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Abstract

Background—The Valsartan for Attenuating Disease Evolution in Early Sarcomeric 

Hypertrophic Cardiomyopathy (VANISH) trial targeted young sarcomeric gene mutation carriers 

with early stage hypertrophic cardiomyopathy (HCM) to test whether valsartan can modify disease 

progression. We describe the baseline characteristics of the VANISH cohort, and compare to 

previous trials evaluating angiotensin receptor blockers (ARB).

Methods—Applying a randomized, double-blinded, placebo-controlled design, 178 participants 

with non-obstructive HCM (age 23.3±10.1 years, 61% male) were randomized in the primary 

cohort, and 34 (age 16.5±4.9 years, 50% male) in the exploratory cohort of sarcomeric mutation 

carriers without left ventricular (LV) hypertrophy.

Results: In the primary cohort, maximal LV wall thickness was 17±4 mm for adults and z-score 

7.0±4.5 for children. Nineteen percent had late gadolinium enhancement on CMR. Mean peak 

oxygen consumption was 33 ml/kg/min and 92% of participants were New York Heart Association 

(NYHA) functional class I. NYHA class II was associated with older age, myosin heavy chain 

(MYH7) variants, and more prominent imaging abnormalities. Six previous trials of ARBs in 

HCM enrolled a median of 24 patients (range 19–133) with mean age 51.2 years; 42% of patients 

were in NYHA class ≥II, and sarcomeric mutations were not required.

Conclusions—The VANISH cohort is much larger, younger, less heterogeneous and has less 

advanced disease than prior ARB trials in HCM. Participants had relatively normal functional 

capacity and mild HCM features. NYHA functional class II symptoms were associated with older 
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age, more prominent imaging abnormalities, and MYH7 variants, suggesting both phenotype and 

genotype contribute to disease manifestations.

Clinical trial registration—https://clinicaltrials.gov/ct2/show/NCT01912534

Subject terms:

ACE/Angiotensin Receptors/Renin Angiotensin System; Clinical Studies; Genetics; 
Cardiomyopathy; Hypertrophy

Introduction

Hypertrophic cardiomyopathy (HCM) is one of the most common inherited cardiac diseases 

with a reported prevalence of 1 in 500 adults1–3. Increased left ventricular (LV) wall 

thickness that cannot be explained by extrinsic factors (such as increased afterload), 

myocardial fibrosis and myocyte disarray are hallmarks of the disease4, 5. Disease-causing 

(pathogenic) variants in genes encoding the cardiac sarcomere are the predominant cause of 

HCM and can be identified in approximately 60% of patients with familial disease6, 7. 

Patients with HCM are at an increased risk of sudden cardiac death, stroke and heart failure. 

Moreover, HCM is a progressive condition with increasing disease burden throughout life8. 

Thus, there is a clear need to identify treatments that can halt disease progression and, 

ultimately, prevent disease emergence by counteracting the pathobiology of the underlying 

sarcomeric gene variant. However, there is a paucity of randomized clinical trials in HCM 

and no pharmacological treatment has yet been reliably demonstrated to alter disease 

progression or improve outcomes9.

Activation of the renin-angiotensin system is known to play a pivotal role in the 

development of myocardial hypertrophy and fibrosis caused by pressure overload10, 11. 

Preclinical studies in animal models of HCM caused by sarcomeric variants have suggested 

that transforming growth factor-beta (TGF-β) activation is critically involved in the 

development of hypertrophy and fibrosis early in the pathogenesis of HCM12. Although 

treatment with TGF-β neutralizing antibodies and angiotensin II receptor blockers (ARB) at 

doses adequate to inhibit TGF-β activation appeared to dramatically attenuate development 

of hypertrophy and fibrosis in animal models of HCM if given early in disease evolution, 

these agents were unable to reverse established changes once myocardial abnormalities were 

present. Moreover, the role of the related pathways and the efficacy of these treatments in 

human disease are unclear12–21. While prior clinical trials of angiotensin converting enzyme 

inhibitors (ACEi) and ARBs in HCM have not shown convincing benefit16–21, these trials 

have generally been quite small in scale, included middle-aged or older adult patients with 

well-established disease, and have not specifically targeted patients with proven sarcomeric 

HCM.

The Valsartan for Attenuating Disease Evolution in Early Sarcomeric Hypertrophic 

Cardiomyopathy (VANISH) Trial is testing the hypothesis that valsartan attenuates disease 

progression in sarcomeric variant carriers with early stage disease, based on young age and 

absence of pronounced left ventricular hypertrophy (LVH) or substantial symptoms22. The 

underlying rationale for VANISH is that disease may be modifiable early in its evolution 
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while reversal of established pathology may not be feasible. Here we report and compare the 

baseline characteristics of the participants randomized into VANISH with those in previous 

clinical trials of ARBs in HCM.

