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Background—Apheresis is an important treatment for reducing low-density lipoprotein cholesterol (LDL-C) in patients with familial
hypercholesterolemia (FH). We systematically reviewed the current literature surrounding LDL-C apheresis for FH.

Methods and Results—Electronic databases were searched for publications of LDL-C apheresis in patients with FH. Inclusion
criteria include articles in English published in 2000-2013 that provide descriptions of practice patterns, efficacy/effectiveness,
and costs related to LDL-C apheresis in patients with FH. Data were stratified by country and FH genotype where possible. Thirty-
eight studies met the inclusion criteria: 8 open-label clinical trials, 11 observational studies, 17 reviews/guidelines, and 2 health
technology assessments. The prevalence of FH was not well characterized by country, and underdiagnosis was a barrier to FH
treatment. Treatment guidelines varied by country, with some guidelines recommending LDL-C apheresis as first-line treatment in
patients with homozygous FH and after drug therapy failure in patients with heterozygous FH. Additionally, guidelines typically
recommended weekly or biweekly LDL-C apheresis treatments conducted at apheresis centers that may last 2 to >3 hours per
session. Studies reported a range for mean LDL-C reduction after apheresis: 57—75% for patients with homozygous FH and 58—63%
for patients with heterozygous FH. Calculated annual costs (in US$2015) may reach US$66 374 to US$228 956 per patient for
weekly treatment.

Conclusions—LDL-C apheresis treatment may be necessary for patients with FH when drug therapy is inadequate in reducing LDL-
C to target levels. While apheresis reduces LDL-C, high per-session costs and the frequency of guideline-recommended treatment
result in substantial annual costs, which are barriers to the optimal treatment of FH. (/ Am Heart Assoc.2016;5:e003294 doi:
10.1161/JAHA.116.003294)
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amilial hypercholesterolemia (FH) is an autosomal-
dominant genetic disease that is a cause of premature-
onset coronary heart disease." Patients with FH may be
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partially responsive or poorly responsive to statins because of
homozygous (2 defective alleles) or heterozygous (1 defective
allele) mutations of the genes involved in low-density
lipoprotein cholesterol (LDL-C) metabolism, such as those
encoding the LDL receptor apoprotein B100 or proprotein
convertase subtilisin/kexin type 9.* Given that the efficacy of
statins depends in part on increasing LDL receptor activity,
patients with homozygous FH (HoFH) and some patients with
heterozygous FH (HeFH) with substantially reduced or absent
LDL receptors may not experience adequate risk-stratified
reduction in LDL-C levels with statin treatment.*® These
patients must rely on more aggressive forms of treatment,
such as LDL-C apheresis, to reduce LDL-C to recommended
levels.*”

Apheresis is a procedure in which either the plasma is
separated from red blood cells before the physical removal
of LDL-C or the LDL-C is directly removed from whole
blood.® It is currently the treatment of choice for patients
with FH whose LDL-C levels are not able to be reduced to
target levels with conventional lipid-lowering drug therapy.®
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Older studies have demonstrated that LDL-C apheresis is
effective in reducing LDL-C levels and the incidence of
cardiovascular events (CVEs).” ' However, the follow-up
periods of these studies are often too short to comprehen-
sively determine the longer-term clinical benefits of aphere-
sis in the FH population. As pointed out in the recent
scientific statement from the American Heart Association
regarding the agenda for FH identification and management,
evidence gaps exist regarding the treatment and research of
FH.? Further, the efficacy and treatment patterns of LDL-C
apheresis in patients with FH have not been recently
aggregated and assessed.

In this systematic review, we evaluate the current literature
surrounding LDL-C apheresis treatment for patients with FH
who are unable to manage LDL-C with conventional lipid-
lowering drug therapies.

