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1 Introduction

This Statistical Analysis Plan (SAP) is based on the published study protocol (1) and follows the guideline
for statistical analysis plans by Gamble and colleagues (2017 (2)). Some points of the statistical methods
and of the study design are already described in the study protocol. This SAP aims to further specify the

procedures and statistical methods applied during the final analysis of the study data.

1.1 Background and rationale

In absence of a cure for most rare conditions, improving patients’ quality of life is a central healthcare
aim. Psychosocial support alongside the treatment of somatic symptoms in order to help patients adjust
to their disease and stay mentally healthy is key to this (3). Support programs for patients with common
chronic diseases do not adequately address the unique challenges of patients with rare diseases, i.e.
limited access to adequate diagnosis, treatment, and information about the diseases, a lack of contact
to peers with the same condition (4-6). Moreover, the high number of various rare diseases makes
isolated consideration of individual conditions in psychosocial care unfeasible (7). Patients' geographic
dispersion presents an additional difficulty because it limits their access to healthcare options.

Consequently, psychosocial support needs of patients with rare diseases are insufficiently met.

To address these needs, we developed a location-independent, trans-diagnostic and peer-delivered
psychosocial support program specifically for individuals with rare diseases (8). The program combines
manual-based self-help and structured telephone-based peer-support. It is based on Acceptance and
Commitment Therapy and participants complete it from home over the course of six weeks. Peer-
supporters receive training, counselling guidelines and supervision. A more detailed description of the
intervention is published within the study protocol (1). We demonstrated the efficacy and acceptability
of the intervention in a first randomized controlled trial (RCT) including patients with four different rare
diseases (9). However, the effectiveness of this intervention in routine care has not yet been
demonstrated and it has not been implemented in any national health system. This is the starting point
of Q.RARE.LI. We will assess the effectiveness of our peer-delivered psychosocial support intervention
in routine care for patients with rare autoimmune liver diseases and prepare the implementation on an
international level at five different sites (Hamburg, Germany; Toronto, Canada; Gent, Belgium; Warsaw,
Poland; Debrecen, Hungary). Our long-term aim is to establish the intervention internationally, making

it widely accessible to patients with rare diseases in order to improve quality of life.

SAP 1.0 8 Confidential
Q.RARE.LI // UKE 2024



1.2 Objectives

The primary research objective of Q.RARE.LI is to investigate the effectiveness of the peer-delivered
psychosocial support intervention under routine care conditions in five different healthcare settings and
to prepare its implementation. We therefore have two research foci:

A. Effectiveness: Objective: To investigate the effectiveness of the intervention in routine health care in
terms of health-related quality of life, depression and anxiety severity, illness acceptance, perceived
helplessness, social support, and self-management abilities. Primary hypothesis: Under routine care
conditions, structured peer-delivered psychosocial support in addition to CAU leads to better mental
health-related quality of life compared to CAU alone in patients with rare liver diseases at post-
assessment. Secondary hypotheses: Under routine care conditions, structured peer-delivered
psychosocial support in addition to CAU leads to better mental health-related quality of life at 3-month
follow-up and to improved outcomes regarding a) physical health-related quality of life, b) depression
severity, c) anxiety severity, d) illness acceptance, e) perceived helplessness f) social support and g) self-
management abilities compared to CAU alone in patients with rare liver diseases both at post-
assessment and 3-month follow-up.

B. Implementation: Objective: To assess implementation outcomes, examine and prepare the
implementation context, and develop implementation strategies in each of the five participating
countries. Primary hypothesis: The intervention shows high acceptability and feasibility in routine care
as indicated by: 1) >75% of the patients completing the intervention, 2) >75% of the patients rating the
intervention as a) helpful and b) appropriate, 3) >75% of the stakeholders delivering the intervention
rating it as a) feasible, b) appropriate and c) helpful for patients. We will also identify implementation

barriers and facilitators.

2 Study Methods

2.1 Trial design
We conduct an effectiveness-implementation hybrid trial, a study design blending the processes of
effectiveness and implementation research in order to better understand the contextual factors related
to the success of interventions (10, 11). An overview is displayed in Figure 1.
Effectiveness of the intervention is evaluated within a two-armed RCT comparing structured and peer-
delivered psychosocial support plus CAU to CAU alone in adult patients with autoimmune rare liver
diseases. We include N=240 patients with autoimmune hepatitis (AlH), primary biliary cholangitis (PBC)

and primary sclerosing cholangitis (PSC) who are randomly assigned to either an intervention or a
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control group. The intervention group participates in the program after the baseline assessment in
addition to their care-as-usual (CAU). The control group receives CAU alone, but has the opportunity to
participate in the program after their last assessment. The intervention is applied in each of the five
participating sites under country-specific routine care conditions. Outcomes are assessed at three time
points (baseline, post, 3-month follow-up). The primary effectiveness outcome is mental health-related
quality of life (SF-12 (12)).

