Journal canadien de la santé et de la maladie rénale

Clinical Research Protocol

Canadian Journal of Kidney Health
Frailty and the Kidney Transplant Volme 7 1-1

© The Author(s) 2020

'w Canadian Society of Nephrology/ A S CANADIAN JOURNAL OF
Société di de néphrologi ¥
q oo canadienne de nephrologie W. KIDNEY HEALTH AND DISEASE

Wait List: Protocol for a Multicenter price e gudines
Prospective Study ool agopub omhome/ak
®SAGE

Karthik K. Tennankore'”, Lakshman Gunaratnam?,
Rita S. Suri3(”, Seychelle Yohanna*, Michael Walsh>%7,
Navdeep Tangri®, Bhanu Prasad’”, Nessa Gogan'?,
Kenneth Rockwood'!, Steve Doucette'?, Laura Sills'3,
Bryce Kiberd'4, Tammy Keough-Ryan', Kenneth West',
and Amanda Vinson'

Abstract

Background: Understanding how frailty affects patients listed for transplantation has been identified as a priority research
need. Frailty may be associated with a high risk of death or wait-list withdrawal, but this has not been evaluated in a large
multicenter cohort of Canadian wait-listed patients.

Objective: The primary objective is to evaluate whether frailty is associated with death or permanent withdrawal from the
transplant wait list. Secondary objectives include assessing whether frailty is associated with hospitalization, quality of life, and
the probability of being accepted to the wait list.

Design: Prospective cohort study.

Setting: Seven sites with established renal transplant programs that evaluate patients for the kidney transplant wait list.
Patients: Individuals who are being considered for the kidney transplant wait list.

Measurements: We will assess frailty using the Fried Phenotype, a frailty index, the Short Physical Performance Battery,
and the Clinical Frailty Scale at the time of listing for transplantation. We will also assess frailty at the time of referral to the
wait list and annually after listing in a subgroup of patients.

Methods: The primary outcome of the composite of time to death or permanent wait-list withdrawal will be compared
between patients who are frail and those who are not frail and will account for the competing risks of deceased and live
donor transplantation. Secondary outcomes will include number of hospitalizations and length of stay, and in a subset,
changes in frailty severity over time, change in quality of life, and the probability of being listed. Recruitment of | 165 patients
will provide >80% power to identify a relative hazard of =1.7 comparing patients who are frail to those who are not frail for
the primary outcome (2-sided oo = .05), whereas a more conservative recruitment target of 624 patients will provide >80%
power to identify a relative hazard of =2.0.

Results: Through December 2019, 665 assessments of frailty (inclusive of those for the primary outcome and all secondary
outcomes including repeated measures) have been completed.

Limitations: There may be variation across sites in the processes of referral and listing for transplantation that will require
consideration in the analysis and results.

Conclusions: This study will provide a detailed understanding of the association between frailty and outcomes for wait-
listed patients. Understanding this association is necessary before routinely measuring frailty as part of the wait-list eligibility
assessment and prior to ascertaining the need for interventions that may modify frailty.

Trial Registration: Not applicable as this is a protocol for a prospective observational study.

Abrégé

Contexte: La compréhension de I'incidence de la fragilité sur les patients en attente d’une greffe rénale a été désignée
comme un besoin prioritaire de recherche. La fragilité pourrait étre associée a un risque élevé de mortalité ou de se voir
retiré de la liste d’attente pour une transplantation, mais elle n’a jamais été évaluée dans une vaste cohorte multicentrique
de patients canadiens en attente d’une greffe.
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Objectifs: Le principal objectif consiste a déterminer si la fragilité d’un patient 'expose a un plus grand risque de décés ou de
retrait permanent de la liste d’attente pour une greffe. Nous souhaitons également vérifier s’il existe un lien entre la fragilité
et le nombre d’hospitalisations, la qualité de vie et la probabilité d’étre accepté sur la liste d’attente.

Type d’étude: Etude de cohorte prospective.

Cadre: Sept sites disposant d’un programme de transplantation rénale évaluant les patients en vue de leur inscription sur la
liste d’attente pour une greffe.

Sujets: Des candidats a la liste d’attente pour une transplantation rénale.

