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Abstract: Barrett’s esophagus (BE) is an intestinal-type metaplastic condition of the esophagus, which
occurs in response to severe inflammation generally as result of chronic gastro-esophageal reflux. Over
the last 5 decades, since the link between BE and esophageal adenocarcinoma (EAC) has been established,
endoscopy has played a key role in the management of this condition, as a procedure initially to diagnose and
monitor the precancerous disease and more recently also to deliver therapeutic interventions. The treatment
algorithm for BE has seen dramatic changes in the last 10 years thanks to the better understanding of the
natural history of dysplasia and early EAC and to the advent of effective endoscopic ablation techniques.
Nevertheless, the incidence of EAC is increasing worldwide and many questions still remain to be addressed.
There is growing need to combine technological advances with early diagnosis and targeted pharmacological
treatments in order to refine management strategies. This would ideally entail early intervention on patients
with a high probability to progress to cancer and minimally invasive treatment in patients with cancer at low
metastatic risk. In this article we will discuss how improved understanding about the molecular make up of
the disease and the emerging diagnostic and therapeutic technologies at the horizon can help reshape the
endoscopic management of BE in the near future.
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Introduction
Barrett’s esophagus (BE) is an acquired condition in
response to chronic gastro-esophageal reflux where a
portion of the squamous epithelial lining of the esophagus
is replaced by a metaplastic columnar epithelium with
intestinal-like differentiation (1). Since the association
between BE and esophageal adenocarcinoma (EAC) was
established approximately 50 years ago (2), endoscopy has
played a key role in the management of this condition,
initially as a procedure to diagnose and survey, and
more recently as therapeutic intervention to deliver
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curative treatments. The in-depth characterisation of the
stepwise progression sequence from BE to EAC through
intermediate histopathologic stages, i.e., (I) low-grade
dysplasia (LGD); (II) high-grade dysplasia (HGD); and (III)
intramucosal EAC has offered a window of opportunity
to intervene before progression to invasive cancer (3-5). A
dramatic progress has been made in the last two decades
in endoscopic techniques to cure BE-related neoplasia,
which has transformed the management of HGD and
early EAC from surgical, with associated morbidity, into
endoscopic and minimally invasive. Currently, all major
gastroenterology societies recommend endoscopic treatment
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for patients with dysplastic BE and intramucosal EAC.
This generally includes endoscopic resection of superficial
neoplastic lesions and/or endoscopic ablation of BE with
flat inconspicuous dysplasia. A body of evidence, including
randomized controlled trials (RCTs), has shown the
effectiveness of endoscopy therapy in achieving complete
remission of intestinal metaplasia (CR-IM) and dysplasia
(CR-D) (6-8), with a better safety profile when compared
with esophagectomy (9). Whereas, given the overall low
risk associated to non-dysplastic BE and the non-negligible
risk of complication related to endoscopic therapy, routine
ablation of BE in the absence of histopathological dysplasia
is not recommended (10-12). Despite the treatment
algorithm for BE is now well defined, many questions
remain open and one can imagine that further progress in
the medical diagnostic and therapeutic technologies can
provide novel evidence to address the outstanding issues. In
this article we will discuss how improved knowledge about
the molecular background of the disease and emerging
technologies can help reshape the current treatment
pathway of BE.
We present the following article in accordance with the
Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/aoe-20-93).
Halting the progression of BE to cancer
The progression of BE to cancer occurs due to the
progressive accumulation of genomic aberrations that drive
cellular transformation. These include somatic mutations
of known tumor suppressor genes (such as TP53 and
ARID1A), copy number alterations affecting genes coding
for proteins involved in signal transduction, particularly
receptor tyrosine kinase, and genomic catastrophes
leading to gross genomic rearrangements (13). Even in the
absence of dysplasia, it is possible to detect mutations
in key driver genes commonly mutated in EAC, such as
SMARCA4, ARID1A, and CNTNAP5, suggesting that
these mutational events can occur very early in cancer
development (14). There is evidence that the inflammation
induced by chronic acid reflux create a mutagenic
environment and activates cellular pathways implicated in
the carcinogenetic process (15-17). It is therefore intuitive
that pharmacological control of reflux through proton pump
inhibitors (PPI), that suppress gastric acid production,
may reduce the risk of cancer (18,19). A meta-analysis
correlated current PPI treatment with a 71% cancer risk
reduction (20). However, in clinical practice the majority
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of patients with BE are treated with PPI, yet a significant
proportion of them will progress to cancer. The question
arises as to whether other pharmacological interventions
could help preventing cancer progression.