Methods

Participants and trial design

A detailed description of the trial design and rationale has been published previously22. In 

brief, VANISH is a randomized, double-blinded, placebo-controlled trial, targeting 

individuals with pathogenic or likely pathogenic HCM-associated sarcomeric gene 

variants23 (Supplemental Table 1). The study consists of both a primary analysis cohort of 

patients with early disease (8–45 years of age with non-obstructive HCM) and an 

exploratory cohort of young sarcomeric mutation carriers with preclinical disease (10–25 

years, normal LV wall thickness [no diagnosis of HCM] but evidence of early phenotypic 

manifestations such as impaired relaxation [reduced tissue Doppler e’ velocity] or 

electrocardiographic (ECG) abnormalities [Q waves or ST changes]).

Participants in both groups had to be asymptomatic or mildly symptomatic at entry (New 

York Heart Association (NYHA) class I-II). NYHA class was designated by the site 

principal investigator, based on subject self-report and clinical evaluation. Sarcomeric 

variants were classified as pathogenic, likely pathogenic, of uncertain significance, or likely 

benign/benign according to standard criteria23, 24accounting for segregation, conservation, 

literature review, review of publicly available databases (ClinVar, [URL: https://

www.ncbi.nlm.nih.gov/clinvar]), and very low frequency in appropriate ethnically-matched 

control populations (Exome Aggregation Consortium [ExAC], Cambridge, MA [URL: 

http://exac.broadinstitute.org]). If a variant was determined to be pathogenic or likely 

pathogenic by one of three experienced commercial laboratories (Laboratory for Molecular 

Medicine, GeneDx, Invitae), the assertion was reviewed and generally accepted. For variants 

not previously reviewed by the three acknowledged laboratories, not present in ClinVar, and 

for all variants of uncertain significance, a panel with expertise in genotyping, led by the 

principal investigator, assessed each questionable variant and approved or denied eligibility 

by consensus based on the above criteria and private patient/family-specific segregation data 

when available.

Participants in the primary analysis cohort and exploratory cohort were randomized and 

analyzed independently. The primary efficacy endpoint is a composite of nine variables in 

three domains of surrogate endpoints reflecting myocardial structure, function and injury/

stress (Supplemental table 2). The trial is registered at https://clinicaltrials.gov/ct2/show/

NCT01912534. All participants or legal guardians provided written informed consent and 

youth assent prior to inclusion. The data, analytic methods, and study materials will not be 

made available to other researchers for purposes of reproducing the results or replicating the 

procedure.
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Enrollment

Study participants were recruited from HCMNet sites (17 United States centers, one 

Canadian, one Brazilian and one Danish center) or self-identified after learning about the 

trial from relatives or outreach efforts with local physicians, social media, and patient 

advocacy groups25. A total of 588 individuals were identified as potentially eligible by the 

sites and were approached for consent. Baseline evaluation for eligibility, consisting of 

review of the sarcomeric gene variant, echocardiography, cardiopulmonary exercise testing 

(CPET), ECG, and cardiac magnetic resonance (CMR) imaging was performed in the 259 

participants who consented to the trial (Figure 1). Participants who fulfilled eligibility 

criteria for either the primary or exploratory cohort entered into an active run-in phase 

during which increasing doses of valsartan were administered as tolerated until reaching 

weight-based target dose (80 to 320 mg daily). Participants were randomly assigned to 

receive valsartan or matching placebo for two years. Compliance was assessed by pill count 

at all visits and at quarterly telephone calls and also by bottle logs where study coordinators 

reconciled the number of pills distributed and returned22. Participants who could not tolerate 

titration to the target dose of valsartan were not randomized.

Study procedures for the assessment of baseline characteristics

Baseline echocardiography was performed to verify eligibility and to assess values of LV 

morphologic and functional components of the primary outcome. Study sonographers were 

trained and certified by the Echo Core Laboratory prior to the start of the study to ensure 

data quality and standardization. Standard two- and three- dimensional images, spectral and 

color Doppler interrogation were obtained to assess cardiac dimensions, morphology, 

function, valvular function, and to characterize hemodynamics (mitral inflow patterns, 

estimated pulmonary artery systolic pressure, and obstructive physiology related to HCM). 

All analyses were performed at the Echo Core Laboratory by personnel blinded to treatment 

arm, including rapid analysis (<1 week from baseline visit) to determine eligibility and 

phenotypic status for stratified randomization for the primary or exploratory cohorts, based 

on the defined LV wall thickness, e’ criteria and thickness:dimension ratio. All measurement 

values were obtained by averaging three cardiac cycles and in accordance with established 

criteria of the American Society of Echocardiography26, 27.

