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ABSTRACT

Introduction: Familial hypercholesterolemia (FH) is an autosomal dominant inherited
genetic disease. High-throughput sequencing quickly and comprehensively detects causative
variants of FH-related genes (LDLR, PCSK9, APOB, and LDLRAP]I). Although the presence
of causative variants in FH-related genes correlates with future cardiovascular events, it
remains unclear whether detection of causative gene mutation and disclosure of its associated
cardiovascular risk affects the future cardiovascular risk in patients with FH. Therefore, this
study intends to evaluate the efficacy of genetic testing and counseling in addition to standard
patients’ education program in patients with FH.

Methods and analysis: A randomized, waiting-list controlled, open-label, single-center trial
will be conducted. We will recruit patients with clinically diagnosed FH without previous
history of coronary heart disease from March 2018 to December 2019, and we plan to follow-
up participants until March 2021. For the intervention group, we will perform genetic
counseling and will inform an estimated future cardiovascular risk based on individuals’
genetic testing results. The primary endpoint of this study is the plasma low-density
lipoprotein (LDL) cholesterol level at 24 weeks after randomization. The secondary
endpoints assessed at 24 and 48 weeks are as follows: blood test results; smoking status;
changes of lipid-lowering agents’ regimen; and Patients Satisfaction Questionnaire Short
Form scores among the four groups divided by the presence of genetic counseling and
genetic status of FH.

Ethics and dissemination: This study will be conducted in compliance with the Declaration
of Helsinki, the Ethical Guidelines for Medical and Health Research Involving Human
Subjects, and all other applicable laws and guidelines in Japan. This study protocol was
approved by the Institutional Review Board at Kanazawa University Hospital, Japan. We will

disseminate the final results at international conferences and in a peer-reviewed journal.
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Trial registration: This study was registered at the University Hospital Medical Information

Network (UMIN) Clinical Trials Registry (UMIN ID: UMIN000029375).

Keywords: Familial hypercholesterolemia, genetic testing, genetic counseling,

cardiovascular risk

Strengths and limitations of this study:

* This would be the first randomized, waiting-list controlled study to assess whether
disclosing the genetic risk of future cardiovascular diseases by genetic testing results
correlates with reduced LDL cholesterol levels in patients with FH over standard FH
education.

» If this study demonstrates the clinical efficacy of genetic testing with informing future
cardiovascular risk based on the genetic results, it will be imperative not only to confirm the
FH diagnosis by genetic testing but also to provide thought-provoking evidence that genetic
testing could enhance the prognosis of patients with FH.

* For patients without causal variants in FH-related genes, disclosure of relatively low-risk
for future cardiovascular risk may inversely increase plasma LDL cholesterol levels
compared to high-risk individuals with causal variants in FH-related genes. This may

attenuate the intervention effect on the primary endpoint.
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INTRODUCTION

Familial hypercholesterolemia (FH) is an autosomal dominant inherited disorder, and the
prevalence of patients with heterozygous FH (HeFH) in the general population is
approximately 0.5-0.2% (1 in 200500 individuals).'” The major causative genes of FH are
low-density lipoprotein (LDL) receptor (LDLR), proprotein convertase subtilisin/kexin type 9
(PCSKDY), apolipoprotein B (4POB), and LDLR adaptor protein 1 (LDLRAPI). As FH is
characterized by hyper LDL-cholesterolemia and systemic xanthomas from infancy, it is one
of the leading causes of premature coronary artery disease.® Typically, patients with FH are
prescribed lipid-lowering agents at an early stage to reduce plasma LDL cholesterol levels,
which could prevent future occurrence of systemic arteriosclerosis including coronary artery
disease. Hence, it is imperative to give a precise diagnosis of FH as early as possible.’

According to the Japanese Atherosclerosis Society guideline, the clinical diagnosis of
FH in patients aged >15 years are made if the two of the following three criteria are met: (a)
hyper LDL-cholesterolemia; (b) presence of tendon xanthomas; and (c¢) family history of FH
or premature coronary artery disease.' Although genetic testing by the Sanger sequencing
method is crucial for the definitive diagnosis of FH, it is performed only in some limited
institutions because of its cost, large effort, and complexity. In addition, it remains unclear
whether genetic testing offers some advantages on the diagnosis or outcomes in patients
where FH has already been diagnosed clinically.

In recent years, advancements in comprehensive genetic analysis technology using a
high-throughput sequencer (HTS) have facilitated checking variants in candidate genes cost-
effectively and promptly. Previously, we conducted comprehensive genetic testing for
patients clinically diagnosed with FH and suggested that the carriers of causative variants in
FH-related genes (LDLR, PCSK9, APOB, or LDLRAPI) could be associated with future

cardiovascular events.® In addition, the presence of causative variants in FH-related genes has
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3 1 been reported to be associated with cardiovascular events, irrespective of LDL cholesterol
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5 2 levels.’” Based on these results, genetic testing could be useful from the perspective of

6

/ 3 cardiovascular risk estimates and stratification of patients with FH. However, it remains
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?O 4  unclear whether genetic testing with informing future cardiovascular risk affects the

:; 5 prognosis in patients with FH.
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14 6 Thus, this study aims to evaluate whether genetic testing with informing genetically
15

16 7  estimated future cardiovascular risk besides usual patient education correlates with reduced
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18 8  LDL cholesterol levels in patients with FH.
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- 10 METHODS AND ANALYSIS
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25 11 Overall study design
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27 12 This study is a randomized, waiting list controlled, open-label, single-center trial. For the
28

29 13 intervention group, we will perform genetic counseling as well as informing individual
30

: ; 14 genetically estimated future cardiovascular risk based on patients’ genetic testing results.
gi 15  Figure 1 shows the scheme of this study, and Table 1 outlines the overall follow-up schedule.
35

