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Introduction
Esophageal adenocarcinoma (EAC) is an aggressive cancer, car-
rying a 5-year survival rate of 19% [1]. The most important
prognostic factor for survival is the presence of lymph node
metastasis (LNM) [2]. Radical esophagectomy with lymphade-
nectomy has long been the standard treatment for EAC, includ-
ing early cancer. Endoscopic resection is a safe and effective
treatment and is indicated for the curative management of ear-
ly EAC [3]. Additional surgery after endoscopic resection is ad-
vocated when the risk of LNM outweighs the risk of mortality
associated with esophagectomy [4].

Histopathological characteristics, such as lymphovascular
invasion (LVI), poor tumor differentiation, and invasion into
the submucosa of more than 500 μm, are associated with a
risk of LNM [5–7]. When EAC is limited to the esophageal muco-
sa (T1a), the risk of LNM is only 1%–2% and radical endoscopic
resection of the lesion suffices [4, 8–11]. When EAC invades the
submucosa (T1b), guidelines recommend additional surgical
resection of the esophagus and locoregional lymph nodes [4,
9]. The prevalence of LNM in esophagectomy specimens varies
between 0 and 78% for T1b EACs and depends on the extent of
invasion into the submucosa [7, 12–15]. Superficial submucosal
invasion (sm1: ≤500μm) was associated with variable LNM risk
in previous studies (0–22%), while deep submucosal invasion
was associated with higher LNM risk, ranging from 26%–36%
(sm2: 501–1000μm) to 50%–78% (sm3: > 1000μm) [12, 15–
17].

In the challenging clinical scenario when LNM is not seen on
imaging, management depends on metastasis risk assessment.

Not every patient with pT1b EAC develops LNM, while surgery is
associated with morbidity, mortality, and decreased quality of
life [18, 19]. Endoscopic resection might be a good alternative
for selected patients with pT1sm1 EAC in combination with
“low risk” histopathological characteristics, such as well-to-
moderate differentiation (G1/G2) and absent LVI [20]. Only
1.9% of these patients developed LNM [20]. Other studies also
reported LNM risk of < 2% in patients with pT1sm1 EAC with
“low risk” histopathological characteristics [21–23]. In con-
trast, the LNM risk is reported to be higher (up to 9%) in pa-
tients with pT1sm1 EAC with at least one “high risk” histopa-
thological characteristic, such as poor tumor differentiation or
LVI [24]. The European Society of Gastrointestinal Endoscopy
guidelines state that R0 resection of pT1bsm1,G1–2,LVI– is po-
tentially curative and the decision about whether or not to per-
form additional treatment should be individualized in these pa-
tients in terms of morbidity and mortality risk vs LNM risk [25].

Although many studies have described separate histopatho-
logical risk factors associated with LNM, no appropriate clinical
tool is available that incorporates all accepted prognostic histo-
pathological parameters to accurately predict the LNM risk on
an individual basis. Little is known about how the individual
risk increases with the accumulation of more than one histopa-
thological feature. The aim of this study was to develop and in-
ternally validate a prediction model based on histopathological
variables that estimates the risk of LNM or distant metastases in
individual patients with pT1b EAC.
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ABSTRACT

Background Lymph node metastasis (LNM) is possible

after endoscopic resection of early esophageal adenocarci-

noma (EAC). This study aimed to develop and internally va-

lidate a prediction model that estimates the individual risk

of metastases in patients with pT1b EAC.

Methods A nationwide, retrospective, multicenter cohort

study was conducted in patients with pT1b EAC treated

with endoscopic resection and/or surgery between 1989

and 2016. The primary end point was presence of LNM in

surgical resection specimens or detection of metastases

during follow-up. All resection specimens were histological-

ly reassessed by specialist gastrointestinal pathologists.

Subdistribution hazard regression analysis was used to de-

velop the prediction model. The discriminative ability of

this model was assessed using the c-statistic.

Results 248 patients with pT1b EAC were included. Metas-

tases were seen in 78 patients, and the 5-year cumulative

incidence was 30.9% (95% confidence interval [CI] 25.1%–

36.8%). The risk of metastases increased with submucosal

invasion depth (subdistribution hazard ratio [SHR] 1.08,

95%CI 1.02–1.14, for every increase of 500 μm), lympho-

vascular invasion (SHR 2.95, 95%CI 1.95–4.45), and for lar-

ger tumors (SHR 1.23, 95%CI 1.10–1.37, for every increase

of 10mm). The model demonstrated good discriminative

ability (c-statistic 0.81, 95%CI 0.75–0.86).

