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Abstract

BACKGROUND

Endoscopic ultrasound (EUS) stands as an accurate imaging modality for esophageal
cancer staging, however utilization of EUS in early-stage cancer management remains
controversial. Identification of non-applicability of endoscopic interventions with deep
muscular invasion with EUS in pre-intervention evaluation of early-stage esophageal

cancer is compared to endoscopic and histologic indicators.

AIM
This study aims to display the role of EUS in pre-intervention early esophageal cancer
staging and how the index endoscopic features of invasive esophageal malignhancy

compare for prediction of depth of invasion and cancer management.

METHODS

This was a retrospective study of patients who underwent pre-resection EUS after a
diagnosis of esophageal cancer at a tertiary medical center from 2012 to 2022. Patient
clinical data, initial EGD/biopsy, EUS, and final resection pathology reports were
abstracted, and statistical analysis was conducted to assess the role of EUS in

management decisions.




RESULTS

Forty nine patients were identified for this study. US T stage was concordant with
histological T stage in 75.5% of patients. In determining submucosal involvement (T1la
vs T1b), EUS had a specificity of 85.0%, sensitivity of 53.9%, and accuracy of 72.7%.
Endoscopic features of tumor size >2 cm and the presence of esophageal ulceration
were significantly associated with deep invasion of cancer on histology. EUS affected
management from R/ESD to esophagectomy in 235% of patients without
esophageal ulceration and 6.9% of patients with tumor size <2cm. In patients without

both endoscopic findings, EUS identified deeper cancer and changed management in

4.8% (1/20) of cases.

aONCLUSION

EUS was reasonably specific in ruling out submucosal invasion but had relatively poor
sensitivity. Elta validated endoscopic indicators suggested superficial cancers in the
group with a tumor size <2cm and the lack of esophageal ulceration. In patients with
these findings, EUS rarely identified a deep cancer that warranted a change in

management.

INTRODUCTION

Esophageal cancer is the eighth-most common cancer and sixth-most common
cause of mortality globallylll. In the United States, an estimated 20,640 cases of
esophageal cancer are diagnosed in 2022, and 16,410 deaths are expected from the
disease, highlighting the importance of its diagnosis and treatment(?3].

With the advent of less invasive interventions including endoscopic mucosal
resection (EMR) or submucosal dissection (ESD) for superficial cancers, accurate clinical
staging of esophageal cancer becomes critical in selecting appropriate treatment

optionslll. Pre-intervention tumor depth staging (T staging) is vital in assessing which




patients without an evidence of metastasis, would benefit from endoscopic or surgical
intervention. Tumors limited to mucosa can be completely resected with endoscopic
therapy due to lower risk of incomplete resection or lympho-vascular invasion®. NCCN
guideline recommends endoscopic resection in the management of Tla lesions and
superficial T1b lesions, or T1b-sm1 Lesions that superficially invade the submucosal4l.
Tumors staged Tlb-sm? or sm?® have significant risk for recurrence and warrant
evaluation for esophagectomyl5l.

Endoscopic ultrasound (EUS) has been commonly utilized as the most accurate
imaging study for staging primary esophageal cancer in comparison to other
modalitiesl. Specifically, EUS has been shown to accurately assess T staging in-the
cancer (73.2-80.6%), excelling in distinguishing T3/T4 Lesions from T1/T2°. EUS
remains a key component of locoregional assessment to determine the depth of invasion
and nodal involvement while also allowing the possibility of FNA sampling!'’l.
Classifying more superficial lesions into Tla, T1b-sm1, T1b-sm2, or T1b-sm3 lesions,
however, has proven difficult via EUSIM. Currently for superficial cancers, EUS is
readily combined with EMR or ESD to optimize the clinical management. Specifically,
EUS allows exclusion of the presence of a deeper cancer invasion, which makes an EMR
or ESD potentially unsafe and/or lead to an incomplete intervention.

There are several studies delineating the correlation of endoscopic and biopsy
assessments as evidence for deeper invasion in esophagus cancer in lieu of EUSH2-15].
These suggest that EUS may not provide additional information in situations where
endoscopic or pathologic parameters sufficiently characterize esophageal cancers and
fully dictate management. Thus, controversy remains in the utility of EUS in patients

ho have suspected early-stage esophageal cancer and how it can affect management.
Current study aims to display the role of EUS for early esophageal cancer staging and
how the index endoscopic indicators of invasive esophageal malignancy compare for

assessment of depth of invasion and the cancer management.

