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Introduction
With the ongoing success of chemotherapy and radiotherapy,
the need for standard surgery following neoadjuvant therapy
in the treatment with curative intent of different cancer types
has been a topic of debate. Alternatively, the use of active sur-
veillance has been suggested [1–6]. In a so-called “active sur-
veillance strategy,” patients will only be operated on if they
have proven residual cancer after neoadjuvant therapy, without
the presence of distant dissemination. This approach may be
beneficial by preventing complete responders to neoadjuvant
therapy from undergoing unnecessary surgery. At the same
time, the success of this strategy relies on accurate and timely
detection of residual cancer, as incomplete responders to
neoadjuvant therapy may develop irresectable recurrences dur-
ing active surveillance. Therefore, the increasing interest in ac-
tive surveillance provides a new diagnostic field, which comes
with great responsibility, as the outcomes of clinical response
evaluations (CREs) guide further clinical decision-making.

For active surveillance in esophageal cancer patients, the
use of bite-on-bite biopsies, instead of regular biopsies, has
been suggested because of their higher detection rate [7].
With the bite-on-bite biopsy technique, a second biopsy is ob-
tained at the exact same place as the first biopsy. It is believed
that this may lead to deeper penetration of the gastrointestinal
(GI) wall. For this reason, its use has been recommended by cur-

rent clinical guidelines for classification of subepithelial lesions
[8, 9]. In the context of CREs after neoadjuvant chemoradio-
therapy (nCRT), the use of bite-on-bite biopsies may facilitate
the detection of residual cancer underneath a tumor-free mu-
cosa, which is reported to occur in 7%–22% of esophageal can-
cer patients [10–12]. Insight into the yield of a second (bite-on-
bite) biopsy and the reason for this possible increased detection
rate are essential for further optimization of the diagnostic
strategy used during active surveillance.

This study aimed to assess the yield of a second (bite-on-
bite) biopsy for the detection of residual esophageal cancer
and to correlate this to the distribution of residual cancer found
in the resection specimens.

Methods
This study is a substudy of the phase III multicenter, stepped-
wedge cluster randomized controlled SANO trial (details
provided in the next section). Patients were eligible for inclu-
sion in this study if they were scheduled to undergo nCRT fol-
lowed by surgery and underwent CREs after nCRT according to
the SANO protocol [1]. Patients who proceeded to surgery and
showed histopathological evidence of residual cancer in the re-
section specimen were included in the final analysis. Before the
start of the inclusion period, medical ethical approval was ac-
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ABSTRACT

Background Active surveillance after neoadjuvant treat-

ment is increasingly implemented. The success of this strat-

egy relies on the accurate detection of residual cancer. This

study aimed to assess the diagnostic value of a second

(bite-on-bite) biopsy for the detection of residual esopha-

geal cancer and to correlate outcomes to the distribution

of residual cancer found in the resection specimen.

Methods A multicenter prospective study of esophageal

cancer patients undergoing active surveillance after neoad-

juvant chemoradiotherapy was performed. At clinical re-

sponse evaluations, an upper gastrointestinal (GI) endos-

copy was performed with at least four bite-on-bite biopsies

of the primary tumor site. First and second biopsies were

analyzed separately. Patients with histopathological evi-

dence of residual cancer were included in the primary anal-

ysis. Two pathologists blinded for biopsy outcome exam-

ined all resection specimens.

Results Between October 2017 and July 2020, 626 upper GI

endoscopies were performed in 367 patients. Of 138 pa-

tients with residual cancer, 112 patients (81%) had at least

one positive biopsy. In 14 patients (10%) only the first biop-

sy was positive and in 25 patients (18%) only the second

biopsy (P=0.11). Remarkably, the rates of patients with tu-

mor-free mucosa and deeper located tumors were higher in

patients detected by the first biopsy. The second biopsy in-

creased the false-positive rate by 3 percentage points. No

adverse events occurred.