Mesures: La fragilité sera évaluée a l'aide du Phénotype de Fried (un indice de la fragilité), du test SPPB (Short Physical
Performance Battery) et de I'échelle Clinical Frailty Scale au moment de I'inscription sur la liste d’attente pour une transplantation.
Nous mesurerons la fragilité des patients de leur orientation vers le programme jusqu’a leur inscription sur la liste, puis sur
une base annuelle aprés leur inclusion dans un sous-groupe de patients.

Méthodologie: Le résultat principal, soit un composite du délai avant le décés ou le retrait permanent de la liste,
sera comparé entre les patients fragiles et non fragiles, et tiendra compte des risques concurrents découlant de la
transplantation selon que I'organe provient d’'un donneur vivant ou décédé. Les résultats secondaires comprendront le
nombre d’hospitalisations et leur durée, les variations de la fragilité et de la qualité de vie au fil du temps (pour un sous-
groupe de patients), de méme que les probabilités d’étre inscrit sur la liste d’attente. Le recrutement de | 165 patients
nous permettrait d’obtenir un risque relatif d’au moins 1,7 dans plus de 80 % des cas lors de la comparaison des patients
fragiles a ceux qui ne le sont pas pour le résultat principal (double erreur alpha = 0,05), alors que ce risque relatif serait de
2,0 avec un objectif de recrutement plus conservateur de 624 patients.

Résultats: Un total de 665 évaluations de la fragilité (tant pour le résultat primaire que pour les résultats secondaires, y
compris les mesures répétitives) a été complété en décembre 2019.

Limites: Les résultats et leur analyse devront tenir compte des possibles variations entre les différents sites en ce qui
concerne les processus d’aiguillage et d’inscription sur les listes d’attente pour une greffe.

Conclusion: Cette étude fournira une compréhension détaillée de I'association entre la fragilité et les résultats cliniques pour
les patients en attente d’une greffe. La compréhension de cette association est nécessaire avant d’inclure systématiquement
la mesure de la fragilité au processus d’évaluation de I'admissibilité a la liste d’attente et avant d’établir le besoin de procéder
a des interventions susceptibles de modifier la fragilité du patient.
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Introduction

Background

Patients who are wait listed for a kidney transplant should have a
good probability of surviving beyond waiting times. It is well
established that kidney transplantation offers improved sur-
vival over dialysis.' In 2017, more than 3000 Canadians were
waiting for a kidney transplant, nearly 3 times more than those
who actually received one.> As this difference continues to
grow, wait-list guidelines emphasize that kidney transplanta-
tion should be reserved for those who will benefit,>* and trans-
plant candidates should have a good probability of surviving
beyond waiting times.*® Assessing patients for the wait list
involves a detailed assessment by transplant specialists to
identify contraindications to transplantation. Patients without
contraindications who are subsequently activated to the list
require periodic testing to determine the need for wait-list
removal if they develop new contraindications. Contraindica-
tions are factors that would markedly reduce the probability of
survival on the wait list or patient/organ survival soon after
transplantation.**”8 We previously identified that these estab-
lished contraindications* (ie, dementia, active malignancy,
and multisystem disease) are typically associated with a
=50% chance of surviving to transplantation (based on a
national median wait time of =~4 years).> Furthermore, we
showed that wait-listed patients with a high baseline mortality
risk are more likely to be harmed from transplantation.®
Although patients who are active on the list are generally
healthier than non-wait-listed or inactive dialysis patients,>!°
they are still at risk of death'' or of developing a permanent
contraindication requiring them to be withdrawn from the list.”

A large proportion of patients who are wait listed will never
receive a kidney transplant because of death or withdrawal from
the wait list. In the United States in 2015, >9000 patients
either died or were removed from the wait list due to deterio-
rating health.'” In another study from the United States,
~50% of elderly wait-listed patients (>60 years) died prior
to deceased donor transplantation,'> In Canada, =300
patients (10%) died or were withdrawn from the wait list in
2017 alone.? These patients would not have had a contraindi-
cation at the time of listing but may have been at an unrecog-
nized risk of poor health outcomes. One recent analysis used
arisk prediction tool to determine the likelihood of outcomes
for transplant candidates including withdrawal, death, or
transplantation.'* While the model had good discrimination,
the study was conducted in the United States where trans-
plantation practice and the probability of wait-list survival
differ compared with Canada. This study suggested that
“granular-level data such as frailty status'®” is needed to
improve risk prediction for wait-listed patients.

