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Abstract

Objective: To test whether variants in ADRBI1 and CYP2C9genes identify subgroups of
individuals with differential response to treatment for Marfan syndrome through analysis of data
from a large randomized trial.

Study design: In a subset of 250 white, non-Hispanic participants with Marfan syndrome in a
prior randomized trial of atenolol vs. losartan, the common variants rs1801252 and rs1801253 in
ADRBI and rs1799853 and rs1057910 in CYP2C9 were analyzed. The primary outcome was
baseline-adjusted annual rate of change in the maximum aortic-root diameter z-score over 3 years,
assessed using mixed effects models.

Results: Among 122 atenolol-assigned participants, the 70 with rs1801253 CC genotype had
greater rate of improvement in aortic-root z-score compared with 52 participants with CG or GG
genotypes (time x genotype interaction p=0.005, mean annual z-score change + standard error
-0.20£0.03 vs —0.09+0.03). Among participants with the CC genotype in both treatment arms,
those assigned to atenolol had greater rate of improvement compared with the 71/121 assigned to
losartan (interaction £=.002, —-0.20+0.02 vs. —0.07+0.02; p<0.001). There were no differences in
atenolol response by rs1801252 genotype or in losartan response by CYP2C9 metabolizer status.

Conclusions: In this exploratory study, ADRBI1-rs1801253 was associated with atenolol
response in children and young adults with Marfan syndrome. If findings are confirmed in future
studies, ADRBI genotyping has the potential to guide therapy by identifying those who are likely
to have greater therapeutic response to atenolol than losartan.

Keywords

Pharmacogenomics; Pharmacogenetics; Aortic Root Dissection; Angiotensin Il receptor blocker;
Beta-adrenergic receptor blocker; Personalized Medicine
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Marfan syndrome is an autosomal dominant connective tissue disorder affecting
approximately 1 in 5000 individuals.(1,2) In most cases, pathogenic variants are identified in
FBNJ, the gene encoding fibrillin 1. Multiple organs are affected; however, progressive
aortic-root dilation leading to dissection or rupture is the leading cause of mortality. The
angiotensin 11 type 1-receptor blocker (ARB) losartan is a potential alternative to beta-
adrenergic receptor antagonists (beta-blockers) for preventing aortic-root dilation. A
randomized trial conducted by the Pediatric Heart Network (PHN) compared atenolol with
losartan in children and young adults with Marfan syndrome and found no difference in the
rate of aortic-root dilation between the two treatment groups over the 3 year study.(3)
However, there was substantial variability in response within treatment groups.

Genetic variation in drug metabolism or response pathways may contribute to inter-
individual variability in drug response. For atenolol, polymorphisms in the adrenergic
signaling system have been associated with drug response.(4-6) The most widely studied are
those in the beta 1 adrenergic receptor gene (ADRBI), including two common non-
synonymous variants: rs1801252 encoding ADRB1-Ser49Gly and rs1801253 encoding
ADRB1-Arg389Gly. Both variants are associated with clinical response to beta-blocker
therapy, although there are conflicting data on the effect size and the direction of effect.(7—
19) Losartan is metabolized by cytochrome P450 2C9 (encoded by CYP2C9), which also
has common variants reducing function (rs1799853 encoding CYP2C9*2and rs1057910
encoding CYP2C9%*3). CYP2C9 variation has been associated with losartan response, as
have variants in other genes in the angiotensin pathway, again with heterogeneity of results.
(20-26) The impact of genetic variants on response to atenolol or losartan therapy in Marfan
syndrome has not been established.

The objective of this study was to determine if variants in ADRB1 or CYP2C9identify
subgroups of individuals with superior response to either atenolol or losartan. We studied
individuals from the PHN trial who chose to participate in this pharmacogenetic ancillary
study. The primary outcome from the PHN trial was assessed, namely the baseline-adjusted
rate of change of aortic-root z-score. Pre-specified secondary outcomes were the composite
clinical outcome of aortic-root surgery, dissection, and/or death, and for the atenolol cohort,
heart rate and atenolol dose. Exploratory analyses of additional variants previously
associated with atenolol or losartan response were also performed.