36 16  The primary outcome of this study is the plasma LDL cholesterol level at 24 weeks after
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38 17  randomization. In addition, we hypothesize that the intervention group would have lower
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40 18  LDL cholesterol levels compared with the control group at 24 weeks.
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1  Table 1 Assessment and evaluation schedule of this study

2

12 Weeks before Week 8 Week 32

Day 0 (Week 0) Week 24 Week 48
randomization Week 16 Week 40
Diagnosed with
Randomization Observationa  Primary Crossover
clinical FH (pre- Trial end
(registration) 1 period endpoint period
registration)
Informed consent X
Patient background X
Check adverse events e —)
Height X
Body weight X X X X X X
BP/HR X X X X X X
Symptoms X X X X X X
Physical examination X X X X X X
Blood tests
Lipid profile X X X X X X
FPG/HbAlc X X X X X X
CBC X X X X X X
Chemistry X X X X X X
Genetic testing X
Lipid-lowering therapy
X X X X X X

regimen
PSQ-18 X X X X X X
Smoking status X X X X X X

3 Abbreviations: BP, blood pressure; CBC, complete blood counts; FH, familial

4 hypercholesterolemia; FPG, fasting plasma glucose; HR, heart rate; PSQ-18, the Patient
5 Satisfaction Questionnaire Short Form
6

6
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This study will be conducted in compliance with the Declaration of Helsinki, the
Ethical Guidelines for Medical and Health Research Involving Human Subjects, and all other
applicable laws and guidelines in Japan. In addition, this study protocol was approved by the
Institutional Review Board (IRB) at Kanazawa University Hospital (Kanazawa, Japan) and
was registered at the University Hospital Medical Information Network (UMIN) Clinical

Trials Registry (UMIN ID: UMIN000029375).

Study participants

We will recruit patients with clinically diagnosed FH from March 2018 to December 2019,
and we plan to follow-up participants until March 2021. Of note, only participants fulfilling
all inclusion criteria will be enrolled in this study (Table 2), and those with either of the
exclusion criteria were excluded from this trial (Table 3). In addition, we will obtain written
informed consent from all trial participants and these forms were approved by the IRB at the
Kanazawa University Hospital. It will be mandatory for trial participants to understand the
contents of the consent form before giving their acceptance; moreover, it will have to be
dated and signed by both trial participants and investigators. Upon obtaining consent, the first
copy of the consent form will be kept in the hospital and the other part was kept by the
patient and will not collect after the completion of the trial. Furthermore, all participants will
be informed that their medical care will not be affected if they refused to enroll in the trial
and that they will be free to withdraw their consent at any time of the study period, at their

discretion.
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Table 2 Inclusion criteria

We include the patients with all the following criteria:
1) Age 215 years
2) Diagnosed with familial hypercholesterolemia per the criteria of the Japan
Atherosclerosis Society
3) Patients who have never got genetic tests, or have not yet returned genetic
results regarding familial hypercholesterolemia

4) Patients who can provide written informed consent

Table 3 Exclusion criteria

Page 8 of 45

We exclude patients with either of the following criteria:
1) Liver dysfunction (AST or ALT>3 times the UNL)
2) Renal dysfunction (Cr, >2.0 mg/dL)
3) Immunosuppression
4) Active cancer
5) Previous history of coronary heart disease:
1) Myocardial infarction
i) History of percutaneous coronary intervention
iii) Coronary stenosis (=75%) previously detected by coronary angiography
6) Female with pregnancy or expected

7) Patients whose doctors in charge consider him/her inappropriate to participate

Abbreviations as Table 1

8
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1

2

3 1

4

5 2 Screening FH causal variant

6

/ 3 We will sequence exons of four FH-related genes (LDLR, PCSK9, APOB, and LDLRAPI)
8

?O 4  using the Illumina MiSeq system. The variant is defined as FH causal when it fulfills either of
1; 5  the following criteria: (a) registered as pathogenic/likely pathogenic in the ClinVar database;
13

14 6  (b) minor allele frequency <1% in the East Asian population with (i) protein-truncating

15

16 7  variants (nonsense, canonical splice sites, or frameshift), and (ii) missense variants that 5 in
17

18 8  silico damaging scores (SIFT, PolyPhen-2 HDIV, PolyPhen-2 HVAR, MutationTaster2,
19

20 9  LRT), all predicted as pathogenic;’ (c) missense variants reported as pathogenic in the

21

;g 10 Japanese population: PCSK9 p.Val4lle and p.Glu32Lys;'* ' and (d) eXome-Hidden Markov
;g 11 Model (XHMM) software predicted as copy number variations (large duplication/large

26 .12

27 12 deletion).

28

29 13

30

31 14  Intervention and control

32

33 15  Regarding the intervention group, we will perform genetic counseling besides standard FH
34

;2 16  patient education. In addition, a single qualified doctor will inform genetically estimated
;; 17  future cardiovascular risk based on the result of genetic testing. Genetic counseling will

39

40 18  comprise the following: (a) genetic diagnosis; (b) outline of what FH is; (c) checking family
41

42 19  history of hyperlipidemia/cardiovascular diseases; (d) informing that the results of genetic
43

44 20  testing could facilitate the research in this field; and (e) explaining the physical/mental

45

46 21 support system in our hospital. Of note, this counseling will be provided by a qualified

47

22 22 physician of clinical genetics. In addition, we will inform individual future cardiovascular
g? 23 risk, based on the presence or absence of a causal genetic variant by using the original

52

53 24 Japanese documents (Supplemental Data 1).*° After counseling we will set time to answer
54

55 25  the queries of patients adequately, confirming their level of understanding.
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Regarding the control group, we will only disseminate standard FH patient education
using the Japanese booklet for FH patient education according to the FH management
guideline (Supplemental Data 2);' this education will be provided by a clinical cardiology
physician specialist. After the education, we will set time to answer the queries of patients
adequately. Furthermore, it will be possible to receive additional counseling when patients

were afraid of genetic testing, regardless of the intervention or control groups.