Conclusions A second (bite-on-bite) biopsy improves the

detection of residual esophageal cancer by almost 20 per-

centage points, at the expense of increasing the false-posi-

tive rate by 3 percentage points. The higher detection rate

is explained by the higher number of biopsies obtained

rather than by the penetration depth.

Supplementary material

Supplementary material is available under
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quired from the medical research ethics committee (MEC-
2017–392).

SANO trial

Details of the SANO trial procedures have been published pre-
viously [1]. In brief, the SANO trial compares the effectiveness
of standard surgery versus active surveillance in clinically com-
plete responders to nCRT for esophageal cancer. After the com-
pletion of nCRT, SANO trial participants are scheduled to un-
dergo CREs at 6 and 12 weeks after nCRT. If there is no evidence
of residual cancer during the two CREs, a patient is classified as
being a clinically complete responder. Clinically complete re-
sponders undergo direct surgery or active surveillance based
on a stepped-wedge cluster randomization at institutional lev-
el. When clinically complete responders are allocated to the
standard surgery arm, patients will proceed to surgery if a com-
bined 18F-FDG positron emission tomography and computed
tomography (PET/CT) scan shows no evidence of distant disse-
mination. When allocated to the active surveillance arm, CREs
will be repeated at increasing time intervals: every 3 months in
the first year, every 4 months in the second year, every 6
months in the third year, and yearly thereafter. In these pa-
tients, surgery will only be offered if they have proven or highly
suspected residual cancer without distant dissemination.

The first CRE – performed at 6 weeks after completion of
nCRT – consists of an upper GI endoscopy with bite-on-bite
biopsies. The subsequent CREs consist of a PET/CT scan, upper
GI endoscopy with bite-on-bite biopsies, and endoscopic ultra-
sound with fine-needle aspiration (FNA) of suspicious lymph
nodes [7].

Endoscopic biopsies

All endoscopies were performed by dedicated endoscopists.
Before nCRT, the proximal and distal border of the tumor were
identified and photographic recordings were made for future
reference. During CREs, white-light endoscopy was used for re-
sidual tumor assessment. At least four sets of bite-on-bite biop-
sies were obtained, irrespective of the tumor length. The PET/
CT outcome was available to aid in the targeting of suspicious
lesions.

For this study, bite-on-bite biopsies were collected separate-
ly using marked containers. The first biopsy of each set of bite-
on-bite biopsies was stored in container 1 and the second biop-
sy was stored in container 2, eventually leading to at least four
biopsies being stored in each container. All upper GI endosco-
pies were performed with high definition gastroscopes (Fujifilm
EG 760 /760Z, Olympus GIF-H190, Olympus GIF-H-180 J, Pentax
EG29-i10, Pentax EC38-i10F2). Bite-on-bite biopsies were ob-
tained using regular-size biopsy forceps (Boston Radial Jaw 4,
Cook Captura Biopsy Forceps, FMH Medical Glutton Life, Fuji-
film Endobite 2, Olympus EndoJaw). In patients with an endo-
scopically non-passable stricture where no biopsies were ob-
tained, as per protocol, this was considered an indication for
surgery [1].

Histopathological assessment of endoscopic
biopsies

Bite-on-bite biopsies were evaluated by a local expert GI pa-
thologist. Biopsies were considered positive if the presence of
residual cancer or high grade dysplasia (HGD) was identified
[1]. Hematoxylin and eosin staining was used for the initial as-
sessment. If there was no evidence of residual cancer, addition-
al deeper sections and (immuno)histochemical staining (peri-
odic acid–Schiff diastase and [pan]keratin) were performed.

The outcomes of the two containers were reported sep-
arately and were used to construct four biopsy groups; “posi-
tive first biopsy only,” “positive second biopsy only,” “both
biopsies positive,” and “both biopsies negative.” This categori-
zation allowed for a direct comparison of the outcomes of the
first biopsy (i. e. first bite) and the second biopsy (i. e. second
bite).

