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PREFACE

The VA Evidence Synthesis Program (ESP) was established in 2007 to provide timely and accurate
syntheses of targeted healthcare topics of importance to clinicians, managers, and policymakers as they
work to improve the health and healthcare of Veterans. These reports help:

e Develop clinical policies informed by evidence;

e Implement effective services to improve patient outcomes and to support VA clinical practice
guidelines and performance measures; and

e Set the direction for future research to address gaps in clinical knowledge.

The program is comprised of three ESP Centers across the US and a Coordinating Center located in
Portland, Oregon. Center Directors are VA clinicians and recognized leaders in the field of evidence
synthesis with close ties to the AHRQ Evidence-based Practice Center Program and Cochrane
Collaboration. The Coordinating Center was created to manage program operations, ensure
methodological consistency and quality of products, and interface with stakeholders. To ensure
responsiveness to the needs of decision-makers, the program is governed by a Steering Committee
comprised of health system leadership and researchers. The program solicits nominations for review
topics several times a year via the program website.

Comments on this evidence report are welcome and can be sent to Nicole Floyd, Deputy Director, ESP
Coordinating Center at Nicole.Floyd@va.gov.

Recommended citation: Mederos MA, de Virgilio MJ, Girgis MD, Toste P, Childers CP, Ye L, Shenoy
R, Mak SS, Begashaw M, Booth MS, Maggard-Gibbons M, Shekelle PG, Robot-Assisted Surgery for
Esophageal Cancer: Analysis of Short and Long-Term Outcomes. Los Angeles: Evidence Synthesis
Program, Health Services Research and Development Service, Office of Research and Development,
Department of Veterans Affairs. VA ESP Project #05-226; 2020. Available at:
https://www.hsrd.research.va.gov/publications/esp/reports.cfm.

This report is based on research conducted by the Evidence Synthesis Program (ESP) Center located at the West
Los Angeles VA Medical Center, Los Angeles, CA, funded by the Department of Veterans Affairs, Veterans
Health Administration, Health Services Research and Development. The findings and conclusions in this document
are those of the author(s) who are responsible for its contents; the findings and conclusions do not necessarily
represent the views of the Department of Veterans Affairs or the United States government. Therefore, no statement
in this article should be construed as an official position of the Department of Veterans Affairs. No investigators
have any affiliations or financial involvement (e.g., employment, consultancies, honoraria, stock ownership or
options, expert testimony, grants or patents received or pending, or royalties) that conflict with material presented
in the report.
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EXECUTIVE SUMMARY
INTRODUCTION

Worldwide adoption of robot-assisted surgery continues to increase and has been applied to
esophagectomy for esophageal cancer. Since 2009, there has been a more than 9-fold increase in
robot-assisted minimally invasive esophagectomy (RAMIE) operations performed. Despite the
rapid adoption of RAMIE, several questions about its utility compared to open esophagectomy
and other video-assisted minimally invasive esophagectomy (VAMIE) approaches remain,
especially with regard to long-term oncologic outcomes. Another important consideration is the
economics of the robotic platform, which requires an upfront investment and costs for annual
maintenance, instruments, staff and training, and infrastructure upgrade. We conducted a
systematic review to help clinicians, patients, and policymakers weigh these approaches in
patients undergoing esophagectomy for cancer.

METHODS

This topic was developed in response to a nomination by Dr. Mark Wilson, National Director of
Surgery, and Dr. William Gunnar, Director, National Center for Patient Safety, Veterans Health
Administration. Key questions were then developed with input from the topic nominator, the
ESP coordinating center, the review team, and the technical expert panel (TEP).

The Key Questions were:

KQ1: What is the clinical effectiveness of robot-assisted esophagectomy compared to
thoracoscopic/laparoscopic or open esophagectomy for cancer?

KQ2: What is the cost-effectiveness of robot-assisted esophagectomy compared to
thoracoscopic/laparoscopic or open esophagectomy for cancer?