Outcomes

The primary endpoint of this study is the plasma LDL cholesterol levels at 24 weeks. In
addition, secondary endpoints assessed at 24 and 48 weeks are as follows: blood test results;
smoking status; changes of lipid-lowering agents’ regimen; and Patients Satisfaction
Questionnaire Short Form (PSQ-18) scores (Supplemental Data 3) between the intervention
and control groups or among the four groups taking genetic testing results (positive /
negative) into consideration ([ 1] intervention + positive; [2] intevention + negative; [3]

control + positive; and [4] control + negative).

Follow-up schedule

Table 1 lists the overall follow-up schedule for this study. Follow-up visits will be conducted
in an outpatient clinic at the Kanazawa University Hospital. We will check patients’
background profiles, height, body weight, blood pressure (BP), heart rate (HR),
subjective/objective symptoms, complete blood counts, chemistry, lipid profile, fasting
glucose, hemoglobin A1C, lipid-lowering agents’ regimen, PSQ-18, smoking status, and
genetic testing. In addition, data regarding patients’ background profiles, including age, sex,
and medical history, will be obtained. We expect to arrange regular follow-up visits at eight

weeks (14 days), 16 weeks (£14 days), 24 weeks (+14 days), 32 weeks (14 days), 40
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weeks (14 days), and 48 weeks (14 days) to evaluate patients’ body weight, BP/HR,
symptoms, blood test results, prescription, PSQ-18, and smoking status. Furthermore, we will
evaluate the primary outcome at 24 weeks and recorded adverse events and concomitant

medication throughout the trial.

Sample size and power

The plasma LDL cholesterol levels at 24 weeks are the primary endpoint of this study. Of
note, the estimated difference in the LDL cholesterol level between the intervention and
control groups was 15 mg/dL with a standard deviation of 25. In the sample size calculation,
we determined that the required patients per group were 44 with 95% confidence interval and
power of 80%. Moreover, we set the drop rate as 10%, and approximately 100 patients with

FH were required for this trial.

Randomization

We will randomize patients with FH using an independent web-based randomization system
that included a minimization algorithm balanced for age (>50 years and <50 years), gender
(male and female), and causative variant, positive or negative. This system automatically
allocates patients’ to either the intervention or control groups. Of note, researchers gathering

clinical data and performing laboratory analyses will be blinded to the allocation.

Statistical analysis

We will compare the outcomes between intervention and control groups. The baseline
profiles are described by the mean and standard deviation, or median and quantiles
(continuous variables), or proportion (categorical variables). In addition, we will assess the

primary endpoint based on the intention-to-treat fashion, which was compared between the
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groups using the ¢-test. Moreover, we will compare secondary endpoints between the groups
at each defined period using the #-test, Mann—Whitney U-test, Fisher’s exact test, or linear or
logistic regression adjusted by appropriate covariates. Finally, P <0.05 will be considered
statistically significant for the primary endpoint. Statistical analysis will be performed using

R software version 3.4.1 (The R Project for Statistical Computing, Vienna, Austria).

Patient and public involvement

Patients and public will not be involved in the development of the research question and
outcome measures; the design of this study; the assessment of the intervention in this study;
or the recruitment to and conduct of the study. We will disseminate the final results to the

study participants after the results are published in a peer-reviewed journal.

DISCUSSION

For this study to demonstrate the clinical efficacy of genetic testing with informing
cardiovascular risk, it is imperative not only to confirm the FH diagnosis by genetic testing
but also to provide thoughtful evidence that genetic testing could enhance the prognosis of
patients with FH. Furthermore, it might be possible to further advance precision medicine
based on causal gene variants currently proposed mainly in the United States."

This study will enroll patients with FH without a history of coronary heart diseases
(CHD). Reportedly, patients with FH are at high risk of CHD compared with those without
FH.' ' In addition, patients with FH with causal variant positive in FH-related genes are

more likely to be diagnosed with CHD than those without a causal variant in FH-related

genes.®® Thus, the target plasma LDL cholesterol level is <100 mg/dL for primary prevention

in patients with FH.! However, the achievement rate of target LDL cholesterol levels remains

around 20%, despite appropriate lipid-lowering drug prescription.'> Beyond lipid-lowering
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agents, encouraging behavioral changes by the disclosure of genetic testing results is the
focus of attention. In a recent randomized trial, Kullo et al. reported that the disclosure of
future CHD risk by evaluating the genetic risk score correlated with the declining LDL
cholesterol level at six months in patients with general hypercholesterolemia.'® The results of
our study could prove that the risk stratification by genetic testing result and the disclosure of
future cardiovascular risk can promote patients’ behavioral changes and can elucidate the
benefit of attaining the target of LDL cholesterol, and thus might further reduce plasma LDL
cholesterol levels.

In this study, the primary endpoint is the changes in the plasma LDL cholesterol
levels following the disclosure of future CHD risk based on a genetic testing result.
Reportedly, LDL cholesterol is a primary risk factor for CHD, and lipid-lowering therapy and
a healthy lifestyle play a crucial role in reducing LDL cholesterol level.! 7 We have already
standardized assays previously to assess the lipid profile and we evaluated the LDL
cholesterol level directly or by the Friedewald formula.'® In addition, we will assess whether
changes in LDL cholesterol are because of changes in the lipid-lowering therapy regimen,
behavior change, lifestyle modification, or a combination of them. Furthermore, we assessed
patients’ mental status such as satisfaction or anxiety to genetic testing, genetic counseling,
disclosure of future CHD risk, a change in the treatment regimen, and doctor-patient
relationship at outpatient clinic visits.