Furthermore, the combination of constructed biopsy groups
allowed for a theoretical comparison of the outcomes of regular
biopsies versus bite-on-bite biopsies in the same patient; the
combination of the “positive first biopsy only” and “both biop-
sies positive” group represents the yield of regular biopsies,
whereas the combination of the “positive first biopsy only,”
“positive second biopsy only,” and “both biopsies positive”
group represents the yield of bite-on-bite biopsies (Table 1 s,
see online-only Supplementary material). Therefore, the pro-
portion of patients with a “positive second biopsy only” repre-
sents the additional yield of the use of bite-on-bite biopsies
over regular biopsies.

Histopathological assessment of the resection
specimen

Resection specimens were assessed according to the eight TNM
classification [13]. The response to nCRT was classified using
the modified Tumor Regression Grade (TRG) of Chirieac et al.
[14]. This scale considers the rate of residual cancer and fibrosis
at the primary tumor site. Histopathologically complete re-
sponders are classified as TRG1 (no residual cancer), whereas
patients with residual cancer are classified as TRG2 if they have
1%–10% residual cancer, as TRG3 if they have 11%–50% resi-
dual cancer, and as TRG4 if they have more than 50% residual
cancer.

All resection specimens containing residual cancer were
evaluated centrally by two expert GI pathologists (L.O. and M.
D.), who were blinded for the outcome of the biopsy contain-
ers. Both pathologists independently scored the TRG for each
layer of the esophageal wall (mucosa, submucosa, proper mus-
cle layer, adventitia) (Fig. 1 s), as well as the most superficial tu-
mor location, defined as the minimum distance between the re-
sidual cancer and the esophageal lumen (measured in µm). Any
disagreement between the pathologists was resolved by con-
sensus discussion.

Statistical analysis

The primary outcome of this study was the yield of a second
(bite-on-bite) biopsy for the detection of residual cancer, de-
fined as the proportion of patients with a positive second biop-
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sy only. McNemar’s test was used to compare the diagnostic
yield of the first and second biopsies. It was assumed that the
second biopsy would have a superior diagnostic yield over the
first biopsy (see “sample size” section for further details).

The secondary outcomes of this study were safety and the
correlation between biopsy outcome and residual cancer distri-
bution among biopsy groups, which was compared using the
chi-squared test. Additionally, residual cancer distribution was
compared between patients who were detected by bite-on-
bite biopsies (i. e. true positives) and patients that remained
undetected (i. e. false negatives).

All analyses were performed using SPSS, version 25 (IBM
Corp., Armonk, New York, USA). Tests were considered statisti-
cally significant if the P value was <0.05 (two-tailed test).

Sample size

We hypothesized that a second (bite-on-bite) biopsy would in-
crease the detection of residual cancer by 18.5 percentage
points [7]. Furthermore, it was assumed that 6.2% of patients
(i. e. one-third of 18.5%) would have a positive first biopsy but
negative second biopsy. With the power set at 80% and an al-
pha of 0.05, 126 patients with residual esophageal cancer in
the resection specimen were needed.

Results
Between October 2017 and July 2020, the bite-on-bite biopsies
from 626 upper GI endoscopies were collected in 367 patients
at seven hospitals. A total of 195 patients were excluded for the
following reasons: 130 did not undergo surgery, 27 had an
endoscopically non-passable stenosis during the last CRE, 23
did not have biopsies taken into separate biopsy containers dur-
ing the last CRE, and 15 had SANO protocol violations (▶Fig. 1).
Of the remaining 172 patients, 34 had a complete response in
the resection specimen and 138 had residual cancer in the re-
section specimen.

▶Table 1 summarizes the baseline characteristics of the 138
patients who had residual cancer in their resection specimen.
Briefly, most patients were male (88%), had an adenocarcino-
ma (92%), and had a primary tumor located in the distal esoph-
agus or at the gastroesophageal junction (99%). The median
tumor length was 4 cm. The last CRE had been performed at 6
weeks in 67 patients (49%), at 12 weeks in 56 patients (41%), at
6 months in 11 patients (8%), and at≥9 months after nCRT in
four patients (3%: 9 months [n =1], 12 months [n=2], 16
months [n =1]).

