroesophageal junction cancer should consist of
repeated endoscopy with bite-on-bite biopsies and fine-
needle aspiration of suspicious lymph nodes for detection

of locoregional residual disease and PET-CT for detection
of interval metastases.

The minimum diagnostic accuracy for safe active
surveillance will continue to be debated until a clinical
trial is done to establish it. Even a very small amount of
residual disease (eg, TRG2) should ideally not be missed
during clinical response evaluations, because patients
with residual viable cancer cells do not benefit from an
active surveillance strategy and should have oeso-
phagectomy as soon as possible. Conversely, if loco-
regional residual disease is initially missed, but can be
detected during active surveillance while the tumour is
still resectable, oncological outcomes should not be
worse. Evidence of successful active surveillance
strategies in patients with head and neck, rectal, or
bladder cancer,”” supports the adoption of active
surveillance after neoadjuvant chemoradiotherapy in
patients with oesophageal cancer. A systematic review’
showed that postponed radical resection was associated
with good survival outcomes (ie, similar to those with
standardsurgery; median overall survival 58 months
[95% CI 27-7 to not reached]) in most patients with
oesophageal cancer who showed locoregional regrowth
during active surveillance’*** This median overall
survival in complete responders to neoadjuvant chemo-
radiotherapy managed with active surveillance is similar
to that of patients with a complete clinical response who
undergo surgery after neoadjuvant chemoradiotherapy.**
In these studies, clinical response was assessed by
endoscopy with regular biopsies and PET-CT. The use of
bite-on-bite biopsies and the addition of fine-needle
aspiration from suspicious lymph nodes could increase
diagnostic accuracy. The promising results of our study
in combination with those of previous publications
justify a randomised, controlled, phase 3 trial of active
surveillance versus standard surgery. The results of our
study could serve to define the composition of the clinical
response evaluations and the subsequent surveillance
examinations in such trials.

Investigators of the ongoing, randomised, phase 3
ESOSTRATE and SANO trials are comparing both
treatment strategies.” Both trials aim to include
300 patients with squamous cell carcinoma or adeno-
carcinoma of the oesophagus who were clinical complete
responders after neoadjuvant chemoradiotherapy.
Although pathological complete responses are more
likely in patients with squamous cell carcinoma (49%),
they are also common in those with adenocarcinoma
(23%) after carboplatin and paclitaxel combined with
41-4 Gy radiotherapy with low toxicity’ The activity—
toxicity ratio in both histological subtypes is the rationale
for the use of this regimen in the preSANO and SANO
trials, rather than a definitive chemoradiotherapy
regimen without surgery.* Furthermore, our results show
that the risk of false-negative biopsies during clinical
response evaluations is not higher in patients with
adenocarcinoma than in those with squamous cell
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carcinoma. The primary endpoint of the ESOSTRATE
trial is disease-free survival and overall survival in the
SANO trial. On the basis of the results of our study,
clinical response evaluations in the SANO trial consist of
repeated endoscopic ultrasonography with bite-on-bite
biopsies and fine-needle aspiration, plus PET-CT scans
for detection of distant metastases. Patients with negative
results in the first and second clinical response
evaluations after neoadjuvant chemoradiotherapy will be
classified as clinical complete responders and allocated
to either active surveillance or immediate surgery on the
basis of stepped-wedge cluster randomisation.

The diagnostic accuracy of clinical response evaluations
is expected to improve, reducing the number of patients
who need postponed oesophagectomy or who have
irresectable regrowths during active surveillance.
Dynamic contrast-enhanced MRI and diffusion-weighted
MRI are promising new techniques that will need to be
assessed in larger diagnostic trials.*®*" Furthermore, the
incorporation of liquid biopsies to analyse circulating
cell-free tumour DNA derived from blood samples might
improve the prediction of response to neoadjuvant
chemoradiotherapy and the detection of disease recur-
rence during active surveillance.

Limitations of our study include the change in the
biopsy strategy during the trial. The improved diagnostic
accuracy of bite-on-bite biopsies compared with regular
biopsies could be explained by a learning-curve effect. The
assumption that TRG2 residual disease can be safely
missed during initial response evaluation assessments is
based on the hypothesis that these tumours can be reliably
detected as they progress to stage TRG3 or TRG4, and that
surgery will still be a curative option at this point. However,
we acknowledge that this assumption can be only formally
tested by comparing active surveillance with standard
resection in a randomised, controlled, clinical trial. In the
SANO trial, strict stopping rules have been prespecified by
protocol for timely detection of resectable locoregional
regrowth (any T stage <T4b) and the feasibility of achieving
radical resection in the active surveillance arm. Because of
the small number of patients with squamous cell
carcinoma included in this study, the extent to which our
results can be generalised is unclear. However, active
surveillance after definitive chemo-radiotherapy is a
standard of care in many centres for patients with
squamous cell carcinoma, and is the recommend standard
of care in some guidelines.” Nevertheless, if a patient has
a clinical complete response based on endoscopy with
bite-on-bite biopsies and fine-needle aspiration, the risk
that there is any residual disease left seems similar in both
subgroups of patients with oesophageal cancer, those with
squamous cell carcinoma and those with adenocarcinoma.
Repeat CT of the thorax, abdomen, and pelvis was not
done as part of the first clinical response evaluation.
Furthermore, use of a limited range of diagnostic
modalities during the first clinical response evaluation
could have reduced the accuracy of residual disease

detection in the first clinical response evaluation compared
with the second. Additionally, to include any degree of
possible tumour residue, we defined all PET-CT scores
of 2 (probably benign) as 18F-FDG-positive, and thus
probably included some cases with radioisotope uptake
due to oesophagitis rather than oesophageal malignancy,
resulting in overdiagnosis. For the same reason, fine-
needle aspiration specimens taken from suspicious lymph
nodes with uncertain outcomes or that were not
representative were classified as positive, but should not
be considered to be correctly diagnosed. Finally, overall
and progression-free survival data according to TRG will
be published when follow-up is sufficient.

In conclusion, clinical response evaluation comprising
endoscopic ultrasonography with bite-on-bite biopsies
and fine-needle aspiration of suspicious lymph nodes for
detection of locoregional residual disease in combination
with PET-CT for detection of interval metastases after
neoadjuvant chemoradiotherapy for oesophageal or
gastroesophageal junctional cancer is an adequate
strategy for clinical response evaluation. The ongoing,
randomised, phase 3 SANO trial (Netherlands Trial
Register: NTR6803) has incorporated this diagnostic
strategy and will compare active surveillance with
standard resection in patients who achieve a complete
response after neoadjuvant chemoradiotherapy.
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