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Abstract

At an early stage, esophageal cancer can be removed surgically or endoscopically. T1a tumors are removed by endoscopic
resection, whereas T1b tumors are preferably surgically removed (esophagectomy) due to possible lymph node involvement.
However, the diagnostic tools (endoscopic ultrasonography (EUS) and CT/PET-CT) used to distinguish between T1a and
T1b tumors and to detect malignant lymph nodes are imprecise. This study aimed to review the accuracy of preoperative
locoregional staging in superficial esophageal cancer in a Danish setting. This was a retrospective, multicenter study including
patients with a cT1 esophageal tumor, both adenocarcinoma and squamous cell carcinoma. Patients receiving neoadjuvant
treatment were excluded. Results from the preoperative diagnostics tools were compared with the pathology report to deter-
mine the diagnostic accuracy. Sixty-eight patients were included, 34 patients underwent esophagectomy, and 34 patients
underwent endoscopic resection. The positive predictive value (PPV) of PET-CT (or CT) (when staged as a T1 tumor) was
77% (95%CI: 0.59-0.88), and the PPV of EUS (when staged as a T1a or T1b tumor) was 52% (95%CI: 0.32-0.72) and 60%
(95%CI: 0.36-0.82), respectively. Six patients had malignant lymph nodes in the surgical specimen; none of them was iden-
tified before surgery. In conclusion, neither CT/PET-CT nor EUS is a precise tool to distinguish mucosal from submucosal
esophageal tumors. Furthermore, in superficial malignant lesions, lymph node involvement is rare, but when present, it is
rarely detected before surgery. To improve staging accuracy, all patients with cT1 tumors could be referred for a diagnostic
endoscopic resection prior to possible other treatments.

Keywords Esophageal cancer - Locoregional staging - Diagnostic tools - Endoscopic ultrasonography - Endoscopic
resection - Lymph node metastases

Introduction

The correct staging of superficial esophageal cancer is of
high importance to offer the patients the right treatment.
In Denmark, 950 patients (16 per 100,000 inhabitants) are
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diagnosed with esophageal cancer every year [1], but the
disease is rarely diagnosed at an early stage. According to
European guidelines (ESMO Clinical Practice Guidelines
updated in 2022 [2]), patients with a clinical-stage Tla
(cT1a) tumor should be referred for endoscopic resection
(ER), while in all stages beyond T1aNO, radical esophagec-
tomy with lymphadenectomy should be considered. Some
T1b tumors can be considered treated radically with only
endoscopic resection, depending on invasion depth and
ulceration [2]. This treatment strategy is based on the knowl-
edge of a higher prevalence of lymph node involvement in
more profound tumors [3-9]. In T1aAC (adenocarcinoma),
endoscopic submucosal dissection (ESD) and endoscopic
mucosal resection (EMR) are considered comparable [10];
in T1aSCC (squamous cell carcinoma), ESD seems superior
compared with EMR and should be performed if possible
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[11]. However, as not all centers in Europe perform ESD, a
lot of the patients will be referred for EMR instead. When
performing EMR, larger lesions are removed piece-meal
and, thus, are more difficult to examine histologically and
to guarantee resection-free margins compared with ESD.

Multiple studies have investigated the best diagnostic
tools to distinguish between early T-stages. Endoscopic
ultrasonography (EUS), computed tomography (CT), and
magnetic resonance imaging (MRI) have been evaluated.
For locoregional staging, EUS seems to be the most accurate
diagnostic tool, while CT is the most precise tool to identify
metastases. Although, a recently published review showed
that EUS might increase the risk of overdiagnosis of T1b
tumors [12]. Several studies have shown that EUS can dis-
tinguish T1 and T2 tumors, but when it comes to discrimina-
tion between T1a (mucosal) and T1b (submucosal) tumors,
the accuracy is significantly lower [12—19]. There seems to
be no good tool to distinguish mucosal from submucosal
tumors, even though it is crucial for the choice of treatment.