Implementation outcomes are assessed within a mixed-methods process evaluation. We conduct a
guantitative, cross-sectional survey including patients, peer-counsellors and healthcare providers that
completed the intervention or were involved in its delivery. The main quantitative implementation
outcomes are perceived acceptability and feasibility of the intervention. In addition, we conduct a
qualitative study after the last quantitative assessment is completed, including four different
stakeholder groups: patients, peer-counsellors, healthcare providers, healthcare leaders (e.g. health
insurers). Primary aim of the qualitative study is to better understand the implementation context in
each country and identify barriers and facilitators for a successful and sustainable implementation.
Based on the results, each country derives appropriate implementation strategies and develop a

concrete implementation plan.

EFFECTIVENESS-IMPLEMENTATION HYBRID TRIAL
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Figure 1. Study design.

Each partner obtained a positive ethics vote by an independent national ethics committee. The trial is
conducted in accordance with the Declaration of Helsinki, guidelines for Good Clinical Practice, national
and local laws. Before inclusion, eligible participants are informed about the course of the study verbally
and in written form and provide written informed consent. The data is stored in pseudonymized form.

Any changes to the study protocol are listed in the study registry and publications.
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2.2 Randomization
A fixed randomization schedule with an allocation ratio 1:1, stratified by country, was deposited in the
REDCap system. The randomization table was created and deposited by a researcher who is not involved
in the project. Patients are electronically randomized according to this schedule after signing the
informed consent form. They are informed about their group allocation after the baseline assessment.

The researchers involved in Q.RARE.LI do not have any influence on the randomization process.

2.3 Sample size

Our primary effectiveness outcome is the group difference in the baseline-adjusted mean score in
mental health-related quality of life at post-assessment, assessed with the mental component of the
Short-Form Health Survey (SF-12 (12)). Taking the results of our prior RCT into account (9), we assume
a between groups effect size of d=0.4. Based on two-sided testing with a=0.05 and 1-$=0.8, N=100
patients are needed per group (intention-to-treat analysis), yielding in N=200 to be analyzed.
Considering our prior RCT (9), we conservatively expect an inclusion rate of 60% and approximately 15%
loss to follow-up. Thus, N=240 patients are included at the five study sites over 15 months.

For the quantitative implementation part of the trial, all patients in the intervention group (N=100), all
peer-counselors (¥N=40) and all involved healthcare providers (¥N=25) are invited to participate in the
survey. With an estimated response rate of 80% (9), we expect to include N=132 participants across all
sites. For the qualitative focus groups, at least N=5 participants per stakeholder group (patients, peer-
counsellors, healthcare providers, healthcare leaders) and site are invited to take part, resulting in an

estimated sample size of N=100 in total.

2.4  Framework
Q.RARE.LI is a randomized superiority trial with two study arms, aiming to investigate whether
structured and peer-delivered psychosocial support in addition to CAU leads to improved mental quality

of life compared to CAU alone in patients with rare autoimmune liver diseases.

2.5 Statistical interim analyses and stopping guidance
No interim analyses will be conducted. Adverse events are monitored and reported to the Data Safety
and Monitoring Board (DSMB). Major events which need to be monitored comprise acute suicidality,
suicidal acts, and life-threatening deterioration of health status. For the individual patient, the trial
procedure stops if any adverse events or withdrawal of informed consent occur. The whole trial is
discontinued if the project consortium or the DSMB detect significant associations between study
participation and adverse events or a differential association between the experimental condition and

adverse events.
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2.6 Timing of final analysis
The data analysis starts after the last follow-up assessment is completed. The final analysis of the
primary outcome takes place after the database has been reviewed for completeness and accuracy and

after data cleaning is completed (estimated time point: December 2024).

2.7 Timing of outcome assessments

The primary and secondary outcomes within the RCT are assessed at baseline, after approximately 7
weeks (post-intervention) and at a 3-month follow-up. The quantitative data of the mixed-methods
process evaluation are assessed at the post-assessment. The qualitative data of the mixed-methods

study are collected after the follow-up assessment.

3 Statistical Principles

3.1 Confidence intervals and P values
All applicable statistical tests will be two-sided and are performed using a 5% significance level. Analyses
of secondary outcomes will be performed exploratory, without adjustment for multiplicity. All

confidence intervals presented will be 95% and two-sided.