MATERIALS AND METHODS




Ethics:

This was a retrospective study of patients who underwent pre-intervention EUS
with a diagnosis of esophageal cancer between January 2012 to January 2022 at a
tertiary medical center. This study period was used to minimize the effect of incomplete
data allocation from the period prior to establishment of electronic medical record. This
study was approved on November 1%t 2021 by the Institutional Review Board of the
hospital in accordance with its ethical standards and assigned IRB protocol number

1816393-1.

Study population:

Ninety three patients were identified via electronic medical record (EMR) search
conducted with assistance from the Clinical and Translational Science Center at
University of California, Davis. The search was conducted at for patients with ICD-10
codes C15.0 to C15.9 Logged for esophageal malignancies in their medical record and
those with CPT code 43242 Logged for EUS procedures during the study period at our
medical center. Patient’s without electronic documentation of EUS procedure reports
were excluded from the study. From this population, patients were ascertained who
met the inclusion criteria of age over 18 years, established diagnosis from biopsies
collected during index EGD, EUS conducted prior to any therapeutic intervention such
as endoscopic/surgical resection. Exclusion criteria included: EUS was not conducted
prior to any therapeutic interventions, EUS did not indicate staging, EUS did not yield a
pathologic specimen, and patients treated with neoadjuvant treatment before
esophagectomy. Forty nine patients met criteria for analysis. This is summarized in

Figure 1.

T Staging by EUS and Pathologic Diagnosis:

EUS was performed with an Olympus radial echoendoscope (GF-UE160, Olympus
America, Penn Valley, US.A.). EGD and EUS procedures were performed by a single




endosonographer with over 10 years of experience at the beginning of the study period.
Pre-operative T staging was made in accordance with TNM staging system for
esophageal cancer with the 8th edition of the American Joint Committee on Cancer
(AJCC) classifications for staging of epithelial cancers of the esophagus and
esophagogastric junction (EGJ)l'6l. As this classification was updated in 2017 to
differentiate T1la from T1b lesions, cases conducted prior to 2017 were staged in this
study per the updated criteria based on findings present in EUS and pathology
reportsl7). The level of tumor invasion was consistently described in both types of
reports, allowing for pre-2017 to be classified using the 8t edition TNM staging.
Descriptions of submucosal invasion as “irregularities between the mucosal and
submucosal border” were used to determine T1b or beyond staging in written reports.
The presence of notable para-esophageal lymph nodes on EUS was also denoted in
reports including comments regarding diagnostic value. Pathologic diagnosis was
determined by pathologists’ interpretation of tissue sample taken during endoscopy
either by endoscopic mucosal resection (EMR), endoscopic submucosal dissection
(ESD), esophagectomy or forceps biopsy. For the purposes of this study, deep invasion

(DI) was defined as a T2 Lesion or more (See Figure 2).

Outcomes:

Patient characteristics and clinical data were extracted from chart review including
birth date, sex, ethnicity, type of esophageal cancer (adenocarcinoma, squamous cell
carcinoma (SCC) or other cancer), diagnosis of Barrett’'s esophagus. EGD/EUS written
procedure reports were used to extract data for the following characteristics: presence
of esophageal ulceration, size of tumor, presence of notable para-esophageal lymph
nodes, and T staging per EUS. If unavailable in the EUS report, the presence of
ulceration and size of tumor was reported via an initial EGD report if done less than 3
mo prior to EUS procedure date. Either biopsy or resection method after EUS was

recorded as well. Data from pathology after EMR, ESD, esophagectomy, or forceps




biopsy included size and grade of tumor, lateral and deep margins status, the presence

of lympho-vascular invasion, and TNM-staging identified on the specimen.

Statistical Analysis:

IBM SPSS Statistics 20 was used for all statistical analysis. Frequencies and
percentages were calculated for all nominal and ordinal variables. Sensitivity,
Specificity, Positive Predictive Value (PPR), Negative Predictive Value (NPR) and
Accuracy of EUS in identifying sub-mucosal invasion in histological verified T1 tumors
were calculated. Moreover, DI of tumor on histology (defined as T2 or beyond) and
clinical characteristics significantly associated with DI were identified by using chi-

square test. P value <0.05 was considered significant for all comparisons.