Conclusions A third of patients with pT1b EAC experi-

enced metastases within 5 years. The probability of devel-

oping post-resection metastases was estimated with a per-

sonalized predicted risk score incorporating tumor invasion

depth, tumor size, and lymphovascular invasion. This model

requires external validation before implementation into

clinical practice.
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Methods
Study design

We performed a nationwide, retrospective, multicenter cohort
study in collaboration with the Netherlands Cancer Registry
(NCR). Since 1989, all patients diagnosed with pT1b EAC in the
Netherlands have been included in the NCR. Patients diagnosed
with pT1b EAC between 1989 and 2016 were selected for the
current study. Eight hospitals participated in the study and
were expert centers in EAC treatment. Patients with pT1b EAC
were included if they were treated with primary surgery or
endoscopic resection (with or without adjuvant surgery). Pa-
tients were excluded if they were treated with chemoradiother-
apy prior to surgery, as we could not reliably assess whether
LNM developed. We also excluded patients with no histopathol-
ogy data available for review, when histological parameters
could not be reassessed, or when no patient data were available
in medical charts. The study was approved by the Medical Ethi-
cal Review Committee of the Erasmus Medical Center in Rotter-
dam, the Netherlands (MEC-2016–050) and by all local Medical
Ethical Review Committees at the participating centers. Clinical
data were collected from medical records, pathology reports,
and endoscopy reports (see File 1s in the online-only Supple-
mentary material).

Histopathological reassessment

Owing to renewed pathology insights and different classifica-
tion systems over the years, all resection specimens were histo-
logically reassessed for the following parameters: submucosal
invasion depth (µm), differentiation grade, and LVI. This was in-
dependently performed by three specialist gastrointestinal pa-
thologists (F.tK., M.D., K.B.) for 84 patients, as explained in de-
tail in our previous study [26]. The interobserver agreement
was good for differentiation grade (к=0.77), excellent for LVI
(к=0.88), and moderate for submucosal invasion depth (к=
0.60) [26]. For all other patients (n =164), histopathological re-
assessment for differentiation grade and LVI was performed by
one pathologist (F.tK) because the interobserver agreement
was good and excellent, respectively, for these histopathologi-
cal variables [26]. Submucosal invasion was assessed in a con-
sensus meeting by two pathologists (K.B., M.D.) in the remain-
ing 164 patients because the interobserver agreement was
moderate for submucosal invasion depth [26]. The reassess-
ment is explained in supplementary File 2 s [27, 28].

After histopathological reassessment, patients were exclud-
ed if the tumor was located in the cardia or when tumor loca-
tion was not known. Patients with vertical R1 or Rx endoscopic
resection with residual tumor in biopsy or with residual EAC in
surgical resection specimen were also excluded. In these cases,
we could not reliably assess invasion depth or LVI. Patients with
vertical R1 or Rx after endoscopic resection were included if no
residual tumor was found during surgery.

End points

The primary end point was the presence of LNM in surgically re-
sected specimens (≥12 resected lymph nodes), or the develop-
ment of metastases during follow-up.Owing to the use of dif-

ferent surgical resection techniques over time, with less exten-
sive lymphadenectomy in the past, the development of metas-
tases during follow-up was used as a surrogate end point for
LNM in cases with fewer than 12 lymph nodes present. In cases
of an endoscopic resection prior to surgical resection, the tu-
mor was found in the endoscopic resection specimen and
lymph node status in the surgical resection specimen. When
no additional surgery was performed after endoscopic resec-
tion, the development of metastases during follow-up was
used as a surrogate end point, and patients were excluded if
biopsy-proven residual tumor was found after endoscopic re-
section.

Follow-up

Patient follow-up data were retrieved until November 2019. A
minimum follow-up period of 2 years was required in cases
with <12 lymph nodes resected during surgery or when no sur-
gery was performed. Patients who died within 2 years after pri-
mary treatment with an unknown cause of death were excluded
because it was not clear whether these patients died as a result
of metastases; therefore only patients with a known cause of
death were included because it was clear whether metastases
had developed or not.