Wait listing patients with little probability of receiving a kidney
transplant has negative consequences. As identified by a study
conducted in the United States, the direct patient costs

associated with a wait-list evaluation can exceed US$1000."
The societal costs of wait listing patients with little chance of
receiving a transplant may also be high. The time required to
determine wait-list eligibility (which is >6 months in some
cases)'® and the need for multiple diagnostic tests'® are lim-
ited resources that are needed for all wait-list candidates.
Committing these resources to patients who are unlikely to
receive a transplant may delay the work-up for those with a
higher chance of success. Most importantly, wait listing
patients with little chance of receiving a transplant may be
associated with direct patient harm. In a large thematic syn-
thesis of 22 qualitative studies representing 795 patients, a
common theme that was observed was that patients perceive
the work-up and testing for the kidney transplant wait list to
be burdensome.!” Furthermore, uncertainty about eligibility,
the demands of being worked-up, and waiting times that
exceed expectations resulted in patient anxiety, concern of
inequality, disillusionment, and despair.!”

Frailty is associated with poor health outcomes among dialysis
patients and kidney transplant recipients. Accumulating defi-
cits across many domains including health, mobility, func-
tion, and cognition puts an individual at a higher risk for poor
health outcomes and is often referred to as “frailty.”!® The 2
most widely used and validated methods to evaluate frailty
are the Fried Frailty Phenotype Assessment (Fried Pheno-
type)!>?° and a frailty index (FI) approach.?!?? Irrespective
of which tool is used, frailty is associated with an increased
risk for mortality and hospitalization and a deterioration in
quality of life after dialysis initiation.>2® Similarly, after
adjustment for comorbidity, demographics, and other recipi-
ent factors, patients who are frail are at a higher risk of mul-
tiple poor health outcomes after transplantation including
mortality, hospitalization, and reduced quality of life.?”32

Despite the association between frailty and reduced health out-
comes, an evaluation of frailty is not a standard component of the
kidney transplant wait-list eligibility assessment. Most studies of
the effect of frailty on outcomes are based on assessments at
the time of transplantation.?’-*° This is a late and impractical
time to guide decisions around transplantation. A frailty
assessment at the time of referral may help to identify patients
who are unlikely to complete the work-up.3!33 However, wait-
list referral is not a defined time-point and may vary across
centers and individual nephrologists. Furthermore, the time
between referral and activation may be lengthy,'® and a
patients’ frailty status may change over this time.>"** There-
fore, evaluating outcomes after listing based solely on a frailty
assessment at referral may be subject to bias. In contrast,
patients are activated to the wait list once their testing and
work-up are complete. Therefore, this is the most defined and
practical time-point to evaluate the impact of frailty on wait-
list outcomes. One recent single-center United States study
evaluated frailty status (using the Fried Phenotype) and mor-
tality among patients being evaluated for a kidney transplant.’!
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Importantly, 24% of patients who were frail were less likely to
be listed,?! and frailty was associated with a 2-fold increase in
the risk of death (but did not improve risk prediction). While
informative, findings in this study may not be generalizable to
Canadian patients, for whom outcomes on dialysis and after
kidney transplant differ.>*3¢ Furthermore, this study did not
evaluate other outcomes (probability of wait-list withdrawal)
or other frailty assessment tools. While comorbidities (that
are more common with advancing age) are the main method
used to ascertain wait-list eligibility, some patients who are
frail may have a small burden of comorbidity and neither age
nor comorbidity modify the association between frailty and
poor health outcomes.?>?%37-38 This suggests that patients who
are frail without a comorbidity contraindication might be
deemed eligible and listed, but unlikely to receive a kidney
transplant.