3.2 Adherence and protocol deviations
Peer-counsellors write a brief summary of each counselling session indicating whether the patient
worked through the respective chapter of the self-help book (binary item: yes/no) and how much the
session was in line with the counselling guidelines (numeric rating scale (NRS) from O=not at all to
10=fully in line with the guidelines). In addition, peer-counsellors inform us if a session was skipped or
if the patient wants to abort the program. In case a session was skipped or the patients did not work
through the chapter, participants have the opportunity to make up the session at a later time. The total
duration of the program participation is documented by peer-counsellors as well. A protocol deviation
occurs if patients missed 15% or more of the program, which means that they have to complete at least

5 out of 6 sessions (chapters and counselling).
3.3 Analysis populations

3.3.1 Intention to treat (ITT) population
The primary analysis population is the intention-to-treat (ITT) population. All patients for whom data is
available from at least one follow-up measurement point (full analysis set) will be included in assessment

of the primary outcome in accordance with the intention-to-treat principle.
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3.3.2 Per Protocol (PP) population

The PP population, including all patients randomized who do not have a protocol violation (definition in
section 3.2) and for whom data is available from at least one follow-up measurement point (full analysis
set), will be included in the per protocol analyses. The PP population will be additionally analyzed as part

of a sensitivity analysis.

4 Trial Population

4.1 Screening
Patients’ eligibility is assessed in structured telephone-based screening interviews. The number of

conducted interviews and the reason for exclusion are assessed and will be reported as part of the

CONSORT diagram (see also 4.3)

4.2 Eligibility
Inclusion criteria are the diagnosis of a rare autoimmune rare liver disease (AlH, PBC, PSC), a subjective
psychosocial support need, an age of at least 18 years, and written informed consent. Exclusion criteria

are a life-threatening health-status, acute suicidality, ongoing psychotherapy, severe cognitive, auditory

or visual impairment and inability to complete data assessments.

4.3 Recruitment

The following information will be reported as part of the CONSORT diagram: number of patients
screened, number of patients excluded (with reasons), number of patients included, number of patients
randomized to each group, number of patients completing the intervention, number of patients
completing post- und follow-up assessments, number of patients analyzed. The number of patients

included per country will also be reported.

4.4  Withdrawal/follow-up

Patients are officially included in the study after they signed the informed consent form. Patients
withdrawing their informed consent before completing the baseline assessment count as withdrawal.
The number will be reported. Patients who withdraw from the study after the baseline assessment
count as drop-outs. The number will also be reported and (if possible) the reason will be named. The
lost-to-follow up rate is the proportion of patients who completed the baseline assessment but not the
primary outcome assessment. We expect a lost-to-follow-up rate of 15%. In addition, we will report the
number of patients in the intervention group who started the program but did not finish it and the time
point at which they dropped out. Where available, we will state the reason for the earlier program

termination.
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4.5 Baseline patient characteristics
Baseline data includes demographical and clinical characteristics as well as primary and secondary
outcomes. Categorical data will be summarized by numbers and percentages. Continuous data will be
reported by mean, standard deviation (SD), and range (minimum, maximum). The number and
percentage of missing observations will be presented for each variable. We will further assess treatment

expectations (Treatment Expectation Questionnaire, TEX-Q (13)).

5 Analysis

5.1 Outcome definitions

5.1.1 Effectiveness outcomes

Primary outcome

The primary effectiveness outcome for this study is the baseline adjusted group difference in mental
health-related quality of life at post-assessment. Mental health-related quality of life is measured with
the mental component of the Short Form Health Survey (SF-12 (12)). The SF-12 measures psychological
and physical aspects of generic, health-related quality of life. It is based on the 36-item version SF-36.
Multiple studies demonstrated its sound psychometric properties (14, 15) and it has been used in a
variety of chronic conditions, including patients with autoimmune liver diseases.

Secondary outcomes

Secondary outcomes are the baseline-adjusted group differences in mental health-related quality of life
at follow-up as well as in physical health-related quality of life (SF-12), somatic symptom severity
(Patient Health Questionnaire-15, PHQ-15 (16), depression severity (Patient Health Questionnaire-9,
PHQ-9 (17, 18), anxiety severity (Generalized Anxiety Disorder Scale-7, GAD-7 (19)), illness cognitions
(disease acceptance, helplessness, perceived benefits; lliness Cognition Questionnaire, ICQ (20)), social
support (Social Support Questionnaire, F-SOZU (21)), and self-management abilities (Appraisal of Self-
Care Agency Scale Revised, ASAS-R (22) at post- and follow-up assessment. We will also measure
psychological burden related to somatic symptoms or associated health concerns (Somatic Symptom
Disorder — B Criteria Scale, SSD-12 (23), general self-efficacy (Self-efficacy scale, SWE (24)), and illness
perceptions (Brief lliness Perception Questionnaire, B-IPQ (25)).

