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Tumor size increases the risk for lymph node metastases in T1b
esophageal adenocarcinoma
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Background: The decision to give adjuvant therapy after endoscopic resection (ER) of T1b esophageal
adenocarcinoma (EAC) in those who are not surgical candidates is largely based on a lesion’s risk of lymph
node metastasis (LNM). However, risk factors for LNM in esophageal T1b EAC are not clearly defined.
The aim is to evaluate risk factors for LNM in T1b EAC patients who underwent esophagectomy or ER
with ≥5 years of follow-up post-procedurally.
Methods: This is a retrospective analysis completed at a large tertiary referral center. Patients who
underwent esophagectomy or ER with ≥5 years follow-up, with histologically proven T1b EAC between
2010 and 2017 were included. LNM was considered positive with histologically or radiologically confirmed
metastasis in esophagectomy specimens or within 5 years of follow-up post-ER.
Results: Forty patients (median age 69 years; 85% males) formed the study cohort of which 36 patients
(90.0%) underwent esophagectomy and 4 patients who were not surgical candidates underwent ER. Seven
(17.5%) patients developed LNM per study criteria. Tumor size was significantly (P=0.019) associated with
the risk of LNM, and the optimal threshold at which tumor size as associated with metastasis was 3 cm. No
other risk factors including lymphovascular invasion, differentiation on pathology, or infiltration growth
pattern were associated with LNM.
Conclusions: In T1b EAC, tumor size greater than 3 cm is the variable with the most potential as a risk
factor for metastasis following surgical or ER. Adjuvant therapy should be considered in patients with tumor
size greater than 3 cm.
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Introduction
Esophageal cancer is a malignancy with the sixth highest
mortality worldwide, and the incidence of esophageal
adenocarcinoma (EAC), specifically, has increased 6-fold
from 1975 to 2000 in the United States. Despite having
a 4-fold improvement in survival rate over the past four
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decades due to improvements in diagnostic and therapeutic
options, localized esophageal cancer continues to have an
estimated survival rate of only 40% (1). Five-year survival
rates rely heavily on the stage of esophageal cancer at
the time of diagnosis as these rates decline from 39%
with localized disease to 4% with distant metastases (2).
Differentiation between T1a (muscularis mucosa invasion),
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T1b (submucosal invasion), and T2 (muscularis propria
invasion) EAC is a critical determination for further
management with either endoscopic resection (ER), surgical
resection, or adjuvant chemoradiation therapy.
Currently, T1b lesions are treated with esophagectomy
with lymphadenectomy with or without adjuvant
chemotherapy rather than endoscopic therapy because
of the significantly higher risk of lymph node metastasis
(LNM) compared to T1a lesions, which are amenable to
endoscopic treatment (2,3). LNM is the most important
factor in determining the need for neoadjuvant therapy
in patients with T1b EAC. T1b EAC involves LNM in
25–40% (3-5). Compared to T1N1, T2, or more advanced
lesions that are treated with preoperative neoadjuvant
therapy, T1bN0 lesions do not require preoperative or
neoadjuvant therapy (6). Few studies have assessed the
risk factors for LNM metastasis in T1b EAC patients with
LNM found during follow-up after esophagectomy or ER.
Lymph node size, grade, lymphovascular invasion (LVI),
differentiation have all been reported as potential risk
factors for LNM (7-11).
As endoscopic submucosal dissection (ESD), an en-bloc
resection technique developed to improve curative resection
rates of early gastrointestinal cancer, gains popularity in the
West, it is critical to develop parameters for appropriate
patient selection. ESD has been well established for the
successful in the management of T1a cancers (12-14).
Additionally, there might be several benefits of performing
ESD in T1bN0 EAC patients as well. First, many patients
pre-operatively staged as T1b actually have T1a cancer at
time of pathology. This has been shown to be as high as
40% in gastroesophageal junctional (GEJ) cancers, (15)
meaning, potentially up to 40% of patients could have
curative resection after ESD. Additionally, not all T1b
cancers have LNM. The risk of LNM maybe as high as
45% in SM3 tumors but is much less for SM1 (7.5%) and
SM2 (10%), meaning a large number of patients will have
curative resection after ESD (15,16). Hence, it is important
to determine risk factors for LNM in T1bN0 tumors as
adjuvant therapy (XRT, chemotherapy) can be tailored
to those at highest risk of nodal metastasis after resection
with ESD.
Given the high risk of LNM in T1bN0 lesions and the
potential need for neoadjuvant therapy, the risk factors
of T1b EAC patients must be further evaluated. In our
study, we seek to evaluate the risk factors that led to LNM
after esophagectomy or ER with at least 5 years of postendoscopic follow-up.
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Methods
Study design
This is a retrospective cohort study evaluating the risk
factors for LNM in T1b EAC after esophagectomy or ER.
This study was conducted at a single tertiary referral center.
There was no funding for this study.
Patient population
Patients were identified using a single-institution pathology
database and medical records were retrospectively reviewed.
Forty patients with histologically proven T1b EAC who
underwent esophagectomy or ER with ≥5 years followup between 2010 and 2017 were identified. Routine
follow-up was conducted after esophagectomy or ER with
clinic visits, appropriate imaging, and endoscopy as per
standard of care. Excluded patients included those who
received: (I) chemoradiation prior to esophagectomy, (II)
chemoradiation before or after ER, or (III) treatment for
any other primary cancer within the preceding 5 years. The
study was approved by the institutional review board.
Study measurements
Patients with LNM of T1b EAC after esophagectomy or
ER were studied. LNM was considered positive if there
was histologically or radiologically confirmed metastasis
in esophagectomy specimens or in ER patients with a
minimum of 5 years of follow-up. Data for risk factors of
potential LNM were collected based on prior studies. This
includes age, sex, LVI, tumor differentiation/grade, tumor
macroscopic appearance, tumor location from the GEJ,
tumor infiltration growth pattern, and history of Barrett’s
esophagus. All pathologic specimens were reviewed by an
expert gastrointestinal pathologist for T1b staging accuracy,
LVI, differentiation, and depth of submucosal invasion.
Statistical analysis
All data were collected in a retrospective fashion from
a single-institution database. Variables were measured
by medians, means, interquartile ranges (IQR), and
percentages. Comparisons between groups were performed
with Wilcoxon rank-sum tests for numeric variables and
with Chi-square tests of association for categorical variables.
Univariable analysis was completed for single variable
associations with LNM. Logistic regression was used to
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Table 1 Comparisons of T1b patients by lymph node metastasis status
Factor