In keeping with the primary role of inflammation in the
etiopathogenesis of BE related neoplasia, use of aspirin and
other non-steroidal anti-inflammatory drugs (NSAIDs)
has been shown to reduce the incidence of gross DNA
abnormalities as well as point mutation linked to cancer
development (21). Nevertheless, a recent large UK-based
randomised controlled trial (AspECT) investigating the
chemopreventive properties of aspirin in patients with BE
failed to produce convincing evidence that aspirin reduces
the risk of cancer (22). Interestingly the combination of high
dose esomeprazole (80 mg/daily) and aspirin demonstrated
some protective effect in the composite endpoint including
all cause of mortality as well as development of HGD/EAC
(time ratio 1.59, 95% CI: 1.14–2.23). However, this is likely
to be related to the protective effects of aspirin against
cardiovascular events, which in fact represent the single
commonest cause of death in patients with BE (23).
Statins represent another interesting class of drug
which might interfere with the cancer development in
BE. In vitro experiments demonstrate that statins reduce
cell proliferation and induce apoptosis via inhibition of
Ras farnesylation and ERK/AKT pathways (24). A recent
meta-analysis showed that statin use is associated to an
approximately 2-fold reduction in the risk of cancer
progression (odds ratio 0.48; 95% CI: 0.31–0.73) (25).
Considering that BE is associated with obesity and
metabolic syndrome, it is possible to envisage that in the
future a combination of PPI with statins and aspirin, which
also reduces the cardiovascular risk, might be the preferred
pharmacological treatment of patients with BE (Figure 1).
However, prospective trials are warranted to establish the
efficacy and safety of this approach.
Endoscopic treatment of non-dysplastic
Barrett’s
The average risk of progression from non-dysplastic BE to
EAC is estimated to be very low, at about 0.3% per year (26).
Therefore, with a strategy based on endoscopic ablation of
all patients with BE, the prevention of a single case of cancer
would require a high number-needed-to-treat. In addition,
according to a recent multicentre study, there is evidence
that after successful eradication of intestinal metaplasia with
radiofrequency ablation (RFA), BE can relapse in up to a
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quarter of patients (27). Hence, on the one hand, treating all
non-dysplastic BE cases could prevent repeating gastroscopies
performed as part of endoscopic surveillance, but on the other
there is uncertainty whether it is possible to safely discharge
patients after successful eradication of BE, even in the absence
of dysplasia. Therefore a blanket ablation strategy of nondysplastic BE is not cost-effective (28). An optimal solution
would be to limit the treatment to those patients at highest
risk to progress to cancer. The current ‘gold standard’ of
pathological dysplasia has proved to be fraught with technical
and inter-observer discrepancies and thus there is a clear need
for better methods to stratify patients based on their risk of
progression. In the era of genomics research advances in
our understanding of molecular mechanisms underlying
disease pathogenesis and progression have given significant
insight in the potential usefulness of molecular biomarkers
to quantify cancer risk. However, finding a single molecular
biomarker to be used as diagnostic test to guide clinical
management has proven to be a tremendous challenge (29)
and it is likely a combination of biomarkers will be needed.
Recent studies have shown that the combination of clinical
parameters (e.g., gender, age and BE segment length) (30)
and both genetic (loss of heterozygosity at chromosome
9p and 17p, tetraploidy and aneuploidy) (31-34) and/or
epigenetic (methylation pattern) (35,36) alterations increase
the predictive value through the development of risk
models.
The p53 gene located on chromosome 17p codes for a
tumour suppressor that provides a major barrier against
neoplastic transformation. P53 is the single most commonly
mutated gene in EAC (14). Genomic events at the p53 locus
are known to occur in pre-cancerous stages, including
1–5% of non-dysplastic BE, 65% of LGD and 75% of
HGD (37-39). In addition, mutations in p53 have been
associated with worse prognosis and reduced overall survival
following surgical resection (40,41). A case-control study
on a prospective cohort demonstrated that aberrant p53
protein expression on endoscopic biopsies correlated to an
odds ratio (OR) for progression to HGD/EAC of 5.6 (95%
CI: 3.1–10.3) (42). Similarly, a more recent prospective
study showed that aberrant p53 increased the risk of shortterm progression within 12 months, with an OR of 6.0
(95% CI: 3.1–11.2) (43). A large multi-centre study showed
that aberrant p53 can also be detected on cytological
samples obtained with a non-endoscopic cell-collection
device (Cytosponge TM ). A model including glandular
atypia, P53 abnormality, Aurora kinase A positivity, and
the interaction of age, waist-to-hip ratio, and length of the
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BE segment identified with a 96% (99% CI: 73.8–99.99)
probability patients at low-risk of progression, which could
be monitored less intensively or even with non-endoscopic
technologies (44).