This pharmacogenetic study was a planned ancillary study of the National Heart, Lung, and
Blood Institute-sponsored PHN randomized atenolol vs. losartan in Marfan syndrome trial
(NCTO00429364). The study design and results for the PHN trial have been previously
reported.(3,27) In brief, the PHN trial included participants age 6 months to 25 years with
Marfan syndrome diagnosis per Ghent criteria(28) and aortic-root z-score >3.0. Participants
in the PHN trial were randomized to treatment with either atenolol, with dose titrated to
achieve 20% reduction in heart rate (maximum daily dose 250 mg), or 1.4 mg/kg of losartan
(maximum daily dose 100 mg). 17 of 21 sites from the PHN trial invited participants to also
enroll in the pharmacogenetic study. Written informed consent and assent for the
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pharmacogenetic ancillary study were obtained from each participant and/or their parent or
guardian, as appropriate, at or after the time of consent for the PHN trial. The PHN trial and
the ancillary pharmacogenetic study were approved by the Institutional Review Board or
Ethics Committee at each study site.

The primary outcome for the PHN trial and the pharmacogenetic ancillary study was the
baseline-adjusted annual rate of change in the aortic-root z-score, based on body surface
area, as measured by echocardiography at baseline and 6, 12, 24, and 36-month follow-up
visits.(29) The pre-specified composite secondary outcome was freedom from aortic surgery,
aortic-root dissection, or death. Because atenolol dose was titrated to achieve 20% heart rate
reduction, mean heart rate from 24-hour ambulatory monitoring at baseline and at 36 months
and atenolol dose at 36 months were secondary outcomes for the atenolol cohort.

DNA was extracted from either whole blood or a saliva specimen. Given multiple prior
associations with atenolol response, two variants in ADRBI were the primary candidate
pharmacogenetic variants for atenolol: rs1801252 (c.145A>G encoding p.Ser49Gly) and
rs1801253 (c.1165C>G encoding p.Arg389Gly). The potential combined effect of both
variants was assessed by comparing those with the AA/GG haplotype to those with all other
haplotypes. Additional variants associated with beta-blocker response in AGT (rs699,
rs4762, and rs5051), LDLR (rs688), and PTPRD (rs12346562) were designated for
exploratory analysis.(30-32)

For losartan, the primary candidate variants were in CYP2C9. Two variants in this gene,
rs1799853 and rs1057910, encoding CYP2C9*2and CYP2C9*3, respectively, were used to
determine the CYP2C9 metabolizer status. Individuals with no CYP2C9variants
(CYP2C9*1/*1) were defined as normal metabolizers, those with one variant
(CYP2C9*1/*20or *1/*3) were intermediate metabolizers, and those with two variants
(CYP2C9*2/*2, *2/*3, or *3/*3) were poor metabolizers, per current guidelines for other
CYP2C9 substrates.(33,34) Variants in the ACE, AGT, AGTR1, and the TGFP pathway
(7TGFB1, TGFBRI1, and TGFBR?2) were designated for exploratory analysis in the losartan
cohort, as these genes code for proteins in the losartan target pathway.

Variants listed above in ADRBI1, AGT, LDLR, CYP2C9, and genes in the TGFP pathway
were assessed using target enrichment (Agilent Technologies, Santa Clara, CA) and next
generation sequencing on a MiSeq instrument (Illumina, San Diego, CA) performed at the
University of Antwerp as part of an ongoing study of Marfan genomics. Variants in PTPRD,
ACE, and AGTR1 were genotyped for the pharmacogenetic study using MassARRAY
(Sequenom Inc., San Diego, CA) in the Vanderbilt Technologies for Advanced Genomics
core laboratory. Genotyping results for each variant were confirmed to be in Hardy-
Weinberg equilibrium, to approximate known minor allele frequencies, and be concordant
across duplicates.