RESULTS

A total of 49 patients were identified for the study. Table 1 summarizes the
demographics and clinical characteristics of all patients. Majority of them were males
and white, 85.7% and 87.5%, respectively. Adenocarcinoma was the predominant type
of cancer (89.8%) among all patients. Prior diagnosis of Barrett’s esophagus was present
in 65.3% patients. 30.6% of patients were noted to have esophageal ulceration during
endoscopy. 39.6% of the patients had tumor size of >2 cm on visual inspection. EUS
identified non-diagnostic lymphadenopathy in 50% of patients, of which none had
reported findings for diagnostic lymph node assessment per EUS criteria (ie. size,
shape, border, echogencity)l8l. On EUS, 48.9%, 20.4%, 8.2% and 22.4% of patients had
Tla, T1b, T2 and T3 tumors, respectively. Subsequently, patients underwent EMR
(51%), ESD (10.2%), esophagectomy (30.6%), and diagnostic biopsy (8.2%). On
histological examination, 40.8%, 26.5%, 10.2% and 22.4% of patients had Tla, T1b, T2

and T3 tumors. Lympho-vascular invasion was found in 24.4% of all patients.




Table 2 summarizes T stages on EUS against the stage found on final histology.
Among all patients with histological Tla (n = 20), 85.0% were correctly labeled as Tla
by EUS (17/20), while 15.0% (3/20) were labeled as T1b. Among 13 histologically
verified T1b patients, only 46.2% (6/13) were correctly identified as Tlb on EUS.
Similarly, among 5 T2 patients, only 3 were correctly identified as T2 by EUS. All 11 T3
patients were correctly identified as T3 by EUS. Overall EUS T stage was concordant
with histological T stage in 75.5% of patients (37/49).

Among these cancer patients, 33 out of 49, had either Tla or T1b cancer on
histology. Table 3 shows sensitivity, specificity, PPV, NPV, and diagnostic accuracy of
EUS in identifying sub-mucosal invasion (T1b) in T1 Cancers. Although EUS was
reasonably specific in ruling out sub-mucosal invasion when it was not present (85.0%),
it had a poor sensitivity to identify sub-mucosal invasion when it truly was present
(53.9%). EUS had an overall accuracy of 72.7% in identifying sub-mucosal invasion in

T1 cancers.

Deep invasion (DI) of tumor on histology was defined as T2 or beyond and
endoscopic characteristics significantly associated with DI are depicted in Table 4.
Proportions of patients with DI having the significant endoscopic parameters were
compared to patients without DI. Tumor size = 2 cm on visual inspection was
significantly associated with DI of cancer on histology. 50% of DI cancers and 21.2% of
superficial cancers had ulceration on EGD. Similarily, pathologic factors associated with
DI are also noted. As the tumors” degree of differentiation went from well- to poor-,
likelihood of DI also significantly increased (P = 0.0392).

The EUS parameter associated with DI was the presence of notable (non-
diagnostic) para-esophageal lymph node, as depicted in Table 5. Importantly, the

presence of notable para-esophageal lymph nodes, whether characterized as




lymphadenopathy or described as “prominent”, was typically without significant
diagnostic findings including size, shape, border, or echogencity. Thus, none of the

reported notable lymph nodes met EUS criteria predictive for lymph node metastasis/!8l.

Several studies indicate that endoscopic findings of tumor size > 2cm and the
presence of ulceration are associated with deep invasive tumors that are staged T2 and
beyond[13-151. Thus, the lack of these findings on endoscopy would suggest more
superficial cancers. Cases without these findings on endoscopy were assessed to
identify if the addition of EUS identified DI, when a superficial cancer is suspected. This

is critically important as DI warrants esophagectomy over EMR/ESD.

DISCUSSION

The utility of pre-intervention EUS of the esophageal cancer is influenced by its
accuracy in T staging. Early studies have reported the accuracy at 84%[?!. Additional
studies reported the EUS accuracy ranging from 75-82% for T1 esophageal cancer as
compared to 88-100% for T4 Lesions!?l, In current study including the sub-classification
of Tla and T1b, EUS T staging was found to be concordant with histology 75.5% of the
time.

In a study focusing on early-stage esophageal cancer subset, the lower accuracy
of EUS reflects on the imprecision of distinguishing T1la and T1b lesions, which in turn
reflects on its limitation of subclassifying a lesion into superficial (sml) ©vs deep
submucosal invasion (sm? and sm?®) cancer. In a systematic review and subsequent
meta-analysis, Thosani et al reported sensitivities and specificities for EUS in
determining Tla and T1b staging. For Tlb, the sensitivity and specificity were both
0.86[27]. In staging T1b lesions, our study indicated EUS was reasonably specific (0.83) in
ruling out sub-mucosal invasion; however, it had relatively poor sensitivity (0.54) in
identifying the invasion. Overall accuracy of EUS in staging T1b lesions in our study
was 72.7%. Similar issues were highlighted by another retrospective cohort study

involving 131 cases of patient undergoing EUS for early esophageal cancer staging. In




the study, EUS found no submucosal involvement in 80% of cases, however,
histopathological evaluation after EMR determined either submucosal invasion,
positive resection margin for cancer, or lympho-vascular invasion in 24% of these
casesl!1],

The value of pre-intervention EUS evaluation in suspected early-stage cancer
relies on whether it provides change-of-management information for endoscopic
intervention such as EMR or ESD. Clear evidence suggestive of deep muscular
involvement (i.e. DI) or presence of significant adenopathy would preclude such
endoscopic intervention.