A CMR study was performed for the assessment of baseline values of LV morphologic and 

functional components of the primary outcome and for the assessment of myocardial 

fibrosis. Imaging was performed on 1.5T to 3T systems available at the participating centers 

using a cardiac phased-array receiver coil gated to the ECG. CMR technicians were trained 

and certified by the CMR Core Laboratory prior to the start of the study to ensure data 

quality and standardization. CMR was not performed on children if sedation was required, 

or in individuals with contraindications to CMR. Standard short- and long- axis cine images 

were acquired using Steady-State-Free-Precession for quantification of cardiac dimensions, 

mass and systolic function. In addition, tagging sequences were obtained to assess regional 

function. For the assessment of late gadolinium enhancement T1-weighted gradient echo 

images were obtained as a short-axis stack and as standard long-axis images 15–20 minutes 

after the injection of gadolinium contrast. For late gadolinium enhancement the presence/

absence, location, geographic extent, and threshold values (6 standard deviations) above 
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mean tissue intensity were assessed. All CMR studies were stored digitally for blinded 

offline CMR Core Laboratory analysis. CMR image analysis was performed using CVI42 

(Circle Cardiovascular Imaging; Calgary, Canada).

A standard 12-lead ECG was obtained to verify eligibility at enrollment and measurements 

determined by the ECG Core Laboratory.

A cardiopulmonary exercise test (CPET) was performed for the assessment of peak VO2, 

ventilatory efficiency and other indicators of fitness. Technicians were trained and certified 

by the CPET Core Laboratory prior to the start of the study to ensure data quality and 

standardization. Additionally, standardized calibration of equipment was required. Cycle 

ergometry was preferentially used with a 3-minute unloaded warm-up followed by a ramped 

workload of 20 watts/min. The protocol was modified to a 10 watt/min ramp for subjects 

younger than 14 or if site staff considered that a subject would not be able to perform a 20 

watt/min ramp protocol. The goal respiratory exchange ratio was ≥1.10. All studies were 

transferred for blinded analysis at the CPET Core Laboratory. For analysis, the highest 30 

second average VO2 during the final 90 seconds of incremental exercise was identified. 

Primary breath-by-breath data were used to calculate ventilatory anaerobic threshold, by the 

V slope method.

Structured literature review

We searched PubMed in January 2012 in preparation for the trial and again in and April 

2018 and April 2019 during the preparation of this report. We included articles published in 

English until 22 April 2019 using the search terms ‘hypertrophic cardiomyopathy’ AND 

‘angiotensin receptor blocker’. The search yielded four reports of randomized trials. In 

addition, two further reports were found in the reference lists of these reports.

Statistical analysis

Baseline continuous variables are presented as mean and standard deviation (SD) or median 

and interquartile range (IQR), depending on distribution. Categorical variables are presented 

as number and percent. Continuous variables considered dependent on body growth are 

presented as Z-score (SD from population mean) in pediatric participants28. Between-group 

differences were compared using t-test, ANOVA or Chi-Square depending on type of 

variable and number of groups. For all analyses, we regard a two-sided p-value of less than 

0.05 as significant. No adjustment was made to account for comparing multiple outcome 

variables. When many outcomes are analyzed, it is not unexpected that one or more might 

have a statistically significant difference just by chance.

Results

Baseline Characteristics of the VANISH Cohort

The baseline characteristics of participants by cohort are summarized in Table 1. In total, 

212 participants from 176 different families were found to be eligible, successfully 

completed active run-in, and were randomized into the study. Mean age was 22.2 ± 9.7 

years, 40.6% were female, and 93.4% were NYHA class I. The most common reasons for 
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not progressing to randomization were: (1) failure to meet eligibility criteria during baseline 

screening, including not meeting specified echo LV wall thickness criteria (N=23), not 

meeting age criteria (N=3), having medical conditions that contraindicated ARB 

administration (N=1) and not meeting specific ECG or echocardiographic requirements for 

the exploratory cohort (N=1); (2) withdrawal of consent prior to active run-in (N=12); and 

(3) withdrawal during active run-in (N=7). The majority of participants (82%) were from 

sites in North America, 13% were from Brazil and 6% from Denmark.

At baseline, 178 (84%) participants had phenotypic HCM with LVH (as determined by the 

core echocardiographic laboratory) and were randomized into the primary analysis cohort, 

while 34 (16%) had normal LV wall thickness and were randomized into the exploratory 

cohort as preclinical HCM participants.