Methods

Relevant articles assessing LDL-C apheresis in patients with
HoFH and HeFH were searched by using PubMed (MEDLINE),
EMBASE, and Cochrane Central Register of Controlled Trials.
The literature search was performed using a combination of
terms included in Table S1. Country-specific health technol-
ogy assessment (HTA) websites and the Centre for Reviews
and Dissemination electronic bibliographic database were
used to identify documents assessing LDL-C apheresis in
patients with FH. References mentioned in the review articles
were searched for the original source. Titles and abstracts
from the search were screened against the inclusion/
exclusion criteria, and selections were reviewed by 2
reviewers; discrepancies were resolved by discussion. The
inclusion criteria included articles written in English on LDL-C
apheresis in patients with FH published between January 1,
2000, to October 10, 2013, for PubMed, EMBASE, and
Cochrane Central Register of Controlled Trials, while no date
restrictions were placed for HTA searches. E-publications
(articles not yet published and only available online) were not
searched. Articles meeting the criteria were selected for full
text review, and relevant data were abstracted where
appropriate. Articles reviewed include clinical studies, guide-
lines, reviews, and observational studies. Those articles
addressing nonapheresis lipid-lowering therapies, reporting
studies assessing specific apheresis technology efficacy, and
case studies were excluded. Results are reported by
stratification of findings by FH type (ie, HoFH, HeFH, FH
type unspecified) as reported in studies, wherever possible.
Where other lipid-lowering background therapies (if any) were
used, within a study in combination with LDL-C apheresis,
the treatment effect attributable to LDL-C apheresis was
reported (if available). Costs included in this review are US
$2015 unless otherwise noted. Institutional review board

approval was not obtained as our systematic literature review
involved the retrospective analyses of prior published
deidentified human studies.

Results

The literature search returned 189 unique citations, and 38
articles were retained after full-text review (Figure). Retained
articles included 17 reviews and guidelines (44.7%), 11
observational studies (28.9%), 8 open-label clinical trials
(21.1%), and 2 HTA studies (5.3%).

Epidemiology

The prevalence of FH is not well characterized in many
countries. Of the articles included in this review, 20 (52.6%)
reported prevalence: 15 reported the same prevalence rate
regardless of country, 2 reported country-specific rates along
with method of prevalence determination, and 3 reported
country-specific rates but did not mention how prevalence
was determined. The majority of studies reported a preva-
lence rate of 1:1 million for HoFH and 1:500 for HeFH
despite being set in different countries. These rates can be
traced to 2 genetic studies published in the 1970s. The first
study from Slack identified 7 HoFH UK patients and used the
Hardy—Weinberg equation to estimate an HeFH prevalence of
1:500." The second study, by Goldstein and Brown,
extrapolated the frequency of HeFH among myocardial
infarction survivors to the general US population and
calculated an HeFH prevalence of 1:500 with a range of
1:200 to 1:1000." Various nonapheresis studies (not
included in this review) reported that higher rates of FH
have been observed among genetically isolated subpopula-
tions, ranging from 1:30 000 to 1:100 000 for HoFH and
from 1:67 to 1:270 for HeFH."®

LDL-C Apheresis Diagnostic Criteria

Of the articles yielded by the literature search, only 15 (39.5%)
specified diagnostic criteria: 8 review articles/guidelines (2
UK,'®"7 2 US,>" 1 Australia,® 1 Japan,* 1 Spain,'® and 1
country not-specified), 3 observational studies (France,?°
Germany,?" and US??), 3 open-label trials (Italy,”® Japan,?* and
Turkey?®), and 1 HTA (Canada®®).

The most commonly referenced diagnostic criteria for
diagnosis of familial hypercholestrolemia were the Simon
Broome FH register and the Dutch Lipid Network criteria. The
Broome criteria incorporate diagnostic components related to
lipid levels, family history, clinical presentation, and DNA
testing and are the primary criteria presented in the National
Institute for Health and Care Excellence clinical guidelines.'’
Separate lipid thresholds are incorporated for children and
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Articles retrieved for title/abstract review
(n=183)

Hand searched guidelines (n=6)

Articles for full-text review (n=50)
*  Studies (n=22)

PubMed

* Apbheresis not focus (n=27)
¢ Apheresis tech (n=16)

