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Aims The COMPARE trial showed a small but significant beneficial effect of 3-year losartan treatment on aortic root
dilatation rate in adults with Marfan syndrome (MFS). However, no significant effect was found on clinical endpoints,
possibly due to a short follow-up period. The aim of the current study was therefore to investigate the long-term
clinical outcomes after losartan treatment.

Methods and In the original COMPARE study (inclusion 2008-2009), adult patients with MFS (n=233) were randomly allocated
results to either the angiotensin-Il receptor blocker losartan® on top of regular treatment (B-blockers in 71% of the
patients) or no additional medication. After the COMPARE trial period of 3 years, study subjects chose to continue
their losartan medication or not. In a median follow-up period of 8years, 75 patients continued losartan medica-
tion, whereas 78 patients, originally allocated to the control group, never used losartan after inclusion. No differen-
ces existed between baseline characteristics of the two groups except for age at inclusion [losartan 34 (interquar-
tile range, IQR 26-43) years, control 41 (IQR 30-52) years; P=0.031], and B-blocker use (losartan 81%, control
64%; P=0.022). A pathological FBN1 mutation was present in 76% of patients and 58% of the patients were male.
Clinical endpoints, defined as all-cause mortality, aortic dissection/rupture, elective aortic root replacement, reop-
eration, and vascular graft implantation beyond the aortic root, were compared between the two groups. A per-
patient composite endpoint was also analysed. Five deaths, 14 aortic dissections, 23 aortic root replacements, 3
reoperations, and 3 vascular graft implantations beyond the aortic root occurred during follow-up. Except for aor-
tic root replacement, all endpoints occurred in patients with an operated aortic root. Patients who used losartan
during the entire follow-up period showed a reduced number of events compared to the control group (death: O
vs. 5, P=0.014; aortic dissection: 3 vs. 11, P=0.013; elective aortic root replacement: 10 vs. 13, P =0.264; reopera-
tion: 1 vs. 2, P=0.463; vascular graft implantations beyond the aortic root 0 vs. 3, P=0.071; and composite
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endpoint: 14 vs. 26, P=0.019). These results remained similar when corrected for age and -blocker use in a multi-

variate analysis.

Keywords

Introduction

Adequate diagnosis, as well as improved surgical techniques, have
greatly improved life expectancy in Marfan syndrome (MFS) patients
over the last decades.” Nevertheless, aortic surgery and complica-
tions such as dissections and ruptures have remained as a significant
source of morbidity and mortality. Improved pharmaceutical treat-
ments are therefore highly needed.

[-blocker treatment has been considered the main pharmaceutical
therapy to retain progressive aortic root dilatation in MFS patients
and thus prevent or delay aortic complications, even though evidence
was limited, conflicting® and mainly assigned to results from one
small dated randomized trial.® Many researchers have tried to identify
new pharmaceutical treatment options to delay aortic dilatation in
this patient population. After encouraging experiments in a mouse
model of MFS,” several research groups investigated the effect of
angiotensin-Il receptor blockers (ARBs)—in particular losartan—on
aortic root growth and clinical endpoints in humans.

The first published large randomized controlled trail was the
COMPARE trial from the Netherlands, which showed a small but sig-
nificant 3-year effect of losartan on top of regular treatment (mostly
B-blockers) vs. regular treatment (0.77+1.36 vs. 1.35+1.55mm,
P=0.014) on aortic root dilatation rate in adults with MFS.2 Similar
studies on the effect of ARBs on aortic root growth rate in MFS
patients showed variable results’ '* (Table 1).

None of the trials thus far could demonstrate significant effects on
clinical endpoints, probably due to the relatively short follow-up

Table |

Marfan syndrome e Angiotensin-Il receptor blocker e Losartan e [-blocker

period, with a relatively low event rate. The aim of the current study
was therefore to assess the long-term effects of losartan on clinical
endpoints in patients originally enrolled in the COMPARE trial.

Methods

This study complies with the Declaration of Helsinki and was written in
accordance with the Strengthening the Reporting of Observation Studies
in Epidemiology (STROBE) statement.™

Study background

The design and conduct of the multicentre randomized open-label
COMPARE (COzaar in Marfan Patients Reduces aortic Enlargement) trial
(NTR1423) have been described in detail elsewhere®" In brief, the
COMPARE trial included patients from four Dutch academic hospitals
with a specialized MFS clinic (Academic Medical Center, Amsterdam;
Radboud University Medical Center, Nijmegen; University Medical
Center Groningen, Groningen; and Leiden University Medical Center,
Leiden) in 2008 and 2009. Patients were eligible for inclusion if they were
>18years old and diagnosed with MFS according to the Ghent criteria of
1996.

