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ABSTRACT

Background: Controversy has been reported concerning the extent of lymphadenectomy 
during esophageal adenocarcinoma (EAC) resection surgery in the era of multimodal 
therapy. Due to unfavorable biology, there is potential for the neoplasia to persist after 
neoadjuvant therapy. Extended lymphadenectomy might bring a survival advantage to these
patients. This systematic review and meta-analysis evaluates whether the extension of 
lymphadenectomy has impact on overall survival (OS) in patients with EAC submitted to
esophagectomy preceded by neoadjuvant therapy.
Methods: A comprehensive online search was done using Pubmed, Web of Science, and the
Cochrane library databases (2015 to 2020). Completed trials were identified at
ClinicalTrials.gov. Meta-analysis data were conducted using a random effects model. Subset
analysis of adenocarcinoma ‘s location and the usage of either categorical or continuous
variables were performed. 
Results: Five studies were included in the review, four of them in the meta-analysis. Analysis
showed that, though not statistically significant (HR=0.88; 95% CI:0.74-1.04, p=0.13), a
higher extension of the lymphadenectomy was associated with better OS, with evidence of
significant heterogeneity (I2 = 86%, p<0.001). Both subset analysis of categorical variables
and adenocarcinoma’s location revealed a survival benefit of a high lymph node yield on 
OS (HR=0.82; 95% CI: 0.69-0.98, p<0.05; HR=0.77; 95% CI: 0.68-0.88, p<0.001,
respectively).
Conclusions: A higher extension of lymphadenectomy in a multimodal therapy approach might
be associated with improved OS in EAC patients. Despite advances in multimodal therapy,
extended lymphadenectomy should be the standard of care and the extension of lymph node
resection is crucial as it might be a true prognostic factor that affects patients’ OS.
Key words: lymph node excision, neoadjuvant therapy, esophageal neoplasms, adeno-
carcinoma, survival
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cancer deaths in 2020 (1). The two most common 
histologic subtypes, squamous cell carcinoma (SCC) and
adenocarcinoma, have different etiologies, resulting in
a geographic variation of their incidence. In recent
years, we have seen a significant and rapid increase in
esophageal adenocarcinoma (EAC) incidence. Reasons
are not entirely understood. It is thought that the
increased prevalence of excess body weight and 
obesity, as well as gastroesophageal reflux disease, and
the simultaneous decline in chronic Helicobacter pylori
infection, might be behind it (2,3). 

EAC arise from glandular epithelioma and are 
mainly located in the lower thoracic esophagus 
and esophagogastric junction, being associated with
Barrett's esophagus. Gastroesophageal (GEJ) adeno-
carcinomas behavior and staging modalities are similar
to pure esophageal tumors (4). Therefore, these cancers
are treated as EAC.

Esophageal cancer (EC) staging is defined by the 7th

edition of the AJCC Cancer Staging Manual for eso-
phagus and esophagogastric junction cancers that
establishes tumor-node-metastasis (TNM) sub-
classifications (5). EC location does not affect the EAC
stage, as opposed to SCC (6). At time of diagnosis, 
disease is usually in an advanced stage, and most
patients have a poor prognosis (7).

EAC treatment has evolved, particularly in cases of
early-stage disease. Surgical resection continues to be
the standard treatment for localized disease, ensuring
both locoregional disease control and long-term 
survival (8). In locally advanced EAC, poor survival with
surgery alone has prompted the use of neoadjuvant
chemotherapy or chemoradiation therapy in addition
to surgery (multimodal therapy). Compared to surgery
alone, multimodal therapy is associated with higher
rates of negative resection margins, lower recurrence
rates, and improved survival. However, EAC patients’
survival has improved little over the past decades and
the estimated 5-year OS ranges from 36%-47% of
patients in multimodal therapy strategies (9).