Why is this study important for patients and providers? This
study aims to fill a knowledge gap that is globally recog-
nized.?* Physicians commonly perceive reduced “functional
status” (a component of frailty) as a characteristic of a sub-
optimal wait-list candidate,** but nephrologist perceived
frailty has little agreement with measured frailty.*! Kidney
organs are a scarce resource and guidelines have identified
that transplant candidates should have a good probability of
surviving beyond waiting times.*¢ If this study finds that
patients who are frail are unlikely to receive a transplant
because of death or withdrawal, ascertaining frailty status
may become standard of care and identification of this vul-
nerable patient group will help to identify those that may
benefit from future interventions that may help to mitigate
frailty. Without a clear understanding of the impact of frailty
on outcomes and how frailty changes over time, it is unclear
whether future interventions are even necessary. Discussing
frailty status and anticipated outcomes would be a crucial
part of the informed decision-making process for potential
wait-list candidates. Patients on the wait list who are identi-
fied as frail may choose to forgo the burden of testing and
distress of uncertainty as to their wait-list status!” in the face
of little chance of receiving a transplant. Finally, providers
could use an annual frailty assessment to reevaluate and
inform patients who are already listed. In contrast, if frailty is
not associated with poor health outcomes, it would empha-
size that patients without other contraindications should not
be denied the opportunity to be wait listed based on mea-
sured or perceived* frailty.

Objectives

In a cohort of patients accepted to the kidney transplant wait
list:

Primary: To determine whether patients who are frail are
at a higher risk of death or permanent withdrawal from the
wait list compared with nonfrail patients.

Secondary: (1) To determine whether frailty improves
risk prediction when added to an existing model for mor-
tality/wait-list withdrawal. (2) To assess changes in
frailty and frailty severity among wait-listed patients
and candidates. (3) To identify whether patients who are
frail are at a higher risk of hospitalization compared with
nonfrail patients. (4) To identify whether patients who
are frail have a lower quality of life compared with non-
frail patients. (5) To compare the level of agreement
between objective and subjective frailty assessments. (6)
In a subset of patients who are referred for the wait list:
to determine whether patients who are frail are less
likely to be accepted to the list compared with nonfrail
patients.

Methods
Study Design and Population

This will be a prospective cohort study of Canadian adult
patients from 7 sites with established renal transplant pro-
grams that evaluate patient eligibility for the kidney trans-
plant wait list. Patients will be recruited over 5 years and
followed for an additional year after recruitment is complete
(Figure 1). Patients will be excluded if they are unwilling to
consent or unable to complete the frailty measures (without a
substitute decision maker).

Exposure Assessment

Frailty will be measured using the Fried Phenotype'® (pri-
mary tool), and the following secondary tools: an FI,?! the
Short Physical Performance Battery (SPPB),*> and the
Clinical Frailty Scale (CFS).374344

Patients from peripheral centers affiliated with partici-
pating sites in London, Montréal, Hamilton, Winnipeg,
and Regina are assessed in-person by a nephrologist who
determines acceptance to the wait list. They have pre-
booked appointments and are identified directly by the
site-lead as candidates for study inclusion. Site research
coordinators will conduct frailty assessments on the day of
this evaluation. For Halifax and St. John, acceptance to the
list is made by a committee in Halifax after the local work-
up is complete, inclusive of an in-person assessment by the
patient’s primary nephrologist. Eligible patients will be
identified by the Nova Scotia Health Authority (NSHA)
transplant recipient coordinators. Local study coordinators
will perform frailty assessments close to the wait-list com-
mittee review date. It is possible that patients at any par-
ticipating site will be evaluated for the wait list but require
additional testing before acceptance. When feasible, if this
period exceeds 6 months, the assessment will be repeated.
It is also possible that eligible patients will be accepted to
the wait list without completing their frailty assessments.
Therefore, frailty assessments after acceptance (using a



Tennankore et al

Primary Outcome: Death or Withdrawal

Competing Event: Transplant

Secondary Outcome
VI. Probability of Wait List Activation

Referred for the Accepted to Wait
Wait List List
I Months
| Sve1s Y2 Y3 ve4a  Ye5 Y6 End Follow-Up:
@ VA N A N A Y A —>| Active on the
0 List

Il. Additional frailty assessments in subset (every 3
months and after hospitalizations/temporary holds)

Legend: Frailty and
Quality of Life Assessments

Secondary Outcomes
1I. Change in frailty severity
11l. Hospitalizations (Number and Days)
IV. Change in quality of life
V. Agreement between measures at each time-point

‘ Baseline
O Follow-up
@ Subset

Figure |. Patient flow diagram for each objective.

Table I. Fried Phenotype: Frail: =3 Factors Present.