Sample size calculation

The prevalence of LNM in T1b EAC varies between 0 and 78% in
previous studies [5–7, 12–15]. In these studies, LNM was found
in 110/456 patients (24%, 95% confidence interval [CI] 20%–
28%) who underwent esophagectomy. At least 10 events were
needed per predictor in our model. We predefined that we
would incorporate all four histopathological predictors: differ-
entiation grade, submucosal invasion, LVI, and tumor size. A
minimum of 40 patients with LNM were needed in our calcu-
lator. Using the lower CI for the prevalence of LNM in T1b EAC
(20%), a sample size of at least 200 patients was needed for
the study.

Statistical analyses

Baseline characteristics are described using standard descrip-
tive statistics. Continuous data are presented as mean (range)
for normally distributed data and median (interquartile range
[IQR]) for skewed data. Categorical data are presented with fre-
quencies and percentages.

Univariable and multivariable analysis

Different follow-up periods and the competing risk of all-cause/
non-EAC mortality were taken into account using the Fine and
Gray model. In the Fine and Gray model, subdistribution hazard
ratios (SHRs) are estimated, describing the effect of covariates
on the subdistribution hazard. SHRs and associated 95%CIs
were calculated for candidate predictors. The 95%CIs were cal-
culated through bootstrapping.

Based on previous literature about prediction model devel-
opment, all variables with a P value of < 0.2 at univariable analy-
sis were incorporated into multivariable analysis [29]. The fol-
lowing variables were included in univariable analysis: sex, LVI,
tumor differentiation grade, submucosal invasion depth, and
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tumor size. Microscopic or macroscopic tumor size was used for
analysis.

Information about tumor size was missing in 38 of 248 pa-
tients (15.3%). We assumed these data were missing at random
and used multiple imputation to impute the missing values 10
times. Separate analyses were performed on the 10 imputed
datasets and results were subsequently pooled using Rubin
rules.

Statistical analyses were performed in R version 3.6.3., the
mice package was used for multiple imputation, and the riskRe-
gression package was used to fit the Fine and Gray method.

Prediction model and discriminative ability
Only variables that were statistically significant (P<0.05) after
multivariable analysis were included in the final prediction
model. For completeness, nonsignificant variables were also
incorporated into the prediction model to check whether they
altered the predicted scores. Submucosal depth invasion was
incorporated as a continuous variable (absolute depth invasion
in µm) in the prediction model and later divided into different
sm classifications in the score chart. Tumor size was also incor-
porated as a continuous variable in the prediction model and
divided into <20mm and ≥20mm in the score chart; this cutoff
value was chosen based on previous studies [5, 24].

The discriminative ability of the model was assessed using
the Harrell’s concordance statistic (c-statistic), which varies be-
tween 0.5 (noninformative model) and 1.0 (perfect model).
The model was internally validated using bootstrapping to cal-
culate the Harrell’s concordance statistic and to limit the risk of
overfitting [29]. The coefficients from the subdistribution ha-
zard regression were used to calculate the probability of devel-
oping LNM within 5 years (regression formula is presented in
supplementary File 3s).

Analyses were carried out using SPSS version 25 (IBM Corp.,
Armonk, New York, USA) for descriptive statistics and survival
analysis using Kaplan–Meier, and R programming language,
version 3.3.6 (R Foundation for Statistical Computing, Vienna,
Austria. URL https://www.R-project.org) for univariable and
multivariable analysis, cumulative incidence, and prediction
model. All tests were two-sided. For final multivariable analysis,
a two-sided test with a P value of < 0.05 was considered statis-
tically significant.

Results
Study flow chart

A total of 524 patients with T1b EAC were selected from the
NCR. After medical chart review, 90 patients were excluded
(▶Fig. 1). Histopathological reassessment was performed for
434 T1b EACs, and 115 patients were excluded because pathol-
ogy did not reveal pT1b EAC (n=76) or the tumor was not loca-
ted in the esophagus (n =39). Medical charts of the 319 remain-
ing patients with pT1b EAC were reviewed again and another 71
patients were excluded (▶Fig. 1). A total of 248 patients were
included in the final analysis.