Total

a

40

b

40

Age , years
Sex

No

Yes

N

Statistics

N

Statistics

33

69 [63, 76]

7

63 [61.5, 69]

c

6

6

100.0

0

0

Male

34

27

79.4

7

100.0

b

40

No

25

23

Yes

15

a

40

Size in cm
b

Differentiation

c

0.11
69.7

2

28.6

10

30.3

5

71.4

33

1.8 [1.0, 2.9]

7

3.0 [2.5, 4.0]

0.15

Well (G1)

5

5

15.2

0

0

Moderate (G2)

19

17

51.5

2

28.6

16

11

33.3

5

71.4

b

Macroscopic appearance

c

40

0.41

Depressed

5

5

15.2

0

0

Flat

2

2

6.1

0

0

33

26

78.8

7

100.0

Protruded
b

Tumor location

4

–

<1 cm from GEJ

2

2

50.0

0

0

>1 cm from GEJ

2

2

50.0

0

0

b

Infiltration growth pattern

c

40

0.43

Broad based well demarcated invasion

4

4

12.1

0

0

Cannot be assessed due to single gland

2

2

6.1

0

0

Indeterminate

2

1

3.0

1

14.3

32

26

78.8

6

Irregular infiltrative invasion
a

b

c

W

0.019

c

40

Poor (G3)