The strength of genetic testing is that we will not only be able to precisely inform the
personalized genetic information and future CHD risk but will also be able to ameliorate
participants’ inner bad emotions for their diseases and decision makings over treatment. Thus
we will check the PSQ-18 as one of the secondary endpoints to objectively assess patients’
understanding and satisfaction for the daily medical practice, disclosure of genetic risk,

treatment decisions, and medical costs. Lewis et al. reported that genetic counseling after
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standard education might improve the satisfaction of individuals who have received their
carrier results.'”” Our study might provide interesting perspectives of returning genetic results
with the disclosure of future CHD risk for patients with FH, who have reliable and evidence-
based treatment options to prevent the risk.

In conclusion, we aimed to demonstrate the study design and protocol of the Impact
of Genetic Testing on Low-density Lipoprotein Cholesterol in Patients with FH (GenTLe-
FH) study. This study would be the first randomized controlled trial investigating the clinical
efficacy of genetic testing and the disclosure of future CHD risk in patients with FH. We
hypothesize that the genetic testing/counseling intervention group has a lower plasma LDL
cholesterol level than the control group at six months after randomization. Finally, this study
will provide insights into the importance of genetic testing and its disclosure in patients with

FH.
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2 Figure 1. Scheme of this study protocol.
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ABSTRACT

Introduction: Familial hypercholesterolemia (FH) is an autosomal dominant inherited
genetic disease. High-throughput sequencing quickly and comprehensively detects causative
variants of FH-related genes (LDLR, PCSK9, APOB, and LDLRAPI). Although the presence
of causative variants in FH-related genes correlates with future cardiovascular events, it
remains unclear whether detection of causative gene mutation and disclosure of its associated
cardiovascular risk affects outcomes in patients with FH. Therefore, this study intends to
evaluate the efficacy of counseling future cardiovascular risk based on genetic testing in
addition to standard patients’ education program in patients with FH.

Methods and analysis: A randomised, waiting-list controlled, open-label, single-center trial
will be conducted. We will recruit patients with clinically diagnosed FH without previous
history of coronary heart disease from March 2018 to December 2019, and we plan to follow-
up participants until March 2021. For the intervention group, we will perform genetic
counseling and will inform an estimated future cardiovascular risk based on individuals’
genetic testing results. The primary endpoint of this study is the plasma low-density
lipoprotein cholesterol level at 24 weeks after randomization. The secondary endpoints
assessed at 24 and 48 weeks are as follows: blood test results; smoking status; changes of
lipid-lowering agents’ regimen; and Patients Satisfaction Questionnaire Short Form scores
among the four groups divided by the presence of genetic counseling and genetic status of
FH.

Ethics and dissemination: This study will be conducted in compliance with the Declaration
of Helsinki, the Ethical Guidelines for Medical and Health Research Involving Human
Subjects, and all other applicable laws and guidelines in Japan. This study protocol was
approved by the IRB at Kanazawa University. We will disseminate the final results at

international conferences and in a peer-reviewed journal.
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1

2

2 1 Trial registration: This study was registered at the University Hospital Medical Information
5 .. . .

6 2 Network (UMIN) Clinical Trials Registry (UMIN ID: UMIN000029375).

7

8 3

9

1(1) 4  Keywords: Familial hypercholesterolemia, genetic testing, genetic counseling,

1 g 5  cardiovascular risk

14

15 6

16

17 7  Strengths and limitations of this study:

18

;g 8 * This would be the first randomised, waiting-list controlled study to assess whether
21

22 9  disclosing the risk for future cardiovascular diseases based on genetic testing results
23

24 10 correlates with reduced LDL cholesterol levels in patients with FH over standard FH

27 11 education.

29 12 * This study design is pragmatic, thus the study results could be applied for daily clinical
13 practice of primary prevention in patients with FH.

34 14 * For patients without causal variants in FH-related genes, disclosure of relatively low-risk
36 15  for future cardiovascular risk may inversely increase plasma LDL cholesterol levels

39 16  compared to high-risk individuals with causal variants in FH-related genes. This may

41 17  attenuate the intervention effect on the primary endpoint.
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INTRODUCTION

Familial hypercholesterolemia (FH) is an autosomal dominant inherited disorder, and the
prevalence of patients with heterozygous FH in the general population is approximately 0.5-
0.2% (1 in 200500 individuals).'> The major causative genes of FH are low-density
lipoprotein (LDL) receptor (LDLR), proprotein convertase subtilisin/kexin type 9 (PCSK9),
apolipoprotein B (APOB), and LDLR adaptor protein 1 (LDLRAPI). As FH is characterized
by hyper LDL-cholesterolemia and systemic xanthomas from infancy, it is one of the leading
causes of premature coronary artery disease.® Typically, patients with FH are prescribed
lipid-lowering agents at an early stage to reduce plasma LDL cholesterol levels, which could
prevent future occurrence of systemic arteriosclerosis including coronary artery disease.
Hence, it is imperative to give a precise diagnosis of FH as early as possible.’

According to the Japanese Atherosclerosis Society guideline, the clinical diagnosis of
FH in patients aged >15 years are made if the two of the following three criteria are met: (a)
hyper LDL-cholesterolemia; (b) presence of tendon xanthomas; and (c) family history of FH
or premature coronary artery disease.! Although genetic testing by the Sanger sequencing
method is crucial for the definitive diagnosis of FH, it is performed only in some limited
institutions because of its cost, large effort, and complexity. In addition, it remains unclear
whether genetic testing offers some advantages on the diagnosis or outcomes in patients
where FH has already been diagnosed clinically.