Patient and tumor characteristics
Baseline characteristics are presented in ▶Table 1. The median
age of the cohort was 65.6 years (IQR 57.8–72.5) and 87.5%
were male. Most patients were treated with primary surgery
(166/248; 66.9%); additional surgery was performed in 49 /82

NCR search [524 patients] Period: 1989–2016

T1b EAC [434 patients] Pathology reassessment

pT1b EAC [319 patients]

Inclusion [248 patients]

No LNM or distant 
metastases [170]

LNM or distant meta-
stases during surgery or 
follow-up [78]

Distant metastases [6]
▪ Detected during follow-up [6]

LNM [49]
▪ Detected during follow-up [2]
▪ Detected during surgery [47]
 
LNM and distant metastases [23]
▪ Both detected during follow-up [4]
▪ LNM detected during surgery,
 distant metastases detected during
 follow-up [19]

Exclusion [90 patients]
▪Pathology material not available for revision [42]
▪Too little pathology material available [6]
▪No patient data available [36]
▪Chemo-radiotherapy prior to surgery [6]

Exclusion [115 patients]
▪ pT1a EAC [66]
▪ pT2 EAC [7]
▪ No malignancy [3]
▪ Tumor located in the cardia or missing tumor
 location [39]

Exclusion [71 patients]
▪ Missing follow-up information or inadequate
 follow-up [27]
▪ Metastases; primary tumor unknown 
 (esophagus or colon) [1]
▪ pT1b R1 or Rx (vertical) endoscopic resection,
 with residual EAC in biopsy or surgical resection
 specimen [43]

▶ Fig. 1 Flow chart of patients. NCR, Netherlands Cancer Registry;
EAC, esophageal adenocarcinoma; LNM, lymph node metastases.
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(59.8%) patients who were treated with endoscopic resection.
Of patients who were only treated by endoscopic resection (n =
31), 30/31 (96.8%) did not develop metastases during follow-
up. Clinical N stage was cN0 in 180/248 patients (72.6%), cN1
in 42/248 patients (16.9%), and unknown before endoscopic
resection in 17/248 patients (6.9%). The total number of pa-
tients with cN1 stage, including patients in whom imaging was
performed after endoscopic resection, was 50. These patients
were treated with surgery, and 27/50 (54.0%) were confirmed
to have LNM after histopathological assessment.

Vertical resection margins were positive (R1) in pathology
reports of 17/82 patients (20.7%) who underwent endoscopic
resection. Additional surgical resection was performed in all pa-
tients and no residual tumor was found in surgical resection
specimens.

Resection margins were reported as “unable to determine”
(Rx) in 6/82 patients (7.3%). Additional surgery was performed
in all patients and no residual tumor was found in surgical re-
section specimens.

Metastases

The median follow-up time was 5.5 years (IQR 4.9–7.7) in pa-
tients treated with endoscopic resection only and when <12
lymph nodes were present in surgical resection specimens.
The median follow-up time was 3.3 years (IQR 1.8–5.3) in pa-
tients treated with primary surgery with ≥12 lymph node dis-
sections during surgery. The 5-year cumulative incidence of
metastases was 30.9% (95%CI 25.1%–36.8%) (▶Fig. 2). In to-
tal, 78 patients developed metastases. In 6/78 patients, only
distant metastases developed. All had undergone surgery
(without LNM) for primary pT1b EAC. In only 2/6 patients were
>12 lymph nodes (range 14–30) resected during surgery.

The majority of patients only developed LNM (49/78) and all
these patients were treated with surgery; LNM was found dur-
ing surgery in 47 patients. LNM was found during follow-up in
only 2/49 patients; in one of these patients, adequate lymph
nodes (n =18) had been resected during surgery.

Both LNM and distant metastases were found in 23/78 pa-
tients. One patient was treated with endoscopic resection only
(due to comorbidity), and both LNM and distant metastases
were detected during follow-up. A total of 22 patients were

▶Table 1 Clinicopathological features of the study cohort (n = 248).

Sex, n (%)

▪ Male 217 (87.5)

▪ Female 31 (12.5)

Age, median (IQR), years 65.6 (57.8–72.5)

Tumor location, n (%)

▪ Mid-esophagus 7 (2.8)

▪ Distal esophagus 178 (71.8)

▪ Gastroesophageal junction 63 (25.4)

Primary management, n (%)

Endoscopic resection 82 (33.1)

▪ EMR 78

▪ ESD 4

Surgery 166 (66.9)

▪ Transhiatal 114

▪ Laparoscopic transhiatal 5

▪ Transthoracic 38

▪ Thoraco laparoscopic 4

▪ Missing 5

Vertical endoscopic resection margins, n (%)*

▪ R0 59 (72.0)

