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ABSTRACT

Introduction Total mesorectal excision is the standard
of care for rectal cancer, which can be performed

using open, laparoscopic, robot-assisted and transanal
technique. Large prospective (randomised controlled)
trials comparing these techniques are lacking, do not take
into account the learning curve and have short-term or
long-term oncological results as their primary endpoint,
without addressing quality of life, functional outcomes and
cost-effectiveness. Comparative data with regard to these
outcomes are necessary to identify the optimal minimally
invasive technique and provide guidelines for clinical
application.

Methods and analysis This trial will be a prospective
observational multicentre cohort trial, aiming to

compare laparoscopic, robot-assisted and transanal

total mesorectal excision in adult patients with rectal
cancer performed by experienced surgeons in dedicated
centres. Data collection will be performed in collaboration
with the prospective Dutch ColoRectal Audit and the
Prospective Dutch ColoRectal Cancer Cohort. Quality of
life at 1year postoperatively will be the primary outcome.
Functional outcomes, cost-effectiveness, short-term
outcomes and long-term oncological outcomes will be
the secondary outcomes. In total, 1200 patients will be
enrolled over a period of 2years in 26 dedicated centres
in the Netherlands. The study is registered at https://www.
trialregister.nl/9734 (NL9734).

Ethics and dissemination Data will be collected through
collaborating parties, who already obtained approval

by their medical ethical committee. Participants will be
included in the trial after having signed informed consent.
Results of this study will be disseminated to participating
centres, patient organisations, (inter)national society
meetings and peer-reviewed journals.

,"? Thijs Burghgraef,"? Roel Hompes,* David Zimmerman,*
.° Maarten Postma,® Adelita Ranchor,” Paul Verheijen,?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The first large prospective study with quality of life
as primary outcome, providing head-to-head com-
parison of all three minimally invasive techniques,
while also assessing functional outcomes and
cost-effectiveness.

= Nationwide data will be collected on all minimally
invasive techniques, using existing logistic networks
of the prospective Dutch ColoRectal Audit and the
Prospective Dutch ColoRectal Cancer Cohort.

= Collecting real-life data of standard of practice will
provide a high level of evidence and external validity.

= Recommendations for optimal sustainable use of
minimally invasive techniques will improve treat-
ment and quality of life for patients with rectal
cancer.

INTRODUCTION AND RATIONALE
Surgical resection according to the total
mesorectal excision (TME) principle, often
preceded by (chemo)radiotherapy, is the
primary treatment for rectal carcinoma.' TME
can be performed by open surgery or mini-
mally invasive techniques such as laparoscopic
TME (L-TME), robot-assisted TME (R-TME)
and transanal TME (TaTME).? As of yet, no
clear differences regarding intraoperative, post-
operative or oncological outcomes have been
described between the three techniques.”™

As treatment of rectal cancer primarily focuses
on oncological outcomes, most studies’ primary
endpoints are shortterm postoperative or
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long-term oncological results. Less attention has been paid
to the effects of treatment on quality of life, the economic
analysis or functional outcomes such as sexual outcome,
urological and faecal continence and low anterior resection
syndrome (LARS). However, quality of life and functional
outcomes following minimally invasive TME are of signif-
icant importance, as rectal cancer treatment is associated
with considerable risk on postoperative morbidity impacting
quality of life.” In addition, as survival rates are increasing, the
effects of preoperative neoadjuvant therapy, postoperative
complications and the construction of a (temporary) stoma
on quality of life and functional outcomes are becoming
more pronounced.'”* Furthermore, RTME and TaTME
are suggested to result in more primary anastomosis for
low rectal cancers.”” ' However, the effect on quality of life
and functional results remains unknown. This is of special
importance as LARS symptoms are highly associated with a
low anastomosis.'”~? Finally, as no clear difference regarding
intraoperative, postoperative and long-term oncological
outcomes have been described, this urges the need for an
analysis of quality of life, functional outcomes and costs.

