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omozygous familial hypercholesterolemia
(HoFH) is a rare (~1:360,000) genetic dis-
order characterized by extremely high
low-density lipoprotein cholesterol (LDL-C) levels,
leading to premature atherosclerotic cardiovascular

What is the clinical question being addressed?

What are the characteristics and medical life-
trajectories of HoFH patients treated in contemporary
health care?

What is the main finding?

This analysis of HoFH patients highlights the young age
at death, mostly from cardiovascular causes, and the
low attainment of LDL-C goals despite treatment
advances, underscoring the need for earlier diagnosis
and better treatment.

disease (ASCVD) and early death.' HoFH is typically
caused by bi-allelic pathogenic variants in low-
density lipoprotein receptor (LDLR), APOB, and/or
PCSK9 genes via a semidominant inheritance pattern,
while LDLRAP1 pathogenic variants cause a rare
recessive form. Phenotypic severity is generally
correlated with residual LDLR function." Lipid-
lowering treatment (LLT) is initiated with a combina-
tion of high-intensity statin and ezetimibe, followed
by a trial of proprotein convertase subtilisin-kexin
type 9 (PCSK9) inhibitor therapy, which is continued
if LDL-C reduction is >15%. If LDL-C goals remain un-
met, LDLR-independent drugs, apheresis, or rarely
liver transplantation are pursued.' Despite combina-
tion LLT, most patients with HoFH do not reach
guideline-recommended LDL-C goals.” Data on life-
courses largely stem from older case reports and
case series when more recent LLT were not
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available.>* We describe characteristics and clinical
courses of HoFH patients under contemporary care,
with particular focus on deceased patients.

Data were collected from the ‘HoFH International
Clinical Collaborators’ (HICC) registry (NCT04815005),
including patients from 41 countries with clinically or
genetically diagnosed HoFH, alive in 2010 or later.”
Ethics approval was obtained by individual contribu-
tors according to standards set by their Institutional
Review Board. This study was conducted according to
International Standards of Good Clinical Practice.

Collaborators supplied clinical data. LDLR variants
were categorized by residual LDLR activity as absent
(“null”) or impaired (‘defective’).” Pathogenic vari-
ants in APOB and PCSK9 genes were classified as
defective.® LDLRAP1 variants remained a separate
category. LDL-C goal achievement was adjudicated
according to the 2023 European Atherosclerosis
Society HoFH consensus statement: <70 mg/dL
without ASCVD, <55 mg/dL with ASCVD or an addi-
tional risk factor, and <115 mg/dL in children and
adolescents.’

We analyzed HICC registry data of patients who
died during January 2011 to May 2024, and provide a
descriptive comparison with data from living patients
from the cohort previously published.” Continuous
data are presented as median (Q1-Q3) and categorical
data as percentage.

In total, 66 patients from 20 countries died at
a median age of 37 years (Q1-Q3: 20-50 years).
Their age at diagnosis was 12 years (Q1-Q3: 5-24 years)
and 89% presented with xanthomas. Of the deceased
patients with genetic data (88%), 36% carried 2 LDLR
null variants, 17% 1 null and 1 defective variant, 45% 2
defective variants, and 1 patient (2%) had 2 patho-
LDLRAP1
compared with living patients,” were older (37 years
[Q1-Q3: 20-50 years] vs 28 years [Q1-Q3: 15-42 years]),
had higher untreated LDL-C levels (623 mg/dL
[Q1-Q3: 507-753 mg/dL] vs 566 mg/dL [Q1-Q3:

genic variants. Deceased patients,

Mulder et al

HoFH and Medical Life-Trajectories in the Post-2010 Era

448-700 mg/dL]), and more frequently carried
=1 LDLR null variant (Table 1).