A positive biopsy was obtained during CREs in 112 of 138 pa-
tients with residual cancer (81%) (▶Table2). Fourteen patients
(10%) had a positive first biopsy only, 25 patients (18%) a posi-

▶Table 1 Baseline characteristics of 138 patients with residual cancer
in their resection specimen.

Age, median (IQR), years  67 (11)

Sex, n (%)

▪ Male 122 (88)

▪ Female  16 (12)

Tumor type, n (%)

▪ Adenocarcinoma 127 (92)

▪ Squamous cell carcinoma   9 (7)

▪ Other*   2 (1)

Clinical T stage, n (%)

▪ cT1   0

▪ cT2  36 (26)

▪ cT3 100 (72)

▪ cT4   1 (1)

▪ cTx   1 (1)

Tumor distance from incisors, n (%), cm

▪ <20   0

▪ 20–30   2 (1)

▪ >30 136 (99)

Tumor length, median (IQR), cm   4 (3)

IQR, interquartile range.
* Adenosquamous carcinoma (n=1) and unknown (n=1).

Patients undergoing bite-on-bite biopsies forthe detection 
of residual esophageal adenocarcinoma (n = 367)

Patients included in the analysis (n = 172)

Complete response in 
resection specimen

TRG 1
(n = 34)

Residual cancer in 
resection specimen

TRG 2, 3 or 4
(n = 138)

Excluded patients
No positive CRE (n = 65) 
▪Active surveillance (n = 55)
▪Proceeded to CRE2 after negative CRE1 (n = 10)

No surgery (n = 63) 
▪Distant dissemination (n = 38)
▪Patient refusal (n= 13)
▪Perioperative distant dissemination (n = 5)
▪Irresectable tumor (n = 3)
▪Poor medical condition (n = 3)
▪Perioperative liver cirrhosis (n = 1)

Endoscopically non-passable stenosis at least
CRE (n = 27)
Biopsies not collected seperately during last 
CRE (n = 23)
SANO protocol violation (n = 15)
Patient died (n = 2)

▶ Fig. 1 Flowchart of initial patient selection and exclusion. CRE,
clinical response evaluation; TRG, tumor regression grade.
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tive second biopsy only, and 73 patients (53%) had both biop-
sies positive. Therefore, the additional yield of a second (bite-
on-bite) biopsy over regular biopsies was 18 percentage points.
No statistically significant difference was observed for the diag-
nostic yield of the first biopsy versus the second biopsy (10% vs.
18%; P=0.11). In 40 patients (29%), the presence of endo-
scopic residual tumor was reported. A positive biopsy was ob-
tained in 37 of these patients (93%): six patients (15%) had a
positive second biopsy only and in 31 (78%) both biopsies
were positive.

Of 26 patients with residual cancer that remained undetec-
ted by bite-on-bite biopsies (i. e. with a false-negative biopsy
outcome; 19%), 22 (16%) had a clinically complete response
and underwent surgery because they were allocated to the
standard surgery arm, three (2%) had a positive FNA from a sus-
picious lymph node, and one (1%) had a high suspicion of resi-
dual cancer on the basis of endoscopic and PET/CT findings [15,
16].

Of the 34 patients with a complete response in the resection
specimen (i. e. TRG 1), nine (26%) had a false-positive biopsy:
false-positive first biopsy only (n=3), false-positive second
biopsy only (n =1), and false positive in both biopsies (n=5).
The second biopsy increased the false-positive rate by 3 percen-

tage points. For five of the nine false-positive results, the biop-
sies showed HGD. Overall, the positive predictive value of the
use of bite-on-bite biopsies for the detection of residual esoph-
ageal cancer was 93%.