In the literature, the prevalence of lymph node metastases
in superficial esophageal cancer differs from 1 to 23% [3, 4,
6, 7, 20-23]. For lymph node involvement, a meta-analysis
including gastric cancer showed that EUS accuracy was not
optimal, neither for N + confirmation nor exclusion [19], and
the same seems to be applicable for esophageal tumors [24].
Another meta-analysis showed a sensitivity and specificity
of > 84% in regard to lymph node involvement, and this
could further be improved by combing EUS and FNA [25].
However, this is all tumor stages, and not only superficial
lesions. Local nodal staging using FDG-PET is also limited,
as discriminating the primary tumor from peritumoral lymph
nodes is challenging [26].

Our primary aim was to review the accuracy of preop-
erative locoregional staging in superficial esophageal car-
cinomas in Denmark concerning both T- and N-stage. The
primary focus was the use of EUS. It was hypothesized, in
alignment with the literature, that EUS had low accuracy and
that malignant lymph nodes were hard to identify preopera-
tively. Furthermore, it was hypothesized that the prevalence
of lymph node metastases in pT1a tumors was low.

Patients and Methods
Study Design and Patient Selection

This was a retrospective, multicenter case series analysis.
Inclusion criteria were as follows: age > 18 years, a malig-
nant tumor in the esophagus including the gastroesophageal
junction, stage cT1 (based on EUS, 'F-FDG-PET-CT (flou-
rine-18 fluorodeoxyglucose positron emission tomography),
or CT scan), having undergone esophagectomy or ER (either
ESD or EMR) between 1st of June 2016 and 31st of Dec

2020 at one of the three centers (“A,” “B,” “C”). Exclusion
criteria were as follows: neoadjuvant treatment received
or no malignant diagnosis before resection (only dyspla-
sia). This study is reported according to the “Standards for
Reporting Diagnostic accuracy studies” 2015 checklist.

Data Collection

Data was collected retrospectively at three out of four
highly specialized national centers in 2021 and stored in
Research Electronic Data Capture (REDCap) [27, 28]. Data
included age, sex, tumor type, tumor location, staging tools,
and results from these (CT, PET-CT, EUS, and fine-needle
aspiration (FNA)). Furthermore, the type of treatment, num-
ber, and location of harvested lymph nodes, results from
the pathological report, and any surgical re-treatment were
registered. Lastly, survival and recurrence were registered.

Surgical Procedure

The patients with tumors staged as cT1b were most com-
monly referred for Ivor Lewis esophagectomy. In 2016, one
center began to refer patients with cTla tumors for ESD,
which led to those patients with cT1la tumors undergoing
either esophagectomy or ER during the cohort period. In
the other centers, only smaller cT1a tumors (< 10 mm) were
removed endoscopically (EMR). During the study period,
diagnostic EMR was not routinely performed. If a tumor-
free resection margin was not achieved after resection, the
patient was offered a second treatment. During the period,
the ESMO Clinical Practice Guidelines from 2016 were
valid [29].

Staging

Tumors were staged according to the 8th edition of the
American Joint Committee on Cancer (AJCC) Cancer Stag-
ing Manual [30]. As standard, all patients were evaluated
with a CT scan, and most patients were further evaluated
with a PET-CT scan. Unfortunately, PET-CT was not rou-
tinely performed at all three centers at the beginning of the
trial period. Only patients evaluated for ER were examined
with EUS. Both radial and linear endoscopic ultrasound
scopes were used. If larger or irregular lymph nodes were
identified, an FNA was taken. Afterward, all patients were
evaluated by a multi-disciplinary team, and a treatment strat-
egy was determined.

Statistical Analysis
The number of eligible patients determined the study

size during the study period. General characteristics were
described as mean with standard deviation if continuous,
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and categorical variables were described as the number of
patients and percentages.

Accuracy, using the clinical and pathological stages for all
modalities for each patient, was calculated as the number of
correct stagings divided by the total sample size. A correct
staging was defined as when the clinical stage allied with the
pathological stage. The pathological report was considered the
standard reference regarding both T- and N-staging. If a pre-
operative EUS was performed, this result overruled the results
from the CT; otherwise, the results from the PET-CT or CT
(in that order) were used as cT-stage. The results are presented
as positive or negative predictive values. The 95% confidence
intervals were calculated using the method of Wilson.