Current literature comparing the three techniques with
regard to quality of life, functional outcomes and cost-
effectiveness is limited in number and level of evidence.
Available series are small and often retrospective, and
therefore, without proper baseline assessment.*”** Studies
do not account for the effects of the learning curve, while
the learning curve is known to confound the assessment
of minimally invasive TME outcomes.” Lastly, most cost-
effectiveness studies are early experience reports, while
operating times, which accounts for a substantial part of
the costs, tend to decrease with ongoing experience.**

In summary, current insight into the quality of life, func-
tional outcomes and economic analysis of the different
procedures is limited, due to limited number of studies
with low levels of evidence. Therefore, a large prospec-
tive trial is needed in order assess these outcomes. This
prospective observational multicentre cohort study aims
to compare quality of life, functional outcomes and costs
of L-TME, R-TME and TaTME performed by surgeons in
dedicated centres with profound experience with one of
the tree minimally invasive techniques.

Objectives

The primary objective of this study is to compare quality
of life at 1year postoperatively between L-TME, R-TME
and TaTME.

Secondary objectives are to compare functional
outcomes, cost-effectiveness, short-term outcomes and
long-term oncological outcomes of L-TME, R-TME and
TaTME.

METHODS AND ANALYSIS
Study setting and design
The VANTAGE trial (prospective multicentre observa-
tional cohort to assess quality of life, functional outcomes
and cost-effectiveness following minimally inVAsive

surgical techNiques for recTAl cancer in ‘dedicated
centres’ by experienced surGEons in the Netherlands) is
a prospective observational multicentre study within the
routine clinical care setting of patients undergoing mini-
mally invasive TME (figure 1). There are several reasons
for not performing a randomised controlled trial (RCT):
First, surgeons may not be proficient in all techniques.
Requiring surgeons to perform techniques in which they
may not be proficient, as an effect of randomisation,
may be considered unethical. Second, as surgeons may
not be proficient in all three techniques, the experience
with the technique might be of a bigger influence than
the technique itself.”” Third, as referral for TME surgery
is very limited in the Netherlands, and most centres use
one standard procedure, we assume tumour and patient
characteristics to be equal between centres and groups.
Fourth, RCTs might generate low external validity and
reduced generalisability due to their strict inclusion
criteria. Contrastingly, this prospective study will generate
‘real-life’ data reflecting clinical practice.

The trial will be performed in 26 large Dutch teaching
centres, both academic and non-academic, with profound
experience in one of the three minimally invasive tech-
niques. To be eligible for participation, dedicated centres
should have at least 75 TME procedures performed by
the dedicated technique. Surgeons performing the
procedure should have completed the learning curve,
having performed at least 50 procedures of the dedicated
technique. According to the standard procedure of the
dedicated centre, L-TME will be performed in laparo-
scopic dedicated centres, R-TME in robot-assisted dedi-
cated centres and TaTME in transanal dedicated centres.
Patients that underwent another procedure than the
standard technique of the dedicated centre (eg, L-TME
in a centre dedicated to R-TME) will be included in an
observational study group. These patients will be referred
to as the ‘non-dedicated’ group.

In total, 1200 patients who are planned to undergo
L-TME, R-TME or TaTME in dedicated centres will be
recruited over a 2-year period. Recruitment is planned
to start July 2021. Data collection will be performed by
collaborating with existing parties: the prospective Dutch
ColoRectal Audit (DCRA) and the Prospective Dutch
ColoRectal Cancer Cohort (PLCRC). Local hospitals will
provide their local dataset of the DCRA for preoperative
baseline characteristics (of patients both before and after
receiving neoadjuvant therapy) and short-term outcomes.
PLCRC will collect questionnaires regarding quality of
life, functional outcomes, cost-effectiveness outcomes
and long-term oncological outcomes.

Patient recruitment and consent

All patients planned to undergo L-TME, R-TME or
TaTME in participating dedicated centres will be assessed
for inclusion in the VANTAGE trial. For study participa-
tion, a subject must meet the following criteria:

» Adult patient aged >18 years.