Primary Analysis Cohort

Primary cohort participants were at mean age of 23.3 ± 10.1 years (range 8–45) at baseline 

and 61% were male. Overall mean maximal LV wall thickness by echocardiography was 16 

± 4 mm. Mean maximal LV wall thickness for adult participants was 17 ± 4 mm and mean 

maximal LV wall thickness z-score in children was 7.0 ± 4.5. Nineteen percent of 

participants in the primary cohort were on beta-blockers and 3% were on calcium channel 

blockers. Figure 2 shows the distribution of variants, with most participants carrying variants 

in myosin binding protein C (MYBPC3) or myosin heavy chain (MYH7) genes. 

Cardiovascular symptoms were reported by 21 (12%) participants, most commonly 

palpitations (10%) and exertional dyspnea (6%) (Figure 3). Most participants (n=164, 92%) 

were classified NYHA functional class I while 14 (8%) were NYHA class II. As shown in 

Table 2, NYHA class II participants were over a decade older (34.7 ± 10.0 vs 21.3 ± 9.1 

years, p<0.001) and more likely to carry a pathogenic variant in MYH7 (71% vs 32%) but 

less likely to carry a variant in MYBPC3 (14% vs 54%, p=0.02). Additionally, NYHA class 

II participants had higher CMR LV mass (77 ± 19 vs 62 ± 17 grams/m2, p=0.005) and LV 

maximal wall thickness (16 ± 4 vs 11 ± 3 mm, p<0.001), more severely impaired diastolic 

parameters (average e’ 7 ± 3 vs 12 ± 8 cm/sec, p<0.001; E/e’ 11 ± 4 versus 7 ± 2, p=0.004), 

and larger CMR left atrial volume (44 ± 19 vs 28 ± 19 ml, p=0.01). Moreover, LGE was 

both more prevalent (present in 55% vs 13%, p<0.001) and more extensive (involving 26 ± 

21 vs 10 ± 8 % of LV mass, p=0.009) in NYHA class II and class I participants respectively.

The distribution and prevalence of ECG and echocardiographic features are presented in 

Figure 4. All subjects were in sinus rhythm except 1 who had an ectopic atrial rhythm. In 

addition, Q waves, repolarization changes, and voltage criteria for LVH were seen in 108 

(63%) of the primary cohort participants. Regional differences in baseline age were 

identified with patients from North America (US [20.2 ± 8.8 years] and Canada [14.0 ± 0.8 

years]) being younger than patients included in Brazil (33.6 ± 8.2 years) and Denmark (27.6 

± 7.8 years) (Supplemental Table 3).

Exploratory Cohort

The mean age of participants in the exploratory cohort was 16.5 ± 4.9 years (range 10–25) 

and 50% were male. Participants in the exploratory cohort qualified for inclusion based on 
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1) LV wall thickness z-score between 1.5 and 2.9 combined with LV thickness to dimension 

ratio >=0.19 (68%), 2) qualifying ECG abnormality (38%) or 3) e’ z-score<1.5 (21%). Nine 

(27%) participants fulfilled two of these criteria, whereas the remaining participants fulfilled 

one. Maximal wall thickness for the exploratory cohort was 10 ± 1 mm. Adult participants 

had a mean maximal wall thickness of 10 ± 1 mm; children had a mean maximal LV wall 

thickness z-score of 2.3 ± 0.4. Most participants carried variants in MYBPC3 or MYH7 
genes (Figure 2). Only two of 34 participants in the exploratory cohort were taking 

cardioactive medications, both beta-blockers. As shown in Figure 3, cardiovascular 

symptoms were reported by 4 (12%) participants, most commonly lightheadedness and chest 

pain (6% each). All exploratory cohort participants were NYHA class I. The distribution and 

prevalence of ECG and echocardiographic findings are presented in Figure 4. All subjects 

were in sinus rhythm except one with ectopic atrial rhythm. Q waves, repolarization 

changes, and voltage criteria for LVH were seen in 13 (38%) exploratory cohort participants. 

None of the subjects in the exploratory cohort had LGE on CMR.

Comparison to prior ARB Trials in HCM

Table 3 lists the key entry criteria of VANISH compared to the six previously published 

trials testing ARBs in HCM. In contrast to previous trials, a pathogenic or likely pathogenic 

sarcomeric gene mutation was necessary for inclusion in VANISH. VANISH was the only 

trial to include children and adolescents, as well as the only trial to include participants with 

preclinical HCM (no LVH) for exploratory study. The duration of study is at least twice as 

long. Furthermore, VANISH is the only multinational trial and is almost ten times the size of 

all but one of the previous trials.