¢ Case study (n=18)

* Diagnosis / Screening (n=2)
* FH not focus (n=2)

* Article not relevant (n=1)

¢ LDL not focus (n=24)

* General review (n=11)

Cochrane

* Apheresis not focus (n=3)
¢ Apheresis tech (n=2)

¢ LDL not focus (n=1)

Articles excluded (n=139)

EMBASE

* Apheresis not focus (n=7)
* Apheresis tech (n=1)

* Case study (n=1)

* LDL not focus (n=6)

* General review (n=2)

CRD

* Diagnosis/Screening (n=9)
* Apheresis not focus (n=5)
* Not English (n=1)

*  Review Articles (n=28)

Articles Abstracted (n=38)
e Studies (n=19)

Articles excluded (n=12)

¢ Case report (n=2)
* General review (n=7)
* Apheresis tech (n=2)
* FH not focus (n=1)

*  Review Articles (n=19)

Studies Review Articles
* Observational (n=11) * Reviews and Guidelines
* Open Label Clinical Trial (n=17)

(n=8) * HTA Studies (n=2)

==P itemization of articles excluded

‘ next step in screening process

l l division of articles included

Legend
FH = familial hypercholesterolemia
HTA = health technology assessment
LDL = low-density lipoprotein

n = number of articles

Figure. Itemization of articles excluded, right arrow. Next step in screening process, down arrow. Division of articles included, double

down arrow. CRD indicates cardiac remodeling and dysfunction.

adults, although DNA evidence alone is sufficient to diagnose
definite FH. The Dutch criteria include similar components in
diagnosing adults but use a more granular point-based system
that allows for greater diagnostic sensitivity; they are the
favored diagnostic criteria in Australia’s clinical guidelines.®
Both the Broome and Dutch criteria are described as
acceptable diagnostic criteria by the Ontario Medical Advisory
Secretariat HTA.?® Neither the Simon Broome nor the Dutch
criteria make a specific distinction between HoFH and HeFH
diagnosis.

Of the articles included in this review, 9 (23.7%) expressed
a need for better diagnosis with 5 articles stating that
FH underdiagnosis is a problem.®?32¢728 Australia’s clinical
guidelines reported that <10% of FH cases have been
diagnosed,® while the Ontario HTA stated that only 15% of
the cases in Canada are accurately diagnosed.?® Another
problem noted is late diagnosis. The literature suggests that
effective treatment for FH requires early identification, yet
patients are often diagnosed only after a coronary event.®?”+?8
This suggests that increased awareness and earlier screening

and diagnosis are needed to improve the prognosis of the
pediatric and adolescent FH population. To better meet these
unmet needs, multiple groups advocate the use of cascade
screening.?’

LDL-C Apheresis Guidelines

The literature search identified 11 clinical guidelines. Six
guidelines (Japan,* Australia,® National Institute for Health and
Care Excellence/UK,"” Spain,’ and US'®?%) outlined FH
treatment recommendations (Table S2), while 5 (Ger-
many,>%" UK,*? and US>??*?) described LDL-C apheresis
treatment for hypercholesterolemia (Table S3).

Although it is widely accepted that patients with HoFH
usually require apheresis to reduce LDL-C to target levels,
country-specific guidelines vary on when LDL-C apheresis
should be used in patients with FH.*°® Japanese guidelines
were the most aggressive, recommending LDL-C apheresis as
first-line treatment for all patients with HoFH.* Other guide-
lines required that patients with HoFH exceed a specific LDL-
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C threshold or are treatment refractory. All guidelines
recommend concomitant lipid-lowering therapy along with
apheresis to reduce LDL-C levels.

For patients with HeFH who are treatment refractory and
have cardiovascular disease, all guidelines recommend LDL-C
apheresis in combination with lipid-lowering therapies.