Data Sources and Searches

We conducted broad searches using terms relating to “robotic surgery” or “esophagectomy” or
“cancer.” We searched PubMed (1/1/13-5/5/20), Cochrane (1/1/13-5/11/20), Ovid Medline
(1/1/13-5/5/20), and Embase (1/1/13-5/6/20).

Study Selection

Studies were included if they were randomized clinical trials (RCTs) or observational studies
comparing robot-assisted surgery with either thoracoscopic/laparoscopic and/or open surgical
approaches for esophagectomy for cancer. We also included publications of cost-effectiveness
models that compared robot-assisted surgery with thoracoscopic/laparoscopic or open surgical
approaches. We included all RCTs regardless of outcomes and sample size. Observational
studies were subjected to additional selection criteria. Observational studies with fewer than 10
subjects in either arm of the study were excluded. Additionally, observational studies from the
same data source, either large databases or single institutional databases, were considered to have
a large overlap if >50% of the same subjects were potentially included in multiple studies or if
there was >50% overlap in the enrollment period. In this instance, the publication with the most
recent data and the most outcomes of interest was included. For clarity, we elected to refer to
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robot study arms as RAMIE. We refer to all non-robotic video-assisted arms as VAMIE, which
includes the different varieties of thoracoscopic/laparoscopic approaches.

Data Abstraction and Quality Assessment

We abstracted data on the following: study design, patient characteristics, sample size, intra-
operative outcomes (operating room [OR] time, lymph nodes [LN] harvested, estimated blood
loss [EBL]), short-term post-operative outcomes (anastomotic leak, recurrent laryngeal nerve
[RLN] palsy, pulmonary complications, length of stay [LOS], total complications, and
mortality), long-term oncologic outcomes (recurrence and cancer-free survival), and data needed
for the Cochrane Risk of Bias tool or Cochrane Risk of Bias In Non-randomized Studies — of
Interventions (ROBINS-I).

Data Synthesis and Analysis

Because only 2 RCTs were identified, each comparing RAMIE to a different approach (one
compared to VAMIE and the other to open esophagectomy), we did not conduct a meta-analysis
of trials. The observational studies were too clinically heterogeneous to support a meta-analysis;
hence, our synthesis is narrative. We used the criteria of the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) working group to assess the certainty of
evidence across studies.

RESULTS
Results of Literature Search

We identified 390 potentially relevant citations, of which 146 were included at the abstract
screening level. From these, a total of 23 abstracts were excluded. Twenty-two publications were
identified at full-text review as meeting initial inclusion criteria: 20 publications with clinical
outcomes, 1 publication with both clinical and cost outcomes (therefore 21 in total had clinical
outcomes), and 1 publication with only cost outcomes. See Figure 1 for literature flow.

Summary of Results for Key Questions

KQ1: What is the clinical effectiveness of robot-assisted esophagectomy compared to
thoracoscopic/laparoscopic or open esophagectomy for cancer?

In general, OR time for RAMIE was longer than VAMIE and open esophagectomy. Although
the RCT comparing RAMIE and VAMIE demonstrated near-equivalent OR times between study
arms, several propensity-matched observational and unmatched observational studies concluded
OR times were longer for RAMIE. The majority of studies demonstrated a signal of greater LN
harvest with RAMIE compared with VAMIE and open esophagectomy. RAMIE consistently had
less blood loss than VAMIE, but in no study was this difference statistically significant.
Alternatively, RAMIE was associated with less blood loss compared to open esophagectomy
across the majority of studies.

