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ABSTRACT

Background. Debate remains regarding the extent of

lymphadenectomy required with esophagectomy. In

patients who receive neoadjuvant treatment, this may

address lymph node metastases. However, patients with

early disease and those with comorbidities may not receive

neoadjuvant treatment. The aim of this study is to deter-

mine the impact of lymph node yield and location on

prognosis in patients undergoing esophagectomy without

neoadjuvant treatment.

Patients and Methods. Data from consecutive patients

with potentially curable adenocarcinoma of the esophagus

or gastroesophageal junction were reviewed. Patients were

treated with transthoracic esophagectomy and two-field

lymphadenectomy. Outcomes according to lymph node

yield were determined. The prognosis of carrying out less

radical lymphadenectomy was calculated according to

three groups: exclusion of proximal thoracic nodes (group

1), minimal abdominal lymphadenectomy (group 2), and

minimal abdominal and thoracic lymphadenectomy (group

3).

Results. 357 patients were included. Median survival was

78 months [confidence interval (CI) 53–103 months].

Absolute lymph node retrieval was not related to survival

(p = 0.920). An estimated additional 4 (2–6) cancer-related

deaths was projected if group 1 nodes were omitted, 15

(11–19) additional deaths if group 2 nodes were omitted,

and 4 (2–6) deaths if group 3 nodes were omitted. Minimal

lymphadenectomy (groups 1, 2, and 3) was projected to

lead to 19 (15–23) additional cancer-related deaths.

Conclusions. Extensive lymphadenectomy allows accu-

rate staging. In patients who do not receive neoadjuvant

treatment, it may confer a survival benefit. The number of

lymph nodes retrieved may not be a good surrogate for

extent of lymphadenectomy, and correlation with location

is required.

Prognosis from potentially curable esophageal cancer

has improved with the use of neoadjuvant treatment.1,2

However, early-staged cancers are still treated with uni-

modality surgery.3 In addition, patients who are felt to be

too high risk to receive neoadjuvant treatment may be

offered surgery alone as a curative treatment.

Debate remains regarding the value of radical lym-

phadenectomy.4–7 This may be particularly true in those

deemed to have an early oncological stage. However, up to

23% of T1b cancers have been shown to have lymph node

metastases.8,9 Extended lymphadenectomy remains advo-

cated by many guidelines,3,10 but some would stipulate that

this has the additional risk of increased surgical morbidity

and would not perform such a dissection, particularly in

‘‘early’’ cancers.11

It has been previously theorized that greater lym-

phadenectomy results in removal of potential metastatic

cancers and associated lymph nodes, reducing the potential

spread of the disease. In addition there is the potential for
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removal of micrometastases, which may be present in up to

50% of N0 cancers.12 It remains unclear how these may

impact on long-term outcomes.12–15

Several studies have sought to establish the importance

of lymphadenectomy for survival, usually using lymph

node yield as a method of establishing the extent of lym-

phadenctomy.4 However, lymph node yield does not

necessarily correlate with extent of lymphadenectomy.16,17

A previous study from the authors evaluated the impact

of extent of lymphadenectomy on survival in patients

receiving neoadjuvant chemotherapy in addition to

transthoracic esophagectomy and radical en bloc two-

field lymphadenectomy.17 The previous study demon-

strated that, whilst absolute lymph node count did not

impact on survival, minimal lymphadenectomy could

potentially lead to a 23% reduction in survival in node-

positive patients. Surgical approach may influence which

lymph nodes can be retrieved.16 A transhiatal approach,

whilst allowing abdominal lymph nodes to be removed,

may prevent higher mediastinal nodes around the

bronchus and trachea from being obtained. It is also

possible to perform a less radical resection in the abdo-

men, which leaves celiac, hepatic, and proximal splenic

nodes in situ, and further, some surgeons will choose to

carry out a minimal lymphadenectomy in the medi-

astinum, leaving behind paraaortic and thoracic duct

nodes.18 The implication of leaving lymph nodes with

metastatic deposits behind is not conclusive, but it may

impact on long-term prognosis.