Established endoscopic predictive signs of DI (i.e. T2 and beyond) include size >
2cm, moderate to poorly differentiated cancer, and the presence of ulceration!>1%. In
our study, 81.2% of lesions with deep invasion were > 2cm, validating this parameter
association with deep invasion. The presence of esophageal ulceration had a similar
trend with 50.0% of lesions with deep invasion having ulceration, significantly more
than the 21.2% of superficial cancers with ulceration. Both endoscopic parameters of a
tumor size = 2cm and the presence of esophageal ulceration were present in 43.8% of
cases with DI and only 6.1% of cases without DI. The association between the
investigated endoscopic features with deep invasive esophageal lesions is further
cemented through these results. It was also found that the presence of moderate to poor
differentiation was associated with deep invasion in 83.3% of cases. The presence of
these parameters indicates a higher likelihood for deep invasion and EUS is warranted
as prior studies and our study indicate its accuracy in staging lesions that are T2 and
beyond. Particularly, size, ulceration, and degree of differentiation can be determined
on initial diagnostic EGD with biopsy, highlighting their presence as determing
indicators to pursue an EUS staging procedure. Differentiating between superficial and
deep cancer helps to determine intervention and has significant implications
downstream in survival, complications, and cost-saving measures|2s].

If endoscopic parameters of a tumor size >2cm and ulceration are not present, it

could be inferred that the relevant lesion is more likely superficial. Thus, we reviewed




the cases with lesions < 2cm or ulceration among our group to see if EUS noted DI. Of
29 patients with tumors < 2cm in size, EUS identified DI and suggested esophagectomy
in 2. Of 34 patients without ulceration, EUS identified DI cancer and suggested
esophagectomy in 8 of them. Seven of these patient’s had other signs of deep invasion
including tumor size = 2cm or moderately to poorly differentiated cancer. Of 21 patients
without esophageal ulceration and with a tumor size < 2cm, EUS identified 1 case of DI
and changed management to esophagectomy, as noted in Table 6. Given the small
sample size of these subgroups, significance is difficult to determine, however, we
observed that EUS only infrequently changed the outcome in the patients based on
prior endoscopic features.

The finding of any notable (non-diagnostic) para-esophageal lymph nodes on
EUS was significantly associated with DI cancers per data presented in Table 5 above.
In both deep and superficial cancers, all notable para-esophageal lymph nodes
described in procedure reports were not malignant by EUS criteria (size great than
10mm, round appearance, well-demarcated, and homogeneous hypoechogenic
appearance) and did not significantly alter clinical management('29], Among these
patients, no lymph nodes were noted on the staging CT imaging. In the 11 superficial
cancers with non-diagnostic para-esophageal lymph nodes, the finding did not alter
management after undergoing endoscopic intervention based on EUS findings. On
follow up, all 11 patients had no additional treatment for esophageal cancer and no
evidence of recurrence from the date of the studied EUS procedure (ranging from
01/2005 to 03/22022) until present day. In all 13 patients who had non-diagnostic para-
esophageal lymph nodes in addition to deep invasion on pathology, endoscopic
parameters associated with deep invasion (tumor size = 2 cm, presence of ulceration,
and moderate to poorly differentiated cancer) were present as well. All 13 patients were
considered for esophagectomy, with a majority undergoing surgical resection. While
non-diagnostic para-esophageal lymph nodes are more often present in deeper cancers,

their presence does not appear to change management decisions.




The present study presents a limitation of a single-center retrospective study
with a study population that lacks external validity. The volume of patients included in
this study may not adequately depict the population of patients undergoing EUS
procedures.Patients were predominantly white males, and as discussed, esophageal
cancer occurs globally at higher rates in certain subpopulations throughout the world.
Additionally, cases were analyzed using written reports of EUS procedures without any
validation of the imaging findings directly. Written reports of submucosal invasion are
limited by endoscopist interpretation without reviewing all imaging findigns, which
was not possible in all cases. Cases where EUS did not determine staging were
excluded, thus limiting analysis of instances where EUS was not able to assess depth of
invasion at all; however, the vast majority of cases where EUS did not yield staging did
not visualize cancerous lesions on endoscopy. A majority of patients had T1a lesions,
adding selection bias to our study limited by the types of patients referred to our single
academic medical. Our study selects for patients living in the US with adequate access
to care to undergo the aforementioned procedures.