» Registered in the DCRA database.
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VANTAGE trial: prospective, observational multicenter, nationwide,

Dutch, cohort study

!

26 dedicated centers,

10 dedicated L-TME centers
10 dedicated R-TME centers
6 dedicated TaTME centers

.

Observational cohort group:

I PLCRC inclusion I > No informed consent for PLCRC.
l N =400
Participating in PLCRC:
Informed consent for PLCRC.
N =1200
L-TME R-TME TaTME ‘non-dedicated’
N =330 N =330 N =330 N =210
Loss of follow up
(questionnaires)at 12 |
months: b v A v
+30% L-TME R-TME TaTME ‘non-dedicated’
N=211 N=211 N=211 N =127
v v 3
PLCRC questionnaires: Medical data from DCRA data on baseline DCRA data on baseline
- QoL electronical medical files characteristics and short characteristics

Functional outcomes
- Costs

Figure 1

term outcomes

Flow chart of patients participating in the Vantage trial including patients in the observational cohort group. TME

performed using a ‘non-dedicated’ technique for a specific centre. DCRA, Dutch ColoRectal Audit; L-TME, laparoscopic TME;
PLCRC, Prospective Dutch ColoRectal Cancer Cohort; QoL, quality of life; R-TME, robot-assisted TME; TaTME, transanal TME;

TME, total mesorectal excision.

» Diagnosed with rectal cancer defined as the lower
border of the tumour under the sigmoidal take off.*

» Undergoing elective and curative minimally invasive
TME in a dedicated centre.

There are no predefined exclusion criteria. Local
research nurses or surgical residents in participating
hospitals will coordinate identification of patients eligible
to participate in the PLCRC, a prospective cohort study.
The PLCRC is currently including patients in all partic-
ipating hospitals. Patients eligible for inclusion will be
informed by the local surgical resident or research nurse,
under supervision of a consulting surgeon, in the outpa-
tient clinic prior to elective hospitalisation for surgical
rectal resection. Patients willing to participate will be
asked to sign the informed consent form (ICF). If patients
sign the ICF, and are included in PLCRC, they are auto-
matically included in the VANTAGE trial. Additionally,
patients who are not willing to participate will be regis-
tered, to allow for assessment of the representativeness of
the included patients.

Outcomes

The primary endpoint will be health-related quality of life
based on the Physical Functioning score of the European
Organization for Research and Treatment for Cancer
(EORTC) Quality of Life Questionnaire-Core question-
naires (QLQ-C30)%”* at 1year following L-TME, R-TME
or TaTME.

The following secondary endpoints will be assessed:

» Quality of life outcomes: emotional, social and
symptom status.

» Functional outcomes: sexual, urogenital and defeca-
tion status.

» Economic analysis:
cost-effectiveness.

» Shortterm outcomes: perioperative, postoperative
and histopathological outcomes.

» Long-term oncological outcomes: overall survival,
disease-free survival, local recurrence and systematic

total costs, cost-utility and

recurrence.

» Long-term stoma outcomes: stoma-related compli-
cations, permanent stoma rate, readmission,
reintervention.

Data collection

Data will be collected prospectively in collaboration with

the DCRA and PLCRC (figure 2).

PLCRC will provide the current study with:

» Quality of life outcomes, collected through EORTC-
QLQ-C30 questionnaire and EORTC-QLQ-ColoRectal
Cancer module-29% sent at baseline, 3, 6, 12, 18 and
24 months postoperative. This data will include: all
quality of life endpoints.