In recent years, advancements in comprehensive genetic analysis technology using a
high-throughput sequencer (HTS) have facilitated checking variants in candidate genes cost-
effectively and promptly. Previously, we conducted comprehensive genetic testing for
patients clinically diagnosed with FH and suggested that the carriers of causative variants in
FH-related genes (LDLR, PCSK9, APOB, or LDLRAPI) could be associated with future

cardiovascular events.® In addition, the presence of causative variants in FH-related genes has
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been reported to be associated with cardiovascular events, irrespective of LDL cholesterol
levels.’ Based on these results, genetic testing could be useful from the perspective of
cardiovascular risk estimates and stratification of patients with FH. However, it remains
unclear whether genetic testing with informing future cardiovascular risk based on the results
affects the prognosis in patients with FH.

Thus, this study aims to evaluate whether informing genetically estimated future
cardiovascular risk based on genetic testing besides usual patient education correlates with

reduced LDL cholesterol levels in patients with FH.

METHODS AND ANALYSIS

Overall study design

This study is a randomised, waiting list controlled, open-label, single-center trial. For the
intervention group, we will perform genetic counseling as well as informing individual
genetically estimated future cardiovascular risk based on patients’ genetic testing results.
Figure 1 shows the scheme of this study, and Table 1 outlines the overall follow-up schedule.
The primary outcome of this study is the plasma LDL cholesterol level at 24 weeks after
randomization. In addition, we hypothesize that the intervention group would have lower

LDL cholesterol levels compared with the control group at 24 weeks.
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1 Table 1 Assessment and evaluation schedule of this study

Page 6 of 40

2
12 Weeks before Week 8 Week 32
Day 0 (Week 0) Week 24 Week 48
randomization Week 16 Week 40
Diagnosed with
Randomization Main Primary Observational
clinical FH (pre- Trial end
(registration) period endpoint period
registration)

Informed consent X
Patient background X
Check adverse events < >
Height X
Body weight X X X X X X
BP/HR X X X X X X
Symptoms X X X X X X
Physical examination X X X X X X
Blood tests
Lipid profile X X X X X X
FPG/HbAlc X X X X X X
CBC X X X X X X
Chemistry X X X X X X
Genetic testing X
Lipid-lowering therapy regimen X X X X X X
PSQ-18 X X X X
Smoking status X X X X X X

3 Abbreviations: BP, blood pressure; CBC, complete blood counts; FH, familial

4 hypercholesterolemia; FPG, fasting plasma glucose; HR, heart rate; PSQ-18, the Patient

5  Satisfaction Questionnaire Short Form
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This study will be conducted in compliance with the Declaration of Helsinki, the
Ethical Guidelines for Medical and Health Research Involving Human Subjects, and all other
applicable laws and guidelines in Japan. In addition, this study protocol (version 2.0 dated 27
Aug 2018) was approved by the Institutional Review Board (IRB) at Kanazawa University
Hospital (Kanazawa, Japan) and was registered at the University Hospital Medical

Information Network (UMIN) Clinical Trials Registry (UMIN ID: UMIN000029375).

Study participants

We will recruit patients with clinically diagnosed FH from March 2018 to December 2019,
and we plan to follow-up participants until March 2021. Of note, only participants fulfilling
all inclusion criteria will be enrolled in this study (Table 2), and those with either of the
exclusion criteria were excluded from this trial (Table 3). In addition, we will obtain written
informed consent from all trial participants and these forms were approved by the IRB at the
Kanazawa University Hospital (Supplemental Data 1). It will be mandatory for trial
participants to understand the contents of the consent form before giving their acceptance;
moreover, it will have to be dated and signed by both trial participants and investigators.
Upon obtaining consent, the first copy of the consent form will be kept in the hospital and the
other part was kept by the patient and will not collect after the completion of the trial.
Furthermore, all participants will be informed that their medical care will not be affected if
they refused to enroll in the trial and that they will be free to withdraw their consent at any

time of the study period, at their discretion.
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Table 2 Inclusion criteria

We include the patients with all the following criteria:

1) Age >15 years

2) Diagnosed with familial hypercholesterolemia per the criteria of the Japan
Atherosclerosis Society

3) Patients who have never got genetic tests, or have not yet returned genetic
results regarding familial hypercholesterolemia

4) Patients who can provide written informed consent

Table 3 Exclusion criteria

Page 8 of 40

We exclude patients with either of the following criteria:

1) Liver dysfunction (AST or ALT>3 times the UNL)

2) Renal dysfunction (Cr, >2.0 mg/dL)

3) Immunosuppression

4) Active cancer

5) Previous history of coronary heart disease:
1) Myocardial infarction
i1) History of percutaneous coronary intervention or coronary artery bypass graft
111) Coronary stenosis (=75%) previously detected by coronary angiography

6) Female with pregnancy or expected

7) Patients whose doctors in charge consider him/her inappropriate to participate

Abbreviations as Table 1
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1

2

z 1 Screening FH causal variant

5 .

6 2 We will sequence exons of four FH-related genes (LDLR, PCSK9, APOB, and LDLRAPI)

7

8 3 using the [llumina MiSeq system. The variant is defined as FH causal when it fulfills either of
9

1(1) 4  the following criteria: (a) registered as pathogenic/likely pathogenic in the ClinVar database;
:g 5  (b) minor allele frequency <1% in the East Asian population with (i) protein-truncating

14

15 6  variants (nonsense, canonical splice sites, or frameshift), and (ii) missense variants that 5 in
16

17 7  silico damaging scores (SIFT, PolyPhen-2 HDIV, PolyPhen-2 HVAR, MutationTaster2,
LRT), all predicted as pathogenic;’ (¢) missense variants reported as pathogenic in the

22 9  Japanese population: PCSK9 p.Val4lle and p.Glu32Lys;!° ! and (d) eXome-Hidden Markov
24 10  Model (XHMM) software predicted as copy number variations (large duplication/large

26 11 deletion).!'?