Recent sequencing data demonstrated that EAC is
characterised by high degree of genomic instability (13).
In keeping with this, a measure of aneuploidy by flow
cytometry has been demonstrated in prospective studies to
be an accurate biomarker of progression. Patients with BE
and baseline aneuploidy have a risk of cancer progression
which is 3 to 6 times higher (43,45). However, flow
cytometry is laborious and requires fresh biopsies, which
limits its diagnostic applicability. A recent study investigated
genome-wide copy number chromosomal instability in
patients with BE using shallow whole-genome sequencing.
The authors assessed 777 biopsies, from 88 patients with
BE, including patients with stable non-dysplastic BE as well
as those that progressed during surveillance, and were able
to show that genomic events can distinguish progressive
from stable disease even 10 years before histopathological
transformation (46). Of note, 55% of samples from patients
who did not progress during follow-up were classified as low
risk, whereas 77% of samples from patients who progressed
were classified as high risk. One of the interesting aspects of
this molecular test is the compatibility with formalin-fixed
paraffin embedded material resulting from conventional
histopathological diagnosis, making this technology
applicable to standard clinical practice. Therefore, we can
clearly envisage a future scenario whereby a combination
of clinical and molecular data will be integrated to generate
a risk score to quantify the individual risk of BE-related
cancer (Figure 1). In this context ablation strategies in
patients at high risk could meet the threshold for costeffectiveness. Prospective studies with longitudinal outcome
as well as biomarker-based randomised controlled studies
are required to validate the utility in clinical practice of
prognostic biomarkers.
Do all patients with dysplasia need treatment?
The presence of dysplasia, classified into LGD and HGD,
remains the best clinical biomarker to guide treatment
decisions (10,12,47). However, dysplasia has significant
limitations as it can be easily missed by the endoscopist
during random sampling and is diagnosed by pathologists
with the use of subjective criteria. The field of endoscopic
diagnosis is moving very fast with the development of
technologies that assist the physician in detection of
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Figure 1 Potential future management scenarios for patients with BE and early BE-related neoplasia. (A) Chemoprevention in patients
with non-dysplastic BE has the potential to decrease risk of progression to neoplasia. Accurate biomarkers could identify patients with nondysplastic BE with a high risk of progression who benefit from preventive endoscopic treatments. Patients with low-risk BE will remain
under surveillance with endoscopic or non-endoscopic techniques. (B) Due to improved pathological diagnosis through expert review
and routine use of biomarkers, a proportion of patients with LGD could be re-classified as low risk. Similarly, accurate biomarkers could
identify those at high risk of progression who benefit from endoscopic treatment of LGD. (C) Multi-modality treatment, including novel
techniques, will most likely remain standard approach for patients with HGD and IMC. Those who require extensive resection could benefit
from novel methods for stricture prevention. Adjuvant pharmacological therapy could increase the rate of complete remission of disease.
(D) Management of patients with pT1b adenocarcinoma will most likely still include esophagectomy for patients at high-risk of lymph node
metastases who prefer radical surgery. Novel regimens of adjuvant chemotherapy or chemoradiation could be an alternative. Low-risk pT1b
disease accurately identified through predictive models will be primarily managed by endoscopic treatment.

subtle lesions. However, dysplasia is often a microscopic
diagnosis and is truly invisible even on magnified view. A
detailed discussion of novel imaging modalities is outside
the scope of this manuscript (48). The other challenge
in clinical practice is the high rate of inter-observer
variability among pathologists, particularly in the case of
LGD where the kappa values for agreement can be as low
as 0.14 (standard error 0.1) (49). A pathological diagnosis
of HGD associates with a significant risk of progression
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to cancer. Two randomised controlled trials evaluating
photodynamic therapy and RFA showed that patients with
HGD randomised to the control arm had a short-term rate
of progression to cancer ranging from 19% to 28% (6,50).
