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Abstract

The distribution pattern of esophageal cancer lymph node metastases and consequently the lymph node stations
that should be resected are currently being investigated in the international distribution of lymph node metastases
in esophageal carcinoma (TIGER) study. This observational study has no specific entry criteria, resulting in
significant variation among participating centers regarding the extent of lymphatic tissue clearance during surgery.
To ensure reliable interpretation of the TIGER study results, this study aims to develop an intraoperative metric
(surgical quality assessment tool) to examine the extent of lymphadenectomy. This multicenter prospective study
assesses the extent of lymphadenectomy during esophagectomies performed within the TIGER study. After
consensus on the applicability of surgical quality assessment in observational studies (phase 1), a short
photo/video of the thoracic, abdominal, and [if applicable] cervical area will be captured after lymphadenectomy
(phase 2). Those images will be rated by expert surgeons using a structured assessment tool (phase 3), and an
automatic artificial intelligence (Al)-based quality assessment will be developed (phase 4). The variability in
lymphadenectomy will be adjusted when analyzing TIGER study outcomes. Technique standardization by surgical
quality assurance (SQA) reduces variation in trial outcomes. This cannot be applied to the TIGER study because of
its observational nature, although surgical heterogeneity might influence TIGER study outcomes. To monitor
surgical performance within observational studies, surgical quality assessment can be applied, although this has
not been done yet. This study will ensure a reliable interpretation of TIGER study results and could be used as a
benchmark for quality assessment in future surgical studies.

Keywords: Esophagectomy, lymph node metastases, lymphadenectomy, surgical variability, surgical quality
assessment, artificial intelligence

INTRODUCTION

Esophageal carcinoma affects half a million new patients annually and is the seventh most common cancer
in the world". After multimodal treatment involving neoadjuvant chemo(radio)therapy and surgical
resection of the esophagus, 5-year survival is approximately 50%>”. The lymphatic system surrounding the
esophagus is complexly organized, contributing to the multidirectional spread of metastatic cells to lymph
nodes"!. Therefore, one important prognostic parameter for esophageal cancer patients is lymph node
status>®.

The exact distribution pattern of esophageal lymph node metastases is, however, unpredictable and depends
on multiple factors such as tumor location, histology, tumor biology, invasion depth, and neoadjuvant
treatment” . Because of the remaining uncertainty on the specific pattern of lymphatic spread, this is being
investigated in the prospective observational multicenter distribution of lymph node metastases in
esophageal carcinoma (TIGER) study"”. The TIGER study will eventually identify the lymph node stations
that should be resected in relation to patient, tumor and treatment characteristics, and will establish patient-
tailored treatment in which the extent of lymphadenectomy during surgery is adapted according to the
pattern of lymph node metastases of the individual patient.

However, while the TIGER study investigates the distribution pattern of lymph node metastases, centers
participating in the study show great disparity in the extent to which structures are being cleared of
lymphatic tissue"*. This results from the above-described lack of current knowledge, the absence of
consensus on the optimal lymphadenectomy extent, and the observational nature of the TIGER study
without a prescribed extent of lymphadenectomy. This variability in the extent of lymphadenectomy might
compromise the generalizability and external validity of TIGER study results. Studies examining the
prognostic value of lymphadenectomy often use traditional proxies such as lymph node yield to quantify the
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extent of lymphadenectomy, as this is what is collected during surgery. However, providing an actual
intraoperative metric, by quantifying what happens during surgery rather than objectifying the quantity of
the lymphadenectomy based on pathological proxies, could be more reflective. Essentially, the value of solid
organ cancer surgery is what is left behind in the patient, and thus, we must find a new metric to
intraoperatively assess surgical performance directly. Furthermore, pathology findings are limited by the
surgical approach, as it is impossible for the pathologist to identify any metastatic involvement in lymph
node stations that are not surgically dissected. As a result, this leads to an inaccurately represented
distribution of lymph node metastases, potentially underestimating the extent of disease involvement.