I. Unintentional Weight Loss:>10 pounds unintentional weight loss in prior year
2. Exhaustion: Answers “3-4 days or most of the time to the following: How often in the last week did you feel that everything was an

effort or you could not get going?”
3. Muscle Weakness: Grip strength: lowest 20% by gender, height

Men: Threshold based on body mass index: =24: =29 kg, 24.1-28: =30 kg, >28: =32 kg
Women: =23: =17 kg, 23.1-26: =17.3 kg 26.1-29: =18 kg, >29: =21 kg

4. Slowness: Walking time/ |5 feet: slowest 20% by gender, height
Men: height =173 cm=7 seconds, height >173 cm=6 seconds

Women: height =159 cm=7 seconds, height >159 cm=6 seconds

5. Low Levels of Activity: Kcals/week: lowest 20% (males <383/week, females <270/week)
Based on short version of the Minnesota Leisure Time Activity questionnaire. Activities: walking, chores, mowing, raking, gardening,
hiking, jogging, biking, dancing, aerobics, bowling, golf, tennis, racquetball, calisthenics, swimming. Kcals/week calculated with a

standardized algorithm

target of within 6 months) will also be accepted as the
baseline measure. This practical time frame will avoid
needless patient exclusion because of any difficulties in
timing the frailty assessments to directly coincide with the
wait-list activation date.

Additional frailty assessments (for secondary objectives)
will be performed when feasible, and it is anticipated that
these assessments will only be available in a small subset of
patients. These include an additional frailty assessment dur-
ing the time of wait-list referral (prior to activation) for sec-
ondary objective VI and follow-up assessments annually
*3 months for patients directly followed by any participat-
ing site for secondary objective II. Acknowledging the
potentially dynamic nature of frailty,* when feasible, addi-
tional frailty assessments will also be performed every 3
months and after any hospitalization events (which can
worsen frailty severity)*® or temporary holds for patients at
the primary site.

Frailty Measures

The Fried Phenotype (Table 1) is a valid measure of frailty
that classifies patients as frail if they have 3 of 5 of uninten-
tional weight loss, exhaustion, weakness, slowness, and low
activity. This measure was chosen as the primary assessment
tool due to the breadth of prior study,??*3® validity, and to
permit comparisons to the only known study that has evalu-
ated frailty for a cohort of wait-listed patients.>!

The SPPB (Supplemental File 1)* is a tool that is used to
measure physical function based on the completion of a
timed walk, tests of standing balance, and a timed series of 5
attempts to stand from a chair with crossed arms.** It is con-
tinuous and scored from 0 (lowest degree of lower extremity
functioning) to 12. It is associated with mortality and hospi-
talization and can be compared across populations. It has
been evaluated in dialysis patients*’** among older patients
referred for the transplant wait list*® and in patients prior to
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Table 2. Kidney Transplant Wait-List FI.

Social/cognitive (6 items) Functional (9 items)

Mobility (10 items) Comorbidity (12)

e Socializes rarely

e Emotional problems interfere
with activities

e Cut down on work because of
emotional problems

e Feeling lonely

e Abnormal word recall

e |mpaired clock draw

Needs help with:
Meals, Shopping
Chores, Finances
Impaired in

Carrying groceries
Carry 10 pounds
Weak grip strength
Cut down work due to
physical health

e Cut down activity (last
month)

Ltd in bending, kneeling, e Congestive heart failure,
stooping coronary artery disease,
Help up/down stairs cerebrovascular disease
Help in/out of chair e Chronic lung disease, diabetes,

Ltd for one flight of stairs musculoskeletal disease

Limited walking 100 m Prior malignancy
Requires a cane/walker Polypharmacy®
Low physical activity Weight loss

Low albumin®

Self-rated low health
Self-rated worsening of health
(last year)

Slow walking speed
Exhaustion: self-report
Infrequent walking

2>10 meds/d.
5<30 g/L.