The aim of this study is to evaluate the impact of lymph

node yield and also lymph node location in patients treated

with unimodality transthoracic esophagectomy and two-

field lymphadenectomy for esophageal adenocarcinoma.

PATIENTS AND METHODS

Patient Population

A contemporaneously maintained database containing

all patients with cancers of the esophagus, gastroe-

sophageal junction (GEJ), and stomach was reviewed. The

data were sorted to leave only patients with adenocarci-

noma of the esophagus and GEJ who underwent

esophagectomy with two-field lymphadenectomy without

undergoing neoadjuvant treatment. Those with unre-

sectable tumors or palliative resections were excluded.

Patients who underwent endoscopic mucosal resection

(EMR) followed by esophagectomy were included. All

patients who fulfilled the inclusion criteria and underwent

surgery between January 2000 and November 2017 were

included. Ethics approval was gained from Newcastle

University (Ref. No. 8169/2018).

Staging and Treatment

Patient initial staging was performed using endoscopy

and histological biopsy, endoscopic ultrasound, and tho-

racoabdominal computed tomography. PET (CT) was not

part of routine staging in patients treated earlier in the time

period but has become routine for all patients. UICC-TNM

7 was used to stage all patients in the study.19

Patients staged clinically with T2 N0 disease or earlier

are offered surgery as unimodality treatment as per insti-

tution policy. Those with more advanced disease T3? or

N? are usually offered multimodal treatment. However,

patients with advanced disease with comorbidities that

preclude neoadjuvant treatment (e.g., poor glomerular fil-

tration rate) may be offered unimodality surgery.

Operative Treatment

Patients who underwent standardized transthoracic

esophagectomy with two-field lymphadenectomy for ade-

nocarcinoma as previously described were included.20 As

per local protocol, after surgery, all removed lymph nodes

were dissected from the specimen by the operating surgeon

and placed into individual histological posts for further

analysis.21 The following lymph nodes were presented

separately to the pathologist: subcarinal LN, left and right

bronchial LN, right paratracheal LN, paraesophageal LN,

paraaortal/thoracic duct LN, left and right paracardial LN,

lesser curve LN, left gastric artery LN, common hepatic

LN, proximal splenic artery LN, and celiac trunk LN.

Pathology

All pathology reports were carried out by a specialist

gastrointestinal pathologist following standardized pro-

forma in line with guidelines produced by the Royal

College of Pathologists.22 The following was reported:

tumor type and differentiation, depth of tumor invasion,

total lymph node number, lymph node sites, and resection

margins.

Follow-Up and Definition of Recurrence

Following their surgery, patients were seen in outpatient

clinics at 3–6-month intervals for years 0–2, then at 6- or

12-month intervals for 2–5 years. Following the 5-year

point, patients were seen annually, up to 10 years after

surgery, when they were then discharged from consultant

care if there were no signs of disease recurrence or areas

for concern. Disease recurrence was established clinically

and confirmed with imaging (CT or endoscopy), with or

without histological confirmation.
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Lymph Node Groupings

Lymph node analysis was performed in two different

ways. One looked at total lymph node number, while the

other looked at the location of the lymph nodes removed.

For the former, absolute count analysis was performed and

yields were grouped into quartiles as previously performed:

0–20, 21–28, 29–36,[ 36.23,24

As only patients with positive lymph nodes could benefit

from extended lymphadenectomy, only they were included,

with lymph node-negative patients being excluded from

subsequent lymph node analysis.

Extent of lymphadenectomy analysis involved splitting

node locations into the following groups, with nodes not

normally being removed for given surgical methods being

identified:

1. Transhiatal resection: subcarinal, bronchial, and para-

tracheal nodes would not be resected

2. Minimal abdominal lymphadenectomy: celiac axis,

hepatic, and splenic lymph nodes would not be resected

3. Minimal chest lymphadenectomy: paraaortic and tho-

racic lymph nodes would not be resected

The theoretical estimation of extra cancer-related deaths

was based on the hypothesis that those patients with pos-

itive nodes in one of the described extended fields, who

survived, would not have survived with a less extensive

lymphadenectomy since tumor was left in situ.