» Functional outcomes, collected through LARS Ques-
tionnaire,29 Macoy Female Sexuality Questionnalire,30
International Index of Erectile Function,” Urogenital
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Collected at time
Screening  Baseline Surgery 3m 6m 12m 18m 24m 36m 60m
Informed consent X
Demographics X
Surgeon’s experience X
Center’s experience X
(Pre-)operative assessment
Preoperative assessment (MRI) X
Preoperative treatment (necadjuvant) X
Intra-operative characteristics X
Post-operative characteristics X
Pathological characteristics X
Quality of life questionnaires
QLQ-C30 X X X X X X
QLQ-CR29 X X X X X X
EQ-5D X X X X X X
Functional questionnaires
LARS b4 X X X X >.4
MSFQ X X X X X X
TIEF X X X X X X
Unl-6 X X X X X X
1K)-7 X X X X X X
Costs
Total costs X X X X X X X
WAI X X X X X X
iMCQ X X X X X
Long term outcomes
Overall survival X X
Disease free survival X X
Local recurrence X X
Systemic recurrence X X
Long term stoma complications & X X
reinterventions/readmissions

Figure 2 Study schedule of questionnaires and data collected. DCRA, Dutch ColoRectal Audit; EQ-5D, EuroQol Five
Dimensions Health Questionnaire; IIEF, International Index of Erectile Function; [IQ-7, Incontinence Impact Questionnaire; iMCQ,
iMTA Medical Consumption Questionnaire; LARS, Low Anterior Resection Syndrome Questionnaire; MFSQ, Macoy Female
Sexuality Questionnaire; PLCRC, Prospective Dutch ColoRectal Cancer Cohort; QLQ-C30, Quality of Life Questionnaire-Core
questionnaire; QLQ-CR29, Quality of Life Questionnaire-ColoRectal Cancer module; UDI-6, Urogenital Distress Inventory; WAI,

Work Ability Index.

Distress Inventory-6 and Incontinence Impact Ques-
tionnaire-7°% sent at baseline, 3, 6, 12, 18 and 24
months postoperative. This data will include: all func-
tional endpoints.

» Cost-effectiveness and cost—utility outcomes, collected
through the EuroQol Five Dimensions Health Ques-
tionnaire (EQ—BD)33 and the Work Ability Index
(WAI)* at baseline, 3, 6, 12, 18 and 24 months postop-
erative. And through the iMTA medical consumption
questionnaire (iMCQ) at 3, 6, 12, 18 and 24 months
postoperative.

» Long-term oncological and stoma outcomes,col-
lected at three and 5years postoperative. These data
will include: stoma characteristics, recurrence and
survival.

The DCRA will provide the current study with:

1. Shortterm outcomes and baseline characteris-
tics, collected at 90 days postoperative. These data will
include: patient characteristics (demographics, comor-
bidity, history and complications), imaging characteris-
tics (tumour location and ¢TNM staging), perioperative

characteristics (strategy, (neo)adjuvant therapy, length

of stay and mortality) and histopathological characteris-

tics (tumour type, (yp)stage, lymph node involvement,
radical resection and quality of TME).

Also, this study will collect additional data of patients
included in the VANTAGE trial that is not provided
through PLCRC or DCRA:

» Patient characteristics: previous (transanal) resections
and stoma type prior to surgery.

» Preoperative characteristics: tumour distance on colo-
noscopy, clinical staging subclassification and location
of metastasis.

» Imaging characteristics including preoperative
and postneoadjuvant CT/MRI imaging: sigmoidal
take-off,”® low rectal tumours defined according
to the English Low Rectal Cancer Development
Programme (LOREC) definition® and ycTNM
staging.

» Treatment characteristics: intent of therapy, wait and
see approach and reasons for not using the dedicated
technique.
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» Perioperative characteristics: number of teams oper-
ating (TaTME), dedicated operating theatre assis-
tants and type of Da Vinci used (R-TME), reason for
conversion, surgical timestamps, anastomosis type
and configuration.

» Long-term oncological and stoma outcomes: anasto-
motic leakage (type and grade), readmissions, rein-
terventions and cause of death.