Standardization of surgery by surgical quality assurance (SQA) has been shown to reduce variation in
outcomes in randomized controlled trials (RCTs) and it is, therefore, increasingly being implemented in
trials"*"7. An alternative, more suitable SQA variant for observational studies (surgical quality assessment),
is presumably also needed to control the heterogeneity in surgical performances, although this has never
been investigated before. To this end, the current study, TIGER-SQA, has been designed to ensure a reliable
interpretation of TIGER results according to the actual lymphadenectomy performed during each
operation. The SQA approach in the observational TIGER study is different from SQA methods in
interventional RCTs, whereby SQA is used to standardize the intervention and to act as a gatekeeper for
entry into the trial. The aim of this TIGER-SQA study is to develop and utilize a surgical quality assessment
tool to examine the extent of lymphadenectomy during esophagectomy for esophageal carcinoma, within
the prospective, observational, multicenter TIGER study.

METHODS

Study design and setting

This quality assessment study (TIGER-SQA) is a prospective, observational, multicenter study to assess the
extent of lymphatic tissue removal during esophagectomy for esophageal cancer.

Study objectives

The objectives of this TIGER-SQA study are:

1. To reach a consensus on how to best apply SQA in observational studies, and to develop a detailed photo/
video SQA tool and assessment structure.

2. To capture the different operative fields of patients included in the TIGER study after completion of
lymphadenectomy.

3. To assess the extent of the removal of lymph node stations by expert surgeons using the developed photo/
video SQA tool.

4. To assess the extent of the removal of lymph node stations also by an artificial intelligence (AI)-based
automatic quality assessment system.

Patient population

All patients included in the TIGER study from September 2022 are eligible for this TIGER-SQA study. The
TIGER study population consists of patients with a resectable (cT1-4a, No-3, M0) esophageal or gastro-
esophageal junction carcinoma, in whom a transthoracic esophagectomy with 2- or 3-field
lymphadenectomy is performed. A detailed description of the in- and exclusion criteria can be found in the
previously published TIGER study protocol"”. Preoperative staging, treatment, and pathology modalities
will generally be performed according to relevant national guidelines and may differ per country.
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Study phases

Phase 1

First, experts will reach a consensus on the proposed implementation of SQA within the scope of the TIGER
study through four virtual focus group discussions. The participants of the focus groups will be purposefully
selected expert surgeons and pathologists on esophageal cancer, with representatives from all nineteen
countries participating in the TIGER study. During the focus groups, we will gain expert opinion on the
applicability of SQA in the TIGER study, and discuss the differences between SQA within RCTs vs. SQA
within observational studies. Furthermore, we will discuss the preferences of using either photographs and/
or video snapshots to adequately evaluate the extent of lymphadenectomy. During these meetings, we will
also seek expert opinions on the optimal approach for scoring lymphadenectomy to guide the development
of the SQA tool.

Subsequently, an existing photo/video SQA tool, designed by members of this research group, will be
further refined for assessment of 2- and 3-field lymphadenectomy during esophagectomy!”. This tool has
been used previously in the ROMIO trial, in which it has shown to be reliable and acceptable for SQA of 2-
stage esophagectomy for surgical oncology RCT's by several expert surgeons. Adapting the existing tool is
necessary because the current tool focuses on esophagectomy in general, not specifically on
lymphadenectomy. In addition, the existing tool does not include lymph node stations in the upper
mediastinum (for complete mediastinal dissection) and the neck (3-field dissection). In terms of content
validity, the developed tool should comprehensively cover all aspects of lymphadenectomy that are critical
for assessing its adequacy. Specifically, it should include 19 items to rate, representing all stations of the
TIGER lymph node classification. Additionally, a detailed description of anatomical boundaries for each
station is essential to make sure individual assessors use the same criteria when deciding whether a
particular station has been cleared of lymph nodes, thus minimizing inter-rater variability. Anatomical
boundaries per lymph node station must be an evidence-based framework based on expert surgeons’
opinions and existing esophageal lymph node classifications. Inter-rater variability in assessments will
further be minimized by a tool with clear, not too many, answer options, and clear instructions on how a
complete lymphadenectomy should be performed per station to be assessed as complete lymphadenectomy.
The tool needs to be straightforward and easy to use, requiring minimal time and effort from the surgeon to
provide assessments.