Tumor distribution

The distribution of residual cancer for each of the biopsy groups
is shown in ▶Fig. 2. The observed TRG of the esophageal muco-
sa and the most superficial tumor location differed statistically
significantly among the biopsy groups (P <0.001 and P=0.01,
respectively; ▶Table3). The rate of patients with a tumor-free
mucosa was higher in the positive first biopsy only group com-
pared with the positive second biopsy only group (21% vs. 0%).
Also, patients in the positive first biopsy only group had a less
superficial tumor location compared with the positive second
biopsy only group, as reflected by the higher rate of patients
with residual cancer located 500–1000µm or >1000µm from
the esophageal lumen.

A statistically significantly higher rate of patients with a tu-
mor-free mucosa (P=0.002; ▶Table 4) and a less superficial tu-
mor location (P=0.03) were observed in patients with tumors
that remained undetected, compared with patients with tu-
mors that were detected by bite-on-bite biopsies. Even so,
only two of the 26 patients with undetected tumors had a tu-
mor located>1000µm from the esophageal lumen. Patients
with tumors that remained undetected by bite-on-bite biopsies
tended to have a lower tumor distribution in the mucosa (i. e.
TRG 2; 21% vs. 46%).

Patients with a tumor-free mucosa

Of eight patients with a tumor-free mucosa in the resection
specimen (6%), four were detected by bite-on-bite biopsies:
positive first biopsy only (n=3) and both biopsies positive (n =
1) (▶Table3). The most superficial tumor location ranged be-
tween 500 and 2450µm (500, 790, 1070, and 2450µm, respec-
tively). In the four patients with a tumor-free mucosa who re-

▶Table 2 Outcome of the bite-on-bite biopsies and findings in the
resection specimen.

Resection specimen Total

Complete

response

Residual

cancer

Bite-on-bite
biopsy

Positive  9 112 121

Negative 25  26  51

Total 34 138 172

▶Table 3 Histopathological assessment of the mucosa and most superficial tumor location in the different biopsy groups.

Positive first biopsy only

(n =14)

Positive second biopsy

only (n =25)

Both biopsies positive

(n=73)

Both biopsies negative

(n=26)

P value

TRG of the mucosa, n (%) < 0.001

▪ TRG 1  3 (21)  0  1 (1)  4 (15)

▪ TRG 2  4 (29)  5 (20) 14 (19) 12 (46)

▪ TRG 3  5 (36) 10 (40) 23 (32)  5 (19)

▪ TRG 4  2 (14) 10 (40) 35 (48)  5 (19)

Most superficial tumor location, n (%), µm* 0.01

▪ 0–500 10 (71) 23 (92) 70 (96) 19 (73)

▪ 500–1000  2 (14)  1 (4)  3 (4)  5 (19)

▪ >1000  2 (14)  1 (4)  0  2 (8)

TRG, tumor regression grade.
* Minimum distance between esophageal lumen and residual cancer.
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100 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %
20 %
10 %

0 %

Mucosa Submucosa

Positive first
biopsy only

(n = 14)

No residual cancer 1 %–10 % residual cancer 11 %–50 % residual cancer >50 % residual cancer

Positive second
biopsy only

(n = 25)

Both biopsies 
positive
(n = 73)

Both biopsies 
negative
(n = 26)a

100 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %
20 %
10 %

0 %
Positive first
biopsy only

(n = 14)

Positive second
biopsy only

(n = 25)

Both biopsies 
positive
(n = 73)

Both biopsies 
negative
(n = 26)b

100 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %
20 %
10 %

0 %

Proper muscle layer Adventitia

Positive first
biopsy only

(n = 14)

No residual cancer 1 %–10 % residual cancer 11 %–50 % residual cancer >50 % residual cancer

Positive second
biopsy only

(n = 25)

Both biopsies 
positive
(n = 73)

Both biopsies 
negative
(n = 26)c

100 %
90 %
80 %
70 %
60 %
50 %
40 %
30 %
20 %
10 %

0 %
Positive first
biopsy only

(n = 14)

Positive second
biopsy only

(n = 25)

Both biopsies 
positive
(n = 73)

Both biopsies 
negative
(n = 26)d

▶ Fig. 2 Histograms for the different biopsy groups of the residual tumor distribution within the following layers of the resected esophageal
specimen: a mucosa; b submucosa; c proper muscle layer; d adventitia.