At last clinical follow-up, deceased patients had a
higher prevalence of other cardiovascular risk factors
compared with living patients, with a higher preva-
lence of a history of smoking (40% vs 18%) and hy-
pertension (26% vs 15%). Most recent median LDL-C
was 346 mg/dL (Q1-Q3: 235-490 mg/dL) in the
deceased patients, which was higher than in living
patients (293 mg/dL [Q1-Q3: 178-443 mg/dL]). Most
deceased were treated with statins (83%), ezetimibe
(68%), and lipoprotein apheresis (24%). The number
of LLTs ranged from none (14%) to 4 (8%), with 65%
on 0 to 2 LLTs (middle-income countries 82% vs
high-income countries 47%), comparable with living
patients (62%). Similarly, only 5% of the deceased (3
of 58) and 4% of the living patients (21 of 523) ach-
ieved guideline-recommended LDL-C goals.

Overall age at death was 37 years (Q1-Q3: 20-50
years), with ASCVD being the cause in 80%, occurring
at 36 years (Q1-Q3: 17-48 years). The majority
experienced (recurrent) ASCVD before death.
Common ASCVD diagnoses in deceased patients were
as follows: aortic stenosis (48%), angina pectoris

(32%), myocardial infarction (27%), and in-
terventions: CABG (26%) and aortic valve replace-
ment (23%). Two patients received liver

transplantation at ages 3 and 24 years, but unfortu-
nately died shortly after. ASCVD was present in 42%
of living patients.

Patients who died at age <37 years (median age of
death) differed from those who died at =37 years:
HoFH was diagnosed earlier in life (7 years [Q1-Q3:
4-13 years] vs 23 years [Q1-Q3: 9-36 years]), more
frequently presented with xanthomas (94% vs 85%),
more frequently carried LDLR null/null or defective/
null variants (75% vs 33%), and they more often
resided in non-high-income countries (58% vs 45%).
Additionally, patients who died at age <37 years
were more commonly untreated (18% vs 9%), and
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TABLE 1 Characteristics and Cardiovascular Outcomes of Patients With HoFH in the HICC Registry

Alive Deceased
Total Alive Total Deceased Age of Death <37y Age of Death =37y
(n =700) (n = 66) (n =33) (n=33)
Women 365 (52.1) 32 (48.5) 16 (48.5) 16 (48.5)
Residing in high-income country 376 (53.7) 32 (48.5) 14 (42.4) 18 (54.5)
Latest age, n (%) 676 (96.6) 66 (100) 33 (100) 33 (100)
Latest age, y 28 (15-42) 37 (20-50) 20 (13-26) 51 (44-57)
LDL-C levels
Untreated, n (%) 481 (68.7) 48 (72.7) 27 (81.8) 21(63.6)