29 12

31 13 Intervention and control

33 14  Regarding the intervention group, we will perform genetic counseling besides standard FH
15  patient education. In addition, a single qualified doctor will inform genetically estimated

38 16  future cardiovascular risk based on the result of genetic testing. Genetic counseling will

40 17  comprise the following: (a) genetic diagnosis; (b) outline of what FH is; (c) checking family
42 18  history of hyperlipidemia/cardiovascular diseases; (d) informing that the results of genetic
45 19  testing could facilitate the research in this field; and (e) explaining the physical/mental

47 20  support system in our hospital. Of note, this counseling will be provided by a qualified

:g 21  physician of clinical genetics. In addition, we will inform odds ratios of future cardiovascular
51 . . . .. .

5o 22 risk, based on the presence or absence of 1) a causal genetic variant and 2) a clinical sign

53

54 23 (xanthomas and/or family history of FH) by using the original Japanese documents

g? 24 (Supplemental Data 2).3? After counseling we will set time to answer the queries of patients
gg 25  adequately, confirming their level of understanding.
60
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Regarding the control group, we will only disseminate standard FH patient education
using the Japanese booklet for FH patient education according to the FH management
guideline;'! this education will be provided by a clinical cardiology physician specialist. After
the education, we will set time to answer the queries of patients adequately. After evaluating
primary endpoint (24t week from randomisation), the control group will receive their genetic
testing results and future cardiovascular risks via counseling as the intervention group
receives.

Both groups will be followed-up until 48t weeks from randomisation. Furthermore, it
will be possible to receive additional counseling and/or outpatient visit when patients want or
are afraid of genetic testing regardless of the intervention or control groups during and after

the trial.

Outcomes

The primary endpoint of this study is the plasma LDL cholesterol levels at 24 weeks. In
addition, secondary endpoints assessed at 24 and 48 weeks are as follows: blood test results;
smoking status; changes of lipid-lowering agents’ regimen; and Patients Satisfaction
Questionnaire Short Form (PSQ-18) scores between the intervention and control groups or
among the four groups taking genetic testing results (positive / negative) into consideration
([1] intervention + positive; [2] intevention + negative; [3] control + positive; and [4] control

+ negative).

Follow-up schedule
Table 1 lists the overall follow-up schedule for this study. Follow-up visits will be conducted
in an outpatient clinic at the Kanazawa University Hospital. We will check patients’

background profiles, height, body weight, blood pressure (BP), heart rate (HR),
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subjective/objective symptoms, complete blood counts, chemistry, lipid profile, Lp(a), fasting
glucose, hemoglobin A1C, lipid-lowering agents’ regimen, PSQ-18, smoking status, and
genetic testing. In addition, data regarding patients’ background profiles, including age, sex,
and medical history, will be obtained. We expect to arrange regular follow-up visits at eight
weeks (£14 days), 16 weeks (14 days), 24 weeks (£14 days), 32 weeks (£14 days), 40
weeks (114 days), and 48 weeks (£14 days) to evaluate patients’ body weight, BP/HR,
symptoms, blood test results, prescription, adherance to prescribed medication by self-report,
PSQ-18, and smoking status. Furthermore, we will evaluate the primary outcome at 24 weeks
and recorded adverse events and concomitant medication throughout the trial.

Data monitoring will be conducted by an independent monitoring staff. The trial
institution will be monitored after the first randomisation and every 6 months until the case
report form of the last participant is obtained. Trial database will also be monitored and

reviewed by the staff, and data queries will be raised if necessary.

Sample size and power

The plasma LDL cholesterol levels at 24 weeks are the primary endpoint of this study. Of
note, the estimated difference in the LDL cholesterol level between the intervention and
control groups was 15 mg/dL with a standard deviation of 25. In the sample size calculation,
we determined that the required patients per group were 44 with 95% confidence interval and
power of 80%. Moreover, we set the drop rate as 10%, and approximately 100 patients with

FH were required for this trial.
Randomization

We will randomize patients with FH using an independent web-based randomization system

that included a minimization algorithm balanced for age (>50 years and <50 years), gender
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(male and female), and causative variant, positive or negative. This system automatically
allocates patients’ to either the intervention or control groups. Only principal investigator,
trial physicians, and the clinical trial research coordinators have access to the clinical,
laboratory and allocation data. Of note, researchers performing statistical analyses will be

blinded to the allocation.

Statistical analysis

We will compare the outcomes between intervention and control groups. The baseline
profiles are described by the mean and standard deviation, or median and quantiles
(continuous variables), or proportion (categorical variables). In addition, we will assess the
primary endpoint based on the intention-to-treat fashion, which was compared between the
groups using the 7-test. Moreover, we will compare secondary endpoints between the groups
at each defined period using the #-test, Mann—Whitney U-test, Fisher’s exact test, or linear or
logistic regression adjusted by appropriate covariates. Finally, P <0.05 will be considered
statistically significant for the primary endpoint. Statistical analysis will be performed using
SAS version 9.3 (SAS Institute Inc., Cary, NC, USA) or R software version 3.4.1 or above

(The R Project for Statistical Computing, Vienna, Austria).

Patient and public involvement

Patients and public will not be involved in the development of the research question and
outcome measures; the design of this study; the assessment of the intervention in this study;
or the recruitment to and conduct of the study. We will disseminate the final results to the

study participants after the results are published in a peer-reviewed journal.