▶Table 4 Histopathological assessment of the mucosa and most superficial tumor location of patients detected by bite-on-bite biopsies and patients
that remained undetected.

Positive bite-on-bite biopsy (n=112) Negative bite-on-bite biopsy (n=26) P-value

TRG of the mucosa, n (%) 0.002

TRG 1   4 (4)  4 (15)

TRG 2  23 (21) 12 (46)

TRG 3  38 (34)  5 (19)

TRG 4  47 (42)  5 (19)

Most superficial tumor location, n (%), µm 0.03

0–500 103 (92) 19 (73)

500–1000   6 (5)  5 (19)

> 1000   3 (3)  2 (8)

TRG, tumor regression grade.
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mained undetected, the most superficial tumor location
ranged between 500 and 11 900µm (500, 609, 2090, and 11
900µm, respectively).

Safety

In the 626 upper GI endoscopies performed for this study, no
bite-on-bite biopsy-related adverse events occurred.

Discussion
This is the first study to assess the diagnostic value of a second
(bite-on-bite) biopsy for the detection of residual cancer after
nCRT. The present study shows that the performance of a sec-
ond (bite-on-bite) biopsy is safe and increases the detection
rate by 18 percentage points, at the expense of increasing the
false-positive rate by 3 percentage points. Overall, the use of
bite-on-bite biopsies led to a detection rate of 81% and had a
positive predictive value of 93%. Because of the pragmatic na-
ture of this study, we believe these outcomes reflect daily prac-
tice. The additional yield of a second (bite-on-bite) biopsy was
not related to the detection of patients with a less superficial
tumor location, but can probably be explained by the increased
number of biopsies obtained. Based on this outcome, we re-
commend that for active surveillance strategies at least eight
biopsies of the primary tumor site should be obtained for the
optimal detection of residual cancer.

Most previous studies evaluating the use of bite-on-bite
biopsies have investigated its use for the classification of sube-
pithelial lesions in treatment-naïve patients [8]. Although one
study included patients with a previous nonconclusive biopsy
outcome, none performed a direct comparison of bite-on-bite
biopsies and regular biopsies [17]. In the preSANO trial, an in-
direct comparison of the outcomes of regular biopsies and
bite-on-bite biopsies was performed, by comparing the detec-
tion rate of residual esophageal cancer before and after amend-
ing the biopsy protocol [7]. The authors suggested that the in-
creased detection rate of bite-on-bite biopsies was related to
deeper penetration of the esophageal wall; reaching to the sub-
mucosa, leading to detection of residual cancer underneath a
tumor-free mucosa.

In this regard, van der Wilk et al. investigated the composi-
tion of the bite-on-bite biopsies obtained in the preSANO trial
[12]. Only four of the 88 included bite-on-bite biopsy speci-
mens contained histopathological features distinctive for the
submucosa, suggesting biopsy penetration of the esophageal
wall to be limited. The authors noted, however, that this might
be an underestimation, given the low distribution of features
distinctive for the submucosa, compromising only 1%–2% of
the submucosa in the normal esophagus. In other words, it is
likely that most biopsies actually reaching the submucosa do
not contain these features. Therefore, its absence cannot rule
out penetration of the submucosa.

Based on the current findings, no conclusive evidence can be
provided as to whether the use of bite-on-bite biopsies leads to
deeper penetration of the esophageal wall. Furthermore, al-
though we believe that experienced endoscopists are able to
target the same location twice, the performance of bite-on-

bite biopsies may be challenging. For instance, bleeding from
previous biopsy sites may lead to difficulties while targeting
the area of the previous biopsy.