transplantation.’’? An FI is a measure of deficit accumula-
tion with characteristic properties,?' that is, cohort-specific
and contains 30 or more variables across multiple domains.
The FI score is the ratio of deficits present in an individual/
the total number of index deficits with scores ranging from 0
to 1. An FI approach has been validated in many populations,
regardless of the items used,?!*3%% and FIs can use health
record data and patient self-report items.’> We developed a
transplant wait list-specific FI (Table 2) using a standardized
approach®® with expert panel input from a diverse group of
stakeholders (a geriatrician, 3 transplant nephrologists, and a
general nephrologist) for content validity. We tested this
index in a cross section of transplant candidates from Halifax.
Index variables were present in at least 2 patients in the
study. The mean score was 0.15 = 0.10 (5 items) and the
maximum score was 0.44 (16 items) (unpublished data). The
index properties were as expected for a chronic disease pop-
ulation?! (normally distributed, peak score <0.70). The CFS
(Supplemental File 2) is an overall clinician gestalt of frailty
using a rating scale scored from 1 (very fit) to 8 (very
severely frail). The CFS is has high inter-rater reliable (intra-
class correlation coefficient of 0.97)* and is highly and moder-
ately correlated with the FI in the general population (+ = .80)*
and dialysis population (» = .57),* respectively. A higher
frailty severity using the CFS is associated with mortality in the
dialysis population (inclusive of kidney transplant wait-list
candidates).”’ In this study, the CFS score will be assessed for
each wait-list candidate by a physician with clinical knowledge
of the patient or the wait-list eligibility assessor.

The Fried Phenotype avoids potential bias from clinician
impression'? and has been the most extensively used frailty
assessment tool in dialysis and transplantation.?3-2427-31.38 Tt
is easy to interpret, has been validated in multiple popula-
tions (including dialysis patients),?*>”% and can be readily
implemented into clinical practice. The SPPB is an objec-
tive measure that has been used to measure functional
impairment in studies of dialysis patients.*’** It avoids
excess questionnaire burden and the activities are easy to

perform serially.*#%° Properties of the SPPB have been eval-
uated in an elderly cohort of kidney transplant candidates.>
The FI includes additional information beyond function to
evaluate frailty status, and small changes in frailty severity
can be captured. Many of the individual items are routinely
collected for potential wait-list candidates, making it a tool
that can be implemented into clinical care. Some studies
suggest using the Fried Phenotype and FI tools together.%
The CFS while subjective is the easiest to measure and pro-
vides an opportunity to assess how objective frailty mea-
sures compare with clinical gestalt. If risk prediction is
improved with the objective tools, it will further emphasize
the importance of incorporating these objectives measures
into the wait-list assessment process. The prevalence of
frailty varies depending on which tool is used and outcomes
may differ. Use of all 4 tools will help identify which tool is
most applicable to this population.

The primary coordinator in Halifax has trained site coor-
dinators from active sites over teleconference prior to initia-
tion on how to administer each tool. She is familiar with
study procedures from the prior cross-sectional study and
procedures have been detailed for each site using a standard
operating procedures manual. Assessments involve physical
examination, chart review, and questionnaires. This informa-
tion will be collected using case report forms (CRFs) and
entered into an online database by site coordinators.

Data Collection

Baseline data are routinely collected as part of the transplant
wait-list eligibility assessment process and collated in charts
provided to the assessor. Data will be collected prospectively
on patients at each site by research coordinators. Specific
demographic data will include the following: age at listing
date, race, sex, employment status, weight, and height (for
body mass index). Comorbid conditions (based on chart doc-
umentation) will include diabetes (type I or type II), coro-
nary artery disease (history of prior myocardial infarction,
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coronary angioplasty, or on angiography), congestive heart
failure (or echocardiographic evidence of systolic or dia-
stolic dysfunction), peripheral vascular disease (established
with imaging studies, or prior intervention), cerebrovascular
disease (stroke or transient ischemic attack), history of prior
malignancy (including type), chronic obstructive lung dis-
ease, hypertension, liver disease, prior failed kidney trans-
plant, bone/joint disease, cause of end-stage kidney disease,
and history of depression. Dialysis characteristics will
include receiving dialysis (yes/no), modality (peritoneal
dialysis, in-center, intensive hemodialysis), dialysis access
(catheter, fistula, graft), dialysis vintage, and time from refer-
ral to acceptance. Baseline laboratory data will include the
following: serum albumin, blood type, human leukocyte
antigen, and peak panel reactive antibody (PRA) level.

Paper CRFs to assist with point-of-care data capture and
to resolve data queries will be held at each center according
to local regulations. The CRFs have been translated to French
by the local study team for French-speaking participants in
Montréal. Data will be sent to the primary site for entry into
a computer database (REDCap). Data entered online will
have a unique identifier but no identifying data.