These data represent the basis of current ablation strategies
in patients with HGD. However, the natural history of
LGD is less clear and is likely to be heavily influenced by
the histopathological stringency of the diagnosis as annual
neoplastic progression rates vary hugely between 0.5% (51)
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and 13.4% (52). The SURF trial, which compared the
outcomes of RFA versus surveillance in BE patients
with confirmed LGD over 3 years of follow-up, showed
progression rates to HGD/EAC of 1.5% and 26.5%,
respectively (7). Long term follow up (median 73 months)
of LGD patients from the same trial showed that, despite a
32.4% cancer risk reduction in the ablation arm (95% CI:
22.4–44.2), approximately three quarters of LGD patients
had stable disease or were downgraded to non-dysplastic
BE at follow up (53). Therefore, it is unclear whether an
intervention strategy founded on ablation of all patients
with LGD is fully justified. Two Dutch studies clearly show
that the robustness of the pathological diagnosis of LGD is
the key to avoid over diagnosis. When a community LGD is
confirmed by more than one expert GI pathologists the risk
of progression can be as high as 9–13% per year, as opposed
to 0.5–0.6% in patients whose LGD is down-graded
(52,54). However, given that the LGD diagnosis in patients
enrolled in the SURF trial was confirmed by the same panel
of expert pathologists the question remains whether all
LGD diagnoses, particularly in elderly patients should be
ablated. In the future is likely that a biomarker-based risk
stratification will be applied to guide management decision
and avoid exposing elderly patients to un-necessary risks of
endoscopic interventions (Figure 1).
How to achieve high rate of BE remission with
endotherapy
The endoscopic techniques that are used for the treatment
of BE can broadly be categorized into: (I) resection and
(II) ablation techniques. These may also be combined to
increase the effectiveness of endoscopic eradication therapy.
In recent years, there has been an impressive
investment from industry and research bodies in the
development and validation of novel endoscopic devices
for the treatment of BE. Methods studied include
photodynamic therapy, argon-plasma coagulation
(APC) (55), hybrid APC (56), spray cryotherapy (57),
balloon-based cryotherapy (58), RFA (6,7) and nont h e r m a l m e c h a n ic a l res ec ti o n (E nd o ro to r ® ) (59).
Detailed description of evidence in support of safety and
effectiveness of individual techniques is beyond the scope
of this manuscript. Different techniques can be used alone
or in combination. One multimodal approach for the
treatment of BE with HGD and intramucosal EAC that
showed excellent eradication rates is the combination of
focal endoscopic resection and ablation. The main rationale
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behind ablation of residual BE after successful removal of
neoplastic lesions is the high rate of neoplastic recurrence
(14.5–36.7%) within the flat residual BE (8,60). RFA is by
far the most investigated ablation technique and the level of
evidence together with the good safety profile has made it
the modality of choice in the majority of Countries based on
specialist guideline recommendations (10,12,61). However,
RFA is far from perfect, given that the rate of complete BE
eradication ranges from 62% in registry data (62) to 87% in
well-designed prospective studies (63). This suggests that in
real life clinical practice approximately a quarter of patients
receiving RFA will not achieve the ultimate endpoint, i.e.,
the complete remission of intestinal metaplasia (CR-IM).
In addition to this, after apparent endoscopic remission
following RFA there remains a small risk of buried glands,
which have been described in less than 1% of cases (63),
with anecdotal evidence of EAC developing from subsquamous glandular metaplasia (64). Clearly the efficacy of
emerging techniques will need to be compared with RFA
to prove non-inferiority or ideally superiority in order to
rescue patients that might not achieve CR-IM with RFA
or shift the treatment paradigm towards more effective
techniques. A recent pilot RCT compared RFA and APC
in 76 BE patients with early BE-related neoplasia. In this
study, the patients treated with endoscopic resection were
randomized to receive endoscopic ablation by APC or RFA.
Each technique showed similar efficacy and safety, although
APC was shown to be more cost-effective (65). However,
this conclusion can be challenged for two main reasons.
Firstly, the primary endpoint of the study was complete
remission of dysplasia (CR-D) and not CR-IM, which
should be the ultimate goal of the endoscopic ablation
pathway; secondly, the sample size was underpowered
to compare efficacy and safety of both techniques. One
suggested advantage of APC is its wider availability,
however, this may be of limited benefit as there is broad
consensus that the treatment of BE-related neoplasia should
be restricted to expert centres (10-12).