Recurrence and survival rates were analyzed using the
Kaplan—Meier method and compared using a log-rank test.

Missing data were visually analyzed for patterns of miss-
ingness and hereafter interpreted as missing at complete
random. A p-value <0.05 was considered statistically sig-
nificant. All statistical analyses were performed using the
software R, version 1.4.1717.

Ethics

The study protocol was approved as a quality control trial by
the hospital manager at each center. At the time of referral, all
patients were asked to consent that their personal data might be
used for research purposes, with permission from the hospital
board. Patients who had not consented to this were excluded from
the study. Only anonymized data were shared between centers.

Results
Patient Characteristics

Initially, 93 patients with a malignant tumor staged as cT1
were screened for inclusion (Fig. 1). Twenty patients were
excluded due to the lack of a malignant confirmation before
treatment (only dysplastic cells), four patients were excluded
as they received neoadjuvant chemotherapy due to possible
lymph node involvement, and one patient was excluded as
the pathological report was missing. Lastly, 68 patients were
included in the cohort.

There were 53 males (78%) and 15 women; ages varied
from 41 to 84 years (mean age: 68.3 years). In 91% of the
cases (n=62), the tumor was located in the lower part of the
esophagus (including the gastroesophageal junction), and
90% of the tumors (n=61) were adenocarcinomas. Seven
patients had squamous cell carcinoma. Initially, 34 patients
underwent esophagectomy, and 34 patients were referred for
ER. However, due to positive surgical margins, another six
patients were referred for esophagectomy after ER. General
characteristics are described in Table 1.

@ Springer

Patients extracted from the
database

(n=93)

[ |
Excluded: Included:

- no malignant biposy prior to (n=68)
treatment (n= 20)

- neoadjuvant therapy (n=4)

- missing pathological report
(n=1)

Fig. 1 Flowchart—patient selection. Patient selection and patients
excluded from the study

Preoperative Staging and Treatment Strategy

All patients were evaluated with a CT scan, 57 patients
had a PET-CT, and 44 patients had an EUS performed.
The treatment strategy was based on the results from these
exams, as well as the patient’s medical and surgical history
and patient’s wishes and preferences. In Table 2, the results
from both EUS and CT/PET-CT are listed. Most tumors
that were not detected with CT scan images were detected
with EUS (only two tumors were not detected with EUS).
Six patients had an FNA performed. Treatment distribution

Table 1 General characteristics

Characteristics Number (%)
Age at diagnosis (years), mean (SD) 68.3 (9.4)
Male sex, n (%) 53(77.9)
Tumor type, n (%)

- Adenocarcinoma 61 (89.7)

- Squamous cell carcinoma 7(10.3)
Tumor location in the esophagus, n (%)

- Upper 1111(1.5)

- Middle 5555(7.4)

- Lower (incl. the GEJ') 62 (91.2)
Preoperative EUS?, n (%) 44 (64.7)
Preoperative PET-CT?, n (%) 57 (83.8)
Preoperative CT*, n (%) 68 (100)
Primary treatment, n (%)

- Surgery (esophagectomy, Ivor Lewis) 3434343450.0)
-ER’ 34 (50.0)
Esophagectomy after ER 6 (8.8)

General characteristics (n=68). 'Gastroesophageal junction. “Endo-
scopic ultrasonography. *18F-fluorodeoxyglucose positron emission
tomography. *Computed tomography. >Endoscopic resection (submu-
cosal dissection or mucosal resection)
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Table 2 Preoperative staging

EUS! No detectable tumor, n (%) 2(4.5)
(n=44)
Tl 42 (95.5)
-Tla -21(47.7)
-Tlb -15(34.1)
-Tlx -6(13.6)
T2 0
PET-CT/CT? No detectable tumor, n (%) 34 (50.0)
(n=68)
Tl 30 (44.1)
T2* 4 (5.9)
FNA?, n (%) 6 (13.6)
Malignant cells from 0
FNA