DISCUSSION
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For this study to demonstrate the clinical efficacy of informing cardiovascular risk based on
genetic testing results, it is imperative not only to confirm the FH diagnosis by genetic testing
but also to provide thoughtful evidence that genetic testing-based cardiovascular risk
disclosure could enhance the prognosis of patients with FH. Furthermore, it might be possible
to further advance precision medicine based on causal gene variants currently proposed
mainly in the United States.!3

This study will enroll patients with FH without a history of coronary heart diseases
(CHD). Reportedly, patients with FH are at high risk of CHD compared with those without
FH.! 14 In addition, patients with FH with causal variant positive in FH-related genes are
more likely to be diagnosed with CHD than those without a causal variant in FH-related
genes.?? Thus, the target plasma LDL cholesterol level is <100 mg/dL for primary prevention
in patients with FH.! However, the achievement rate of target LDL cholesterol levels remains
around 20%, despite appropriate lipid-lowering drug prescription.!> Beyond lipid-lowering
agents, encouraging behavioural changes by the disclosure of genetic testing results is the
focus of attention. In a recent randomized trial, Kullo et al. reported that the disclosure of
future CHD risk by evaluating the genetic risk score correlated with the declining LDL
cholesterol level at six months in patients with general hypercholesterolemia.!® The results of
our study could prove that the risk stratification by genetic testing result and the disclosure of
future cardiovascular risk can promote patients’ behavioural changes and can elucidate the
benefit of attaining the target of LDL cholesterol, and thus might further reduce plasma LDL
cholesterol levels.

In this study, the primary endpoint is the changes in the plasma LDL cholesterol
levels following the disclosure of future CHD risk based on a genetic testing result.
Reportedly, LDL cholesterol is a primary risk factor for CHD, and lipid-lowering therapy and

a healthy lifestyle play a crucial role in reducing LDL cholesterol level.! 17 We have already
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standardized assays previously to assess the lipid profile and we evaluated the LDL
cholesterol level directly or by the Friedewald formula.!® In addition, we will assess whether
changes in LDL cholesterol are because of changes in the lipid-lowering therapy regimen,
behaviour change, lifestyle modification, or a combination of them. Furthermore, we assessed
patients’ mental status such as satisfaction or anxiety to genetic testing, genetic counseling,
disclosure of future CHD risk, a change in the treatment regimen, and doctor-patient
relationship at outpatient clinic visits.

The strength of genetic testing is that we will not only be able to precisely inform the
personalized genetic information and future CHD risk but will also be able to ameliorate
participants’ inner bad emotions for their diseases and decision makings over treatment. Thus
we will check the PSQ-18 as one of the secondary endpoints to objectively assess patients’
understanding and satisfaction for the daily medical practice, disclosure of genetic risk,
treatment decisions, and medical costs. Lewis et al. reported that genetic counseling after
standard education might improve the satisfaction of individuals who have received their
carrier results.'® Our study might provide interesting perspectives of returning genetic results
with the disclosure of future CHD risk for patients with FH, who have reliable and evidence-
based treatment options to prevent the risk.

In conclusion, we aimed to demonstrate the study design and protocol of the Impact
of Genetic Testing on Low-density Lipoprotein Cholesterol in Patients with FH (GenTLe-
FH) study. This study would be the first randomized controlled trial investigating the clinical
efficacy of the disclosure of future CHD risk based on genetic testing results in patients with
FH. We hypothesize that the intervention group has a lower plasma LDL cholesterol level
than the control group at six months after randomization. Finally, this study will provide
insights into the importance of genetic testing and its disclosure of cardiovascular risk in

patients with FH.
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2 Figure 1. Scheme of this study protocol.
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B SPIRITV

STANDARD PrROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and related

documents*

Section/item Item No

Description

Administrative information

Title 1(p1)

Trial registration 2a (p3)

2b (n/a)

Protocol version 3 (p7)
Funding 4 (p15)

Roles and 5a (p1,
responsibilities 14-15)

5b (n/a)
5c (n/a)

5d (n/a)

Introduction

Background and  6a (p4)
rationale

6b (p10)
Objectives (p5) 7 (p5)

Descriptive title identifying the study design, population,
interventions, and, if applicable, trial acronym

Trial identifier and registry name. If not yet registered, name of
intended registry

All items from the World Health Organization Trial Registration Data
Set

Date and version identifier
Sources and types of financial, material, and other support

Names, affiliations, and roles of protocol contributors

Name and contact information for the trial sponsor

Role of study sponsor and funders, if any, in study design; collection,
management, analysis, and interpretation of data; writing of the
report; and the decision to submit the report for publication, including
whether they will have ultimate authority over any of these activities

Composition, roles, and responsibilities of the coordinating centre,
steering committee, endpoint adjudication committee, data
management team, and other individuals or groups overseeing the
trial, if applicable (see Item 21a for data monitoring committee)

Description of research question and justification for undertaking the
trial, including summary of relevant studies (published and
unpublished) examining benefits and harms for each intervention

Explanation for choice of comparators

Specific objectives or hypotheses
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1

2 Trial design 8 (p5) Description of trial design including type of trial (eg, parallel group,

3 crossover, factorial, single group), allocation ratio, and framework

g (eg, superiority, equivalence, noninferiority, exploratory)

6

7

8 Methods: Participants, interventions, and outcomes

9

10 Study setting 9 (p7) Description of study settings (eg, community clinic, academic

N hospital) and list of countries where data will be collected. Reference
12 . . .

13 to where list of study sites can be obtained

12 Eligibility criteria 10 (p8) Inclusion and exclusion criteria for participants. If applicable, eligibility
16 criteria for study centres and individuals who will perform the

17 interventions (eg, surgeons, psychotherapists)

18

19 Interventions 11a (p9) Interventions for each group with sufficient detail to allow replication,
20 including how and when they will be administered

21

22 11b Criteria for discontinuing or modifying allocated interventions for a

;i (p10) given trial participant (eg, drug dose change in response to harms,
25 participant request, or improving/worsening disease)

26 . . . .