▪ R1 17 (20.7)

▪ Rx 6 (7.3)

Barrett’s, n (%)

▪ Yes 173 (69.8)

▪ No 36 (14.5)

▪ Missing 39

Tumor size

▪ Median (IQR), mm 24.0 (15.0–32.0)

▪ Missing, n 29

Differentiation grade, n (%)

▪ G1 /2 162 (65.3)

▪ G3 /4 86 (34.7)

Sm invasion, n (%)

▪ Sm1 56 (22.6)

▪ Sm2 51 (20.6)

▪ Sm3 141 (56.9)

Submucosal invasion, median (IQR), µm 1300 (590–2495)

Presence of LVI, n (%)

▪ No 196 (79.0)

▪ Yes 52 (21.0)

▶Table 1 (Continuation)

Sex, n (%)

Metastases, n (%)

▪ No 170 (68.5)

▪ LNM 49 (19.8)

▪ Distant metastasis 6 (2.4)

▪ LNM+distant metastasis 23 (9.3)

IQR, interquartile range; EMR, endoscopic mucosal resection; ESD, endo-
scopic submucosal dissection; sm, submucosal; LVI, lymphovascular inva-
sion; LNM, lymph node metastases.
* Calculated for 82 patients in whom endoscopic resection was performed.
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treated with surgery. LNM was found in the surgical resection
specimen in 19/22 patients and during follow-up in 3/22 pa-
tients; in 2/3 patients, > 12 lymph nodes had been resected
during surgery. All distant metastases were detected during
follow-up.

Of all detected LNMs (n =72), the majority were found in the
surgical resection specimen (66 /72; 91.7%). For all patients
who developed metastases (LNM or distant metastases) during
follow-up (n =31), the median time to detection was 1.9 years
(IQR 1.2–4.9). The disease-specific 5-year survival rate after pri-
mary treatment was 87.5% (Fig. 4s).

Prediction model
In multivariable analysis, the risk of developing metastases was
higher for LVI-positive tumors (SHR 2.95, 95%CI 1.95–4.45), for
tumors with deeper submucosal invasion (SHR 1.08, 95%CI
1.02–1.14), and for larger tumors (SHR 1.23, 95%CI 1.10–1.37)
(▶Table2). For every increase in invasion depth of 500µm, the
subdistribution hazard of developing metastases increased by
1.1. For every increase in tumor size of 10mm, the subdistribu-
tion hazard of developing metastases increased by 1.2. These
variables were all incorporated into the prediction model. In-
corporating differentiation grade into the prediction model

did not alter the outcomes and therefore this variable was not
incorporated into the score chart (▶Fig. 3).

The risk of developing metastases for different combinations
of histological variables is presented in the score chart (▶Fig. 3).
The 5-year risk of developingmetastases ranged from5.9% (95%
CI 2.3–11.2) for patients with pT1,sm1,LVI– tumors < 20mm to
70.1% (95%CI 60.5–78.7) for patients with pT1,sm3,LVI + tu-
mors ≥20mm. After internal validation using bootstrapping,
the prediction model demonstrated good discriminative ability
with a c-statistic of 0.81 (95%CI 0.75–0.86).

Discussion
The selection of patients who need additional treatment due to
the risk of LNM after endoscopic resection of pT1b EAC can be
challenging. Not all T1b EACs are alike when it comes to metas-
tasis risk; however, they are regarded as such in most guidelines
when it comes to make rigorous treatment decisions. Although
individual risk factors associated with metastases have been de-
scribed, little is known about how these risk factors interrelate
or whether combining them may improve estimation of LNM
risk. A clinical tool that incorporates accepted prognostic
parameters for LNM risk on an individual basis is not yet avail-
able [5–7]. We established a prediction model that includes his-

Interval, years Begin total, Metastases, n Death or lost to follow-up Cumulative incidence,
 n  (censored cases), n % (95% CI)
 0–1 248 68 10 27.5 (22.1–33.2)
 1–2 170 5 9 29.7 (24.1–35.5)
 2–3 156 1 19 30.3 (24.6–36.1)
 3–4 136 0 19 30.3 (24.6–36.1)
 4–5 117 1 25 30.9 (25.1–36.8)
 5–6 91 2 32 32.9 (26.6–39.2)
 6–7 57 1 12 34.1 (27.5–40.7)

Time after primary treatment (years)

Cumulative incidence Lower 95 % CI

0 1 2 3 4 5 6 7
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▶ Fig. 2 Cumulative incidence of developing metastases, with death (not related to esophageal adenocarcinoma or metastases) as competing
risk. EAC, esophageal adenocarcinoma; CI, confidence interval.
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topathological tumor characteristics and estimates the individ-
ual risk of metastases in patients with pT1b EAC. This tool can
be used in shared decision making about whether or not to un-
dergo adjuvant treatment after minimally invasive endoscopic
resection.