Mlustration of the results from the preoperative diagnostics tools
regarding both T- and N-stages. All patients had a CT, 57 patients
had a PET-CT, and 44 patients had an EUS performed. Out of these,
six patients had a fine-needle aspiration biopsy. *All patients with a
c¢T2 tumor from the CT were further evaluated with an EUS where
the tumor was interpreted as a cT1 tumor. 'Endoscopic ultrasonog-
raphy. 218F-fluorodeoxyglucose positron emission tomography/com-
puted tomography. *Fine needle aspiration

based on the cT-stage is listed in Fig. 2. In the table, both
cT-stage and pT-stage are listed, as well as lymph node
status. After the first ER, positive surgical margins were
found in 15 cases (6 pTla, 6 pT1b, 2 pT2, and one patient
with only dysplastic cells). Five patients were referred for
esophagectomy, six patients were offered a second ER, and
the last four patients declined a second treatment. Out of the
four patients who declined further treatment, two patients
were still alive without any sign of recurrence at the end of

the study, one patient was diagnosed with pulmonary metas-
tases and died only 4 months after the initial treatment,
and the last patient died 30 months after treatment without
any clinical signs of recurrence. Lastly, one patient was
referred for an esophagectomy after two ERs. Ten patients
who underwent an esophagectomy had a pT1la tumor. In at
least five of these cases, it was preoperatively described that
the tumor was not suitable for or accessible by ER (longer
Barrett’s esophageal segments, larger lesions, or the tumor
location itself).

Accuracy of cT-Stage
EUS

Forty-four patients were evaluated with an EUS (Table 2)
(no detectable tumor, cT1a, cT1b, or cT1x). Out of these,
20 patients initially underwent an esophagectomy. The
positive predictive value of EUS when staged as a Tla or
T1b tumor was 52% (95%CI: 0.32-0.72) and 60% (95%CI:
0.36-0.82), respectively. In five cases, histology revealed
a pT2 tumor (three of them had a preoperative EUS per-
formed, one was staged as a T1b tumor, and the other two
as T1x), and two patients had a pT3 tumor (one of them
had a preoperative EUS performed (T1a)).

PET-CT/CT Scan

Preoperative radiological T staging (from CT scan or PET-
CT) was performed in all patients, and the results are listed
in Table 2 (no detectable tumor, T1, or T2). The positive
predictive value of PET-CT/CT when staged as a T1 tumor
was 77% (95%CI: 0.59-0.88).

No detectable tumor cTla cT1b cTlx
n=9 n=21 n=15 n=23
ER Esophagectomy ER Esophagectomy ER Esophagectomy ER Esophagectomy
n=6 n=3 n=16 n=5 n=5 n=10 n=7 n=16
NVT  n=I
NVT! n=2 NVT  n=1 .
pTla n=3 pTla n=3
pTla n=1 pTla n=3 pTla n=8 pTla n=2 pTla n=1 pTla n=3 pTlb 19
pTb  n=3 pTIb  n-8 pTlb - n=l pTIb  n=3 pTIb  n=6 pTIb -l o
pr3 - 0l 2 nel T2 n=2 P -
pT2 n= P pT3  n=l
L L L L pTIbNI n=1
pTIbNI n=1* pTIbNI n=1 pT2N2 n=1* pTIbN2 n=1
pT3N2 n=1

Fig.2 Treatment strategy and staging accuracy. The distribution of
results from the preoperative staging, cT-stage based on EUS, or if
not performed, a PET-CT or CT. Hereafter, the selected treatment
strategy, pT-stage, and, if lymph node invasion, pTN-stage in the bot-

tom. None of the malignant lymph nodes was detected before treat-
ment. 'No visible tumor. *Referred for esophagectomy after ER due
to positive resection margins
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Accuracy of N-Stage

The pN-stage is only available for patients who had an
esophagectomy (n=40). The mean number of lymph nodes
resected was 24 (SD=10.7). Six patients had lymph node
metastases after surgery (pT1la: no patients (0/12 resected
pTla tumors); pT1b: 4 patients (4/17); pT2: 1 patient (1/5);
and pT3: 1 patient (1/2)). The results are seen in Fig. 2. The
malignant lymph nodes in the T1b tumors were found in
station 2, station 7, and the para esophageal station, station
9, and stations 3 and 4, respectively. The negative predictive
value of the cN stage (combined results from CT, PET-CT,
EUS, and FNA) was 85% (95%: 0.70-0.93). None of the true
malignant lymph nodes was detected before surgery.