The major exclusion criteria were intolerance for, or present use of,
angiotensin-converting enzyme inhibitors and/or ARBs, aortic root diam-
eter >50 mm, history of aortic dissection, or the presence of more than
one vascular prosthesis.

Patients were randomly 1:1 assigned to losartan on top of regular
treatment (B-blockers in 71% of the patients) vs. regular treatment alone.
Patients in the losartan group started on 50 mg daily, the dosage was

Overview of randomized ARB trials in MFS patients

Drugs tested

COMPARE ®The Netherlands (n  Losartan

=1233) No additional drug
Taiwan’(n = 29) Losartan
Atenolol or propranolol

Marfan Sartan,'France (n = 299) Losartan

Add-on therapy 2.9

Add-on therapy 3.5

FU in years Primary outcome Results

Add-on therapy 3.0

Change in absolute root diameter

Change in absolute diameter and dilata- P = 0.020
tion rate of root per year

Rate of change in root Z-score per year P =0.36

Placebo
LOAT,"'Spain (n= 140) Losartan Head to head 3.0 Change in absolute diameter or Z- P=0.193
Atenolol trial score of root and ascending aorta
Pediatric Heart Network,'?USA (n Losartan Head to head 3.0 Rate of change in root Z-score per year P = 0.080
= 608) Atenolol trial
AIMS,PEngland (n = 192) Irbesartan Add on therapy 5.0 Absolute change in aortic root diam- P =0.030
Placebo eter per year
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doubled after 14 days. After that, if tolerated, patients continued with
100 mg losartan daily. Twenty-five patients returned to 50 mg, in two of
the cases patients reduced dosage to 25mg. The original follow-up
period of the trial was 3 years.

Current study design

Due to the retrospective study design, formal ethical approval was
waived by the local medical ethics committee of the Amsterdam UMC.
This was in accordance with the Dutch law as specified in the Medical
Research Involving Human Subjects Act. After the 3-year COMPARE trial
period, use of medication was left to the discretion of the patient and the
treating physician. From the 233 originally randomized patients, 220 could
be traced and analysed after a median follow-up period of 8years
(Figure 1). Baseline patient characteristics were extracted from the origin-
al trial database. Data concerning mutation profiles and clinical endpoints
were derived from electronic patient files. All available data regarding
medication status, medication changes, compliance, and side effects were
also obtained from electronic patient files and prescription notes. We
compared the occurrence of all-cause mortality, aortic dissection or rup-
ture, elective aortic root replacement, reoperation, and implantation of
vascular grafts beyond the aortic root as primary endpoints between the
patients that used losartan (n=75) and those patients that never used
losartan (n=78) during the entire follow-up period (median 8years).
Supplementary analyses were performed on the group of patients that
were initially allocated to losartan (n=96) and used this for 3 years vs.
the control group (n = 124). See Figure 1 for the flowchart.

All mentioned primary clinical endpoints were also combined to one
patient-specific composite endpoint, where each individual patient with
multiple primary endpoints could reach only one composite endpoint.

Statistical analysis

Categorical data, reported in numbers and percentages were compared
between groups using the Fisher’s exact test. Continuous data were
interpreted as median and interquartile range (IQR) or as mean and
standard deviation, depending on the distribution of the data.
Distribution of the data was tested with the Shapiro—Wilk test.
Comparison of continuous variables between groups were executed
with either parametric (Student’s t-test) or non-parametric (Mann—
Whitney U) tests, depending on the distribution.

Time-to-event outcomes were evaluated by Kaplan—Meier analyses
and log-rank test. Treatment effects were expressed as hazard ratios
(HRs) with 95% confidence intervals (Cls) using Cox regressions. Where
applicable, corrections were made using multivariable Cox regressions.
Sensitivity analyses were performed in the total cohort with a time-
dependent Cox regression.

All analyses were carried out in SPSS Statistics (version 25, IBM Corp,
Armonk, NY, USA). All statistical tests were considered significant if the
P-value was < 0.05.