Next, a framework for the photo/video assessment methodology will be developed. Each lymph node station
of the TIGER study lymph node classification, will be marked as (a) complete; (b) incomplete; (c) not
performed; (d) insufficient evidence to provide a rating (blurred photographs or obstructed field of view); or
(e) absent data (no video submitted)""®. A “complete” lymphadenectomy is defined as: all lymphatic tissue in
the designated station has been fully removed and anatomical landmarks are clearly visible. When severe
lymph nodes are still visible and anatomical landmarks are not fully exposed, the procedure should be rated
as “incomplete”. If the lymphatic tissue appears unchanged, indicating that no lymphadenectomy had been
performed, the station should be rated as “not performed”. The final two categories address situations where
either the submitted photo or video is blurred or the field of view is obstructed, making a conclusive
assessment impossible, or where no data was submitted at all.

After completion of the above, a PILOT study will be conducted to test the developed tool and assessment
framework. This study will use a subset of video images and involve a small group of raters (selected from
the larger pool of designated esophagogastric surgeons who will also rate later in the study). The final exact
framework for the photo/video assessment is an end product of phase 1 of this study and will be discussed
in a future manuscript. The PILOT study will give final answers on whether the tool is clear and complete,
on a clear definition of complete lymphadenectomy, and on how the rating will be performed exactly. The
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planned PILOT will also tell whether an assessor training workshop is necessary to align the assessors in
using the tool, which is the case when the PILOT study delivers a lot of heterogeneity in ratings.

Phase 2

The second phase of the study includes the utilization of the developed photo/video SQA tool within the
TIGER study. As the primary endpoint of the TIGER study is the distribution of lymph node metastases, a
tool that reflects the quality of the end product (lymphadenectomy) is essential. To achieve this, photos/
videos of each anatomical region [thoracic, abdominal and (if applicable) cervical] will be taken at the end
of the lymphadenectomy. These images must clearly capture the operative fields after completion of the
lymphadenectomy, showing the skeletonization of all the designated landmarks. To ensure short, equal
videos of high quality, we will develop a video manual for the participating surgeons, outlining the exact
anatomical landmarks that should be exposed. For minimally invasive esophagectomy, laparoscopic
(robotic or manual) images will be captured, while for open esophagectomy, the images will be captured by
a video camera. The participating center will upload the images to a secured digital platform (FormsVision,
Alea Clinical), and a notification will be sent to one of the raters once the case is ready for assessment.

Phase 3

The rater will assess the extent of the actual lymphadenectomy performed as shown in the photo/video,
using the SQA tool incorporated into the digital platform. The raters will not know the surgeon or the
center from which the photos/videos were obtained. The rating of images of each case will be randomly
undertaken by one of the designated esophagogastric surgeon assessors, all of whom are part of the TIGER
steering committee and experienced in performing > 100 esophagectomies. A senior experienced assessor
will additionally assess a randomly selected 5% of all cases. If the senior assessor disagrees with the rating of
the primary assessor, they will discuss the case and come to an agreement. The planned PILOT study will
determine whether the preselected structure and the choice for only one assessor is appropriate or whether
it results in excessive inter-rater reliability, necessitating the assessment of each video by multiple raters
and/or an increase in the percentage of double-rated assessments.