Recurrence and Survival

All patients were followed for at least 8 months after treat-
ment. The total follow-up time was 2332 months (mean:
34 months). At the end of the trial, two patients had a local
recurrence (at 204 and 559 days after ER, respectively), and
seven patients had a distant recurrence (two patients treated
with ER and five patients who underwent esophagectomy).
Ninety-day survival was 100%. At the end of the follow-
up period, 15 patients were dead. There was no difference
in survival nor recurrence rates between the patients who
underwent esophagectomy and the patients treated with ER
(log-rank test; p=0.7 (survival) and p=0.9 (recurrence)).
Survival curves are presented in Fig. 3.

Discussion

In this study, it was once again stated that the diagnostic
accuracy of EUS is low when it comes to distinguishing
between Tla and T1b esophageal tumors. Furthermore,
lymph node involvement in early esophageal cancer is rare
(15% of patients undergoing esophagectomy in this cohort,

only grade T1b or higher). Thus, no true malignant lymph
nodes were acknowledged before surgery.

This study showed that only 52% of the T1a carcinomas
and 60% of the T1b carcinomas were preoperatively staged
correctly with EUS. It has previously been demonstrated in
several studies that EUS has a high accuracy in diagnosing
T1 cancers [16, 31]. However, its capability to distinguish
between Tla and T1b carcinomas is debated. In a prospec-
tive study, including 372 patients with T1 esophageal cancer,
it was concluded that EUS did not bring any extra value
regarding the diagnostic accuracy of cancer invasion depth
[12]. Since the treatment strategy (esophagectomy or ER) is
based on the ability to distinguish submucosal from mucosal
lesions, it is of the highest importance to highlight this. It
is widely accepted that CT cannot be used in locoregional
staging, and EUS is probably the best tool. Thus, it has been
shown that within EUS, there is high interobserver varia-
bility between endoscopists [32], and its use as a standard
diagnostic tool has been questioned [33]. Performed meta-
analyses differ in their reporting; a meta-analysis from
2010 (including 12 studies) concluded that EUS was not
sufficiently accurate in distinguishing between early tumors
[18]. They recommend that when a superficial malignancy
is suspected, an EUS should be performed to rule out deeper
tumor invasion (stage T2 or higher) and lymph node involve-
ment. This should be followed by a diagnostic ER. After his-
tological examination, which allows for both assessment of
cell differentiation and lymphovascular invasion, T1a tumors
should be referred for endoscopic surveillance (if tumor-
free resection margins are achieved), whereas the patients
with T1b tumors should be referred for esophagectomy.
By practicing this approach, the surgeon avoids referring
patients with only T1la tumors for esophagectomy (where
the risk of lymph node involvement is low), with all the risks
entailed. There might be contraindications to ER, such as
longer Barrett’s esophagus segments or larger lesions, and
these patients should still be considered for esophagectomy.
However, another meta-analysis (including 19 studies) from

Fig.3 Survival curves. a2
Kaplan—Meier survival curves 8 7] _\_L__|
for patients who underwent —
esophagectomy (yellow) and a2 _\_| 0
patients who underwent ER Z 2 L i
(endoscopic resection) (black), §
respectively. Time is presented 2 i |
in days. At the end of the ® v
follow-up, 53 out of the 68 ;
patients were still alive. There @ 3_)9 _
was no difference in survival o
between the two groups, log-
rank test: p=0.7 R
= | | T T T
0 500 1000 1500 2000
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2012 concluded that EUS was a good tool, and showed an
area under the curve > 0.93 for both mucosal and submu-
cosal lesions [34].