Eng et al, a study involving 4679 patients who
received multimodal therapy for EAC, concluded that
higher stage, lymphovascular invasion, and positive 
surgical resection margins were associated with
decreased OS (10). Due to esophageal extensive sub-
mucosal lymphatic drainage, nearly 60% of patients
have positive lymph nodes even after neoadjuvant
chemoradiation therapy (11). Additionally, ‘skip 
metastasis’ directly metastasing into the second or third
lymph node groups, are frequently seen in EAC (12).
Nodal involvement is the single most important 
prognostic factor in EC for locoregional and systemic

recurrences after complete resection (8). High-quality
lymphadenectomy provides more accurate staging and
improves OS. However, its value and extent during
esophagectomy, as part of the multimodal therapy for
EAC, is debatable.

Extending the surgical resection yield is considered
reasonable to improve outcomes. Proponents of en
bloc esophagectomy with extended lymphadenectomy
claim lower recurrence rates and increased survival in
patients with locally advanced tumors (13,14). The
National Comprehensive Cancer Network recommends
lymphadenectomy of at least 15 lymph nodes, with 
several studies demonstrating survival benefit with
resections of up to 20-25 lymph nodes (15). 

It has been suggested that a more extensive 
lymphadenectomy has higher post-operative morbidity
with no survival advantage. Lack of statistical power in
published studies together with heterogeneous cohorts
of EC patients (EAC and SCC) contributes to ongoing
debate (16). 

Some studies reported a survival benefit of 
lymphadenectomy in EAC compared to SCC, potentially
because the former is less likely to respond to neo-
adjuvant therapy. For this reason, the extension of 
lymphadenectomy might have a more important effect
in EAC patients OS (17).

This systematic review and meta-analysis was 
conducted to evaluate the impact of the extension of
lymphadenectomy in OS of EAC patients submitted to
esophagectomy preceded by neoadjuvant therapy.

MATERIALS AND METHODS MATERIALS AND METHODS 

This study is reported in line with current PRISMA
guidelines (18). However, the review was not registered,
and a protocol was not elaborated.

To identify studies, a systematic literature search in
electronic databases PubMed, Web of Science and
Cochrane library was conducted. Searches were limited
by language and publication date in order to 
meet inclusion criteria. The search terms included
“esophageal”, “cancer”, “adenocarcinoma”, “esophagec-
tomy”, “lymphadenectomy”, “neoadjuvant”, “survival”
and “prognosis”. Search strategies were adapted to 
specific vocabulary in each database.  Reference lists of
previous reviews were scanned to track additional 
studies. Completed trials were identified at
ClinicalTrials.gov. A full description of the search 
strategy is provided in supplementary table 1.

Sara Castanheira Rodrigues et al



No. Search query PubMed Web of Science Cochrane library ClinicalTrials.gov

1 Esophageal AND (Cancer OR Carcinoma OR Neoplasm OR adenocarcinoma) 
OR (Esophageal Cancer [MeSH Terms] AND adenocarcinoma [MeSH Terms]) 
AND (Lymphadenectomy OR (Node AND (Dissection OR Excision OR Removal 
OR Harvest OR Resection OR Retrieval OR Yield)) OR Lymph Node Excision 
[MeSH Terms]) AND (Survival OR Prognosis OR Recurrence OR 
(Recurrent AND Disease) OR Survival Analysis [MeSH Terms] OR Prognosis 
[MeSH Terms] OR Recurrence [MeSH Terms]) AND (neoadjuvant) 679 552 38 73

2 #1 AND published between 2015 and 2020 308 282 23 73

3 #1 AND #2 AND written in English or Portuguese 281 278 23 73

Supplementary Table 1 - Summary of search strategy and results as of March 9th , 2021. The query represented is an example based 
on the specifications required to Pubmed search. Adapted queries were used in the other databases mentioned taking into account 