In the present study, insight is provided into the reason for
the additional yield of a second (bite-on-bite) biopsy, by allow-
ing for a comparison of residual tumor distribution between pa-
tients detected by the first biopsy versus the second biopsy. If
related to a deeper biopsy penetration depth, one would ex-
pect the rate of patients with a tumor-free mucosa or a less su-
perficial tumor location to be higher in the positive second
biopsy only group. Interestingly, the opposite was observed:
rates were higher in the positive first biopsy only group. Based
on this finding, it seems that the increased number of biopsies
collected by bite-on-bite biopsies is a more likely explanation of
the additional yield.

An active surveillance strategy is presently being investiga-
ted for esophageal cancer, but has already been implemented
for rectal cancer [2, 3]. In both esophageal cancer patients and
rectal cancer patients, studies have focused on the anatomical
location of the residual cancer [10–12, 18]. The present study
has further identified that the most superficial tumor location
is another interesting parameter to be taken into account
when assessing applicability for detection by endoscopic biop-
sies.

In a setting after neoadjuvant therapy, the anatomical loca-
tion of residual cancer may be a less reliable marker as neoadju-
vant therapy-induced changes, such as atrophy and ulceration,
may lead to a more superficial location of structures that would
otherwise remain out of reach. Our study shows that, in most
patients in whom residual tumor remained undetected, resi-
dual cancer was located within 1000µm of the esophageal lu-
men, which seems within reach of the available endoscopic
biopsy forceps. Furthermore, missed patients tended to have a
lower tumor distribution. Therefore, even when the site of resi-
dual tumor is adequately identified, the biopsy outcome may
be falsely negative as a result of focal tumor distribution. This
is strengthened by the finding that some patients with endo-
scopically identifiable residual tumor present had a negative
biopsy outcome or a positive second biopsy only. Increasing
the number of biopsies obtained may improve the detection of
residual cancer.

Moreover, the current study shows that an increased num-
ber of biopsies leads to only a limited increase in the false-posi-
tive rate. A false-positive classification among histopathologi-
cal complete responders was mostly explained by biopsies that
showed HGD. To date, it remains unclear whether these pa-
tients may be safely treated with endoscopic eradication ther-
apy.

There are some limitations to this study. First, the study de-
sign of the SANO trial may have led to an overestimation of the
additional yield of bite-on-bite biopsies, as some patients with
false-negative biopsies may still undergo active surveillance.
Nevertheless, the observed additional yield is comparable to
that observed in the preSANO trial, in which patients procee-
ded to surgery irrespective of the outcomes of CREs [7]. Like-
wise, the specificity of bite-on-bite biopsies could not be deter-
mined, because – in the absence of a false-positive biopsy out-
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come – complete responders allocated to the active surveil-
lance arm did not proceed to surgery.

Finally, each biopsy should, ideally, be stored in a separate
container to allow for a more thorough comparison of the out-
comes of regular biopsies and bite-on-bite biopsies, especially
in patients with a positive first biopsy and a positive second
biopsy. This might also allow determination of the optimal
number of biopsies needed to maximize the detection of resi-
dual cancer. Nevertheless, this design is more complicated and
prone to confusion, as at each endoscopy at least four bite-on-
bite biopsies are obtained. Additionally, it would require vast
amounts of resources, because a positive biopsy was collected
in only approximately one out of five upper GI endoscopies.

In conclusion, the present study shows that there is an addi-
tional yield of almost 20 percentage points to the use of second
(bite-on-bite) biopsies for the detection of residual cancer after
nCRT. Based on the observed tumor distribution, the additional
yield in this setting is most likely explained by the increased
number of biopsies obtained, instead of by deeper biopsy pene-
tration of the esophageal wall. The collection of a higher num-
ber of biopsies may improve the detection rate of residual can-
cer during active surveillance and comes at the price of only a
limited increase in the false-positive rate.
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