The question is: when aware of the limited accuracy of
EUS to distinguish between T1a and T1b tumors, should we
rely on the results from EUS and continue to refer patients
for either esophagectomy or ER based upon it? From this
dataset, it is tempting to conclude that we should not.
Another alternative is to refer patients for diagnostic ER
after the EUS has ruled out deeper tumor invasion. Here-
after, based on the specimen, a treatment strategy can be
agreed upon by the multi-disciplinary team. A recently
published Korean retrospective study [5] could demonstrate
that patients with cT1a-stage esophageal cancer (evaluated
from EUS), treated with endoscopic resection, did not have
worse outcomes in terms of survival and disease-free sur-
vival (100% and 85%) compared with patients with cT1b
stage disease treated with esophagectomy (78% and 77%).
This is also confirmed in our data. These results imply that
it is still safe to refer patients for ER, even though the results
from EUS are not 100% reliable. A significantly lower com-
plication rate was shown in the ESD group compared with
patients undergoing esophagectomy in the same study. The
risk of mortality and higher morbidity (anastomotic leak,
stenosis, pneumonia, etc.) due to surgery alone versus the
risk of local recurrence after ER must be considered. In our
cohort, two patients treated with ER had local recurrence.
Furthermore, the high interobserver variability, even when
performed by experienced endoscopists (> 100 previous
examinations), must be taken into count [32].

Regarding the prevalence of lymph node involvement, this
study reported a prevalence of 15% among the 40 patients
who underwent esophagectomy (pTla: O patients, pT1b: 4
patients, pT2: 1 patient, and pT3: 1 patient). None of the
malignant lymph nodes was acknowledged before surgery.
However, only five patients with a ¢cT1a tumor were referred
for esophagectomy, which means there might be lymph node
metastases we have overlooked. On the other hand, of the 12
patients who underwent esophagectomy and subsequently
histologically verified pT1a tumor, none of them had lymph
node metastases. This indicates that lymph node involve-
ment in Tla tumors is rare, which is further confirmed by
the low local recurrence rates. In this study, most patients
(84%) had a PET-CT performed. However, in the analysis, it
was not distinguished between CT and PET-CT. To improve
the sensitivity of EUS regarding malignant lymph nodes,
one can perform FNA biopsies from suspicious lymph nodes
[35]. However, there is a risk of both false positive and false
negative results [33]. FNAs were not commonly used in
this cohort (only six patients), and none of them revealed
malignant cells. These results, regarding both prevalence of
lymph node metastases and the difficulty identifying them,
are similar to other studies in the literature [23].

This study is limited by its retrospective nature. Only
68 patients were included; however, esophageal cancer in
this early stage is rare. Furthermore, the cohort consisted
of a heterogeneous group of patients, both regarding cancer
types, but also treatment, and the three centers treated the
patients slightly differently. The low patient number must
be taken into account when the results are interpreted in a
clinical setting, especially in patients with squamous cell
carcinoma. Four patients were excluded due to neoadjuvant
chemotherapy (all four patients were preoperatively staged
as having lymph node involvement). This could potentially
lower the incidence of malignant lymph nodes in our cohort.
Patients with ¢cT2 carcinomas were excluded, even though
it appeared to be a pT1 tumor after surgery, since they were
referred for neoadjuvant oncological treatment. Patients
referred for ER due to high-grade dysplasia, but where
the surgical specimen revealed malignant cells, were also
excluded from the study. We hypothesized that the preva-
lence of malignant lymph nodes in pTla tumors was low.
However, the study was not powered to show this even; thus,
no malignant lymph nodes were found in pT1a tumors. The
study was neither powered to make conclusions regarding
survival rates; however, the survival in this cohort is slightly
lower than what would be expected from the literature. The
strengths of this study are that only a few surgeons in each
center did perform the EUS examinations, and all patients
were evaluated by a multi-disciplinary team.

Conclusions

From this study, we can conclude that endoscopic ultra-
sound is not an accurate tool to distinguish mucosal from
submucosal esophageal carcinomas. Furthermore, in early
superficial esophageal cancer, lymph node involvement is
rare, and rarely detected before surgery. No malignant lymph
nodes were identified in pT1a tumors. Patients treated with
endoscopic resection did not have a worsened survival out-
come. Based upon this data, and other studies with similar
findings, all patients with a ¢cT1 esophageal cancer could
be considered for a diagnostic endoscopic resection at first,
and later patients with a pT1b tumor should be referred for
esophagectomy (if deemed operable). This could potentially
spare some patients a major surgical procedure.
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