their specific research criteria 
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After eliminating duplicates, each article’s title and
abstract were independently reviewed by two authors
to assess eligibility and full text of all potentially 
relevant articles was reviewed for inclusion. Any 
disagreement regarding study inclusion was solved by
consensus or with a third reviewer consultation.
Original articles included were randomized controlled
trials or observational studies comparing the extent of
lymphadenectomy in EAC patients submitted to
esophagectomy preceded by neoadjuvant therapy.
Only studies reporting patients’ survival as an outcome
were included. Study results including other tumor
types rather than EAC were included only when they
allowed for a EAC patients subgroup analysis. Studies
reporting combined results of EAC and GEJ adeno-
carcinomas were included as they have a similar 
treatment strategy. Case reports, opinion articles, non-
human research articles, letters, abstracts, reviews,
unpublished studies between 2015 and 2020, and 
studies in languages other than English or Portuguese
were excluded.

Once chosen the studies to be included, relevant
data were extracted from each article by two 
independent reviewers using previously defined criteria
about study design, participants’ characteristics, inter-
ventions’ characteristics and outcome measures. Data
not reported in the study were indicated as “NR” (not
reported). In cases of more than one effect’s estimate
presented, the most adjusted one was considered.

Concerning bias risk, a quality score was assigned to
each included study by two reviewers using The
Newcastle-Ottawa Quality Assessment Scale for Cohort
Studies (19), as described in other studies (20,21). It
consists of eight questions, distributed through three

categories (selection, comparability and outcome), with
a possible maximum score of nine points. Higher scores
indicate higher methodological quality. We considered
scores of 0-3, 4-6 and 7-9 to represent low, medium 
and high-quality studies, respectively. Disagreements 
of ratings were discussed, and final scores were 
established by consensus. Scale items and total score
for each study can be found in supplementary table 2. 

The main outcome of interest was the therapeutic
value of lymphadenectomy extension based on OS.
Data were summarized using hazard ratio (HR) with
95% confidence intervals (95% CIs) and a random-
effects meta-analysis was performed using Review
Manager software (RevMan version 5.4, The Cochrane
Collaboration, 2020). HR and its CI estimative were
extracted directly from the study or calculated using
Kaplan-Meier curves data whenever possible (22,23).
There was some variation in the thresholds of 
lymphadenectomy extension among studies. When
several cutoffs were available, we considered the most
adjusted value, and when no lymph nodes cutoff 
numbers were defined, we considered the median
number of nodes resected.

Studies’ heterogeneity was statistically assessed
using Cochran’s Q test with significance set at p<0.10
(24), and Higgins I-squared statistic to evaluate the 
variation degree not accountable by chance. I2 
values of 25%, 50% and 75% correspond to low,
moderate and high heterogeneity, respectively (24,
25). Adenocarcinoma location and the use of either
categorical or continuous variables were further
explored using subgroup analysis as they were
expected to be potential causes for inter-study 
heterogeneity.  A funnel plot analysis was performed
to account for publication bias. Statistical signifi-
cance level was set at p <0.05. 

Lymphadenectomy and Survival in Esophageal Adenocarcinoma - A Systematic Review and Meta-Analysis



St
ud

y
Se

le
ct

io
n

Co
m

pa
ra

bi
lit

y
Ou

tc
om

e
To

ta
l q

ua
lit

y

Re
pr

es
en

ta
tiv

en
es

s
Se

le
ct

io
n 

of
 n

on
As

ce
rta

in
m

en
 

De
m

on
st

ra
tio

n 
th

at
Ad

ju
st

 fo
r t

he
 m

os
t

Ad
ju

st
 fo

r o
th

er
As

se
ss

m
en

t  
Fo

llo
w

-u
p

Lo
ss

 to
 fo

llo
w

-u
p

of
 e

xp
os

ed
 c

oh
or

t
ex

po
se

d 
co

ho
rt

of
 e

xp
os

ur
e

ou
tc

om
e 

of
 in

te
re

st
im

po
rta

nt
 ri

sk
 fa

ct
or

s
ris

k 
fa

ct
or

s
of

 o
ut

co
m

e
le

ng
ht

ra
te

w
as

 n
ot

 p
re

se
nt

 a
t

st
ar

t o
f s

tu
dy

Ra
ja

 2
01

9
1

1
1

0
1

1
1

1
0

7

Ph
illi

ps
 2

01
7

1
1

1
1

1
1

0
1

0
7

M
er

rit
t 2

02
0

1
1

1
1

1
1

1
1

0
8

Vi
ss

er
 2

01
7

1
1

1
0

1
1

1
1

0
7

de
 G

eu
s 

20
20

1
1

1
1

1
1

1
1

0
8

0-
3 

- l
ow

 q
ua

lit
y 

st
ud

ie
s;