Results

The COMPARE trial randomized 233 patients to either losartan on
top of regular treatment, or to regular treatment. Twelve patients

COMPARE period

Randomized
n=233

4

Y

Losartan Control
n=116 Stopped losartan n=117
during trial
— =" period? »
n=17
»{ Withdrew IC n=2 l —P[ Withdrew IC n=10 |
Post-COMPARE period —!r| Lost to FU n=1 I I " Lost to FU n=0 |
N R e {—
1
! Losartan Control i
: n=96 n=124 i
] 1
: Supplementary
| analyses
[ -
v k. ¥ v ¥ l
Stopped Intermittent Total FU Never Intermittent Started
n=14 n=7 n=75 n=78 n=3 n=43

Figure | Flowchart of losartan use during COMPARE and post-COMPARE period. FU, follow-up; IC, informed consent.
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Table 2 Baseline characteristics of 153 patients included in the main analyses

Total (n = 153) Losartan (n =75) Control (n =78) SMD P-value

Clinical follow-up (years) 7.9 (6.4-8.8) 82 (7.1-94) 7.6 (5.5-8.6) 0.470 0.005
Age at inclusion (years) 37 (27-47) 34 (26-43) 41 (30-52) 0.371 0.031
Male 89 (58%) 45 (60%) 44 (56%) 0.073 0.743
FBN1 mutation 116 (76%) 55 (73%) 61 (78%) 0.114 0.181

Dominant negative 71 (61%) 32 (58%) 39 (66%) 0.164 0.441

Haploinsufficient 43 (37%) 23 (42%) 20 (34%) 0.164 0.441
B-blocker use

At randomization 108 (71%) 58 (77%) 50 (64%) 0.208 0.079

At any point 111 (73%) 61(81%) 50 (64%) 0.383 0.022
Native aortic root

At randomization 97 (63%) 51 (68%) 46 (59%) 0.188 0.314
Aortic dimension by MR n=97 n=>51 n=46

Native aortic root (mm) 45 (40-48) 46 (40-48) 44 (40-49) 0.022 0.831

Ascending aorta (mm) 28 (25-30) 27 (25-31) 28 (26-30) 0.061 0.616

n=153 n=175 n=78
Aortic arch (mm) 24 (22-26) 24 (22-26) 25 (23-27) 0.282 0.082
Descending aorta (mm) 21 (19-23) 21 (18-23) 22 (20-23) 0.173 0.197

withdrew consent at a later stage, resulting in a total of 221 patients
who were eligible for the current study. One patient was lost to
follow-up, resulting in available follow-up data of 220 patients. Of
these 220 patients, a total of 96 patients (44%) used losartan for 3
years, the other group of 124 (56%) patients was composed of the
original control group and 17 patients who originally dropped out of
the losartan group shortly after inclusion due to side effects (mostly
dizziness or low blood pressure). The analyses concerning these two
groups are displayed in the Supplementary material online.

After the COMPARE trial period, 14 patients stopped losartan
treatment and 43 patients of the control group started losartan treat-
ment at any time after trial close-out according to the discretion of
the patient and the treating physician. The main analyses were per-
formed on the group of patients that used losartan during the initial
trial period plus the entire follow-up period (n=75) vs. the group
that never used losartan (n = 78) (Figure 1). Patients from both groups
did not use other types of ARBs during the follow-up period.

Baseline characteristics

Baseline characteristics are shown in Table 2. The median follow-up
period from randomization to the last hospital visit was 7.9 years
(IQR 6.4-8.8). The average age was 37 (IQR 27-47) and differed sig-
nificantly between the two groups [losartan 34 (IQR 26—43), control
41 (IQR 30-52)]. Approximately half of the patients were male [los-
artan n=45 (60%), control n=44 (56%)] and roughly 76% of the
patients had a pathological FBN1 mutation [losartan n=155 (73%),
control n=61 (78%)]. Further genetic analysis revealed 1 MYH11
mutation and 1 TGFB2 mutation in the losartan group and 1 MYH11,
2 TGFB2, 1 TGFBR1, and 1 TGFBR2 mutation in the control group.
Presence of a native aortic root at inclusion was 68% in the losartan
group vs. 59% in the control group. Furthermore, 77% of the patients
in the losartan group and 64% in the control group used B-blockers
(in most patients atenolol or metoprolol, and in three patients

sotalol) at randomization. In the post-trial period, 81% of the patients
in the losartan group and 64% in the control group used B-blockers
at some point, either intermittently or continuously. In the patients
using atenolol or metoprolol, most were dosed between 50 and
100 mg per day (87%), with only 12% <50 mg and 1% of the patients
>100mg. The three patients using sotalol were dosed 40 mg twice
per day.