Statistical analyses

The primary analyses were restricted to those who were white and non-Hispanic by self-
report, and used an intention-to-treat approach, including all data from each randomized
participant. A secondary per-protocol analysis included only echocardiographic data
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obtained during treatment with study drug (i.e., excluding data from after withdrawal from
study drug). Secondary analysis including all individuals (regardless of reported race/
ethnicity) was performed for significant associations. Adjustments were not made to the
significance levels of hypothesis tests for the number of genetic variants studied or for
secondary trial outcomes; a nominal p-value of 0.05 was considered statistically significant,
without correction for multiple comparisons.(35)

To assess whether longitudinal change in aortic-root z-score was associated with the
candidate genetic variants or treatment assignment, we employed linear mixed effects
regression modeling of the aortic-root z-score with parameterization adjusting for baseline.
The study plan included assessment of each variant predictor using an additive model (O vs.
1 vs. 2 variant alleles with intrinsic ordering of effect), a categorical model (0 vs. 1 vs. 2
variant alleles without intrinsic ordering of effect), and a dichotomous model (0 vs. either 1
or 2 variant alleles). Due to low numbers of individuals with two variant alleles for many
genotypes, the dichotomous model was used for the primary analyses.

For the atenolol cohort, the baseline-adjusted annual rates of change in aortic-root z-score
were compared in those without vs. with each of the candidate variants using a test of the
variant allele-by-time interaction effect. For the losartan cohort, the primary outcome was
compared across groups by CYP2C9 metabolizer status (normal vs. intermediate or poor),
and exploratory variants in the TGFp pathway were analyzed by collapsing across all
variants (i.e. 0 vs. 21 TGFp pathway variant). Significant variants from the primary analysis
within the treatment groups were further evaluated for a differential treatment effect
(atenolol vs. losartan) according to genotype by an interaction test (genotype group by
treatment by time).

The secondary composite outcome was assessed using a log-rank test, with event rates
estimated using the Kaplan-Meier method. Follow-up time was defined as years from
randomization to aortic-root surgery date (no deaths or dissections occurred) or censored at
last contact date in the trial for event-free subjects. Associations between genotypes and
additional secondary outcomes for atenolol (heart rate and atenolol dose) were assessed
using Student #tests.

From January 2007 through February 2011, 303 subjects were randomly assigned to atenolol
treatment in the PHN trial. Of these, 161 participated in the pharmacogenetic ancillary
study; 13 Hispanic, 13 Black, and 9 of other race/ethnicity who were excluded from the
primary analysis due to small group size, leading to a primary analysis of 126 white, non-
Hispanic individuals (Figure 1). The median age was 11.5 years, and 71 (56.3%) were male
(Table I). Demographic and baseline clinical variables were not different in participants in
the ancillary study vs. PHN trial participants who did not participate in the ancillary study. A
total of 600 echocardiograms were obtained in the atenolol-assigned participants of the
pharmacogenetic ancillary study.
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The frequencies of rs1801252 and rs1801253 variants in the atenolol-assigned cohort are
shown in Table 2 (available at www.jpeds.com). To determine whether there were inherent
differences in aortic-root size, the maximum aortic-root diameter z-score at baseline was
compared across genotypes. No significant differences were found. There were no
differences in baseline characteristics by rs1801253 variant (Table 3). The primary outcome,
magnitude of the baseline-adjusted annual rate of change in aortic-root z-score, was larger in
those with rs1801253 CC genotypes than in those with CG or GG genotypes (interaction
p=0.005). The annual rate of change of aortic-root z-score (z standard error) was —0.20 +
0.03 for those with rs1801253 CC genotype, and —0.09 + 0.03 for those with CG or GG
genotypes. Results were similar when echocardiograms obtained after withdrawal from
atenolol study drug were excluded, with additive and categorical genetic models, and using
the rs1801253 and rs1801252 variants together as a haplotype (Table 5 and Table 5;
available at www.jpeds.com). There was no difference based on the rs1801252 variant
(Table 4 and Table 5. When the analysis cohort included all individuals regardless of race/
ethnicity (n=161), the association of rs1801253 and the combined haplotype remained
significant in the primary analysis (interaction p=0.04, Table 6[available at
www.jpeds.com]).