Cryotherapy may become an attractive alternative for
cases refractory to RFA. A small retrospective study, which
assessed a response to liquid nitrogen spray cryotherapy
in 16 patients with persistent dysplasia after a median
number of 3 RFA sessions, showed that CR-D could be
achieved in 75% of refractory cases (66). A meta-analysis
of 11 studies reporting on efficacy of different cryotherapy
techniques in patients with persistent dysplasia or IM after
RFA found that CR-D and CR-IM can be achieved in 76%
and 46% of cases, respectively (67). A novel balloon-based
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nitrous oxide cryotherapy device is available on the market
and has showed promising results in a recent single arm
multicentre prospective study, where CR-D and CR-IM
were achieved in 76% and 72% of patients with dysplastic
BE (68). The availability of different treatment modalities
to the managing physician will enhance in the future the
opportunity to achieve disease remission in patients with
neoplastic BE.
However, it remains unclear the reason why a proportion
of patients with BE fails to respond to the ablation
treatments. One possible explanation is that the persistence
of acid and non-acid reflux after the endoscopic treatment
creates a hostile environment for tissue healing. In a small
retrospective study on 45 patients, normal esophageal
acid exposure after RFA correlated with rate of response
to treatment (69). However, there is no data on the
usefulness of pharmacological or surgical interventions to
improve reflux control and enhance response to endoscopic
treatment. In a large US-based registry collecting data from
5,537 patients undergoing RFA, previous fundoplication did
not correlate to higher rates of CR-IM (70). One possible
way to improve CR-IM rates would be pharmacologically
boost epithelial regeneration after treatment towards the
squamous phenotype. It can be postulated that after thermal
injury (heat or cold) of the superficial mucosa, progenitor
cells located in the deeper mucosal or submucosal layers
are responsible of esophageal re-epithelisation. There is
evidence that embryological pathways such as Hedgehog
and Bone Morphogenetic Proteins (BMPs) are implicated
both in the development of the embryonic human
esophagus (71,72), as well as in the onset of BE (73).
In particular, inhibition of the Hedgehog pathway has
been shown to prevent BE-like lesions and cancer in a
rat surgical model of reflux disease (74). Even though
there remain uncertainty about the cell compartment that
acts as progenitor to BE epithelium, it is reasonable to
hypothesize that, after endoscopic ablation, the activation
of embryological pathways that support the intestinal
metaplastic phenotype could be responsible of the
regeneration with BE rather than neosquamous epithelium.
This could lead to reduced efficacy of the therapeutic
intervention. Therefore, systemic or topical inhibition of
BMP or Hedgehog could represent in the future a viable
opportunity to interfere with this cell fate decision and drive
regeneration with normal squamous phenotype (Figure 1).
This represents an exciting new avenue of translational
research that might lead to improvement of outcomes after
endoscopic ablation.
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The future of endoscopic resection: endoscopic
mucosal resection (EMR) vs. endoscopic
submucosal dissection (ESD)
BE-related neoplasia associated to endoscopically visible
lesions is an indication to endoscopic resection. The
European Society of Gastrointestinal Endoscopy guidelines
recommend piecemeal EMR over ESD as preferred
technique in most cases of BE-related early neoplasia (10).
This recommendation is founded on two pieces of evidence.
First, a treatment strategy based on the combination of
EMR and RFA leads to remission of neoplasia in 98% of
cases according to a European multicentre study including
132 patients (63). Second, a small RCT comparing
effectiveness and safety of EMR and ESD did not find
superiority of a routine ESD-based strategy (75). In
particular, this trial, despite a higher radical resection rate
in the ESD group, failed to show a difference in complete
remission of neoplasia during a mean follow-up period of 23
months. In addition, ESD was associated with a significantly
longer procedure time (mean 54 versus 22 minutes;
P=0.0002). Nevertheless, this was a small study, which
was not powered to show differences in the curative rate,
particularly in the case of larger lesions which might bear a
significant risk of deeper invasion. It is estimated that ESD
is performed for less than 10 percent of all early Barrett’s
neoplasia cases (76). It is not easy to predict whether in the
future we will observe an increase in the proportion of ESD
during BE endotherapy given the fact that this technique
has a longer learning curve and more limited training
availability in the Western centres compared to EMR. On
the other hand, it is becoming more popular in Europe
and North America, which brings about a larger training
resource for the future.