Outcomes

The primary outcome (and outcome for secondary objective
1) will be composite of time to death or permanent wait-list
withdrawal starting from the date of wait-list activation.
Deaths for both active and inactive patients (ie, those on tem-
porary hold) will be included. Permanent withdrawal will be
defined as removal from the wait list without anticipated
reactivation (acknowledging that even lengthy temporary
holds may be reactivated),’” but in a sensitivity analysis,
temporary holds of >6 months will be included as an event.
Causes of death and/or withdrawal will be collected for each
patient. Secondary outcomes will include (2) changes in
frailty severity/proportion classified as frail; (3) number,
cause, and duration of hospitalizations while on the wait list;
(4) change in quality of life (using the EQ-5D which has
been studied in wait-listed kidney transplant candidates)®;
(5) agreement between measures; (6) probability of being
listed. While an extensive assessment of posttransplant out-
comes is not the goal of this study; if feasible, first-year out-
comes after transplantation (death, graft failure) will be
described for all enrolled patients.

Mitigation of Risk

Use of a prospective design will avoid misclassification bias
from retrospective ascertainment of frailty status. Previously
published transplant eligibility guidelines used Canadian
expert opinion.* However, acceptance may differ across par-
ticipating centers affecting frailty prevalence. Capturing
prevalence at each center will allow a better determination of
the likelihood of this bias and it is less likely to affect

outcomes associated with frailty as the tools are consistent.
There is a risk of immortal time for all patients between the
frailty assessment and acceptance to the list (or acceptance to
assessment). When feasible, repeat assessments will be con-
ducted to minimize this time to =6 months. If the time period
exceeds 6 months without a repeat assessment either before
or after acceptance to the list, we will account for this using
appropriate statistical techniques,®* if required. The impact
of frailty on outcomes is unknown. Therefore, physicians
assessing patients for the wait list and all site research coor-
dinators will be blinded to the results of the 3 objective mea-
sures (each of which requires additional calculation), which
will only be ascertained at the primary site after case report
form data are uploaded to the web-based data entry system.
Acknowledging that baseline data is required by physicians
who evaluate patients for the wait list, it is anticipated that
there will be a minimal amount of missing baseline charac-
teristics. Similarly, outcomes are closely monitored for wait-
listed patients. In the case of missing data, local centers will
be recontacted to collect missing data from local information
sources. Statistically, unresolved missing data will be man-
aged using multiple imputation by chained equations prior to
proposed analyses.®

Analysis

Count/percentages and means = SD will be used to describe
each frailty measure when appropriate. Histograms of FI,
SPPB, and CFS scores will be displayed. The Fried Phenotype
is a binary measure. The FI, SPPB, and CFS will be treated
as continuous measures and all 3 tools will be analyzed as a
nonlinear variable using splines. Descriptive statistics will be
used to report baseline characteristics and outcomes for all
patients.

Primary outcome. Similar to a previous study evaluating out-
comes after wait listing,'* the effect of each frailty measure
on death/permanent withdrawal will be analyzed using a
competing risk approach with competing events of deceased
and living donor transplantation, and a standard Cox survival
analysis with censoring at transplantation in a secondary
analysis. Each subcomponent of the primary outcome will
also be evaluated using a similar approach. Adjusted time to
death/permanent withdrawal will be analyzed using a pro-
portional subdistribution hazards model (Fine and Gray
approach).* Proportionality will be tested using a validated
approach for competing risk analyses®>; nonproportional
subdistribution hazards will be addressed using published
methods.® Variables for inclusion in the model will be those
that are associated with a higher risk of death or withdrawal
for wait-listed patients.'* The association between frailty and
the death/withdrawal will be assessed across prespecified
subgroups for effect measure modification. These include
but are not limited to an age cutoff of =60 years,'? by sex, by
blood type (O versus other), and by sensitization (PRA
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Table 3. Required Sample Size for Different Relative Hazards (HRs).

HR Sample size (nonfrail/frail) Annual survival rate (nonfrail/frail) Four-year survival (nonfrail/frail)
1.7 1147 (1032/115) (0.90/0.84) 0.66/0.50
1.8 910 (819/91) (0.90/0.83) 0.66/0.47
1.9 745 (670/75) (0.90/0.82) 0.66/0.45
20 624 (561/63) (0.90/0.81) 0.66/0.43

Note. HR = Hazard ratio.