W

0.38

0.62

Female

LVI

P value

85.7
W

, median [P25, P75]; , percentage; , Pearson’s Chi-squared test with Yates’ continuity correction; , Wilcoxon rank sum test with
continuity correction. LVI, lymphovascular invasion; GEJ, gastroesophageal junctional.

explore the possibility of multivariable models. As only
seven subjects developed metastasis at 5 years, models only
included up to two independent variables. Use of logistic
regression modeling is justified as patients had at least 5
years of follow-up. A significant value of P<0.05 was used.
Results

(90.0%) underwent esophagectomy, while four patients,
who were not surgical candidates, underwent ER with
5 years of follow-up data. A total of 7 patients out of 40
developed LNM. The average age at the time of procedure
was 69 in those who did not develop LNM and 63 in those
who developed LNM. Eighty-five percent (n=34) of the
patient population were male. All patients who developed
LNM were also male.

Clinical and pathologic characteristics
The patient population comprised of a total of 40 T1b EAC
as described in Table 1. Of the total cohort, 36 patients
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Risk factor associations with LNM in T1b EAC
Tumor size was significantly (P=0.019) associated with
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Sensitivity

1.0
0.8
0.6
0.4
0.2
0.0

0.2

0.4

0.6

0.8

1.0

1-Specificity
AUC:0.79 (0,6336,0.9422)
Optimal threshold: 3 cm
Sensitivity at 3 cm: 0.71
Specificity at 3 cm: 0.75
Predictive value positive at 3 cm: 0.75
Predictive value negative at 3 cm: 0.93

Figure 1 Non-parametric ROC curve at which size of the tumor is
associated with metastasis. ROC, receiver operating characteristic.

as though tumor size has the strongest impact on LNM.
T1b patients with LVI had larger tumor sizes with a
median of 2.9 cm compared to a tumor size of 1.5 cm in
those without LVI. The Wilcox test gives a P value of
0.001 for this comparison. For T1b patients, an optimal
threshold size of ≥3 cm was a significant risk factor for
LNM (Figures 1,2).
Size and LVI were then combined and analyzed under
a multi-regression logistic model, which indicated that size
remains a significant risk factor, but LVI is not a significant
risk. Therefore, size alone was the best risk factor
association for LNM from this study.
Discussion

Size in cm

4
METS at 5 years
No
Yes
2

0
T1b
Stage

Figure 2 Box plot demonstrating size of tumor is associated with
metastasis. METS, metastases.