Statistical Analysis

Statistical calculations were carried out using SPSS

software version 22. Chi squared or Fisher exact test was

used for comparing categorical data. Mann–Whitney U test

was used to compare continuous variables. Kaplan–Meier

analysis and life tables were used for calculation of 5-year

survival rates. Survival calculations for each of the extent

of lymphadenectomy groups were based on looking at the

survival in each of the groups amongst patients who were

node positive in that group and assuming these patients

would have not survived 5 years had those nodes been left

in place. Multivariable Cox regression analysis was carried

out to identify independent prognostic factors. All factors

with p value \ 0.20 on univariate analysis were entered

into this multivariate analysis. p values\ 0.05 (two sided)

were considered to be statistically significant.

RESULTS

Between January 2000 and November 2017, 357

patients underwent treatment for esophageal or GEJ ade-

nocarcinoma with primary transthoracic esophagectomy.

Twelve patients (3.4%) died in hospital.

Within this cohort, 289 (81%) patients were male and

the median age was 65 (34–83) years. Approximately 45%

(162) of patients had a T3 tumor or positive nodes on

preoperative staging who would ordinarily have been

considered for neoadjuvant treatment but were not offered

this due to concerns it may significantly decondition them

and prevent a subsequent operation, 195 (55%) patients

being stage T2 N0 or earlier. The tumor was deemed

esophageal in 199 (56%) of patients and at the GEJ

(Siewert type 1 or 2) in 158 (44%) of patients (Table 1).

A greater proportion of patients with GEJ cancer were

found to be node positive (44%) than in those with eso-

phageal cancer (32%) (p = 0.03).

On pathological examination 349 (97.8%) had a clear

(R0) (proximal and distal) resection margin. Circumfer-

ential is not routinely reported as it cannot be assessed due

to the immediate postoperative dissection by the surgeon.

The median number of nodes retrieved was 29 (2–66), with

only 23 (6.4%) of patients having fewer than 15 nodes

identified, and 277 (62.5%) patients having no evidence of

lymph no metastases (N0). There was N1 (1–2 positive

lymph nodes) disease in 108 (30.3%) patients, N2 (3–6

lymph nodes) disease in 16 (4.5%) patients, and N3 (7

nodes or more) in 10 (2.8%) patients.

A total of 215 patients were staged at T2 or earlier, of

whom only 9 (4%) were found to a have more advanced

pathological T stage. In addition, 221 patients were staged

as N0/Nx, of whom 40 (18%) were actually node positive.

Analysis of patient outcomes according to lymph node

quartiles (2–20, 21–28, 29–36, 37 nodes or more) revealed

no significant correlation between the number of nodes and

preoperative factors such as age, sex clinical ‘‘T’’ stage,

and clinical ‘‘N’’ stage. Similarly, there was no relation

between lymph node quartile and postoperative (patho-

logical) factors such as tumor location, pT stage, pN stage,

and radicality of the resection.

Outcomes

Overall cancer-related survival was 78 months (CI

53–103 months). Patients who would be regarded as hav-

ing ‘‘early’’ staged disease (T2 N0 or better) had

significantly better survival outcomes (p\ 0.001) than

those with locally advanced disease (Fig. 1).

There was no relation between survival and the number

of resected nodes (Fig. 2) (p = 0.920). Whilst univariable

analysis suggested tumor location and completeness of

resection (R0/R1) were prognostic indicators of survival,

only pathological ‘‘T’’ stage (p = 0.003) and ‘‘N’’ stage

(Fig. 3) (p\ 0.001) were significantly related to median

survival on multivariable analysis (Table 2).

Only two patients from the cohort were given adjuvant

chemotherapy as part of their treatment.
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Impact of Limited Lymphadenectomies

Table 3 provides the characteristics of each of the fol-

lowing subgroups of patients used to determine the

theoretical impact of more limited lymphadenectomies.

Group 1: Transhiatal Resection with Complete Abdominal

Lymphadenectomy A total of 29 patients with positive

lymph nodes had involvement of nodes that would not be

expected to be resected through a transhiatal

esophagectomy (subcarinal, bronchial, and paratracheal

lymph nodes). Estimated cancer-specific 5-year survival

rates were 14.5% (standard error 7.4%) in this group when

the nodes are resected. Omitting this field in the present

study would have led to a theoretical extra estimated 4

(2–6) cancer-related deaths in this group of patients.