57 11c (p9- Strategies to improve adherence to intervention protocols, and any
28 11) procedures for monitoring adherence (eg, drug tablet return,

29 laboratory tests)

30

31 11d (p9- Relevant concomitant care and interventions that are permitted or
gg 10) prohibited during the trial

34 Outcomes 12 (p10) Primary, secondary, and other outcomes, including the specific

22 measurement variable (eg, systolic blood pressure), analysis metric
37 (eg, change from baseline, final value, time to event), method of

38 aggregation (eg, median, proportion), and time point for each

39 outcome. Explanation of the clinical relevance of chosen efficacy and
j? harm outcomes is strongly recommended

fé Participant timeline 13 (p6) Time schedule of enrolment, interventions (including any run-ins and
44 washouts), assessments, and visits for participants. A schematic

45 diagram is highly recommended (see Figure)

46

47 Sample size 14 (p11) Estimated number of participants needed to achieve study objectives
48 and how it was determined, including clinical and statistical

gg assumptions supporting any sample size calculations

g; Recruitment 15 (p11) Strategies for achieving adequate participant enrolment to reach

53 target sample size

54

55 Methods: Assignment of interventions (for controlled trials)

56

57

58

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Allocation:

Sequence
generation

Allocation
concealment
mechanism

Implementation

Blinding (masking)

16a
(p11-12)

16b
(p11-12)

16¢
(p11-12)

17a
(p11)

17b
(p11)

BMJ Open Page 38 of 40

Method of generating the allocation sequence (eg, computer-
generated random numbers), and list of any factors for stratification.
To reduce predictability of a random sequence, details of any
planned restriction (eg, blocking) should be provided in a separate
document that is unavailable to those who enrol participants or
assign interventions

Mechanism of implementing the allocation sequence (eg, central
telephone; sequentially numbered, opaque, sealed envelopes),
describing any steps to conceal the sequence until interventions are
assigned

Who will generate the allocation sequence, who will enrol
participants, and who will assign participants to interventions

Who will be blinded after assignment to interventions (eg, trial
participants, care providers, outcome assessors, data analysts), and
how

If blinded, circumstances under which unblinding is permissible, and
procedure for revealing a participant’s allocated intervention during
the trial

Methods: Data collection, management, and analysis

Data collection
methods

18a
(p10-11)

18b (n/a)

Data management 19 (p10-

11)

Statistical methods 20a

(p11-12)

Plans for assessment and collection of outcome, baseline, and other
trial data, including any related processes to promote data quality
(eg, duplicate measurements, training of assessors) and a
description of study instruments (eg, questionnaires, laboratory tests)
along with their reliability and validity, if known. Reference to where
data collection forms can be found, if not in the protocol

Plans to promote participant retention and complete follow-up,
including list of any outcome data to be collected for participants who
discontinue or deviate from intervention protocols

Plans for data entry, coding, security, and storage, including any

related processes to promote data quality (eg, double data entry;

range checks for data values). Reference to where details of data
management procedures can be found, if not in the protocol

Statistical methods for analysing primary and secondary outcomes.
Reference to where other details of the statistical analysis plan can
be found, if not in the protocol
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20b
(p11-12)

20c
(p11-12)

Methods: Monitoring

Data monitoring

Harms

Auditing

21a
(p11)

21b (n/a)

22 (p11)

23 (n/a)

Ethics and dissemination

Research ethics
approval

Protocol
amendments

Consent or assent

Confidentiality

Declaration of
interests

24 (p7)

25 (p7)

26a (p7)

26b (p7)

27 (p7)

28 (p14)

BMJ Open

Methods for any additional analyses (eg, subgroup and adjusted
analyses)

Definition of analysis population relating to protocol non-adherence
(eg, as randomised analysis), and any statistical methods to handle
missing data (eg, multiple imputation)

Composition of data monitoring committee (DMC); summary of its

role and reporting structure; statement of whether it is independent
from the sponsor and competing interests; and reference to where
further details about its charter can be found, if not in the protocol.

Alternatively, an explanation of why a DMC is not needed

Description of any interim analyses and stopping guidelines,
including who will have access to these interim results and make the
final decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited and
spontaneously reported adverse events and other unintended effects
of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and
whether the process will be independent from investigators and the
sponsor

Plans for seeking research ethics committee/institutional review
board (REC/IRB) approval

Plans for communicating important protocol modifications (eg,
changes to eligibility criteria, outcomes, analyses) to relevant parties
(eg, investigators, REC/IRBs, trial participants, trial registries,
journals, regulators)

Who will obtain informed consent or assent from potential trial
participants or authorised surrogates, and how (see ltem 32)

Additional consent provisions for collection and use of participant
data and biological specimens in ancillary studies, if applicable

How personal information about potential and enrolled participants
will be collected, shared, and maintained in order to protect
confidentiality before, during, and after the trial

Financial and other competing interests for principal investigators for
the overall trial and each study site
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Access to data 29 (p12) Statement of who will have access to the final trial dataset, and
disclosure of contractual agreements that limit such access for
investigators

Ancillary and post- 30 (p10) Provisions, if any, for ancillary and post-trial care, and for

trial care compensation to those who suffer harm from trial participation
Dissemination 31a Plans for investigators and sponsor to communicate trial results to
policy (p12) participants, healthcare professionals, the public, and other relevant

groups (eg, via publication, reporting in results databases, or other
data sharing arrangements), including any publication restrictions

31b Authorship eligibility guidelines and any intended use of professional
(p14-15) writers

31c (n/a) Plans, if any, for granting public access to the full protocol,
participant-level dataset, and statistical code

Appendices

Informed consent 32 (p7) Model consent form and other related documentation given to
materials participants and authorised surrogates

Biological 33 (p9) Plans for collection, laboratory evaluation, and storage of biological
specimens specimens for genetic or molecular analysis in the current trial and

for future use in ancillary studies, if applicable

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013
Explanation & Elaboration for important clarification on the items. Amendments to the protocol
should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT Group under
the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported” license.
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