Participant characteristics are compared to those in previous trials in Table 4. By design, 

VANISH Primary Analysis participants were younger and had features consistent with 

earlier-stage disease. The mean age of randomized participants in the primary cohort of 

VANISH was 23 years; 30 years younger than the mean age in all but 1 of the previous 

trials. Furthermore, participants in VANISH had less LVH than previous trials of ARB in 

HCM. Mean maximal wall thickness, measured by echocardiography in the primary analysis 

cohort in VANISH was 16 mm, whereas in the six previous trials, the combined mean 

maximal wall thickness was 20.7 mm. Similar to the most recent trials, the vast majority of 

participants in VANISH (96%) were NYHA functional class I at baseline compared to one 

third of patients in INHERIT who were NYHA functional class II20, 21. Older trials included 

an equal distribution of patients in NYHA functional classes I, II and III18, 19. None of the 

participants in VANISH had atrial fibrillation. Although atrial fibrillation at the time of 

enrollment was an exclusion criterion in INHERIT, the proportion of patients with a history 

of atrial fibrillation was 12%21. In two other previous trials atrial fibrillation was an 

exclusion criterion and in the three remaining trials the prevalence was not reported16–20. 

The use of calcium channel blockers in VANISH was much lower (2%) than in prior studies 

(14–44%) whereas the use of beta-blockers in VANISH was comparable (17%) to that in 

prior studies (11–57%)
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Discussion

The VANISH trial was designed to test the hypothesis that ARB administration can attenuate 

disease progression in early sarcomeric HCM. Inclusion criteria were designed to capture 

younger mutation carriers anticipated to have less advanced disease. This population is 

thought to potentially be more responsive to disease-modifying therapy than older patients 

with established myocardial hypertrophy and fibrosis. The rationale for VANISH draws 

upon findings in studies on animal models of sarcomeric HCM suggesting a modifiable 

period early in disease evolution, but once advanced phenotypic manifestations are present, 

they may be irreversible and unresponsive to pharmacologic manipulation. Thus, our goal 

was to randomize a cohort of participants at an earlier stage of disease than previously 

attempted12.

The baseline characteristics of participants randomized into VANISH indicate that we 

succeeded in enrolling a young cohort of participants with less advanced disease than 

previously assessed. Per protocol, participants in the primary cohort had LVH supporting a 

diagnosis of HCM, but had a mean maximal wall thickness of 16 mm; 35% less than in prior 

trials. Also, in keeping with the young age and less advanced disease of the primary cohort, 

mean peak oxygen consumption was nearly normal (mean peak VO2 81% predicted) and 

LGE on CMR was present in only 19% of participants, rather than ~60% typically seen in 

adult HCM cohorts29. Although most participants reported NYHA I functional class, those 

with NYHA class II symptoms (8%) were on average over 13 years older, more likely to 

carry an MYH7 variant, and had more advanced myocardial changes, with more 

hypertrophy, LGE, left atrial enlargement, and diastolic abnormalities, as well as lower peak 

oxygen consumption. Collectively, these findings demonstrate that phenotype, genotype and 

age contribute to disease experience. Further study is needed to better characterize 

interactions between genetic variation, cardiac structure and function, and symptom burden 

throughout an individual’s lifetime.

Participants in the exploratory cohort were required to have subtle echocardiographic or 

ECG changes to indicate some level of phenotypic expression of their sarcomeric gene 

variant, despite essentially normal LV wall thickness. All had increased (≥0.19) LV 

thickness:dimension ratio (normal range [mean +/− 2SD] 0.16 +/− 0.02). Borderline LVH 

(LV wall thickness z score 1.5–2.9) was the most common early phenotypic feature of 

variant carriers in the exploratory cohort, present in 68%. ECG abnormalities were present 

in 18 (53%) participants, 72% of which were T-wave inversion/repolarization changes and 

criteria for LVH being the most prevalent - present in 13 (38%). Notably, the proportion of 

participants with ECG criteria for LVH was similar between primary (50 [29%]) and the 

exploratory (10 [29%]) cohorts, in contrast with their echocardiographic findings. Low 

tissue Doppler relaxation velocities (e’ z-score<1.5) were present in 21% of the exploratory 

cohort.

Compared to prior studies using ARBs in HCM, the baseline characteristics of participants 

randomized in the VANISH trial were distinctly different, reflecting our specific aims and 

entry criteria. First, participants in VANISH were nearly 30 years younger. Secondly, 

participants randomized into the primary analysis cohort of VANISH had substantially less 
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hypertrophy at baseline. Thirdly, we included only individuals carrying a pathogenic or 

likely-pathogenic sarcomeric variants to more fully mirror the preclinical studies (performed 

on animal models of HCM due to sarcomeric gene variants) and ensure that the study 

population had a more uniform disease etiology. In previous trials, the presence of a 

sarcomeric gene variant was not an entry criterion. The INHERIT21 (n=133) and 

CHANCE19 studies (n=24) reported that 43% and 82% of the cohorts, respectively carried 

pathogenic or likely pathogenic variants. The distribution of sarcomeric gene variants in 

VANISH was similar to those two studies and reflects the typical distribution in clinical 

practice, with variants in MYH7 and MYBPC3 being the most abundant6, 7. Finally, all prior 

trials but the INHERIT study included fewer than 30 patients treated for 6 to 12 months, 

contrasting with the 178 participants randomized for 24 months of treatment in the VANISH 

primary analysis cohort16–21.