Patients treated with endoscopic resection or surgery for
pT1b EAC were analyzed as one cohort to prevent possible se-
lection bias. Endoscopic mucosal resection was introduced in
2001, and a selection bias would therefore have been created
when separating patients included after 2001 based on treat-
ment modality (endoscopic resection or surgery), because pa-
tients with relatively favorable tumor characteristics might
have been treated more often with endoscopic resection in-

stead of surgery. The median follow-up time was 5.5 years in
patients treated with endoscopic resection or when <12 lymph
nodes were present in surgical resection specimens. Because of
this long follow-up period, we believe that analyzing both
groups as a single cohort is acceptable.

In our cohort, approximately one third of patients had me-
tastases. Risk factors for developing metastases were the pres-
ence of LVI and increased submucosal invasion depth and tu-
mor size. After internal validation, the prediction model dem-
onstrated good accuracy (c-statistic of 0.81). Based on our
model, the estimated risk of developing metastases within 5
years of endoscopic resection or surgery ranged between 5.9%
and 70.1%, depending on different combinations of histopa-
thological variables. The high metastases risk for specific pT1b
EACs is the direct result of the combination of all poor histopa-
thological parameters. This risk can even exceed the risk of me-
tastases for tumors with a higher T stage that do not present
with LVI [30].

The 5-year cumulative incidence of developing metastases
was 30.9% (95%CI 25.1%–36.8%) in our cohort, which is in
line with reported LNM rates (0–78%) [7, 12–15, 24, 31, 32].
Previous studies have shown that LVI, poor tumor differentia-
tion, progressive invasion depth, and larger tumor size are
associated with LNM [5, 7, 13, 32]. We confirmed LVI, increasing
invasion depth, and tumor size to be significant independent
risk factors for metastases. In contrast, differentiation grade
was only found to be significant in univariable analysis.

Studies have suggested a subgroup of patients with pT1b
EAC in which conservative treatment after endoscopic resec-
tion may be safe [5, 23, 24, 32]. Graham et al. suggested that
patients with pT1,G1/2,sm1,LVI-,R0 EAC can be treated with

LVI–, % (95%CI) LVI+, % (95%CI) Tumor size

sm1 5.9 (2.3–11.2) 15.7 (6.0–29.3)

<20 mmsm2 7.3 (2.6–13.8) 19.3 (6.3–36.8)

sm3 14.1 (7.9–21.9) 34.7 (19.7–50.8)

sm1 16.1 (6.2–29.2) 38.8 (17.0–61.4)

≥20 mmsm2 19.4 (8.6–32.2) 45.6 (20.8–67.9)

sm3 35.2 (25.8–44.7) 70.1 (60.5–78.7)

▶ Fig. 3 Score chart for 5-year metastases risk (both lymph node
metastases and distant metastases) for different combinations of
histopathological variables in patients with pT1b esophageal ade-
nocarcinoma. LVI, lymphovascular invasion; CI, confidence interval;
sm, submucosa.

▶Table 2 Univariable and multivariable subdistributional hazard regression analysis of risk factors associated with metastases (no metastases
n =170, metastases n =78).