Phase 4

Alongside this human assessment by expert surgeon raters, we propose an assessment of the photos/videos
for the extent of lymphadenectomy by automatic Al-based surgical assessment by computers. Since Al-
guided video assessment on the completeness of lymphadenectomy in esophagectomy is a novel approach,
this project will be established from the ground up for this specific purpose of the TIGER-SQA study.
Consequently, an annotation protocol must first be developed, and part of the photos/videos captured and
collected in phase 2 will be annotated accordingly to train the deep learning algorithm. The algorithm will
be trained primarily to recognize the anatomy of the abdomen and thorax, including anatomical structures,
their boundaries, and lymphatic tissue, and it will learn to classify tissues, such as aortic, lung, or lymphatic
tissue. Secondarily, it will be trained to assess the extent of lymphadenectomy and to differentiate between
complete and incomplete lymph node dissection at each TIGER lymph node station. This will be done by
semantic segmentation, the systematic practice of tagging or labeling data to train AI models, enabling them
to process and interpret information in a manner similar to humans. Human-rated assessments (phase 3)
will be used as a reference to train machine learning algorithms that allow for the automatic Al-based
surgical quality assessment. This automatic quality assessment will exploit deep learning technology and is
expected to perform an accurate and reproducible assessment of the photos/videos in our study.
Subsequently, we will compare the performance of the resulting surgical AI to the performance of the
human assessors. This final validation may also take the form of an international machine learning
challenge, where computer scientists train their algorithms using our data, which we would then make
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openly available to the scientific community.

Data collection and statistical analysis

During the focus group discussions, a consensus agreement of 80% will be set as the benchmark for
accepting the proposed elements of the structure of this study. To evaluate overall reliability, inter-rater
reliability and inter-item reliability of the video and photo/video assessment tool, the generalizability theory
(G-theory) will be applied. This is a statistical framework for conceptualizing, investigating, and designing
reliable observations to determine the reliability (reproducibility) of measurements. The generalizability
theory will be conducted using the G-String IV software.

To store and protect all data obtained and needed during this project, a secured digital platform will be
used, developed in collaboration with FormsVision, a privately owned business company. This platform was
previously developed for and has proven its functionality in the COLOR-III trial"**. It allows for secured
worldwide photo and video upload, as well as automatic email consignments to raters to assess the photo/
video using the incorporated SQA tool. The database guarantees safety by an ALEA clinical processor
agreement, and only essential people will have access to the data on the platform.

After completion of all assessments, the degree of surgical variability in the extent of lymphadenectomy will
be quantified. We will adjust for any identified variability when analyzing the overall outcomes of the
TIGER study [by using these data as explanatory variables (control measures) for study endpoints]. We
additionally aim to clinically validate the SQA tool by comparing the traditional prognostic results from the
TIGER study (such as lymph node yield and other postoperative data) against the results from the SQA tool
(intraoperative data reflecting the quality of the lymphadenectomy), in their association with long-term
survival and in their ability to be reflective of the prognostic value of lymphadenectomy. Logistic regressions
on prognosis will be run for (i) lymph node yield and other postoperative parameters and (ii) intraoperative
parameters. The comparison of the prognostic value will be based on the c-statistic. For all analyses, a P-
value < 0.05 will be considered statistically significant. All analyses will be performed using IBM SPSS
statistics.

DISCUSSION

The technically complex nature and the lack of widely agreed performance standards in surgery lead to
variability in performances. These factors pose a significant challenge for RCTs investigating surgical
innovations. When trials comparing two surgical techniques apply no methods of standardization, partial
homogenization of the two study arms might appear, which will undermine the randomization. In trials
investigating the effect of oncologic interventions in addition to surgery, non-standardization of surgery
might lead to different outcomes of the oncologic intervention for different groups.

Despite the above, RCTs are still considered the gold standard for surgical practices worldwide, and
treatment protocols are mainly based on the results of these trials. To this end, SQA has been introduced in
trials"*"*?.. SQA includes either the upfront credentialing of surgeons or centers to participate in the trial,
pretrial standardization of surgical techniques that are to be investigated in the trial, or monitoring
performances during the trial"***. Quality assurance programs in trials have been shown to reduce variation
in outcome measures of surgical trials, such as lymph node yield, as highlighted by Markar et al. in their
2015 systematic review
important aspect of study design to reduce variation in clinical outcomes.