With respect to the composite clinical outcome, there were a total of four surgeries, no aortic
dissections, and no deaths. One of 70 (1.4%) individuals with rs1801253 CC genotype and 3
of 52 individuals with CG or GG genotypes (5.8%) had aortic surgery. Kaplan-Meier
estimates demonstrated that three-year freedom from aortic-root surgery was 99% (95%
confidence interval 90-100%) for those with rs1801253 CC genotype, and 94% (83-98%)
for those with CG or GG genotype (log-rank p=0.19, Figure 2 [available at
www.jpeds.com]). There were no differences in the time to composite clinical outcome for
the rs1801252 variant. There were no differences in the mean 24-hour heart rates by
rs1801253 or rs1801252 variant status at baseline or at 36 months (Table 7 available at
www.jpeds.com). There was no difference in atenolol dose at 36 months for either variant
(Table 8; available at www.jpeds.com).

To determine whether the rs1801253 variant identifies a subgroup with differential response
to atenolol vs. losartan, we examined the dichotomous allele variable as a formal posthoc
subgroup factor for the main trial result in a mixed effects model with three-way interaction.
There was a significant interaction between the rs1801253 allele and treatment group
(p=0.002 for rs1801253 x treatment x time interaction), indicating that the baseline-adjusted
annual rate of change in aortic-root z-score by treatment (atenolol or losartan) depends on
the presence or absence of rs1801253 variants. Among those with rs1801253 CC genotype,
atenolol treatment resulted in an annual rate of change of —0.20 £ 0.02 vs. —0.07 + 0.02 for
losartan (p<0.001, Figure 3).

In the PHN trial, 305 subjects were assigned to losartan treatment, of whom 162 participated
in the pharmacogenetic ancillary study. Excluded were 19 Hispanic, 10 Black, and 9 of other
race/ethnicity, resulting in 124 were white, non-Hispanic individuals in the primary analysis
(Figure 1). The median age was 10.8 years, and 82 (66.1%) were male (Table 1). There were
no differences in demographic or clinical variables when compared with losartan-assigned
participants in the PHN trial who did not enroll in the ancillary study. A total of 585
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echocardiograms were obtained in the losartan-assigned participants of the pharmacogenetic
ancillary study.

The frequencies of rs1057910 and rs1799853 variants in the cohort assigned to losartan are
shown in Table 9 (available at www.jpeds.com). There were 85 (70.2%) normal
metabolizers, 32 (26.4%) intermediate metabolizers, and 4 (3.3%) poor metabolizers. There
was no difference in baseline maximum aortic-root diameter z-scores by metabolizer status.
There were also no differences in the primary outcome by metabolizer status (Table 10;
available at www.jpeds.com), nor in time to the composite outcome.

The frequency of variants in the exploratory candidate genes for atenolol are shown in Table
2. Only AGT+s4762 was associated with the primary outcome (Table 11; available at
www.jpeds.com). Individuals with GG genotype had annual aortic-root z-score change of
-0.18 £ 0.02 vs. —0.08 * 0.04 for those with AG or AA genotype (interaction p=0.01).
Further analysis revealed no difference in atenolol vs. losartan treatment effect (p=0.23 for
rs4762 x treatment x time interaction). The frequencies of variants identified in the
exploratory candidate genes for losartan are shown in Table 9. When the presence vs.
absence of each of the candidate variants in ACE, AGT, and AGTRI was tested for
association to the primary outcome, no significant result was identified (Table 12; available
at www.jpeds.com). Likewise, there was no difference in the primary outcome for
individuals with 0 vs. =1 variant in the TGFp pathway (Table 12).