5.1.2 Implementation outcomes

Quantitative implementation outcomes are assessed at post-assessment. We ask patients and peer-
counsellors to evaluate the program and measure acceptability and feasibility on numeric rating scales
from 0—10. We further ask healthcare providers to evaluate the program. Qualitative data are assessed

in focus groups after the follow-up assessment is completed. We will assess perceived implementability
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of the program into routine care with a standardized semi-structured interview guide. The development
of this guide will be supported by the Consolidated Framework for Implementation Research (CFIR)

Interview Guide Tool (CFIR Booklet (cfirguide.org)).
5.2 Analysis methods

5.2.1 Effectiveness outcomes

Primary outcome

To test our primary effectiveness hypothesis, we will perform a mixed linear model (covariance type
AR1) using the restricted maximum likelihood method to produce estimates. The model will include
time, country, and group as fixed factors, time as repeated effect, and the timexgroup interaction. We
will include the baseline outcome score as a covariate and include a random intercept to model
interindividual differences. Model specifications will not be adjusted based on model fit parameters. To
assess group differences for each time point (post-assessment primary), we will determine the
estimated marginal mean values. Effect sizes will be calculated by dividing the adjusted group mean
difference by the observed SD of the total sample at baseline. We will check model assumptions by
plotting residuals against estimated values and residual distribution against normal distribution. In case
model assumptions are violated, we will produce robust estimates using Bootstrapping. As a sensitivity
analysis, we will perform the data analysis with and without Bootstrapping.

Secondary outcomes

Secondary outcomes will be analyzed in the same manner as the primary outcome. Secondary outcomes
are not corrected for multiple testing and should be considered exploratory.

5.2.2 Implementation outcomes

Quantitative data will be analyzed descriptively (mean, SD, range, percentages, figures). Qualitative data
will be analyzed with qualitative content analysis. We will inductively identify topics in the data and

deductively derive implementation barriers and facilitators based on the CFIR (www.cfirguide.org), i.e.

considering the outer and inner setting, intervention characteristics, individuals involved, and the

process. Based on these contextual conditions, we will derive implementation strategies with the CFIR.

5.3 Missing data
Outcome data will be multiply imputed (using MICE) if more than 5% are missing. In accordance with
White et al. (2011 (26)), the number of imputations will be chosen depending on the proportion of

missing data. As a sensitivity analysis, we will perform the data analysis with and without imputation.

5.4 Additional analyses

While the main analysis is conducted with the ITT population, the same analyses will be repeated with

the PP population as a sensitivity analysis. Further exploratory subgroup analyses are performed by
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including the subgroup x group interaction into the model. A p-value of <.15 indicates a meaningful
interaction and will lead to stratified analyses. Subgroup analyses will be performed for the following
variable: gender (male, female), age (continuous for interaction), country (Belgium, Canada, Germany,
Hungary Poland), diagnosis (PBS, PSC, AlIH), degree of mental health-related quality of life impairment
(«<median, 2median), treatment expectations (continuous for interaction), and whether the patient had
a peer-counsellor with the same or a different rare disease (yes, no). We will further exploratively

investigate outcomes in peer-counsellors.

5.5 Harms

In general, psychosocial support interventions bear no major risk for harm. In our first efficacy trial (9),
no major adverse events occurred and no individual stated that the intervention harmed them. Rather,
participating in the intervention was beneficial for patients. During the screening interviews, we
explicitly ask whether patients have suicidal ideation. If this is detected, a site-specific algorithm is
applied (e.g. contact the physician or consider psychiatric treatment). In case of acute suicidality, the
patient is transferred to receive psychiatric treatment and excluded from the study. In addition, peer-
counsellors are advised to report any harm they suspect in patients to their supervisor or the study
coordinator at each site. If any harm is suspected, this is reported to the DSMB and an individual decision
is made on whether participation should be stopped. Patients in the intervention group will be asked
about any potential harm during the program evaluation at post-assessment. Suicidal ideation,

attempts, suicide and any other potential harm are documented and reported.

5.6 Statistical software

We will use SPSS 29.0 for all analyses.
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