The mean arterial pressure 3 years after inclusion was 86 mmHg in
the losartan group and 87 mmHg in the control group. No significant
differences in baseline characteristics were shown, except for age
(P=10.031) and B-blocker use (P =0.022).

To ensure generalizability of the original randomization in the
COMPARE study (n=233) to the current main analysis (n = 153) we
compared baseline characteristics of the current losartan group vs.
the losartan patients not eligible for our current analysis within the
COMPARE cohort. Similarly, the current control group was com-
pared to the control patients not eligible for our current analysis. In
both comparisons the number of patients with a native aortic root at
randomization was lower in patients included in the current main
analysis than in the patients excluded from our current analysis (na-
tive aortic root in current study losartan group 68% vs. excluded
patients losartan group 92%, current study control group 59% vs.
excluded patients control group 89%). So presumably, patients
included in our current main analysis were more at risk for complica-
tions (because more patients operated), however at similar risk in
both treatment groups (losartan vs. control, P=0.314). Further base-
line characteristics were not significantly different for both analyses.

Clinical endpoints

Among the 153 patients, five deaths (four with a cardiovascular
cause), and 14 aortic dissections (13 Type B dissections, and one dis-
section of unknown origin) occurred during follow-up. Causes of
death were aortic dissection/rupture (n = 3), bowel ischaemia (n=1),
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Table 3 Clinical endpoints of 153 patients included in the main analyses

Total (n = 153)

Losartan (n = 75)

Control (n =78) Unadjusted Cox Regression

HR (95% CI) P-value®
Clinical endpoints
Root replacement (n = 97) 23 (24%) 10 (20%) 13 (28%) 0.63 (0.28-1.43) 0.264
Reoperation 3 (2%) 1(1%) 2 (3%) 0.42 (0.04-4.60) 0.463
Operation beyond the aortic root 3 (2%) 0 3 (4%) 0.01 (0.0-153.2) 0.071
Aortic dissection 14 (9%) 3 (4%) 11 (14%) 0.23 (0.06-0.81) 0.013
All-cause mortality 5(3%) 0 5 (6%) 0.01 (0.00-17.4) 0.014
Composite endpoint 40 (26%) 14 (19%) 26 (33%) 0.47 (0.24-0.90) 0.019
?P-value of the Score-test of the Cox regression model.
80 : L.__|_|_L Losartan
Z :
E o E _L'_Ww_w
o |
a '
2 |
. :
c 40 |
] |
> i
i i
5 HR 0.47 (95% C1 0.24 - 0.90)
p =0.019 (Log-Rank)
0 |
0 3 G 3
No. at risk Time in Years
Losartan 75 7 50 28
Controls 78 &7 46 25

Take home figure Event free survival. Time = 0 refers to the date of randomization. The dotted line indicates the end of the initial COMPARE

trial period. Cl, confidence interval; HR, hazard ratio.

and cancer (n=1). All-cause mortality occurred in none of the
patients in the losartan group, vs. five patients in the control group
(6%) (HR 001, 95% ClI 0.00-174, P=0.014) (Table 3).
Cardiovascular mortality (n=4) differed also significantly between
the two groups (unadjusted, HR 0.09, 95% CI 0.00-0.86, P=0.033).
Aortic dissection/rupture occurred in three patients of the losartan
group (4%), vs. 11 patients in the control group (14%) (HR 0.23, 95%
Cl 0.06-0.81, P=0.013). Among the 97 patients who had a native
aortic root at randomization, 23 (24%) underwent aortic root re-
placement during follow-up, 10 (20%) in the losartan group vs.
13(28%) in the control group (HR 0.63, 95% Cl 0.28-1.4, P=0.264).
Reoperation (n = 3) was more frequently encountered in the control
group (n=2) than in the losartan group (n=1) (HR 0.42, 95% ClI
0.04-4.60, P=0.463). The same was shown for vascular grafts be-
yond the aortic root (losartan n=0, control n=3, HR 0.01, 95% ClI
0.0-153.2). The one patient in the losartan group that underwent
reoperation actually had a MYH11 mutation and underwent a

transcatheter aortic valve implantation procedure in a severely calci-
fied aortic homograft. In the control group, from the thirteen patients
who underwent elective aortic root surgery, one patient had a
MYH11 mutation and one patient a TGFB2 mutation. Other patients
with TGFp-related mutations did not reach endpoints. Finally, losar-
tan treatment resulted in a significant reduction in the composite
endpoint (HR 0.47, 95% Cl 0.24-0.90, P=0.019) (Take home figure).
The same was observed when corrected for age, sex, mean arterial
pressure, B-blocker use, and presence of a native aortic root at ran-
domization, except for cardiovascular mortality (P=0.070) (Table 4).
Univariate analyses of age, as well as -blocker use on clinical end-
points did not show any significant effect.