Discussion

There is currently a therapeutic dilemma for the treatment of aortopathy in Marfan
syndrome. In the 3-year PHN trial comparing atenolol with losartan for the prevention of
aortic-root dilation, no differences in therapeutic response or adverse events were found
between treatment groups. In this study, we performed pre-specified exploratory analyses of
the response to atenolol based on ADRBI variants and response to losartan based on
CYP2C9variants using data from the PHN randomized trial. We found no differences in
losartan response based on CYP2C9 metabolic function. In contrast, atenolol-assigned
individuals with the ADRB1-s1801253 CC genotype, (encoding Arg/Arg at position 389)
had greater improvement in the aortic-root z-score than those who had CG or GG genotypes
(encoding Arg/Gly or Gly/Gly at position 389). This difference motivated us to look for an
interaction between rs1801253 genotype and response to atenolol vs. losartan. Although
there are no differences between outcomes for atenolol and losartan for those with
rs1801253 CG or GG genotypes in our cohort, for those with the CC genotype, we observed
greater improvement in aortic-root z-score for atenolol than losartan, indicating better
treatment response.

Although prior studies have associated rs1801253 CC with greater heart rate reduction with
beta-blockade,(8) we found no significant differences in heart rate by genotype, nor in the
final atenolol dose (which had been titrated to achieve 20% reduction in heart rate). In the
PHN trial, the rate of change in the aortic-root z-score was not related to atenolol dose, and
the relationship between aortic-root z-score and heart rate was not investigated.(3)
Considering the greater improvement in aortic-root z-score in those with the CC genotype, it
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is possible that heart rate alone may not be an accurate indicator of beta-blocker effect when
the goal is prevention of progressive aortic dilatation, and atenolol may be exerting an effect
that is independent of heart rate. However, due to the limitations of our study, this remains
conjecture and requires further investigation.

Prior mouse data supported the potential for ARB therapy to be superior to beta-blockade,
(36) but both the PHN trial and an additional randomized trial by Forteza et al with 140
pediatric and adult Marfan patients found no difference with respect to aortic-root dilation
over three years of follow up.(37) Long-term follow up (>5 years) of 128 of the 140
participants in the Forteza et al trial also indicated no difference in aortopathy between
treatment groups, and the authors suggest that losartan might be a useful alternative to beta-
blockers for Marfan patients.(38) The addition of ARBs to current therapy (often including
beta-blockers) has also been investigated, with initial results indicating benefit of adding
losartan.(39,40) However, more recent studies have not shown a difference between losartan
with beta-blockade vs. beta-blockade alone.(41-43) Given the apparent equipoise between
losartan and atenolol with respect to therapeutic outcomes and adverse events, identification
of a biomarker to guide the clinical management may improve outcomes for these patients.
In our study, the difference between atenolol and losartan response among those with
ADRB1+s1801253 CC genotype was statistically significant and larger than the treatment
effect observed for those with ADRB1-rs1801253 CG or GG genotypes. These findings
suggest that this subgroup of Marfan patients may receive more benefit from treatment with
atenolol than with losartan. This raises the possibility that clinical testing for ADRB1
variants, available through commercial laboratories, could assist in determining optimal
medical therapy.

The functional impact of the rs1801253 variant on ADRBL1 function has been assessed; the
C>G missense variant leads to a single amino acid substitution (Arg389Gly) that reduces
receptor G-protein coupling.(44) Individuals with the CC genotype, encoding two copies of
the more functional Arg389 protein, are expected to have a more robust response to beta-
blockade. A blunted response is expected in those whose genetic variation has already
reduced beta-adrenoreceptor activity. This has been observed, as the rs1801253 CC genotype
is associated with increased response to beta-blockers in healthy individuals(13,14) and
those with essential hypertension and heart failure.(7-9,11,12,15-18) However, negative
studies have also been published, particularly in heart failure.(18,45-49) There are also
reports of increased response to rate control in atrial fibrillation patients with the CG or GG
genotype, rather than CC genotype.(18,19) These variable findings highlight the need to
assess the impact of pharmacogenetic variants in the specific patient population of interest.