In summary, the VANISH trial is the largest and longest trial to date in HCM and tests a 

novel hypothesis that ARBs can attenuate disease progression in HCM if administered early, 

during a more modifiable period in disease evolution. Randomized participants all carried 

clinically significant sarcomeric gene variants, were much younger, and at an earlier stage in 

disease development compared to previous studies. In participants with clinically overt 

HCM, symptom burden was associated with age, phenotype and genotype. The results of the 

VANISH trial will provide patients and their physicians with further insights on disease 

progression in HCM and the potential impact of ARBs, thus advancing the care of patients 

and families with inherited cardiomyopathies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Nonstandard abbreviations

ARB Angiotensin II receptor blockers

CHANCE Candesartan use in Hypertrophic And Nonobstructive 

Cardiomyopathy Estate

CMR Cardiac magnetic resonance imaging

CPET Cardiopulmonary exercise test

CT Cardiac computed tomography
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E Peak early mitral inflow velocity

e’ Peak early mitral annular relaxation velocity

ECG Electrocardiogram

HCM Hypertrophic cardiomyopathy

LA Left atrial

LGE Late gadolinium enhancement

LV Left ventricle

LVH left ventricular hypertrophy

LVEF Left ventricular ejection fraction

NT-pro-BNP N-terminal of the pro brain natriuretic peptide

NYHA New York Heart Association, heart failure class

TGF- β Tissue growth factor β

VO2 max Peak oxygen uptake
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What is new?

• The Valsartan for Attenuating Disease Evolution in Early Sarcomeric 

Hypertrophic Cardiomyopathy (VANISH) Trial is the first trial to test the 

hypothesis that valsartan attenuates disease progression in sarcomeric 

mutation carriers with early stage disease, based on young age and absence of 

pronounced left ventricular hypertrophy or substantial symptoms.

• Compared to patients enrolled in previous trials evaluating angiotensin 

receptor blockers in hypertrophic cardiomyopathy, the subjects enrolled in 

VANISH were much younger, all carried a pathogenic or likely pathogenic 

sarcomere variant, 92% were NYHA class I and 88% had no cardiovascular 

symptoms at all.

• Symptom burden (NYHA II functional class) was associated with age, more 

prominent imaging abnormalities and genotype.

What are the clinical implications?

• The results of the VANISH trial will address whether it is possible to modify 

the progression of disease with angiotensin receptor blockers in early stage 

hypertrophic cardiomyopathy, thus impacting clinical practice for treatment of 

this group of patients.
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Figure 1. 
Screening, run-in and randomization in the VANISH trial.
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Figure 2. Distribution of pathogenic and likely pathogenic variants in the primary (Panel A, 
n=178) and exploratory (Panel B, n=34) cohorts.
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Compound heterozygosity was seen in five primary cohort participants who carried variants 

in MYBPC3 in addition to MYH7 (n=4) or TNNT2 (n=1) variants.
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Figure 3. 
Symptoms at the time of enrollment in the primary (blue, n=178) and exploratory (green, n= 

34) cohorts.
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Figure 4. Distribution of ECG and echocardiographic features in the primary (blue, n=178) and 
exploratory (green, n=34) cohorts.
e’ indicates peak early mitral annular relaxation velocity; LA, left atrial; LAFB, left anterior 

fascicular block; LPFB, left posterior fascicular block; LV, left ventricular.
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Table 1.

Baseline characteristics of participants in VANISH by cohort

Total (n=212) Overt HCM – Primary 
Analysis Cohort (n=178)

Preclinical HCM- 
Exploratory Cohort (n=34)

Age, years 22.2 (9.7) 23.3 (10.1) 16.5 (4.9)

Female gender (%) 86 (40.6) 69 (38.8) 17 (50.0)

Race (%)

White 203 (95.8) 169 (94.9) 34 (100.0)

Black 3 (1.4) 3 (1.7) 0 (0.0)

Other 6 (2.8) 6 (3.4) 0 (0.0)

NYHA class (%)

I 198 (93.4) 164 (92.1) 34 (100.0)

II 14 (6.6) 14 (7.9) 0 (0.0)

Cardiac medications (%)

Beta-blocker 36 (17.0) 34 (19.1) 2 (5.9)

Calcium channel blocker 5 (2.4) 5 (2.8) 0 (0.0)

Family history (%) 180 (85) 146 (82) 34 (100)

No. of affected relatives (median, q1, q3) 2 (1, 4) 2 (1, 3) 3 (2, 4)