risk of LNM for T1b EAC. This is described in Table 1.
To determine the size cutoff associated LNM, a nonparametric receiver operating characteristic (ROC) curve
was applied. The optimal threshold of 3 cm was found to be
positively associated with metastasis (Figure 1). The other
variables that were not statistically significant but should be
noted to have a difference were LVI with a P value of 0.11 and
differentiation with a P value of 0.14 in T1b EAC patients.
Multivariable analysis of risk factor associations with LNM
Using a multivariable logistic regression model, we find
that when LVI alone is resulted in a logistic regression, LVI
was statistically significant (P=0.039). When tumor size
alone is run in a logistic regression model, size has statistical
significance (P=0.012). However, when these variables are
combined, statistical significance remains with size (P=0.037)
but is not significant for LVI (P=0.21). Therefore, it appears
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Given that LNM is a major determinant for the addition
of neoadjuvant therapy in patients with EAC, there is a
need to identify patients who would benefit the most from
treatment. Currently T1a EAC patients are suggested to
undergo ER, and T1b patients undergo esophagectomy
due to the known high risk of LNM. The aim of the study
was to determine risk factor associations of LNM in T1b
EAC after esophagectomy or ER with 5 years of follow-up.
The major implication was to determine candidate patients
who may benefit from neoadjuvant therapy at the time of
esophagectomy or ER based on these pertinent risk factors.
In T1b EAC, tumor size greater than 3 cm is the variable
with the most potential as a risk factor for metastasis
following surgical or ER based on the study results.
Previous studies to assess risk factors associated with
LNM have had varying results. Various potential predictors
of LNM have been analyzed, including LVI, size of tumor,
histologic differentiation (grade), macroscopic appearance,
and tumor location with respect to the GEJ (7-11). There
are conflicting reports on LVI as a prognosticator of T1b
EAC (17,18). In a large multi-centered study, LNM risk
based on histologic evidence of LVI, poor differentiation,
or >500 µm submucosal SM depth of invasion from ER
specimens showed that no single factor significantly
increased LNM, but the risk of LNM was higher with
these risk factors combined (15). The principal predictor
of LNM in T1b lesions found by Sgourakis et al. was
LVI (11). Invasion into the sublayers of the submucosa
defined as SM1 (most superficial), SM2, and SM3 (deepest)
had no association with LNM. Leers et al. found that LVI
invasion, tumor size greater than or equal to 2 cm, and poor
differentiation were associated with increased risk of LNM
in T1 EAC (19).
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Results from this study agree with most prior studies
that size of tumor is a risk factor of LNM (8,9,10,17).
However, our results differed from others that suggest LVI
is a significant risk factor for LNM (8,9,17). According to
our results, when LVI and size are analyzed as risk factors
for LNM in EAC under a multivariable logistic regression
model, LVI alone is not an independent risk factor. When
size and LVI were combined under a multi-regression
logistic model, size remained a significant risk factor,
but LVI did not. This indicates that, in our cohort, the
significance of LVI was driven by patients who had a larger
tumor size. Ultimately, LVI likely does carry risk for LNM,
but given the retrospective nature of our study, the limited
sample size was not powered to effectively find LVI as a
major risk factor.
Raja et al. have coined the esophageal submucosa as a
“watershed area for esophageal cancer”. Their study found
that as submucosal invasion increased, the risk of LNM
also increased (20). Significant predictors of LNM in their
study included LVI and larger cancers, those that are likely
to invade more deeply. Similarly to Raja et al., we found
no other risk factors showing a statistically significant risk
for LNM. Notably, although not statistically significant,
moderately and poorly differentiated tumors contained all
patients who developed LNM (5 with poorly differentiated
tumors developed LNM and the other 2 had moderately
differentiated tumors).
In the last decade, the potential and popularity for ESD
has continued to grow in the West. Although most early
stage esophageal cancer, such as T1a EAC, can be treated
by endoscopic mucosal resection, ESD can be curative for
large T1a lesions (>2 cm) or for lesions harboring superficial
submucosal invasion (SM1, ≤500 μm). However, in patients
with deeper submucosal invasion (SM2 and SM3), ESD
can be utilized as a therapeutic option for non-surgical
candidates. For experienced endoscopists attempting ESD,
it is critical to determine the appropriate patient for ER.
As the risk of LNM increases in T1bN0 EAC with deeper
submucosal invasion, it is important to understand the
factors that contribute to this risk. Our results corroborate
with prior studies that well differentiated lesions without
LVI and <3 cm have a low rate of LNM (21,22).
The study has strengths that include a long follow-up
of at least 5 years after ER to study LNM metastasis and a
large cohort of T1b EAC patients. Despite the strengths
of the study, there are several limitations as well. This is a
retrospective cohort study which carries with it the inherent
biases of such a study design. Additionally, the sample of
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patients where the distance from the GEJ was recorded on
surgical or endoscopic reports was very low (only 4 reported),
making results of that data difficult to interpret. Future
studies should include a larger sample size. Because LNM is
a rare outcome, a case-control study design in the future may
be a better study design to identify risk factors for LNM.
In conclusion, tumor size >3 cm was determined to be
the greatest risk factor association for patients to develop
LNM after esophagectomy or ER with >5 years of followup. Implications of this study may suggest that these
patients should be considered for neoadjuvant therapy along
with esophagectomy or ER.
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