Our findings, indicating that a genetic biomarker identifies a subset of patients for whom
atenolol may be more effective than losartan, exemplify the clinical potential of
pharmacogenomics. This study also illustrates many of the challenges in building evidence
for precision medicine approaches in children. We are limited in the conclusions we can
draw from our data due to small sample size, despite recruiting participants from 17 clinical
sites. Marfan syndrome is a rare disease, precluding recruitment of large cohorts. Ideally, our
findings would be replicated in an independent data set prior to clinical implementation.
Assembly of a replication cohort of appropriate size will require coordination across
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ongoing or future Marfan studies and/or multiple biobanks to identify atenolol-exposed
individuals with documentation of comparable endpoints. Also, the rarity of definitive
clinical endpoints such as death and aortic dissection necessitate use of a surrogate outcome.
Thus our data provide evidence of a difference in efficacy of these two drugs based on the
rs1801253 genotype but do not prove a survival difference between groups nor that
clinically-guided therapy will provide clinical benefit.

This study has several additional limitations. As a substudy of the PHN trial, this study was
subject to the same cohort selection as the trial (e.g. requirement for an aortic-root z-score >
3 at the time of study enrollment; study drug dosing with titration of atenolol but not
losartan to achieve heart rate reduction). Approximately half of those who participated in the
PHN trial chose to enroll in this ancillary study; we found no differences in demographic
and clinical characteristics between those who did vs. did not participate in the ancillary
study, but there may be unmeasured selection bias. Despite beginning with a large trial
cohort, our sample size for analysis of each variant is small, particularly for variants with
low frequency, limiting power and precluding analysis of heterozygotes vs. homozygotes.
Our analyses do not include correction for multiple comparisons. Due to this small sample
size, we focused on variants with the most robust associations to the drugs of interest.
Additional variants may play an important role in response to atenolol or losartan in patients
with Marfan syndrome. For the ADRBI1-rs1801253 variant, we did perform stratified
analyses that confirmed the association among white, non-Hispanic participants. However,
we do not have adequate sample size to analyze other subsets of individuals by race or
ancestry, where distinct genetic variants may be important predictors of response to atenolol
and/or losartan.

The rs1801253 variant may identify a subgroup of patients in whom atenolol therapy is
superior to losartan. If differences in drug response by genotype are replicated and
demonstrated to be clinically meaningful, ADRBI testing may identify those who are likely
to have greater therapeutic response to atenolol than to losartan.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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608 Individuals randomized for PHN Trial

70 Individuals at sites not participating in
ancillary study

= 211 Individuals at participating sites who did
not participate in ancillary study

4 Inadequate DNA for analysis

v

\

161 Atenolol-assigned individuals
in ancillary study
(53% of the 303 in the PHN Trial)

162 Losartan-assigned individuals
in ancillary study
(53% of the 305 in the PHN Trial)

|

|

126 white, non-Hispanic by self-
report (78% of the 161 in the
ancillary study)

124 white, non-Hispanic by self-
report (77% of the 162 in the
ancillary study)

Figure 1. Study cohorts.
This ancillary study included 161 (126 white, non-Hispanic) of the 303 participants of the

main randomized trial who were assigned to atenolol, and 162 (124 white, non-Hispanic) of
the 305 participants assigned to losartan. For atenolol the 161 enrolled included 13 Hispanic,
13 Black, and 9 of other race/ethnicity who were excluded from the primary analysis due to
small group size; Similarly, the 162 enrolled in the Losartan group had 19 Hispanic, 10
Black, and 9 of other race/ethnicity who were excluded from the primary analysis.
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rs1801253: CG or GG

— Atenolol (n=52)
— Losartan (n=50)
p = 0.41 for difference in slope

|
0.0

1 1 T T 1
1.0 20 3.0

Years since randomization

Figure 3. Predicted baseline-adjusted change in maximum aortic-root z-score over time for
atenolol and losartan assignment by ADRB1-rs1801253 genotype.