Heart rate, bpm 70 (14) 70 (14) 74 (13)

Blood pressure, mmHg

systolic 117 (12) 118 (11) 114 (12)

diastolic 68 (10) 69 (10) 66 (8)

Echocardiographic findings

Max. LV Wall Thickness, mm 15 (4) 16 (4) 10 (1)

Max LV Wall Thickness Z-Score 6.4 (4.2) 7.3 (4.0) 2.1 (0.6)

e’ lateral Z-Score −1.7 (1.5) −2.0 (1.4) −0.4 (1.0)

e’ septum Z-Score −1.6 (1.4) −1.9 (1.3) −0.4 (1.0)

Average e’, cm/s 12.0 (3.6) 11.3 (3.5) 15.4 (2.0)

E/e’ average 7.3 (2.4) 7.6 (2.5) 6.0 (1.2)

LVEF, % 66 (8) 66 (8) 64 (4)

LA Diameter, cm 3.4 (0.6) 3.4 (0.7) 3.1 (0.4)

Peak left ventricular outflow tract gradient at rest, mmHg 7 (3) 7 (4) 6 (2)

Peak left ventricular outflow tract gradient during 
Valsalva maneuver, mmHg

7 (4) 7 (4) 6 (2)

Cardiopulmonary exercise test

Peak VO2, ml/kg/min 33.0 (9.2) 31.7 (8.9) 39.0 (8.1)

% predicted maximal VO2 82 (20) 81 (21) 87(17)

CMR findings

LGE present (%) 29 (15.3) 29 (18.6) 0 (0.0)

LGE mass, g 19 (18) 19 (18) -

LGE mass, % of LV 13 (13) 13 (13) -
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Total (n=212) Overt HCM – Primary 
Analysis Cohort (n=178)

Preclinical HCM- 
Exploratory Cohort (n=34)

LVEDV, ml 108 (31) 108 (31) 108 (27)

LVESV, ml 37 (14) 37 (14) 40 (12)

LV mass, g 116 (42) 122 (43) 89 (27)

LV mass indexed to BSA, g/m2 63 (17) 65 (18) 53 (9)

LA volume diastolic, ml 29 (19) 31 (20) 19 (6)

LA volume systolic, ml 66 (30) 70 (31) 51 (17)

Max LV wall thickness, mm* 12 (4) 12 (4) 8 (1)

Results are presented as % or as mean (SD) or median (IQR). CMR indicates, cardiac magnetic resonance imaging; E, peak early mitral inflow 
velocity; e’, peak early mitral annular relaxation velocity; LA, left atrial; LGE, late gadolinium enhancement; LV, left ventricular; LVEDV, left 
ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVESV, left ventricular end-systolic volume; NYHA, New York Heart 
Association Class; VO2, peak oxygen uptake. Difference between groups assessed by Chi-Square or Fisher’s exact test or two-sample t test 
depending on number and type of variable.

*
The maximum LV wall thickness from CMR is the maximum value across the 16 American Heart Association segments.
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Table 2.

Comparison of participants in NYHA class I and II at baseline

NYHA class I (N=198) NYHA class II (N=14) P Value

Age, years 21.3 (9.1) 34.7 (10.0) <0.001

Female gender (%) 83 (42) 3 (21) 0.13

Race (%) 1.000

White 189 (95) 14 (100)

Black 3 (1) 0 (0)

Other 6 (3) 0 (0)

Sarcomeric Gene (%) 0.02

 ACTC 3 (1.5) 0 (0)

 MYBPC3* 106 (53.5) 2 (14.3)

 MYH7 64 (32.3) 10 (71.4)

 MYL2 1 (0.5) 1 (7.1)

 MYL3 5 (2.5) 0 (0)

 TNNI3 7 (3.5) 0 (0)

 TNNT2 7 (3.5) 1 (7.1)

 TPM1 5 (2.5) 0 (0)

Echocardiographic findings

Average e’, cm/s 12 (3) 7 (3) <0.001

E/e’ average 7 (2) 11 (4) 0.004

Peak left ventricular outflow tract gradient at rest, mmHg 7 (3) 9 (3) 0.472

Peak left ventricular outflow tract gradient during Valsalva maneuver, mmHg 7 (4) 10 (6) 0.126