Across FH types, LDL-C apheresis treatment eligibility,
LDL-C thresholds, target acute LDL-C reduction (LDL-C
reduction immediately after an apheresis session), interval
LDL-C level (LDL-C level between apheresis sessions), and
time-average LDL-C reduction (average LDL-C levels between
2 time points to account for LDL-C rebound after apheresis
treatment) were not consistently reported and varied by
country when they were reported (Table 1).4¢19:29-33

LDL-C eligibility thresholds varied from >160 to >500 mg/
dL for patients with HoFH and >160 to >300 mg/dL for
treatment refractory patients with HeFH. Target acute LDL-C
reduction ranged from 55 to 70% across all FH types (HoFH,
HeFH, and unspecified FH types). Target interval LDL-C levels/
time-average reductions were defined as percent reductions or
as absolute LDL-C levels. Although there was no consensus on
treatment targets, a need for generally accepted guidelines for
LDL-C apheresis treatment was recognized.®?'

For all FH types, guidelines recommend initial concomitant
lipid-lowering therapy with statins (combined with ezetimibe
in Japanese guidelines) along with apheresis to reduce LDL-C
levels. If patients are nonresponsive to statin treatment or
require further LDL-C reductions, additional treatment with
ezetimibe, niacin, fibrates, or bile acid-binding resins is
recommended. There was no evident stratification based on
FH type of recommendations for concomitant lipid-reducing
medication.

LDL-C Apheresis Treatment Patterns

Actual use of LDL-C apheresis for the treatment of FH is not
well described in the literature. Only 6 articles described LDL-
C apheresis treatment rates, although estimates were not
stratified by FH genotype and may include patients with non—
FH-related hyperlipidemia.”-®'6273%3% Reported rates differed
widely across countries, and there was ambiguity regarding
the denominator (source population from which patients with
FH receiving LDL-C apheresis are identified) of these rates;
thus, they were assumed to represent annual treatment rates
in the general population. In Europe, reported LDL-C apheresis
rates were the highest in Germany (12 per 1 million persons),
followed by Sweden (3 per 1 million), France and Italy (2 per 1
million), and the United Kingdom (0.6 per 1 million).3? In the
United States, it was estimated that 1.3 per 1 million receive
LDL-C apheresis treatment.””'® Worldwide, it was estimated
that there are =2500 patients receiving LDL-C apheresis
treatment, with 1400 to 1500 of them in Germany.*

Although only 37 patients in the United Kingdom were
receiving LDL-C apheresis treatment in 2007, it was esti-
mated that 200 patients were eligible for treatment.'®?7:3*
LDL-C apheresis treatment rates were not reported for other
countries.

Treatment intervals were not stratified by FH type and
were generally consistent between countries. The majority of
studies (n=13, 68.4%) reported intervals of <2 weeks: 4
articles reported weekly LDL-C apheresis,?"*>” 4 articles
reported treatment every 1 to 2 weeks,‘”’ze”%'39 and 5 articles
reported a 2-week interval.2%27:4%42 Of the studies that
reported an interval >2 weeks, the majority reported a 3- to 4-
week interval and 1 observational study reported a treatment
interval of 8 weeks.

Background lipid-reducing therapy reported to be adminis-
tered concomitantly with apheresis included statins (simvas-
tatin, lovastatin, atorvastatin, pravastatin, and rosuvastatin),
fibrates (gemfibrozil, bezafibrate, and fenofibrate), ezetimibe,
and probucol. Background therapies were not stratified by FH
type.

The literature suggests that certain treatment barriers may
exist, including the invasiveness and duration of the proce-
dure (ranging from 2 to >3 hours),”?> patient burden and
quality of life,® and cost/resource utilization.®#2%26:28:32
Three articles emphasized the disparity between the pre-
sumed number of patients who may benefit from LDL-C
apheresis and the number of apheresis centers, suggesting
that apheresis may be unavailable for patients in need.”%2”

Apheresis LDL-C Reduction Efficacy

Acute LDL-C reduction percentages are presented in
Table 2.72972>27 Reductions were consistent across studies:
9 (64%) reported reductions between 60% and 79%, 4 (29%)
reported reductions between 50% and 59%, and 1 (7%)
reported an 82% reduction. Only 7 studies assessed patients
with HoFH and patients with HeFH separately. While patients
with HoFH had higher mean LDL-C levels before and after
LDL-C apheresis compared with patients with HeFH, reduction
percentages were similar for both patient groups: 57% and
75% and 58% and 63%, respectively. Studies of patients with
HoFH reported post—LDL-C apheresis LDL-C levels that
ranged from 72 to 148 mg/dL, which were higher than those
in studies of patients with HeFH, with a range of 62 to
81 mg/dL.