Group 2: Limited Abdominal Lymphadenectomy In 79

patients, celiac axis, hepatic, and splenic artery lymph

nodes were positive. If a minimal abdominal

lymphadenectomy had been performed, these nodes may

not be removed. Metastatic proximal nodes were found in

TABLE 1 Clinical and

pathological characteristics and

posttreatment pathological

results of patients with

adenocarcinoma of the

esophagus or gastroesophageal

junction who underwent

transthoracic esophagectomy

with two-field

lymphadenectomy

N

Number of patients 357

Age* 65 (34–83) years

Male 289 (81%)

Tumor location

Esophagus 199 (56%) Node positive: 64 (32%)

GEJ 158 (44%) Node positive: 69 (44%)

Degree of differentiation

Well differentiated 43 (12%)

Moderately differentiated 138 (39%)

Poorly differentiated 120 (34%)

Unknown 56 (16%)

Pretreatment clinical T-stage (cT)#/posttreatment PT stage

cTx/pT0 (HGD) 65 (18.2%) 29 (8.1%)

cT1/pT1 87 (24.3%) 175 (49%)

cT2/pT2 62 (17.4%) 26 (7.3%)

cT3/pT3 135 (37.8%) 120 (33.6%)

cT4/pT4 7 (2.0%) 7 (2.0%)

Pretreatment clinical N-stage (cN)#/posttreatment pN-stage

cNx 4 (1.1%) –

cN0/pN0 218 (61.1%) 224 (62.7%)

cN1/pN1 119 (33.3%) 47 (13.2%)

cN2/pN2 15 (4.2%) 52 (14.6%)

cN3/pN3 1 (0.3%) 34 (9.5%)

Radicality proximal and distal resection margin

R0 349 (97.8%)

R1 8 (2.2%)

Perineural invasion 120 (33.6%)

Venous invasion 96 (26.9%)

Lymphatic invasion 132 (37.0%)

Extracapsular spread present 44 (24%)

Not present 138 (76%)

Unknown 175

Number of resected nodes* 29 (2–66)

Number of positive nodes* 0 (0–24)

R0 microscopically radical resection, R1 microscopically tumor left behind, GEJ gastroesophageal junction

*Median (range)
#Measured with endosonography or esophagogastroscopy
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18 (22.7%). Estimated cancer-specific 5-year survival rates

were 19.3% (standard error 4.6%) when they were

removed. Omitting this field in the present study would

have consequently led to a theoretical extra estimated 15

(12–19) cancer-related deaths in this group of patients.

Group 3: Limited Intrathoracic Lymphadenectomy In 24

patients, lymph nodes in the ‘‘circumferential’’ plane (para

aortic and thoracic duct nodes) were involved. These nodes

would have remained in situ if a minimal

lymphadenectomy was performed. Estimated cancer-

specific 5-year survival rates were 16.3% (standard error

4.2%) when they were removed Omitting this field in the

present study would have consequently led to a theoretical

extra estimated 4 (2–6) cancer-related deaths in this group

of patients.

Impact of Limited Transhiatal Resection (Group 1

and Group 2 and Group 3 combined) If a limited

transhiatal resection had been performed routinely, all the

above-mentioned nodal stations would have been left

in situ. This would have affected 95 (71.4%) of the patients

who had positive nodes. The estimated cancer-specific

5-year survival rates are 20.4% (standard error 4.4%) for

these patients when they are removed. Omission of these

nodal groups by performing a limited trans-hiatal resection

would have consequently led to a predicted 19 (15–23)

extra cancer-related deaths in this group of patients.