<80%, 80%-95%, >95%). In a sensitivity analysis, only the
outcome of death/withdrawal due to deteriorating condition
will be analyzed; withdrawal for other reasons will be treated
as a competing event. In addition, frailty will be added to a
previously developed wait-list survival model that evaluated
the probability of deceased and living donor transplant and
removal from the list due to death/deteriorating condition, or
other reasons,'* and the predictive ability of adding frailty to
this model will be quantified using reported methods for net
reclassification improvement in survival analysis.®’

Secondary outcomes. (2 and 4) Changes in frailty status,
severity, and quality of life will be analyzed using general-
ized estimating equation approach to longitudinal modeling
with logistic regression (for categorical measures) and gen-
eralized linear mixed effects modeling for continuous
repeated measures. (3) Frequency, cause, and length of stay
for each hospitalization event will be reported and differ-
ences in the risk for recurrent hospitalization comparing
patients who are frail versus nonfrail patients will be reported
using published statistical approaches.®® (5) Agreement will
be assessed using appropriate approaches for continuous and
categorical measures. (6) The time to listing for patients who
are frail versus nonfrail patients who are referred will be
reported and compared. Reasons for nonlisting will be
described. For all comparisons, a P < .05 will be the thresh-
old for statistical significance.

Sample Size Calculation and Threshold for
Clinical Importance

We plan to enroll 1165 patients based on current recruitment.
We showed that established wait-list contraindications are
typically associated with a =50% chance of 4-year survival
(the median national wait time), which is the threshold for
clinical importance.’ The adjusted relative mortality hazard
for frailty (using the Fried Phenotype) is >2 fold-higher in
dialysis (hazard ratio [HR] = 2.24, 95% confidence interval
[CI] = 1.60-3.15)** and posttransplant (adjusted HR = 2.17,
95% CI = 1.01-4.65).2 In the only study of wait-listed
patients, the adjusted HR was 2.19, 95% CI = 1.26-3.79).
We assumed that 10% of the cohort would be frail (less than
the 12% found in our preliminary analysis). Annual wait-list
mortality is estimated at 3% to 5% for Canadian patients®!'"-%
(lower than annual dialysis mortality of 17% in Canada).?

We assumed a total event rate (mortality and permanent
withdrawal) of 10% per year (the rate in the latest Canadian
Organ Replacement Register)? and a nonoutcome attrition
rate of 20% per year, including those who receive a trans-
plant. Anticipated sample sizes corresponding to more con-
servative HRs of 1.7 to 2.0 for patients who are frail versus
nonfrail patients are all below our expected recruitment.
Furthermore, the probability of 4-year wait-list survival for
patients who are frail is 50%, 47%, 45%, and 43%, using
HRs of 1.7, 1.8, 1.9, and 2.0, respectively. Therefore, even
with conservative HRs, our anticipated sample size will cap-
ture effect sizes that are above the threshold for clinical
importance (=50% 4-year wait-list survival). Required sam-
ple sizes for different relative hazards are noted in Table 3.

The Strengthening of the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines will be used
for all future publications resulting from this protocol.”

Results

The study has been approved at the lead site (NSHA, File
#1020261) and all activated secondary sites. Recruitment has
begun for 5 of 7 peripheral sites. Through December 2019,
665 assessments of frailty (inclusive of any study objective
and repeated measures) using the CFS score, Fried Phenotype,
and FI have been completed. Only a subset of individuals has
completed their SPPB as this test was added at a later date.

Conclusions

This study will help inform the identification and manage-
ment of patients who are frail at the time of assessment for
eligibility for the kidney transplant wait list. Identifying the
association between frailty and outcomes is necessary prior
to undertaking interventions to modify frailty or support
patients who are frail and who are being considered for the
list. Importantly, this study (once externally validated) will
also identify whether frailty adds further predictive value to
an existing tool used to evaluate outcomes for wait-listed
patients. This knowledge will support inclusion of a frailty
assessment into transplant wait-list eligibility guidelines
which internationally is a recognized knowledge gap.®
Finally, outcomes and health utility scores (using the EQ-5D)
will inform a future cost-effectiveness analysis of wait-list-
ing patients who are frail for transplantation.
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