Concomitant lipid-lowering therapies included statins
(simvastatin, lovastatin, atorvastatin, pravastatin, and rosu-
vastatin), fibrates (gemfibrozil, bezafibrate, and fenofibrate),
ezetimibe, and probucol, and use of these therapies was not
stratified by FH type.

Despite the efficacy of LDL-C apheresis in lowering LDL-C
levels, some studies reported that cholesterol concentrations
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3 may gradually increase after LDL-C apheresis treatment and
- 2 reach pretreatment levels within 2 to 4 weeks.®*** Only 4
g’ § g studies reported mean interval LDL-C levels (ranging between
=3 2T . . .
% = © 5 E 2 102 and 272 mg/dL), with 2 studies reporting a percent
< 5 .. T - . . -
53l = = z E 5 % interval reduction of nearly 50% (Table 3).2%243%43 Additionally,
=& o © ~ T g 5 studies assessed the LDL-C reduction during an extended
8 follow-up period (range 1-5 years) of LDL-C apheresis treat-
(=3 .
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o Q "é" + ~ S - S . 22,25,27,40,44
= == o = .
282 g ~SE s baseline LDL-C Ievels.(TabIe 4). .
§ % ; €. |= s L85 S There were 5 studies that included children under age 18
=a==|o = - * :S‘ g in their study population, and of those, 2 studies only included
2 3 children. These studies reported similar LDL-C reduction
§ 3 3 - 3 §2 compared with studies of adults. Coker et al reported that the
QP 0 - (7Y . . . .
$zE § § & = £z mean acute reduction of LDL-C in children with HoFH was
g 2 = S 25 i
SQ = TS5 s B > 63%.7> Palcoux et al reported that the mean acute reduction
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S =@ | E =28 = ed p pop ying p
=T E e e § > Gordon conducted a retrospective analysis of patients of the
o T é US LDL Apheresis Registry and found that patients experi-
z 8 T8 enced a 48% decrease in the rate of CVE after apheresis
15 E o S
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o3 g E3 treatment (9.14 CVE before apheresis and 4.72 CVE per
L I € S 5 P
32|18 g 8 1000 patient-months after apheresis treatment) but did not
Tole - o . 2 S P 45 P
R ~ = . s £ stratify by FH type.” Kolovou et al reported the percentage of
$&5 8 ! =] > 2s y by yp p
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23 ¢ . . .y . .
T S 28 analysis on FH type either. In addition, the analysis contains
=9 o . .
g & _ _ :? ESS non—familial hypercholesterolemia patients.?® Sachais et al
55 @ > - & E e . .
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c 8|l = | = g el | 858 2.5 years, patients with HoFH had a 3.2-fold decrease in CVEs
Pl STEE| ig: years, P
= |6 ~ N T 8= § and a >20-fold decrease in cardiovascular interventions.*?
=3 el
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g E £ & L .
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-2 2 - = = = e BN =l sh® p y
cf ot |fsslfiss £z = respectively.”* In Australian guidelines, it is recognized that
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538 p p g
_ = = _ $%E risk for CVEs because of increased native levels of LDL-C.°
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Z|l&°|gf°B|gom|g° £29 E’ ment. Coker et al reported that 4 of 10 children had coronary
o 8 % 9>'§ heart disease that persisted after apheresis treatment, with 2
2 - 2 . . . .
5 | 595 patients dying from aortic stenosis.?® Palcoux et al reported
£ 52 |8 s5 883
§ § & & § 5 o % = that 5 of 27 children experienced CVEs during apheresis
- o O a . . .
252 E g treatment: 1 patient with HoFH had an aortic valve replace-
& Q9 c E 2
i - % g, B :i 23 ment, 3 compound patients with HeFH (the presence of two
5 = § S > 2885 recessive alleles at a particular gene locus that can cause
S S L c = . . . .
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o | 2 © o = T =35 < . . .
£ 8 |& = 2 £op 2 g genetically screened for FH type required surgical manage-
=< |= & < 23382 ; . 20
38297 ment of aortic stenosis.