mg/dL 566 (448-700) 623 (507-753) 660 (589-801) 562 (436-638)
mmol/L 14.6 (11.6-18.1) 16.1 (13.1-19.5) 17.1 (15.3-20.8) 14.6 (11.3-16.5)
Last reported®, n (%) 538 (76.9) 58 (87.9) 27 (81.8) 31(93.9)
mg/dL 293 (178-443) 346 (235-490) 386 (272-507) 293 (165-427)
mmol/L 7.6 (4.6-11.4) 9.0 (6.1-12.7) 10.0 (7.0-13.1) 7.6 (4.3-11.1)
Genetic information available 519 (74.1) 58 (87.9) 28 (84.8) 30 (90.9)
Genetic variants classified according to residual 469 (67.0) 58 (87.9) 28 (84.8) 30 (90.9)
LDLR activity
Null/null 92/469 (19.6) 21/58 (36.2) 12/28 (42.9) 9/30 (30.0)
Null/defective 70/469 (14.9) 10/58 (17.2) 9/28 (32.1) 1/30 3.3)
Defective/defective 266/469 (56.7) 26/58 (44.8) 7/28 (25.0) 19/30 (63.3)
Other, being:
LDLRAPT 27/469 (5.8) 1/58 (1.7) 0 1/30 3.3)
Miscellaneous” 14/469 (3.0) 0 0 0
Last clinical follow-up
BMI, n (%) 349 (49.9) 50 (75.8) 22 (66.7) 28 (84.8)
BMI, kg/m? 23.3 (19.8-27.0) 23.4 (20.8-28.0) 21.8 (17.8-25.2) 24.0 (21.4-29.1)
History of smoking 77/439 (17.5) 23/58 (39.7) 3/29 (10.3) 20/29 (69.0)
Hypertension 81/546 (14.8) 15/57 (26.3) 2/28 (7.1) 13/29 (44.8)
Diabetes mellitus 21/558 (3.8) 2/58 (3.4) 0 2/30 (6.7)
Chronic kidney disease 5/386 (1.3) 2/48 (4.2) 0 2/23 (8.7)
LLT at last follow-up
Statin 441/489 (90.2) 55 (83.3) 26 (78.8) 29 (87.9)
High intensity 287/441 (65.1) 38/55 (69.1) 16/26 (61.5) 22/29 (75.9)
Moderate intensity 55/441 (12.5) 4/55 (7.3) 2/26 (7.7) 2/29 (6.9)
Low intensity 6/441 (1.4) 13/55 (23.6) 8/26 (30.8) 5/29 (17.2)
Unknown dose 93/441 (21.1) 0 0 0
Ezetimibe 302/489 (61.8) 45 (68.2) 23 (69.7) 22 (66.7)
Lipoprotein apheresis 222/576 (38.5) 16 (24.2) 8 (24.2) 8 (24.2)
PCSKS9 inhibitor 105/489 (21.5) 9 (13.6) 4 (12.1) 5(15.2)
Lomitapide 37/489 (7.6) 7 (10.6) 3(09.) 4 (12.1)
Liver transplantation 5(0.7) 2 (3.0) 2 (6.1) 0
Mipomersen 0 1(1.5) 0 13.0)
Evinacumab 13/489 (2.7) 0 0 0
Mortality cause
Cardiovascular 53 (80.3) 28 (84.8) 25 (75.8)
Noncardiovascular 10 (15.2) 4 (12.1) 6 (18.2)
Unknown 3(4.5) 1(3.0) 2 (6.1)
Cardiovascular disease
Angina pectoris 77 (11.0) 21 (31.8) 6 (18.2) 15 (45.5)
Myocardial infarction 77 (11.0) 18 (27.3) 6 (18.2) 12 (36.4)
PCI 83 (11.9) 1 (16.7) 3(09.) 8 (24.2)
CABG 107 (15.3) 17 (25.8) 5(15.2) 12 (36.4)
Ischemic stroke or TIA 1(1.6) 5(7.6) 1(3.0) 4 (12.1)
Carotid intervention® 1 (1.6) 5(7.6) 3(9.0) 2(6.1)
PAD 40/596 (6.7) 5(7.6) 2(6.1) 3(9.1)

Continued on the next page
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TABLE 1 Continued

Alive Deceased
Total Alive Total Deceased Age of Death <37y Age of Death =37 y
(n =700) (n = 66) (n =33) (n =33)
Aortic valve disease
Aortic stenosis 146 (20.9) 32 (48.5) 14 (42.4) 18 (54.5)
Aortic valve replacement 41 (5.9) 15 (22.7) 7 (21.2) 8(24.2)
Any ASCVD before death, n (%) 297 (42.4) 47 (71.2) 20 (60.6) 27 (81.8)
Age ASCVD onset before death, n (%) 239/297 (80.5) 45/47 (95.7) 18/20 (90.0) 27/27 (100)
Age ASCVD onset before death, y 29 (17-41) 27 (16-36) 18 (8-22) 31(27-39)
Any ASCVD including CVD death, n (%) 59 (89.4) 29 (87.9) 30 (90.9)
Age ASCVD incl CVD death onset, n (%) 59/59 (100) 29/29 (100) 30 (100)
Age ASCVD incl CVD death onset, y 23 (13-34) 16 (11-20) 34 (27-40)

Values are n (%), median (Q1-Q3), or n/N (%). °For the patients with preapheresis and postapheresis low-density lipoprotein cholesterol (LDL-C) levels, time-averaged LDL-C
values were calculated according to the formula by Kroon with a coefficient of 0.65.""'? POther possibilities are that genetic testing revealed no, 1, or 3 pathogenic variants in
combination with a clinical phenotype consistent with HoFH. “Carotid intervention contains carotid endarterectomy and carotid stenting.