Definitions and grades

Preoperative morbidity was graded according to the
American Society of Anesthesiologists’ (ASA) classifica-
tion of Physical Health.*® Serious preoperative morbidity
was defined as having ASA-score of >3. Postoperative
complications were graded according to the Clavien-
Dindo classification.” Major complications were defined
as complications with Clavien-Dindo grade III-V. Low
rectal cancer was defined according to the LOREC defi-
nition as an adenocarcinoma with its lower edge at, or
below, the origin of the levators on the pelvic sidewall.”
The sigmoidal take-off is an anatomic, image-based defi-
nition of the junction of the mesorectum and mesocolon
and can be identified as the mesocolon elongates as the
ventral and horizontal course of the sigmoid on axial and
sagittal views respectively on cross-sectional imaging.”
Quality of TME will be assessed using a three-tiered clas-
sification consisting of complete, nearly complete and
incomplete TME.” Overall survival will be defined as
being alive follow-up. Disease-free survival will be defined
as being alive without recurrent disease at follow-up. Local
recurrence will be defined as tumour deposit located in
the pelvic cavity, with pathological proven adenocarci-
noma, or growth on consecutive imaging if histopatholog-
ical confirmation was absent. Systematic recurrence will
be defined as any distant metastasis, either pathologically
proven or as a lesion suspect for metastasis on imaging
that showed growth on consecutive imaging. Location of
local recurrence will be classified according to the classi-
fication by Georgiou et al.* Anastomotic leakage will be
registered until l-year postoperative, defined and graded
according by the International Study Group of Rectal
Cancer."’

Statistical analysis

Sample size calculation

The sample size of the prospective cohort regarding the
three minimally invasive techniques was determined
based on a clinically meaningful difference of 5 points on
the Physical Functioning score of the EORTC QLQ-C30
questionnaire.*' * The power calculation was performed
taking into account difference in independent means, an
SD of 15, a power of 0.90 and a two-sided interval.* ** This
resulted in a total of 211 patients required within each
group. Based on results of our soon published retrospec-
tive cohort study, we estimate 15%, 15% and 30% of the
patients in, respectively, the L-TME, R-TME and TaTME
centres will not undergo the standard technique of the
dedicated centre (‘non-dedicated’ group). Therefore, we

will include 127 patients in the ‘non-dedicated’ group.
Taking into account a 30% lost to follow-up of ques-
tionnaires at 12 months, we will enrol 1200 patients in
this study. Accounting for a 75% inclusion rate (as is
for PLCRC at the time of writing), 1500 patients need
to be screened. Since we expect that each centre would
perform around 40 procedures per year, we expect that
in the Dutch centres 400 L-TME, 400 R-TME and 240
TaTME patients will be screened within 1year. There-
fore, in order to enrol all necessary patients we expect to
include patients for 2years.

Comparative analysis

Analysis will be performed with support of an experienced
statistician. Categorical or dichotomous outcomes will be
presented as absolute numbers and percentages. Descrip-
tive outcomes will be reported as median with IQR or
mean with SD. A three-arm analysis will be performed for
the different primary and secondary outcomes. Addition-
ally, pairwise comparisons of the ‘non-dedicated’ group
with L-TME, R-TME and TaTME will be performed.

Quality of life and functional outcomes analysis

To compare between group differences of quality of life
questionnaires and functional results questionnaires at
different time points, linear mixed-effects models will
be used to take into account the intrasubject correla-
tion between the repeated measurements. Two years
was chosen, since factors known to influence quality of
life and functional outcomes following TME only rarely
occur after this period.

Short-term and long-term outcomes analysis

Depending on the distribution univariate analyses will be
done using independent sample t-test and Mann-Whitney
U test for independent data. The dependent sample t-test
and the signed rank test will be used for non-normally
distributed paired data. The x? test or Fisher’s exact test
will be used for unpaired binary and categorical data.