Regarding short-term post-operative outcomes, there was no evidence of a difference in
anastomotic leak or RLN palsy rates between RAMIE compared with either VAMIE or with
open esophagectomy. RAMIE may be associated with slightly fewer pulmonary complications
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compared with VAMIE based on consistent findings across the majority of studies. The benefit
of RAMIE on the rate of pulmonary complications was more apparent compared with open
esophagectomy. It is unclear if LOS in the US was shorter with RAMIE compared with VAMIE.
There were few studies that had mixed results. In contrast, RAMIE was likely associated with
decreased LOS compared with open esophagectomy based on 2 of 3 studies, including 1 RCT.
RAMIE had similar rates of total complications compared with VAMIE but was associated with
decreased total complications when compared with open esophagectomy. Short-term mortality
(within 90 days) was similar between RAMIE and VAMIE. However, short-term mortality
between RAMIE and open esophagectomy was less clear due to differences between studies, but
RAMIE likely did not have worse mortality.

With regard to oncologic outcomes, 1 RCT found statistically significantly longer cancer-free
survival in patients treated with RAMIE as compared to those treated with VAMIE. There was
no difference between RAMIE and VAMIE for recurrence rate. There was no difference in
recurrence rate and cancer-free survival between RAMIE and open esophagectomy.

KQ2: What is the cost-effectiveness of robot-assisted esophagectomy compared to
thoracoscopic/laparoscopic or open esophagectomy for cancer?

The total expenses or cost of RAMIE compared with open esophagectomy in the RCT found no
difference between study arms, while the observational study comparing RAMIE with VAMIE
found the robot-assisted approach was more expensive. There were serious limitations to both of
these studies. Neither study included any description of how costs were derived; there is no
mention of the time horizon, the financial “perspective” (costs vs charges vs payments), or the
methods used to obtain estimates. In particular, with respect to the cost of the robot, it is unclear
whether or not these studies included relevant costs such as instrument, maintenance, or
depreciation expenses. It is also unclear how to compare cost estimates from China to the
Netherlands or how these might compare to costs in the US.

Given the paucity of evidence and significant limitations of the available evidence, we are unable
to draw strong conclusions about the cost-effectiveness of RAMIE compared to VAMIE or open
esophagectomy.

DISCUSSION
Key Findings and Certainty of Evidence

RAMIE is associated with longer OR times compared with VAMIE and open esophagectomy.
The certainty of evidence was low for the comparison of RAMIE and VAMIE and high for
RAMIE compared with open esophagectomy based on consistency. There was greater lymph
node harvest with RAMIE compared with VAMIE and open esophagectomy with low and
moderate strength of evidence, respectively. There was moderate certainty of evidence that there
were no differences in EBL between RAMIE and VAMIE. Conversely, there was high certainty
of evidence that RAMIE was associated with less EBL compared with open esophagectomy.
There was moderate certainty of evidence that the rate of anastomotic leak or RLN palsy were
not different between RAMIE and VAMIE. The certainty of evidence was low for the slightly
fewer pulmonary complications with RAMIE compared with VAMIE. There was moderate
certainty of evidence that this benefit was more apparent comparing RAMIE with open
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esophagectomy. There was moderate certainty of evidence that there were no differences with
LOS or total complications between RAMIE and VAMIE. There was very low certainty of
evidence that RAMIE was associated with a shorter LOS compared with open esophagectomy,
due to limited data. On the other hand, there was moderate certainty of evidence that RAMIE had
fewer total complications compared with open esophagectomy. There was moderate and very
low certainty of evidence that there were no differences in short-term mortality (within 90 days)
for RAMIE compared with VAMIE or open esophagectomy, respectively. Regarding long-term
outcomes, there was very low certainty of evidence that cancer recurrence is not different
between RAMIE and VAMIE or open esophagectomy due to a paucity of studies evaluating this
outcome. Cancer-free survival is similar between RAMIE and open esophagectomy but
improved when compared with VAMIE. The certainty of evidence is again very low due to
limited studies assessing this outcome.

Formal cost-effectiveness studies comparing RAMIE with other approaches were not identified.
The total expenses or cost of RAMIE compared with open esophagectomy based on 1 RCT from
the Netherlands suggests there is no difference between study arms. Alternatively, RAMIE was
more expensive than VAMIE based on a single observational study from China. Definitive
conclusions regarding the balance between the benefits, risks, and cost cannot be made based on
these 2 studies due to several methodologic differences, paucity of additional studies addressing
some measure of cost, and the lack of a formal cost-effective analysis.