DISCUSSION

This study seeks to evaluate the impact of extent of

lymphadenectomy in patients treated primarily with

esophagectomy for adenocarcinoma of the esophagus and

gastroesophageal junction. The median lymph node yield is

high,4 and nodal stations routinely retrieved represent those

that would be expected to be retrieved from a two-field

lymphadenectomy. This allows the importance of yield to be

evaluated, as well as permitting analysis of the impact of

lesser lymphadenectomies. The premise for the study is that

leaving positive lymph nodes behind will lead14,25 to disease

recurrence. Whilst this is a theoretical study, and it may be

argued that there is no evidence that leaving positive nodes

behind leads to recurrence, there is increasing evidence that

extensive lymphadenectomy confers a survival advantage,
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TABLE 2 Uni- and

multivariable analysis of

prognostic factors for disease-

free survival in patients with

cancer of the esophagus or

gastroesophageal junction who

underwent transthoracic

esophagectomy without

neoadjuvant chemotherapy

Median survival p value univariable� p value multivariable

(95% confidence

interval)

Sex

Male 71 (42.4–99.5) 0.392 0.276

Female 94.0 (51.4–136.6)

Nodal quartiles

2–20 nodes 91.0 (33.3–148.6) 0.920

21–28 nodes 56 (20.7–91.3)

29–36 nodes 69.0 (1.2–136.9)

[ 36 nodes 90.0 (37.1–142.9)

Tumor location

Esophagus 117 (62.3–171.7) 0.011 0.283

GEJ 52 (28.3–75.6)

Completeness of resection

R0 87 (54.6–119.4) \ 0.001 0.002

R1 6 (4.5–7.5)

Posttreatment T-stage (pT)

pT0 174.0 \ 0.001 0.003

pT1 184.0 (126.7–241.3)

pT2 59.0 (49.4–69.6)

pT3 23.0 (16.0–30.0)

pT4 5.0 (3.7–6.2)

Posttreatment N-stage (pN)

pN0 174 (132.3–215.6) \ 0.001 \ 0.001

pN1 26 (17.1–34.9)

pN2 11 (0–38.4)

pN3 11 (9.5–12.5)

Bold values indicate statistically significant

TABLE 3 Postsurgery

pathologic characteristics of

patients with adenocarcinoma of

the esophagus or

gastroesophageal junction who

underwent transthoracic

esophagectomy with two-field

lymphadenectomy; 133 patients

have positive lymph nodes.

Patients divided into groups

based on theoretical less

extensive lymphadenectomy

(NB patients may fall in

multiple groups)

Group 1 Group 2 Group 3

Number of patients 29 (21.8%) 79 (59.4%) 24 (18%)

R1 resection 2 6 0

Location GEJ 10 46 9

Poor differentiation 13 47 5

Median N0 of positive nodes* 4 (1–19) 2 (2–8) 6 (1–24)

Posttreatment T-stage (pT)

pT0 0 0 0

pT1 4 6 3

pT2 4 5 0

pT3 19 66 20

pT4 2 2 1

Posttreatment N-stage (pN)

pN1 25 57 18

pN2 1 12 2

pN3 3 10 4

5-year cancer-specific 14.5% (7.4%) 19.3% (4.4%) 16.3% (4.2%)

survival (SE)
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and it could be inferred that this is because leaving positive

nodes behind is more likely to lead to recurrence. The results

indicated that close to 20% of patients staged as being node

negative may have nodal metastases. Thus, lymphadenec-

tomy is particularly pertinent in this cohort where

preoperative chemotherapy is not employed.

As with a previous study from this institution which

included patients who had received neoadjuvant treatment,

absolute lymph node yield did not appear to confer an

advantage on survival. However, the extent of lym-

phadenectomy ensuring more proximal mediastinal nodes

and abdominal clearance does make a difference.17

The results demonstrated that a limited lymphadenec-

tomy that has been advocated by some, and which

neglected routine removal of lymph node stations in groups

1–3, would lead to 19 additional cancer-related deaths.

This equates to curative resection in 56 patients rather than

the 75, which equates to a 25% reduction. This is similar to

the results found in patients who received neoadjuvant

chemotherapy. Those most likely to benefit from this

lymphadenectomy are patients staged as ‘‘N’’ positive.

Notably, in this series, 25 (12.8%) patients of the 195 who

were staged T2 N0 or earlier were found to have positive

nodes.