Economic analyses

For the economic analyses of the three techniques, cost—
utility and cost-effectiveness will be assessed using a life-
long time horizon, with modelling of results after 2years.
Modelling after 2years was chosen, since factors known to
influence utility or costs following TME only rarely occur
after this period. Comparison will be done using pairwise
comparison between the techniques. The economic anal-
yses will be performed according to the Dutch guideline
regarding economic evaluations in healthcare.®

Cost-utility analysis

Cost differences per technique will be analysed and
compared with gained utility (in QALY). Cost data will
be assessed using a bottom up micro costing approach,
the electronic patient record, iMCQ, WAI, EQ-5D and the
financial information system from participating centres.
The cost utility analysis will be performed from a societal
perspective and a lifelong time horizon.
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Cost-effectiveness analysis
The incremental cost-effectiveness ratio will be calculated
to represent cost differences between the three techniques
relative to the difference in the proportion of patients with
a particular outcome. Outcomes of interest will include, but
are not limited to: permanent stoma rate, primary anasto-
mosis, major morbidity (Clavien-Dindo >gradelll) and
length of stay.
Cost categories used and costs collected per category
will include:
» Costs made in healthcare: theatre costs, hospitalisa-
tion costs, outpatient costs.
» Costs made by patients and family: transportation
costs and healthcare materials payed by patients.
» Costs made by other institutions: productivity losses
and rehabilitation costs.

Lost to follow-up or replacement of participants

Subjects can leave the study without consequences and no
further follow-up will be performed. Patients who withdraw
during the study will not be replaced and are not likely to
jeopardise study power as sample size calculation accounted
for aloss to follow-up of 30%. Analysis will be done according
to the ‘intention-to-treat’ principle. Lost to follow-up will
be assessed for bias, and intention-to-treat analysis will be
performed.

Patient and public involvement

This study protocol was written in accordance with the
GRIPP2 reporting guidelines.*® Patients and patient organ-
isations were involved as research partners in all aspects of
the development of this study protocol and actively contrib-
uted to identifying the lack of understanding, the need for
evidence, and the research question. Patients and patient
organisations will remain involved throughout all execution
phases of the research and provide feedback on the results
to ensure findings are presented to directly benefit patients.
Results will be disseminated through a collaboration with the
patient organisations, ensuring results of this study adjusted
for a non-specialist audience reach the intended patient
population.

Data management and missing data

All data will be collected in the secure online database
CASTOR (www.castoredc.com). Data will be handled in
compliance with the Dutch Medical Treatment Agreement
Act (WGBO) and patients will be pseudonymised. Analysis
will be performed to assess quality and completeness of
data. Discrepancies and missing data will be reported back
to participating centres to be clarified by the local investi-
gator. All data and documents will be stored on a password-
protected hospital network drive for a minimum of 15 years.

ETHICS AND DISSEMINATION
The VANTAGE trial will collect data in two groups of
pseudonymised patients:

» This study will, from patients included in PLCRC:
(1) receive questionnaires sent by PLCRC regarding
quality of life, functional outcomes and costs; (2)
receive relevant medical data from the patients’ elec-
tronic medical file (this includes the patients” DCRA
data). Patients included in PLCRC provided informed
consent for this data to be collected and shared in
the context of scientific research. Approval from the
regional medical ethical committee of the University
Medical Centre Utrecht (METC), and approval from
the local medical ethical committees of all partici-
pating centres has been obtained (see online supple-
mental file A).

» This study will, from patients not included in PLCRC,
collect DCRA data regarding baseline characteristics.
These patients did not provide informed consent.
For this part of data collection, informed consent has
been waived, and approval by the regional medical
ethical committee of the University Medical Centre
Groningen (METC) has been obtained. Using this
data a comparison can be made regarding the base-
line characteristics of the patients included in the
PLCRC cohort, and those not included in PLCRC.
Therefore, these data are essential to assess the repre-
sentativeness of the included PLCRC patients in the
cohort compared with the total of patients receiving
TME in participating dedicated centres.

This trial will be conducted in accordance with the prin-
ciples of the Declaration of Helsinki and Good Clinical
Practice. Patients are not at any increased risk as all three
minimally invasive techniques are currently performed as
standard of practice and patient burden is deemed low
as patients are only required to fill in questionnaires.
Findings of the VANTAGE trial will be disseminated to
all disciplines involved in care for rectal cancer surgery,
through articles in peer-reviewed journals, national and
international oncology meetings.
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