Table 2. Continued
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Table 3. Interval LDL-C Reduction Between Apheresis Treatments

Interval Between Mean Interval Percent Interval

Apheresis Treatment LDL-C Level, Reduction
Author Country Study Type No. of FH Patients Sessions, d mg/dL From Baseline
Julius, 2013*3 (UHD) Germany | Prospective observational study | Unspecified: 64 Variable* 101.7 Not reported
Julius, 2013% Germany Prospective observational study HoFH: 1 Variable” 112.5 Not reported

(other centers) Unspecified: 54

Masaki, 2005%* Japan Open-label clinical trial HeFH: 18 30.1 (mean) 146 46%
Graesdal, 2012+ Norway Prospective observational study HoFH: 8 7 162 Not reported
Hudgins, 200822 USA Prospective observational study | HoFH: 29 14-21 (mean) 272 48%

LDL-C indicates low-density lipoprotein cholesterol; FH, familial hypercholesterolemia; HoFH, homozygous FH; HeFH, heterozygous FH; UHD, University Hospital Carl Gustav Carus in Dresden.
*Weekly (68.8%), biweekly (20.3%), once per month (9.4%), once in 8 wk (1.6%), twice per week (0%).
TWeekIy (74.5%), biweekly (18.2%), once per month (0%), once in 8 wk (0%), twice per week (7.3%).

Apheresis Safety

The general consensus across studies is that LDL apheresis is
well-tolerated and is a safe means of reducing LDL-C. The
most common side effects reported were hypotension and
nausea/vomitting, which ranged between 0.73% and 5.8% and
1% and 2.6% of apheresis treatments, respectively.®?%%7:4
Serious side effects such as serious hypotension and allergic
reactions occur very rarely: 0.13-1.3% and 0.2-0.4% of
apheresis treatments, respectively.>*?' Both hypotension
and nausea/vomitting were reported at 0.2% of all treatments
in a study that only included children with HoFH.?® Problems
with access site such as central line infections, puncture
difficulties, technical problems, and issues with vascular
access have also been reported.?%2¢:27:46

Cost of LDL-C Apheresis

LDL-C apheresis costs were reported for Australia, Germany,
France, the United Kingdom, the United States, and Canada,
but data sources and cost calculation methodology were often
not cited in the articles (Table 5).%¢®16323447 |p|.C
apheresis costs per session typically ranged between $1617
and $2762 across countries, with no stratification by FH type.

LDL-C apheresis costs in Germany and France were the
lowest ($1276-$1392).% Lee et al reported a maximum cost
of $4403 in the United States.'® Of the 7 non-HTA articles
that reported LDL-C apheresis costs or methodology, only 2
reported a source for cost figures; thus, it is difficult to
ascertain the accuracy of reported costs.””'® Nevertheless,
estimates indicate that annual LDL-C apheresis treatment
costs may be substantial considering the frequency of
required sessions. Assuming once-weekly treatment, annual
per-person costs may be as low as $66 374 ($33 187 for
biweekly treatment) in Germany and France and as high as
$228 956 ($114 478 for biweekly treatment) in the United
States.