An analogy could be drawn however with the management
of the squamous cell cancer (SCC) where ESD is the
technique of choice to completely resect the early cancer
and the entire dysplastic field (77,78). In the context of
SCC, this strategy has a 95% of long term remission rate
and has been proven to be superior to an EMR-based
approach (79,80). The question arises whether in the future
for an optimal management of BE-related neoplasia a
radical endoscopic resection should include the adjacent
non-dysplastic BE, which would overcome the issue of
BE refractory to ablation. This therapeutic approach was
compared to a multimodal strategy (EMR followed by
RFA) in a small randomised controlled trial. In this study
the stepwise radical resection resulted in a significantly
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higher rate of moderate and severe complication compared
to EMR followed by RFA, including a stricture rate of
88% (81). This mirrors retrospective and prospective data
from cohorts of patients with SCC treated with ESD,
where esophageal stricture occurs at significant rate after
resection of mucosal areas larger than three-quarters
of the circumference of the esophagus (82-84). A metaanalysis of data from 3 studies revealed that the risk ratio
for the development of stenosis following endoscopic
resection was 30.9 (95% CI: 18.8–50.8; P<0.001) for lesions
involving > 3/4 as compared to lesions involving ≤ 3/4 of
the esophageal circumference (40). The incidence of postprocedural stricture is almost 100% if patients require
circumferential mucosal resection (40). This suggests
that preventive interventions against severe stricture are
required in order to make radical resection safe and feasible
in clinical practice.
Temporary placement of a self-expandable metallic
stent has been investigated (85). However, stenting carries
disadvantages of migration, need for removal and high costs.
Recently, the use of biodegradable stents made of synthetic
polymers that decompose in situ and do not require removal
was described. Studies have reported efficacy in preventing
post-ESD esophageal stricture, however the sample size
of these studies is small (86,87). Several previous studies
showed that endoscopic steroid injection into the ESD bed
reduces the risk of stricture by approximately 70% (88).
Yamaguchi et al. reported that oral prednisolone is an
effective treatment for preventing esophageal strictures
after esophageal ESD (89), but this can associate to the risk
of severe complications, especially in elderly patients with
moderate to severe comorbidities. Topical steroids, such
as orodispersible budesonide could be a safer alternative to
systemic steroids and an RCT is ongoing (90). Some reports
show potential efficacy of anti-fibrosis and anti-scarring
drugs such as botulinum toxin A (91), mitomycin C (92),
5-fluorouracil (93), tranilast (94), N-acetylcysteine (95)
and small interfering RNA (96). However, none of these
treatments have been investigated in multicentre trials
with a sufficient sample size and some are still highly
experimental.
Regenerative medicine is evolving as an emerging field
in the prevention of post-procedural endoscopic strictures.
The application of an autologous cell suspension that
involves the use of cells extracted from autologous fat, skin,
and oral mucosa has shown promising results in animal
studies (97). A recent study that included 10 patients
with superficial esophageal squamous cell carcinoma who
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had undergone ESD with mucosal defects greater than
3/4 of the esophageal circumference, showed feasibility
of the cell sheets technology, however the incidence
of esophageal stricture remained high at 40% (98).
Trials using autologous tissue transplantation showed
very promising initial results. To date, transplantation
of gastric (99) and esophageal mucosa (100)
and skin graft placement on patients after extensive
endoscopic resection of esophageal neoplasia showed
feasibility and efficacy. However, the number of patients
included into all these experiments is small, and there is a
lack of controls.
In summary, while EMR appears the preferred resection
modality within a multimodal strategy in combination
with endoscopic ablation, in the future radical ESD could
become an option as training becomes more available
and preventive intervention against stricture might allow
a drastic reduction in the complication rate. A particular
subgroup of patients who might benefit from ESD is
those with T1b EAC, which is an increasing indication for
endoscopic treatment as discussed in the next paragraph.
Shifting paradigm of minimally invasive
treatment: the case of T1b
Endoscopic resection is considered curative for completely
removed dysplastic lesions and early-stage EAC at low
risk of lymph node metastases. Since lymph nodes are
not removed during endoscopic resection, the risk of
lymph node metastases must be predicted based on
histopathological criteria. Uniformly accepted criteria
for curative resection of BE related neoplasia include
invasion within the muscularis mucosa, good or
moderate differentiation (G1/G2), no lymph vascular
invasion (lv-) and resection margin clear from cancer (R0
resection) (10,101). When these criteria are met, the risk
of lymph node metastases has been proven to be very low
(0–2%) (102) and long-term disease specific survival after
endoscopic treatment is comparable to surgery, but with
significantly lower morbidity and mortality rates (103).