The model-predicted aortic-root z-score is plotted on the y-axis and time since
randomization on the x-axis. The atenolol group is shown in red and the losartan group in
blue. Shading indicates 95% pointwise confidence bands. The genotype x treatment x time
interaction p=0.002. The left panel shows individuals with CC genotype for ADRBI-
rs1801253 (slope=—0.20+0.02 for atenolol and —0.07+0.02 for losartan, p<0.001 for
difference in slope). The right panel shows individuals with the CG or GG genotype for
ADRB1-rs1801253 (no significant difference in slope).
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Table 1.

Demographics and clinical characteristics at study baseline by assigned treatment

Atenolol (n=126)

Losartan (n=124)

Age at randomization, years

Mean + SD 12.0+6.5

Median (IQR) 11.5 (6.6, 16.4)
Male 71 (56.3%)
Presence of causal FBN variant * 41 (32.5%)
Family history of Marfan syndrome 71 (56.3%)
Maximum aortic-root diameter

Mean + SD 34+07

Median (IQR) 3.5(2.8,4.0)
Maximum aortic-root diameter z-score

Mean + SD 42+10

Median (IQR) 4.0(35,4.7)
Max aortic-root diameter z-score = 4.5 38 (30.2%)
Prior cardiac surgery 2 (1.6%)
Other cardiovascular disorder 20 (15.9%)
Prior beta-blocker 76 (60.3%)
Endocrine disorder 5 (4.0%)
Neurodevelopment disorder 25 (19.8%)
Psychiatric disorder 7 (5.6%)

11.6+6.2

10.8 (6.3, 16.0)

82 (66.1%)
36 (29.0%)
74 (59.7%)

34+07
35(2.9,3.9)

43+12

4.0 (3.4,5.0)

44 (35.5%)
4 (3.2%)

16 (12.9%)

75 (60.5%)

0 (0%)

28 (22.6%)

9 (7.3%)

SD - Standard Deviation; IQR — Interquartile Range; p-values comparing atenolol to losartan for each variable were >0.05.

*

no presence of causal FBN/I variant includes absent and unknown status.
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Demographics and clinical characteristics at study baseline by assigned treatment and ADRBI1-rs1801253

genotype

Atenolol (n=122)*

Losartan (n=121)Jr

CG or GG Genotype

CC Genotype (n=70)

CG or GG Genotype

CC Genotype (n=71)

(n=52) (n=50)
Age at randomization, years
Mean + SD 13.2+6.4 11.3+6.6 11.1+6.3 11.8+6.2
Median (IQR) 11.9 (8.1, 18.7) 11.0 (5.3, 14.9) 9.5 (5.9, 16.1) 12.1 (6.9, 15.4)
Male 28 (53.8%) 41 (58.6%) 33 (66.0%) 48 (67.6%)
Presence of causal FBNI varianti 14 (26.9%) 25 (35.7%) 10 (20.0%) 25 (35.2%)

Family history of Marfan syndrome
Maximum aortic-root diameter
Mean + SD
Median (IQR)

Maximum aortic-root diameter z-
score

Mean = SD
Median (IQR)

Max aortic-root diameter z-score =
45

28 (53.8%)

35+07
3.6(3.0,4.0)

4311
41 (3.6,4.7)

18 (34.6%)

42 (60.0%)

33+07
3.3(2.8,3.9)

4110
4.0(35,4.7)

19 (27.1%)

29 (58.0%)

34+07
35(2.8,3.9)

45+12
4.0 (3.5,5.4)

21 (42.0%)

44 (62.0%)

34+07
3.3(2.9,4.0)

41+11
3.9(3.3,4.8)

20 (28.2%)

SD - Standard Deviation; IQR — Interquartile Range.

*
4 /126 individuals in the atenolol treatment group failed genotyping for rs1801253.

f3/124 individuals in the losartan treatment group failed genotyping for rs1801253.

by L
no presence of causal FBNI variant includes absent and unknown status.
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