Supplementary analyses on the original cohort revealed similar
results (Supplementary material online, Tables ST and S2, Figure S7). In
a sensitivity analysis, we performed a time-dependent Cox regression
analysis in the total cohort, with losartan use as time-varying covari-
ate. Similar results were seen for all endpoints, with an HR of 0.59
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Table 4 Clinical endpoints of 153 patients included in the main analyses, adjusted for age, sex, mean arterial pressure,

p-blocker use, and native aortic root at randomization

Total (n =153)

Losartan (n =75)

Control (n =78) Adjusted Cox regression

HR (95% CI) P-value®
Clinical endpoints
Root replacement (n = 97) 23 (24%) 10 (20%) 13 (28%) 0.50 (0.21-1.22) 0.058
Reoperation 3 (2%) 1(1%) 2 (3%) 0.41 (0.03-5.55) 0.522
Operation beyond the aortic root 3 (2%) 0 3 (4%) 0 (0-1.67E+181) 0.015
Aortic dissection 14 (9%) 3 (4%) 11 (14%) 0.26 (0.07-0.94) 0.001
All-cause mortality 5 (3%) 0 5 (6%) 0 (0-3.13E+162) 0.018
Composite endpoint 40 (26%) 14 (19%) 26 (33%) 0.43 (0.22-0.84) 0.064

?P-value of the Score-test of the Cox regression model.

(95% Cl 0.36-0.99) for the composite endpoint (Supplementary ma-
terial online, Table S3).

Discussion

This study, with a median follow-up period of 8 years, is the first to
show a clinical benefit associated with losartan treatment in MFS
patients, after our previous report on the possible protective effect
of losartan on the occurrence of Type B dissections in an earlier
study.'® Although losartan treatment in MFS patients has not fulfilled
the expectations based on the impressive results in the MFS mouse
experiments, our study provides arguments supporting the assump-
tion that there is a place for ARB treatment in addition to -blocker
treatment in MFS patients.

The fact that patients in the control group were significantly older
than patients in the losartan group could have influenced our results.
However, no significant effect of age on the defined endpoints could
be found and correction for age did only affect the endpoint ‘cardio-
vascular mortality’ by multivariate analysis (although all these four
cardiovascular deaths occurred in the control group). Moreover, our
supplementary analyses on the original cohort, where no difference
in age existed, showed the same results as in our primary analyses.
Therefore, we feel assured that the influence of age on our results
has been minimal and not significant as a whole. The same counts for
B-blocker use at any time, which was significantly more frequent in
the losartan group. Although dosages of -blockers were highly vari-
able and in no case at the level of those applied in the Pediatric Heart
study'? a beneficial effect of B-blockers on clinical endpoints cannot
be ruled out on the basis of our results. As such, it only supports our
assumption that B-blockers and losartan should be combined for the
optimal protective effect on clinical endpoints in MFS patients.

It has been shown previously that MFS patients with prior prophy-
lactic aortic surgery are more at risk for Type B dissection, even
when the descending aorta is only slightly dilated."® We could repli-
cate these findings as all aortic complications occurred in operated
patients. In addition, we have shown that almost all dissections (which
were mostly Type B dissections) occurred in patients without losar-
tan, suggesting losartan could be protective for Type B dissections
without a previously dilated descending aorta. The fact that more

patients with an operated aortic root were present in the control co-
hort could have influenced our results. However, again our findings
on the effect of losartan treatment are strengthened by multivariate
analysis where the presence of an operated aortic root did not
change the results, and also by our secondary analyses, where there
was no difference between groups in the presence of an operated
aortic root.