Although invasion into the submucosal layer historically
represent an indication to surgery, recent series of patients
with T1b disease treated with endoscopic resection indicate
that the incidence of lymph node metastasis in submucosal
tumours is lower than in the previously reported in
surgical series (104-107). There is evidence that superficial
submucosal invasion (≤500 µm) harbour an overall risk
of lymph node metastases of 8–9% (106,108) and when
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limited to cancers with no other risk factors (G1/G2, lv-,
and R0) this risk may be as low as 2%, which is similar to
that of mucosal cancers (106). A multicentre retrospective
study showed that lv+ and poor differentiation are the
strongest risk factors for metastasis with OR of 6.2 (95%
CI: 3.1–12.3) and 3.7 (95% CI: 1.9–7.1), respectively (109).
As a consequence, both European and Japanese guidelines
consider sm1 EAC without other histological risk factors
(G1/G2, lv-) an extended criteria for curative resection,
particularly in patients with borderline fitness to surgery
(10,110).
A recent propensity score matched study which,
analysed data from the US National Cancer Database,
compared endoscopic and surgical resections in 2,545
patients with T1a and 1,281 patients with T1b EAC (111).
While it was not surprising that the 5-year survival
between endoscopically and surgically treated patients
did not differ (70% and 74%, respectively, P=0.1), it was
somehow unexpected that overall surgery did not confer
survival benefit in the T1b group where 5-year overall
survival were 53% and 61% after endoscopic resection and
esophagectomy, respectively (P=0.3). In this cohort, 23%
of T1b patient treated by endoscopic resection received
adjuvant treatment.
The rationale behind the standard approach of radical
surgical treatment in patients with high risk T1b disease
lies in the 20% risk for lymph node metastasis (108), which
can increase to 50% when multiple histopathological
risk factors are present (112). This means that as many as
80% of these patients may receive unnecessary surgery.
How can the situation change in a foreseeable future
(Figure 1)? First, new histopathological predictors may help
stratify patients based on their risk of nodal involvement.
The most promising one is tumour budding, defined as
the presence of single cells or small groups of less than 5
undifferentiated cells at the invasive front of the invasive
cancer. Tumour budding has been shown to be independent
risk factor for lymph node metastasis in T1 EAC (113)
and has been associated with poor overall survival in
esophageal cancer (113,114). Second, already identified and
emerging histological risk factors will likely be converted
into quantitative models to predict the risk of lymph node
metastases for patients with endoscopically treated T1
EAC. The benefit of the models is that they take into
account a weighted risk of each individual risk factor. Such
model, including tumour size, depth of invasion, grade
and lymph vascular invasion has already been developed
and shown to effectively stratify patients into four risk
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categories for lymph node involvement (<5%, 5–10%;
15–20%; and >20%) (115). Furthermore, it also predicted
survival and risk of recurrence among patients without
lymph node involvement at the time of esophagectomy,
which may call into question the dogma that surgical
resection is required to effectively manage lymph node
metastases (115). The next steps are to incorporate more
detailed and new histopathological features along with
clinical factors, including comorbidities to estimate the
potential benefit of additional treatment and to validate the
model in other cohorts. One may also expect that artificial
intelligence systems will outperform such model and replace
it in predicting the risk of lymph node metastasis through
automated analysis of histopathological specimens. Such
model has already been developed and internally validated
for pT1 colorectal cancers (116) and it may become routine
for EAC in the future.
It remains unclear whether oncological treatments with
chemotherapy or chemoradiation therapy (CRT) could be
a better, organ saving alternative to the surgery for patients
with non-curative resection due to high risk pT1b EAC.
In the field of SCC, several studies investigated the role
CRT in patients with high risk T1 disease and showed
similar overall survival and progression free survival to
surgery (117-120). The first phase III RCT comparing
esophagectomy and CRT in patients with N0-pT1b
esophageal SCC after ESD is ongoing (121). In the context
of EAC, a recent systematic review which included 285
patients with early submucosal EAC suggested that surgery
might be superior to CRT, with 5-year overall survival
between 90–100% after esophagectomy and 75–85% after
adjuvant CRT (122). However, available studies might be
limited by selection bias, in that patients undergoing surgery
might be fitter that those treated by CRT, which could
impact on overall survival. Therefore, RCTs are highly
warranted to compare the efficacy of the two approaches.