 4
-6

 - 
m

ed
iu

m
 q

ua
lit

y 
st

ud
ie

s;
 7

-9
 - 

hi
gh

 q
ua

lit
y 

st
ud

ie
s

Su
pp

le
m

en
ta

ry
 T

ab
le

 2
 - 

Ne
w

ca
st

le
-O

tta
w

a 
Qu

al
ity

 A
ss

es
sm

en
t S

ca
le

 fo
r C

oh
or

t S
tu

di
es

Figure 1 - Flow-chart of literature search of eligible studies
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RESULTS RESULTS 

Study inclusion process flow-chart is shown in fig. 1. The systematic
electronic search in the literature identified 655 articles. Six additional
articles were identified through reference searching. Duplicates 
elimination resulted in 513 articles, of which 27 were retrieved to full-text
screening. Five retrospective cohort studies were eligible for review and
included in the qualitative analysis (16,17,26,27,28). One article was not
included in the meta-analysis as it has insufficient data for determining
an estimate of HR (28). A total of 10385 patients were included.
Included studies characteristics are described in table 1 and table 2.
Included studies were published between 2017 and 2020, with sample
sizes ranging from 215 to 3953 patients. One study was single-center
and four were multicenter studies. Median number of resected lymph
nodes was reported in four studies, ranging from 14 to 33 nodes.
Threshold variations defining low and high volume LNY groups are 
summarized in table 2. The quality score was 7 in three studies and 8 in
two, pointing to the high quality of these studies.

As one study was not included in the meta-analysis we synthetized
data in a descriptive way (28).

Sara Castanheira Rodrigues et al
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Figure 2 - Forest plot of random effects meta-analysis for the effect of lymphadenectomy extension on OS in EAC patients. 
The test for heterogeneity is indicated with the I2 value
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Patients’ median age ranged from 61 to 64 years-old
and most were male gender. All five articles reported
cases of EAC and three also included GEJ adenocarcino-
mas (16, 27, 28). There were some differences in the
neoadjuvant therapy regimens among studies (three
chemoradiation, one chemotherapy and another one
chemotherapy, radiotherapy or both) Follow-up period
ranged from 34 to 54.7 months but was not stated in
two studies (28, 26). Four studies carried out univariate
and multivariate analysis, providing or allowing estima-
tion of HR (16,17,26,27) (table 1).

Regarding tumor and lymph node sresected, three
studies provided pathological staging (16,26,28), as
described in Table 2. Three also reported a median
number of lymph nodes resected, ranging from 14 to
33 (16, 26, 27), and one stratified patients through the
number of nodes resected (28) (table 2).

All five articles included analyze the association
between lymphadenectomy extension and OS in patients
diagnosed with EAC treated with neoadjuvant therapy 
followed by esophagectomy. Three reported that 
extended lymphadenectomy improved OS, after control-
ling for confounders and regardless of the cutoff values
defined for the number of lymph node resected (26, 17,
28). The other two studies could not find any significant
differences in OS among groups (16, 27).

One study, Raja et al., found this relation to be 
parabolic (28). More extensive lymph node resections
were associated with longer OS, only up to a certain
point, after which OS progressively declines. They also
concluded that the extension of lymphadenectomy
needed to achieve better OS was higher in patients with
positive lymph nodes (for ypN0 cancers an additional
survival benefit was estimated for up to 25 lymph nodes
resected and in ypN+ tumors up to 30 lymph nodes
have to be resected to achieve this benefit). Visser et
al., found that patients with negative lymph nodes 
benefit have greater benefit from higher lymphadenec-
tomy yield (cN0 HR 0.70, 95% CI 0.58–0.85 vs cN+ HR
0.80, 95% CI 0.70–0.9) (17).