The original COMPARE study showed a small but significant effect
of losartan treatment on aortic root dilatation rate in adults with MFS
during a follow-up period of 3years. However, this effect was not
universally replicated by other randomized controlled trials, thereby
casting doubt over the efficacy of losartan or other ARBs for treat-
ment of aortic disease in MFS patients. The lack of a superior effect
on aortic dilatation rate of ARBs over B-blockers in these studies
could be due to the relatively short follow-up periods and low aortic
dilatation rates, suggesting mildly affected individuals.'®"" Aortic
imaging by echocardiography [and not by magnetic resonance imag-
ing (MRI) as in the COMPARE study] may have been insufficient to
detect these very low aortic root dilatation rates. The Spanish LOAT
trial however, where patients were randomized to either losartan or
atenolol, also found no differences in aortic root dilatation rates by
MRI."! The authors of the LOAT trial recently published an extension
of the trial (with a mean follow-up of 6.7 + 1.5 years) which did not
show a difference with regard to clinical events or aortic root growth
between the losartan and atenolol group, yet there was a trend to-
wards a beneficial effect of losartan over atenolol.'” These findings
may imply that a combined use of a B-blocker and ARB is more bene-
ficial than B-blocker or ARB alone. Although B-blocker use did not
show a significant difference with regard to clinical events in this
study, it showed a trend towards a beneficial effect. This strengthens
the hypothesis that a combination of losartan and B-blocker treat-
ment could be advantageous for MFS patients. This theory is further
supported by the results from the recently published double-blinded
randomized AIMS trial, where 56% of the patients received a f3-
blocker, and a beneficial effect of irbesartan was demonstrated.
During 5-year follow-up, the author showed a slower aortic root
dilatation rate in the irbesartan group compared to the placebo
group with a statistically significant reduction of 0.22 mm per year
(P=0.030)."
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In our cohort, FBN1 mutations were detected in 73% in the losar-
tan group and in 78% in the control group, thus equally distributed
over both groups. Tuning in on the two FBN1 mutation subtypes
(haploinsufficient, HI or dominant negative, DN mutations), there
was no significant difference in the distribution between treatment
groups (Table 2). Due to the relative limited number of patients
reaching an endpoint it was not possible to assess medication effects
on the genetic Hl and DN subgroups of FBN1 mutations.

Despite our encouraging results, the modest number of events in
relatively small selected populations may compel us to await further
evidence on ARBs and clinical events in MFS. For example, the up-
coming randomized controlled trial by Gambarin et al,'® which ran-
domizes a planned 291 patients between three treatment arms: (i)
losartan, (i) nebivolol, and (iii) losartan plus nebivolol, with a follow-
up of 4 years. Furthermore, interesting data has yet to come from the
Marfan Treatment Trialists’ Collaboration, which will perform a pro-
spective, meta-analysis based on individual patient data from all
randomized trials in MFS of (i) ARBs vs. placebo (or open-label con-
trol) and (i) ARBs vs. B-blockers."” The results of these two studies
are of paramount importance, possibly generating sufficient evidence
to come to a conclusive advice with regard to ARB therapy for MFS
patients. In the meantime, losartan could already be considered an ac-
ceptable treatment option for MFS patients, preferably in combin-
ation with B-blockers, or when B-blockers are not well tolerated.

Limitations

The limitations of the study include its retrospective design and the
fact that information about medication use was obtained from patient
files, which resulted in a lack of granular information about the pat-
terns of drug use and reasoning for interrupted or stopped treatment
among study participants.

There was no a priori hypothesis for long-term follow-up defined.
Therefore, potential effects with respect to the original allocation
have diluted over time and patient-crossover has occurred, for which
no additional analyses have been performed.

In previous studies, it has been shown that the risk of cardiovascu-
lar complications increases with age in MFS patients. Therefore, uni-
formity in age between the two groups in the main analyses would
have strengthened our results even more.

Furthermore, in the original trial, patients were eligible for inclu-
sion if they were diagnosed with MFS according to the Ghent criteria
of 1996. These guidelines have been revised in 2010 and more elab-
orate genetic testing has become increasingly available since then.
Therefore, our study population included seven patients with an-
other mutation than in the FBN1 gene, which would qualify for a dif-
ferent diagnosis under current guidelines: MYH11 mutations [familial
thoracic aortic aneurysm disease (FTAAD)]; TGFB2, TGFBR1, and
TGFBR2 mutations (Loeys—Dietz syndrome).® However, omitting
these patients from our study population did not influence our
results. Thereby, many of the TGF-f3 related aortopathies are treated
in concordance with Marfan guidelines.

Conclusion

Treatment with losartan is associated with an overall improved clinic-
al outcome in patients with MFS after >8 years follow-up. Until more

prospective long-term data become available, losartan treatment,
preferably in combination with B-blockers, should be considered as a
suitable treatment option for MFS patients.

Data availability

The datasets analyzed during the current study will become available
from the corresponding author on reasonable non-commercial
request.
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