In contrast, LDL-C apheresis costs in Canada were well
documented, and the methodology used to calculate costs
was more transparent. The Canadian HTAs calculated costs
and analyzed budget impact by considering equipment,
maintenance, disposable materials, and physician/nurse
costs.?%?® Equipment costs were fixed over time and divided
into annual costs over 10 years. Maintenance costs were
reported annually. Disposable equipment supplies and physi-
cian/nurse costs were reported per session. For the 13
patients with HoFH and 115 patients with HeFH in Ontario,

Table 4. Reduction of LDL-C Over an Extended Follow-up Period From First to Last Session of Apheresis

No. of Mean LDL-C Reduction Mean Percent
Author Country Study Type FH Patients Follow-up Time Level (Range) mg/dL LDL-C Reduction
Archontakis 20072 UK Retrospective observational study HeFH: 7 4y4mo 218.5 (159.7-323.3)* 21.7%
Matsuzaki, 20024 Japan Open-label clinical trial HeFH: 19 1y 140 34.3%
Coker, 20092 Turkey Open-label clinical trial HoFH: 10 5y 238.8 36.4%
Hudgins, 200822 USA Prospective observational study HoFH: 29 Not reported 341 34%
Blaha, 2009** Czech Republic Prospective observational study HoFH: 3 3y 201.1 Not reported

HeFH: 9

LDL-C indicates low-density lipoprotein cholesterol; FH indicates familial hypercholesterolemia; HeFH, heterozygous FH; HoFH, homozygous FH.

*Conversion used, 1 mmol/L=38.66976 mg/dL.
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Table 5. Costs of Apheresis Treatment, by Country

Biweekly Treatment Weekly Treatment

Cost Per Session Annual Costs per Person Annual Costs per Person
Author Country FH Type (US$ 2015)* (Us$ 2015)" (Us$ 2015)F
Thompson, 200832 UK Unspecified $1617-$1940% $42 035-$50 435 $84 070-$100 869
Archontakis, 20084 UK Unspecified $1617-$1940% $42 035-$50 435 $84 070-$100 869
Lee, 20116 UK Unspecified $2424% $63 034 $126 068
Lee, 2011'® USA Unspecified $2202-$4403 $57 252-$114 478 $114 504-$228 956
Mehta, 2009* USA Unspecified $2210-$2762 $57 460-$71 812 $114 920-$143 624
Vella, 2001° USA Unspecified $2677 $69 602 $139 204
Watts, 20118 Australia Unspecified $1723-$2037% $44 804-$52 967 $89 618-$105 933
Thompson, 20108 Germany and Unspecified $1276-$1392% $33 187-$36 184 $66 374-$72 367

France

FH indicates familial hypercholesterolemia.

*Inflated to 2015 costs using average 2015 US consumer price index, http://www.bls.gov/data/inflation_calculator.htm.

fCalculated from costs per session.

*Ex-US$ 2015 calculated from reported currency and year using IRS yearly average exchange rates, https://www.irs.gov/Individuals/International-Taxpayers/Yearly-Average-Currency-

Exchange-Rates.

these translated into annual weekly LDL-C apheresis treat-
ment costs of $881 930 ($440 965 for biweekly treatment)
and $7 875 587 ($3 937 793 for biweekly treatment),
respectively. Treatment of the estimated 765 undiagnosed
patients with HeFH cost $52 453 324 ($26 226 662 for
biweekly treatment).

Discussion

LDL-C apheresis remains a cornerstone in the treatment of
patients with HoFH and more severe HeFH as conventional
lipid-lowering drug therapies are not adequate to control the
high levels of LDL-C in this patient population. However, LDL-
C apheresis treatment patterns are not well described by
country, and the global disease burden of FH is unclear. This
review demonstrates that (1) there is little consensus on LDL-
C apheresis treatment recommendations in patients with FH
across countries, (2) there is a substantial unmet need in
treating patients with FH, and (3) there are considerable
barriers in accessing LDL-C apheresis treatment, particularly
with respect to cost and availability by geographic location.
Difficulties in characterizing FH disease burden is rooted in
the lack of actual country-specific prevalence estimates for
HoFH and HeFH. The cardinal FH epidemiologic figures most
often cited in different countries are population prevalence
figures of 1:1 million for HoFH and 1:500 for HeFH. These
figures are based on analyses of small subsets of patients and
the application of the Hardy—Weinberg equation, which
requires a large number of assumptions. Moreover, the
source data for these prevalence estimates are from studies
published before 1980 and may no longer be applicable.
Deviations from conventional prevalence figures have been