Cardiopulmonary exercise test

Peak VO2, ml/kg/min 33 (9) 26 (6) 0.022

% predicted maximal VO2 82 (20) 73 (19) 0.308

CMR findings

LGE Present (%) 23 (13) 6 (55) <0.001

LGE mass, g 15 (12) 40 (30) 0.004

LGE mass, % of LV 10 (8) 26 (21) 0.009

LV mass, g 114 (41) 159 (46) <0.001

LV mass indexed to BSA, g/m2 62 (17) 77 (19) 0.005

Max LV wall thickness, mm** 11 (3) 16 (4) <0.001

LA volume diastolic, ml 28 (19) 44 (19) 0.010

Results are presented as % or as mean (SD). CMR indicates, cardiac magnetic resonance imaging; E, peak early mitral inflow velocity; e’, peak 
early mitral annular relaxation velocity; LA, left atrial; LGE, late gadolinium enhancement; LV, left ventricular; NYHA, New York Heart 
Association Class; VO2, peak oxygen uptake; ACTC, Alpha cardiac actin gene; MYBPC3, Cardiac myosin binding protein C gene; MYH7, 
Cardiac β-myosin heavy chain gene; MYL2, Myosin light chain 2 gene; MYL3, Myosin light chain 3 gene; TNNI3, Cardiac troponin I gene; 
TNNT2, Cardiac troponin T gene; TPM1, Tropomyosin 1 gene. Difference between groups assessed by Chi-Square or Fisher’s exact test or two-
sample t test depending on number and type of variable.

*:
5 Class I patients with MYBPC3 mutation also have MYH7 (n=4) or TNNT2 (n=1).
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**:
The maximum LV wall thickness from CMR is the maximum value across the 16 American Heart Association segments. Between group 

differences were assessed using ANOVA, Chi-square test or Fisher’s exact test depending on type of variable and expected frequency.
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Table 3.

Design of VANISH and other clinical trials assessing the effect of Angiotensin II Receptor Blockers in 

Hypertrophic Cardiomyopathy

VANISH 
(N=212)*

INHERIT21 

(N=133)
SHIMADA 
ET AL20 

(N=20)

CHANCE19 

(N=24)
YAMAZAKI 
ET AL17 

(N=19)

KAWANO 
ET AL16 

(N=23)

ARAUJO 
ET AL18 

(N=30)

YEAR 
PUBLISHED

-- 2014 2013 2009 2007 2005 2005

STUDY DESIGN

Randomized Yes Yes Yes Yes Yes Yes No

Placebo-controlled Yes Yes Yes Yes No No No

Double-blind Yes Yes Yes Yes No No No

INCLUSION 
CRITERIA

Sarcomeric mutation Pathogenic or 
likely 
pathogenic

-- -- -- -- -- --

LV wall thickness Primary 
Cohort: 12–
25mm or z 
score 3–18
Exploratory 
Cohort: <12 
mm and Z 

<3†

≥15mm or 13–
14 mm in 
first-degree 
relatives

-- ≥15 mm ≥15mm -- ≥15 mm

 Age (years) Primary 8–45; 
Preclinical 
10–25

≥18 ≥18 ≥18 -- -- 18–50

 NYHA I-II -- -- -- -- -- I-III

 Obstruction Peak gradient 
≤30 mmHg at 
rest or with 
provocation

No limit for 
peak gradient

Peak gradient 
≤30 mmHg at 
rest or with 
provocation

Peak gradient 
≤30 mmHg at 
rest

No obstruction No 
obstruction

Peak 
gradient 
≤30 mmHg

 LVEF ≥55% ≥50% ≥55% ≥60% -- -- Normal

INTERVENTION Valsartan 
(adults 
320mg/d, 
children ≥ 35 
kg: 160 mg/d; 
children <35 
kg: 80 mg/d)

Losartan (100 
mg per day)

Losartan 
(100 mg per 
day)

Candesartan 
(target 32 mg 
per day)

Losartan (50 
mg per day)

Valsartan 
(80 mg per 
day)

Losartan 
(100 mg per 
day)

RECRUITMENT 
PERIOD

April 2014 - 
Feb 2017

Dec 2011 - 
May 2013

April 2007 -
March 2010

-- -- -- --

FOLLOW-UP 
TIME

24 months 12 months 12 months 12 months 12 months 12 months 6 months

PRIMARY 
ENDPOINT

Composite LV mass by 
CMR/CT

LGE by 
CMR

Not specified LV mass by 
CMR

Not 
specified

Not 
specified

SECONDARY 
END-POINTS

Safety LGE by CMR, 
LV wall 
thickness, LV 
mass, diastolic 
indices, 
exercise 
capacity, LA 
volume, NT-
pro-BNP

LV mass by 
CMR, 
symptoms, 
diastolic 
indices, LA 
volume, 
collagen 
markers

LV wall 
thickness, LV 
mass, 
diastolic 
indices, 
exercise time.

-- LV metrics, 
collagen 
markers

LV metrics, 
diastolic 
indices, LA 
diameter, 
symptoms, 
NT-pro-
BNP
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VANISH 
(N=212)*

INHERIT21 

(N=133)
SHIMADA 
ET AL20 
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