Variable Univariable subdistributional hazard

regression analysis

Multivariable subdistributional hazard

regression analysis

SHR (95%CI) P value SHR (95%CI) P value

Sex, n (%) – –

▪ Female Reference

▪ Male 1.51 (0.74–3.10) 0.26

Differentiation grade

▪ G1/2 (good/moderate) Reference Reference

▪ G3/4 (poor/undifferentiated) 1.78 (1.20–2.65) < 0.01 1.01 (0.66–1.55) 0.96

Submucosal invasion (per 500µm) 1.13 (1.08–1.18) < 0.01 1.08 (1.02–1.14)1 < 0.01

LVI

▪ No Reference Reference

▪ Yes 3.58 (2.45–5.22) < 0.01 2.95 (1.95–4.45) < 0.01

Tumor size (per 10mm) 1.39 (1.25–1.53) < 0.01 1.23 (1.10–1.37)2 < 0.01

SHR, subdistribution hazard ratio; CI, confidence interval; LVI, lymphovascular invasion.
1 For every 500µm increase in submucosal invasion.
2 For every 10mm increase in tumor size.
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endoscopic resection alone because these patients (n=13) did
not develop LNM during follow-up [32]. In addition, this study
suggested conservative treatment after endoscopic resection
of pT1bsm1 EACs with one high-risk pathological feature be-
cause 23% of the conservatively treated high-risk tumors devel-
oped LNM during follow-up [32]. However, the number of in-
cluded patients in this study was too small to make recommen-
dations [32]. Another study reported LNM in only 2% of “low-
risk” pT1b EAC patients; endoscopic resection was therefore
suggested as an alternative treatment to esophagectomy [24].
A prediction model was lacking in these studies.

A study in which a prediction model was developed based on
a weighted scoring system, showed that tumor size and LVI
were predictors for LNM in patients with T1 EAC (both T1a and
T1b), with a c-statistic of 0.82 (95%CI 0.75–0.89) [13]. This
study suggested that esophagectomy should be considered in
patients with a high risk score (> 5 points). However, patients
with T1a tumors were also included and LNM was only predic-
ted directly after surgery instead of taking follow-up into ac-
count. In addition, T1b tumors were not classified according to
depth of infiltration (sm1–3) [13].

In the current large, nationwide, multicenter cohort study,
histopathological reassessment and classification of all pT1b
EACs was performed by consensus agreement between gastro-
intestinal pathologists with great expertise in EAC. The incor-
porated histopathological tumor characteristics were therefore
valid, without missing data. Included patients were analyzed as
a single cohort, regardless of primary treatment. An adequate
follow-up period was guaranteed in patients treated with endo-
scopic resection and in patients with <12 resected lymph nodes
during surgery. This is the first study with an adequate sample
size that provides a good estimate for metastatic risk in patients
with pT1b EAC.

However, the results of our model should be interpreted
with caution due to limitations of the study. First, the retro-
spective study design could have resulted in selection and in-
formation bias. Several patients were excluded because of
missing data. In addition, there was no standardized follow-up
regimen. We are convinced, however, that it is not feasible to
perform a study of this magnitude in a prospective design on
T1b EAC. A second limitation and possible source of heterogene-
ity is the combined results of endoscopic and surgical resection
specimens. Different specimen handling, sampling, and proces-
sing of endoscopic and surgical resection specimens (2mm vs.
5mm) may theoretically lead to an underestimation of the dee-
pest invasion in surgical specimens and introduce bias in histo-
logical interpretation. We are aware that treatment methods
have changed over time and different surgical resection tech-
niques are used, with less extensive lymphadenectomy being
performed in the past. This is, however, inevitable in retrospec-
tive studies. We therefore used the development of metastases
during follow-up as a surrogate end point in these patients. A
third limitation is that no additional immunohistochemical
staining was performed for the assessment of LVI, because for-
malin-fixed paraffin-embedded tissue blocks were not readily
available to us. Additional immunohistochemical staining in
combination with hematoxylin and eosin staining may improve

the detection of LVI [33]. The final limitation is that we did not
perform external validation of the prediction model. We do not
know whether our prediction model, which is mainly based on
surgical data, can reliably be used to calculate LNM risk in pa-
tients treated with endoscopic resection. One can argue that
the performance of the model cannot be simply transferred to
patients treated with endoscopic resection. External validation
of the prediction model, using histological outcomes diag-
nosed in endoscopic resection specimens of T1b EAC, is neces-
sary to assess whether the model has adequate predictive value
to be used in clinical practice, where the focus is on deciding
whether or not patients treated with endoscopic resection for
T1b EAC will benefit from additional surgery. This validation is
desirable in order to test the model strength when implement-
ing it into clinical practice. The current predicted individual me-
tastases risk is an estimation based on a statistical model; these
estimations do carry a degree of uncertainty.

In conclusion, one third of patients with pT1b EAC devel-
oped metastases. A personalized risk could be predicted based
on the presence or absence of each histopathological charac-
teristic, with good discriminative ability. Deep submucosal tu-
mor invasion, the presence of LVI, and larger tumor size were
poor prognostic factors for metastases.
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