All studies reported that extended lymphadenectomy
improves OS, regardless the cutoff values defined for
number of lymph nodes resected, though only three
show statistically significant results.

Four studies (6526 patients) were included in the
quantitative analysis comparing OS from high and low
lymphadenectomy extension (16,17,26,27). Only two
reported statistically significant differences between
groups with different number of resected lymph nodes,
with a better OS in the group with higher lymphadenec-
tomies performed. Among studies with no statistically
significant results, one reported higher survival rates in
cases of more extensive lymphadenectomy and the
other showed lower survival in patients submitted to
more extended lymphadenectomies. The pooled 
analysis showed (HR=0.88; 95% CI:0.74-1.04, p=0.13)
thath a higher extension of lymphadenectomy is 
associated with better OS. A significant heterogeneity
(I2 = 86%, p < 0.001) was to be noticed. The forest plot
is shown in fig. 2.

The subgroup analysis of the three studies with 
categorical analysis of lymphadenectomy extension
revealed that a higher extension of resected lymph
nodes was associated with better OS (HR=0.82; 95% CI:
0.69-0.98, p<0.05; I2 = 61%, p=0.08). The subgroup
analysis stratified by EAC location revealed that a higher
lymphadenectomy extension was associated with 
favorable survival outcome in studies that only included
patients with EAC, (HR=0.77; 95% CI: 0.68-0.88,
p<0.001) with low heterogeneity for results (I2 = 34%,
p=0.22). The forest plots of subgroup analysis are 
presented in figs. 3, 4, respectively.

Funnel plot was made for visual screening of 
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Figure 3 - Forest plot demonstrating improved OS with a high lymph node yield in studies with categorical analysis

Figure 4 - Forest plot demonstrating improved OS with a high lymph node yield in esophageal adenocarcinoma only populations
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potential publication bias, particularly the association
between results significance and opportunity of 
publication. As shown in fig. 5, despite the small 
number of studies, they were distributed evenly, 
suggesting no publication bias.

DISCUSSIONDISCUSSION

For many years now, the extent of lymphadenectomy
has been considered important to accurately ascertain
pathological tumor staging, providing it a better prog-
nostic value (17). However, the true value of resecting
more lymph nodes in terms of treatment and survival is
unclear and still under debate. With increasing indica-
tions for neoadjuvant therapy in EAC, this issue has

become more relevant, as some can expect it to reduce
the extent of lymphadenectomy needed. In 2018,
Visser et al. published a systematic review and meta-
analysis on the prognostic value of LNY on OS in EC
patients. Their analysis concluded that a more radical
lymphadenectomy was associated with significantly
improved OS. Only seven studies had patients receiving
neoadjuvant therapy and the effect of lymphadectomy
on OS was smaller in this subset of patients (HR = 0·82;
95% CI = 0·73–0·92; p < 0·01) (29). More recently, Chen
et al. published a systematic review and meta-analysis
on LNY affecting OS in EC patients submitted to both
neoadjuvant therapy and esophagectomy (30). Their
results demonstrate that an increased LNY was 
associated with improved OS (HR = 0·87; 95% CI:

Sara Castanheira Rodrigues et al



0·79–0·95, p < 0·001).  However, there was a significant
heterogeneity in their meta-analysis (I2 = 90·1%, p <
0·001), and none of their subgroup analysis could
reduce it (30). Even though both reviews evaluated the
extent of LNY IN OS of EC patients submitted to
esophagectomy, and one of them in patients also
receiving neoadjuvant therapy, both failed to account
for the biopathological differences among different
types of EC. Due to an unfavorable biology, EAC is less
likely to respond to neoadjuvant chemoradiation 
therapy, leading to an increase need to further extend
the LNY during resection (17). As per our knowledge,
this is the only systematic review with meta-analysis
that fully addresses this situation, intending to provide
more detailed information on how to manage this 
specific subset of patients, offering them the best 
available treatment options.