To further substantiate our findings, a prospective multi-center analyses would
be ideal to verify operability and accuracy. To improve on the limitation of endoscopic
ultrasonography precision in detecting the subtle submucosal invasion further
investigation may require applications of technologies such as photoacoustic or
scanning laser acoustic microscopy or optical coherence tomography, which could
provide higher axial resolution than ultrasonography at meaningful penetration depths

of a few millimeters(30.31],

CONCLUSION

In conclusion, EUS has limited effectiveness in distinguishing sublayer
involvement of superficial esophageal lesions. Since pre-intervention EUS in evaluation
of endoscopically and imaging suggested superficial cancer may be limited, we suggest
that the role of EUS in this setting may be assessed with careful endoscopic examination

and approached in the following way: when initial endoscopic indicators suggest deep




invasion, EUS has utility in investigating the DI cancer. In cases where deep cancer is
not suspected based on the endoscopic parameters, one may consider directly
proceeding with endoscopic intervention as it is cost effective and provides more

accurate T staging by histology.

ARTICLE HIGHLIGHTS

Research background

Endoscopic ultrasound (EUS) has been utilized as the most accurate imaging modality
for primary tumor staging in esophageal cancer. Primary tumor staging is key in
management as cancers with submucosal invasion warrant esophagectomy while more
superficial cancers are managed with endoscopic interventions like endoscopic muscoal
resection (EMR) and endoscopic submucosal dissection (ESD). Studies exist that
correlate endoscopic parameters with biopsy assessments to identify esophageal cancers

with deep invasion in lieu of EUS.

Research motivation

EUS has proven to be useful in identifying advances stage tumors. Its usefulness in
early-stage cancers has been more controversial. We wanted to assess how EUS
influences management in early-stage esophageal cancers as the presence of

submucosal invasion warrants surgery instead of endoscopic intervention.

Research objectives

The objectives of this study included evaluating the diagnostic capabilities of EUS in
primary staging of esophageal cancers. We also sought to identify if EUS could reliably
discriminate between early-stage cancers with and without submucosal invasion. The
study aimed to substantiate endoscopic parameters associated with deep esophageal
cancer vs superficial esophageal cancer . Finally, our objective was to determine how
often EUS changed management by identifying submucosal invasion in cancers with

endoscopic parameters associated with superficial esophageal cancers.




Research methods

A retrospective cohort study was utilized to assess patients who had undergone
primary staging oisophageal cancer via EUS at a tertiary medical center. Case data
was gathered via chart review and statistical analysis was conducted to assess the
accuracy of EUS, endoscopic parameters associated with deep invasion, and the
frequency EUS findings changed management when endoscopic parameters suggested

a superficial cancer.

esearch results
In staging T1b lesions, EUS was specific in ruling in submucosal invasion but had
relatively poor sensitivity in ruling out T1b lesions. Endoscopic parameters of tumor
size >2cm and ulceration were associated with deep invasion (T2 and beyond). The EUS
parameter of notable para-esophageal lymph was associated with deep invasion, while
on pathology, moderate to poorly differentiated cancers were associated with deep
invasion. When known endoscopic signs of deep invasion were not present, EUS

altered management from EMR/ESD to esophagectomy in <5% of cases.

Research conclusions

EUS is accurate in staging deep invasive cancers (T2 or beyond) and reliably excludes
deep invasive cancers from T1 Lesions. EUS is limited in distinguishing between Tla
and T1b lesions. We reinforced that tumor size > 2 cm, lymph node involvement and
poor differentiation are endoscopic parameters associated with deep invasion (T2 or
beyond). EUS infrequently changes the outcome in the patients based on prior
endoscopic features. While EUS may improve accuracy, our data indicates that it rarely
finds deep submucosal invasionto warrant esophagectomy over EMR/ESD when

endoscopic features suggest a superficial cancer (T1a or more superficial).

Research perspectives




Future directions should focus on expanding the external validity of this study through
either a larger sample size or prospective cohort analysis. This study also warrants
further investigation on modalities for detecting the subtlety of submucosal invasion,
including applications of technologies such as photoacoustic or scanning laser acoustic

microscopy or optical coherence tomography.
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