Applicability

No studies were specific to VA populations. The applicability of these results to VA populations
may depend on both the similarity of the patients studied to VA patients and the experience of
the surgical teams using the robot to the VA surgical team experience. However, the benefits for
the robot-assisted approach may still be realized despite patient-level differences (VA patient
population has greater burden of comorbidities than the general population), which will need to
be confirmed in future studies. Robot-assisted operations are becoming prominent in thoracic
surgery, so the experience will likely translate well into the VA setting. Our group, in
conjunction with another VA research team, is in the early stages of utilizing VA NSQIP data to
assess the frequency and trends of robot-assisted surgery for esophagectomy in Veterans as well
as analyze its association to clinical outcomes.

Research Gaps/Future Research

Several research gaps are apparent. First, numerous techniques are used to perform an
esophagectomy: combinations of robot-assisted, open, or minimally invasive approaches. We
focused on comparing robot-assisted surgery for the thoracic portion of the procedure; however,
outcomes like anastomotic leak might not be comparable depending on the tumor location and
location of the anastomosis. Several other outcomes related to esophagectomy correlate with pre-
operative variables, such as receipt of neoadjuvant therapy, tumor stage, and comorbid status.
Although several studies in this review match for these characteristics, there are inconsistencies
with reporting these variables across studies. It is difficult to determine the influence of the
robot-assisted approach when there are few RCTs or well-designed, matched studies.

Second, regional variations of surgical practice and esophageal cancer epidemiology exist. The
predominant histologic type of esophageal cancer in East Asian countries is squamous cell
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carcinoma, while adenocarcinoma predominates in the US. Risk factors differ and underscore
important clinical variation in patient populations. Further, East Asian countries have a higher
incidence of esophageal cancer and thus higher surgical volume.

Third, the surgeon’s physical experience using robot-assisted techniques is important to assess.
The robotic platform has demonstrated improved ergonomics and less musculoskeletal
complaints from surgeons compared to open and other minimally invasive surgical techniques,
but this has not been universally observed. Research is needed to assess quality of life, chronic
physical injuries, and longevity across approaches.

Fourth, the learning curve likely has an impact on certain outcomes like OR time, blood loss, and
intra-operative complications. This learning curve is typically present with most evolving
surgical technology; however, its influence should lessen with time and experience. Therefore,
the learning curve may be considered as a potential factor in our findings.

Fifth, there is a lack of high-quality evidence on long-term and oncologic benefits, or risks, of
RAMIE. Most studies comparing RAMIE focus on intra-operative and post-operative outcomes.
Several observational studies that assessed long-term oncologic outcomes were small and had
large attrition. To that end, RAMIE is gaining popularity and more cases are being performed
each year, so within several years larger studies with adequate follow-up may be available.

Sixth, there is a paucity of studies directly comparing cost between RAMIE and other
comparable approaches. There is a need for standardized methods to assess cost (ie, analytics,
consistent definitions of cost, how upfront capital was accounted for, how to adjust for training
staff, efc). Formal cost-effectiveness studies are needed.

Further, there has been evidence in other cancer types, mainly in gynecologic oncology that
worse survival may occur with minimally invasive surgery. This finding supports the ongoing
need for rigorous investigation into the comparative benefits and risks of robotic surgery across
specialties and cancer types.

CONCLUSIONS

In summary, esophagectomy is a complex procedure with a high rate of morbidity, and while the
robot-assisted approach has the potential to improve several important patient outcomes, current
data are too limited to provide definitive conclusions. Future research should include RCTs or
well-designed prospective matched studies with adequate power and follow-up to assess long-
term as well as oncologic outcomes in patients undergoing robot-assisted surgery for esophageal
cancer, including the determination of risks as well. Additional work should weigh the financial
differences of the robot-assisted esophagectomy relative to the clinical advantages and
disadvantages.
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