[15

| Future surgical trials should include an assessment of surgical performance as an
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This SQA approach that incorporates credentialing, upfront standardization of surgical techniques, and
monitoring to ensure consistent surgical performances across a study is not applicable to observational
studies. In such studies, standards of surgery are not prescribed, and there is no intervention in the
surgeons’ performances. However, heterogeneity in the surgical performances probably affects the
outcomes of observational studies and might compromise the generalizability of their results. Therefore, an
alternative and more suitable SQA variant for observational studies (surgical quality assessment) is
proposed to control the heterogeneity in surgical performances when analyzing outcome measures.
However, it has not yet been performed.

In the international TIGER study, the distribution of lymph node metastases in esophageal carcinoma can
only be reliably investigated if we accurately document not only how many and which lymph nodes are
resected (as confirmed by the pathologist in the detailed pathology assessment), but also what remains
unresected, i.e., if and how complete stations are cleared of lymphatic tissue by capturing the skeletonization
of the structures left behind. Furthermore, studies examining the prognostic value of lymphadenectomy
often rely on traditional pathological outcomes, such as lymph node yield, to quantify the extent of
lymphadenectomy, as this is what is collected during surgery. However, providing an actual intraoperative
metric - quantifying what happens in the operating room - may better reflect the quality of the
lymphadenectomy, as opposed to relying on pathological proxies. Essentially, the hallmark of effective solid
organ cancer surgery is ensuring that no malignant tissue is left behind. Therefore, it is imperative to
develop a new metric to assess intraoperative surgical performance.

Emphasizing the importance of this TIGER-SQA study, we observed significant variation in the extent of
lymphadenectomy in an international survey of 50 international expert upper gastrointestinal surgeons'*.

The number of different combinations of lymph node stations resected for the same tumor was notably
high. Among the 14 surgeons who used the Japan Esophageal Society (JES) classification for proximal
squamous cell cancer, none performed the same lymphadenectomy””. Another example of this problem is
observed in the Dutch D1 D2 trial, which compared limited D1 with extended D2 lymphadenectomy during
gastrectomy™. In this trial, 52% of the D1 operations were more extensive than the predefined D1 resection
in the study protocol, while 84% of the D2 operations were less extensive than the pre-determined D2
dissection. This phenomenon entails that the chance of detecting a benefit for either of the two investigated
techniques decreases, because both groups have become more homogeneous.

The integration of not only expert surgeon assessments but also AI-based automatic quality assessment
systems for evaluating lymph node station removal has both strengths and limitations. One of the primary
challenges associated with this approach is the potential for discrepancies between human and Al-based
ratings. These inconsistencies may create uncertainty regarding which assessment should be considered the
most accurate or reliable. While expert surgeon assessments offer clinical insights and practical expertise,
they can be subject to variability due to human factors such as subjective interpretation of anatomical
boundaries, completeness of lymphadenectomy, and fatigue. On the other hand, Al-driven assessments
have the potential to improve consistency and reduce observer bias but require substantial development and
validation. The AI-based system’s ability to assess surgical quality relies heavily on the quality and diversity
of the training data, which requires significant time and resources to collect. The complex and sometimes
unpredictable nature of thoracic anatomy can present additional challenges, making it difficult for
algorithms to perform accurately in rare or complicated cases. Therefore, it is anticipated that the
development of a robust AI system capable of reliable performance across a wide range of scenarios may
take years of research and iterative training. The current TIGER-SQA study, therefore, opts to use human
assessments as the primary method due to these limitations. Nonetheless, future implementation of Al-
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based assessment in the evaluation of lymphadenectomy completeness during esophagectomy holds
promise.

In conclusion, it is expected that in this TIGER-SQA study, the photographic and video clip assessment tool
will be extended for both a 2- and 3-field lymphadenectomy in esophagectomy and that the developed SQA
tool will be successfully used within the TIGER study. It will also lead to the development of an Al-based
surgical assessment, which will make the assessment process more efficient, reproducible and achievable,
considering the time constraints and inter- and intra-rater variation involved in having human surgeon
assessors. This will be the first study to apply SQA for monitoring surgical performance within an
observational study. It will ensure a reliable interpretation of TIGER study results and could make an
important international contribution to our understanding of the prognostic value of the quality of surgical
resection. Eventually, this study will provide a benchmark for SQA in future observational studies.
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