Extended nodal resection would also have the impact of

potentially removing micrometastases. These have been

found in up to 50% of N0 patients.12 The clinical signifi-

cance of micrometastases remains unclear, although some

have suggested that they are responsible for recurrence in

node negative patients, and there has been an association

with poorer prognosis when present.12,13 However, others

have stated that these deposits have no prognostic

significance.14,15

A number of authors have suggested that the number of

lymph nodes that should be removed is related to either

lymph node involvement or ‘‘T’’ stage. Omloo advocated

that an extended lymphadenectomy was beneficial in

patients with fewer than 8 lymph nodes involved,26 and

Rizk proposed that higher ‘‘T’’ stage demands increased

lymphadenectomy and those with T3/4 disease should have

31–42 nodes removed.3 More recently a metaanalysis by

Visser et al. found that increased lymph node yield pro-

vided a survival benefit in patients who received

neoadjuvant chemotherapy followed by esophagectomy.4

Whilst guidelines suggest a minimum of 15–23 nodes to

ensure optimal staging, only two studies within the meta-

analysis had a median yield greater than 23 and only eight

greater than 15 nodes.

Patients who do not receive neoadjuvant chemotherapy

broadly fall into two categories. Those staged with early

disease, where it is felt it is not merited, and those with

locally advanced disease who are not deemed fit enough to

tolerate chemotherapy. In this study, 195 patients (55%)

were clinically staged at T2 N0 or earlier and therefore not

considered for neoadjuvant chemotherapy in line with local

guidelines. Within this cohort, 24 patients were found to be

node positive in this group and only 2 were greater than T2.

Within these node-positive patients, overall survival was

65%. It is likely that extensive lymphadenectomy con-

tributed to survival in these patients. The second group of

patients are those deemed not fit enough for neoadjuvant

chemotherapy, largely due to having preoperative renal

function that would not support this or concerns that

neoadjuvant treatment would decondition the patient such

that they may not receive an operation. The survival benefit

for a more extensive lymphadenectomy has been debated

particularly since neoadjuvant treatment has become the

standard of care for locally advanced disease. The argu-

ment for these patients is that neoadjuvant chemotherapy

will serve to treat lymph node metastases. Despite this, the

metaanalysis by Visser indicated that increased yield does

have a positive impact on survival in patients who receive

neoadjuvant treatment, and a previous study by the authors

implied that extent as determined by the location of the

lymphadenectomy was important in a cohort with a high

median yield of lymph nodes.4,17

Surgical technique and oncological clearance are likely

to contribute to overall outcomes and are certainly known

to improve staging, with the 7th TNM and more recent 8th

TNM staging system advising lymphadenectomy both to

aid staging and to provide better oncological outcomes.27

As with the previous study by the authors, there was no true

‘‘low-yield’’ group, with only 23 patients (6%) having

fewer than 15 nodes obtained. This may be a contributing

factor to why actual lymph node yield was not found to

contribute towards outcomes. The numbers within the

groups in this study are low. Larger-scale trials are required

to determine the full impact of extent of lymphadenectomy,

and this is a question the TIGER study will seek to help

answer.28 One reason for not performing a more extensive

dissection is the association with greater morbidity. How-

ever, whilst overall complication rates have been reported

at over 50% in the literature,29,30 mortality has fallen and

now approaches 3%. The increasing use of minimally

invasive and robotic techniques may reduce morbidity;31–33

however, it is vital that oncological principles are not

compromised with their use.

The results of this study assume that disease recurrence

will occur if positive lymph nodes are left behind. This is

particularly important to note in a cohort that did not

receive neoadjuvant chemotherapy, particularly when the

role of adjuvant chemotherapy has not been established.

Within this cohort, a standardized surgical technique was

employed. Further, lymph node stations were dissected by
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the operating surgeon, which ensures accuracy for histo-

logical analysis and permits pattern of spread to be

determined.21

The present study demonstrates that extent of lym-

phadenectomy may be implicated in survival in patients

diagnosed with adenocarcinoma of the esophagus who do

not receive neoadjuvant treatment. Given that a significant

proportion of patients with early-stage disease may still

have local lymph node metastases, and that a proportion of

patients with more advanced disease may not be suit-

able for neoadjuvant treatment, radical lymphadenectomy

remains an important component of an esophagectomy.
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