ASCVD = atherosclerotic cardiovascular disease; AVR = aortic valve replacement; BMI = body mass index; CABG = coronary artery bypass grafting; LLT = lipid-lowering
therapy; PAD = peripheral artery disease; PCl = percutaneous coronary intervention; PCSK9 = proprotein convertase subtilisin-kexin type 9; TIA = transient ischemic attack.

had higher untreated LDL-C levels (660 mg/dL
[Q1-Q3: 589-801 mg/dL] vs 562 mg/dL [Q1-Q3: 436-
638 mg/dL]) and treated LDL-C levels (386 mg/dL
[Q1-Q3: 272-507 mg/dL] vs 293 mg/dL [Q1-Q3:
165-427 mg/dL]). Furthermore, they had fewer
modifiable risk factors and their deaths were more
often classified as ASCVD-related (85% vs 76%)
(Table 1).

This descriptive analysis shows that patients with
HoFH still die very young. Nearly all deceased pa-
tients (95%) failed to achieve guideline-
recommended LDL-C goals, with two-thirds on 0 to
2 LLTs. Although LLT intensity was somewhat higher
in living patients, our data underscore the lack of
optimal treatment of HoFH. Death occurred earlier in
those residing in non-high-income countries, which
may relate to LLT access. Although novel LLTs are
crucial for improving outcomes, drawbacks such as
costs may prevent their availability, especially in
non-high-income countries. This could be one reason
why PCSK9 inhibitor use was much lower than ex-
pected. Additional reasons include limited efficacy of
PCSK9 inhibitors in patients with minimal LDLR ac-
tivity, their later registration for pediatric patients,
and no registration in patients age <8 years.

Throughout a lifetime, HoFH exerts a considerable
burden, with most patients experiencing (recurrent)
cardiovascular events. Modifiable risk factors, like
smoking and hypertension, were less prevalent in
patients who died younger. Seemingly paradoxical,

this likely reflects the phenomenon that these pa-
tients did not live long enough to develop age-related
cardiovascular risk factors. Instead, cardiovascular
risk was primarily driven by the cumulative LDL-C
burden because LDL-C levels were considerably
higher in this group. No sex differences were
observed between age-of-death groups, in line with
recent observations.”

The mean age of ASCVD death in HoFH patients has
increased from 17.5 years (95% CI: 13.0-22.0 years) in
the prestatin era to 24.7 years (95% CI: 19.8-29.6 years)
in studies after 1990.% Our findings suggest that in
contemporary care, the age of cardiovascular death
further increased to 36 years (Q1-Q3: 17-48 years),
which is still extremely premature. The increase in
survival likely reflects the advent of novel treatments
that have emerged over the past decades. Given the
recent development of LDLR-independent LDL-C
lowering drugs (ie, lomitapide and evinacumab), sur-
vival of HoFH patients is expected to further improve.
Modeling studies suggest that lomitapide and evina-
cumab could extend median survival by ~11 to 12
years in HoFH patients, which we deem a clinically
relevant addition in light of the presented data.”"'°

Study strengths include the HICC registry’s specific
inclusion criteria, resulting in a large, broad, and
more representative contemporary cohort. This
allowed for an extensive analysis of deceased HoFH
patients, relevant to the current HoFH management.
Two limitations should be noted: missing data in key
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determinants of (long-term) mortality prevented us
from performing multivariable survival analysis,
and the deceased patients may over-represent the
most severe cases, introducing potential survivor-
ship bias. Therefore, future HoFH studies are
needed to provide further insights into the long-
term impact of novel LDLR-independent LLT on
global life expectancy.

Despite treatment advances, the age of death in
patients with HoFH still remains too young. This
underscores the importance of even earlier diagnosis,
intensified treatment, and better access to combina-
tion and novel LLTs to achieve lower LDL-C levels
and improve outcomes for patients with HoFH
globally.
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