Our results have not found a statistically significant
difference in OS based on the lymphadenectomy 
extension. However, when analyzing the subset of 
studies with categorical analysis for this outcome, an
increased number of lymph nodes resected had a clear
benefit in OS (n=3, HR=0.82, p<0.05; I2 = 61%, p=0.08),
suggesting that differences in study methodology (i.e.,
group analysis for specific outcomes), had impact in OS
pooled analysis.

Moreover, a more extended lymphadenectomy was
associated with better OS in EAC patients without 
considering the GEJ adenocarcinomas (n=2, HR=0.77,
p<0.001; I2 = 34%, p=0.22), showing that there might be
a location-dependent difference influencing the overall
analysis. Reasons for this remain to be cleared, but
studies selection might play a role and further research
is required. 

Although heterogeneities were significantly reduced
by subgroup analysis, they lead to a reduction in the

number of studies included, limiting data reliability.
All five studies reported a similar conclusion, 

indicating that an extended lymphadenectomy during
esophagectomy preceded by neoadjuvant treatment
was associated with better OS. However, in one study
this improvement in OS was only seen up to a certain
extent, after which OS gradually declined (28).
Contradicting Soloman et al., studies included in this
review showed that a more extended lymphadenectomy
had a positive impact on survival for both positive and
negative lymph nodes EAC (31).

Altogether, our results suggest that an extended
lymphadenectomy not only has prognostic value but
also therapeutic implications in EAC patients treated
with neoadjuvant chemoradiation followed by
esophagectomy.

However, several limitations should be acknowledged
in this study and must be taken into account regarding its
results. First, several unmeasured prognostic factors may
have influenced survival results presented (i.e., number
of positive nodes resected). However, given the limited
information available, meta-regression to correct for
these factors was not possible. Second, lymph node
thresholds used to define high and low LNY groups 
varied considerably among studies, posing a major 
limitation to our analysis. This heterogeneity depends on
surgical approach as well as pathological nodal identifica-
tion protocol (32). Subgroup analysis regarding surgical
approach and neoadjuvant therapy was not possible as
data were too scarce to stratify for different treatment
regimens. 

Moreover, the number of lymph nodes resected
does not necessarily correlate with the extent of 
lymphadenectomy performed. Several factors may 
contribute to a higher or lower number of lymph nodes
identified by the pathologist, such as neoadjuvant
chemorradiation therapy and surgical skills. Other than
the number per se, positive lymph nodes distribution in
relation to the diaphragm plays a role in prognosis (33).
Prospective studies analyzing these variables altogether
are required to fully evaluate the OS impact of lympha-
denectomy extension. Lastly, the number of eligible
studies included in our meta-analysis is relatively small,
and considerable heterogeneity was observed on the
pooled forest plot.

CONCLUSION CONCLUSION 

In conclusion, increased lymphadenectomy exten-
sion during esophagectomy (preceded by neoadjuvant
therapy) might be associated with improved OS.
Despite advances in EAC treatment, extended 

Figure 5 - Funnel plot to evaluate publication bias of included studies
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lymphadenectomy should be the standard of care and
the yield of lymph node resection should be taken into
account as it is a prognostic factor for patients’ survival.

Compared to surgery alone, multimodal therapy is
associated with higher rates of negative resection 
margins, lower recurrence rates, and improved survival.

Comparisons regarding EC treatment should consider
oncological protocols as a whole while drawing 
conclusions in EAC patients’ cohorts.

More studies are required to assess the survival
benefits of a higher LNY in EAC patients receiving 
multimodal therapy. Pathological node identification
protocols need to be taken into consideration in 
designing future cohorts.

All listed contributors designed the study and did
the collection and assembly of data as well as data
analysis and interpretation. All authors wrote the 
manuscript and did its final approval.
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