Meanwhile a prospective study is ongoing, where patients
with pT1b EAC who have undergone radical endoscopic
resection will be offered a strict endoscopic and radiological
follow-up as alternative to an esophagectomy (123). This
study will provide invaluable insight into the natural history
of T1b disease.
Endotherapy as adjuvant treatment for more
advanced neoplasia
Although EAC is less chemo- and radio-sensitive than
SCC, the rate of complete pathological response has
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increased with recent advances in neo-adjuvant treatment.
A prospective study on 700 patients with esophageal
cancer, of which 112 received neoadjuvant CRT, showed
complete pathological response rates of 21% and 42%
for EAC and SCC respectively (124). Interestingly the
rate of pathologically negative lymph nodes was 52% and
65% in EAC and SCC respectively. The question arises
then whether endoscopic resection post CRT has a role to
control residual local disease. Studies from Japan indicate
that salvage endoscopic resection could be a minimally
invasive strategy for persistent luminal disease after
definitive CRT (125,126). A recent European multicentre
case series including 25 patients showed feasibility of this
approach with a 92% en bloc resection rate for ESD (127).
Differently from SCC, there is very scarce evidence on
the role of endotherapy as salvage resection after definitive
oncological treatment (126,128). Given an increasing
incidence of EAC and the longer life expectancy, this cancer
is increasingly diagnosed in elderly patients who might be
unfit for surgery or refuse it for personal reasons, therefore
further research on the combination of CRT and salvage
endoscopic resection is warranted. Although it is difficult to
design an RCT with the current level of evidence, there is
an increasing patient population that might benefit from this
approach within well designed prospective studies, which
take into account patients’ comorbidities and preference.
Esophageal cancer is associated with a complex pattern of
lymph node metastasis, from the cervical to the abdominal
stations. As a consequence, in order to reduce the risk of
recurrence an extensive lymphadenectomy is required,
which carries a high risk of complications. Another
interesting area of future research on multimodal therapy is
based on advances in imaging to better identify early nodal
metastasis in patients with EAC. This can be achieved with
sentinel node (SN) mapping, which has been widely applied
to the surgical staging of breast cancer or melanoma.
However, SN mapping for esophageal cancer is technically
difficult because of the multidirectional lymphatic networks
of the esophagus and mediastinum. SN mapping and biopsy
in the context of esophageal cancer has been investigated
and might have a role to inform decision-making process
in minimally invasive treatment of early stage esophageal
cancer.
A meta-analysis including 18 studies showed sensitivity
to predict nodal metastasis of 91% in EAC and 81% in
SCC. Interestingly the sensitivity tended to be lower
according to tumor depth therefore patients with superficial
primary tumors (T1 or T2) would benefit the most from

© Annals of Esophagus. All rights reserved.

Page 9 of 15

SN mapping (129). A study with 134 patients showed
an excellent sensitivity and accuracy for T1 tumours
(sensitivity 91.7%, accuracy 98.2%) using post-surgical
histopathology as gold standard (130). A recent pilot
study assessed the feasibility of SN navigation surgery in
combination with thoracolaparoscopic lymphadenectomy
without concomitant esophagectomy in early EAC without
neoadjuvant therapy. The results of the study suggested that
this hybrid technique is feasible in patients with high-risk
submucosal early EAC (131). If the results of this current
line of research will prove successful, they will open new
and exciting avenues for endotherapy in early stage EAC.
Conclusions
Tremendous progress has been made over the last two
decades in the understanding of the natural history,
molecular make up and endoscopic management of BE.
This has informed recent guidelines which corroborated
a step change toward minimally invasive treatment of BErelated early neoplasia. Currently, endoscopy is the main
stay for treatment of patients with BE disease, however,
further efforts are required to translate research advances
into a more personalised and patient-centred clinical
management. New targeted pharmacological therapies
are awaited to reduce cancer risk and improve response to
endoscopic treatments. At the same time, better molecular
stratification can be seen at the horizon. Several biomarkers
are at late stage of validation and will allow soon to focus
therapeutic interventions on patients at high risk and to
reduce the burden of endoscopic surveillance in patients at
low risk of progression. Finally, increasing understanding
of natural history and patterns of progression of T1b EAC
will allow better tailoring of the curative pathway, with
increased use of minimally invasive endoscopic therapy in
combination with oncological treatments.
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