reported in a recent study of the Danish Civil Registration
System.*® These investigators found that the prevalence of
FH, as diagnosed according to the Dutch Lipid Network
criteria, may be as high as 1:137 for definite and probable FH
and 1:504 for definite FH alone. Similarly, a recent screening
in a northern European population reported an HeFH preva-
lence of 1:200." Thus, the true country-specific prevalence of
FH may be higher than 1:500; this is certainly true for the
Netherlands, South Africa, and Quebec, Canada. The study
also reported that the available FH prevalence data are
inaccurate (ranging from 1:200 to 1:2000) because of a
reliance on hospital patients, registry samples, or calculations
that used the Hardy—Weinberg equation to estimate preva-
lence figures. Other issues in characterizing the burden of FH
revolve around the underdiagnosis of patients with FH. In
Canada and Australia, it is estimated that as few as 10—-15% of
patients with FH are accurately diagnosed or are diagnosed at
all.>?% Further, patients often remain undiagnosed until they
experience a coronary event. This level of underdiagnosis may
result in grave impacts on patient prognosis as guidelines
estimate that the risk for developing coronary artery disease
for untreated patients with FH is 20 times higher than that for
treated patients.*

Despite the findings that apheresis is effective in reducing
LDL-C levels, methodological issues cause difficulties in
drawing conclusions from the study results. One issue is that
patients with HoFH and HeFH are often aggregated in
analyses. Only 63% of the studies included in this review
assessed LDL-C reductions in patients with HoFH and HeFH
separately. This lack of stratification by FH type limits the
usefulness of study findings and may lead to increased
variability in LDL-C apheresis efficacy results. The results
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presenting the efficacy of apheresis in reducing LDL-C in
patients with FH may also be misleading. The studies included
in this review indicate that while percent LDL-C reductions for
patients with HoFH or HeFH are similar, actual LDL-C levels
are still higher in patients with HoFH compared with patients
with HeFH. Further, when interval LDL-C reduction and LDL-C
reductions over an extended follow-up period are taken into
account, the LDL-C reduction of apheresis becomes more
modest, which is likely related to the rebound of LDL-C levels
after apheresis treatment.””® While studies demonstrate that
apheresis decreases the rate of CVE, the duration of follow-up
time reported by these studies may not be long enough to
fully capture downstream CVE (range 1-5 years). This may
introduce substantial bias and produce lower rates of CVE
than if longer follow-up periods were used. Additionally,
reduction in CVE is not reported by using either a standard
comparison or standard patient population, with 50% of
studies reporting CVE reduction as determined by comparing
CVE rates in patients with FH before and after apheresis, 25%
reported as event-free percentage of major coronary events in
patients with FH, and 25% reported as event-free survival with
the analysis including patients with FH and those without FH,

The rebound of LDL-C after apheresis treatments may
require weekly or biweekly apheresis treatments to maintain
reduced levels of LDL-C. The frequency of LDL-C apheresis
treatments required for patients with FH is a significant
barrier given the invasiveness and cost of treatment, which
may impact patient quality of life, reduce access to LDL-C
apheresis, and thus compound the CVD risk in these
patients.®®2% LDL-C apheresis is an invasive procedure that
spans the length of >2 hours, which may be undesirable or
inconvenient for patients with FH. Patients may also have
difficulty accessing LDL-C apheresis treatment as the avail-
ability of LDL-C apheresis is restricted to specialized centers
in many countries. LDL-C apheresis equipment, disposable
supplies, and requirement of intensive medical staff capacity
contribute to the often prohibitive cost of LDL-C apheresis.
Because of low availability and high cost, LDL-C apheresis is
often restricted to patients with the most severe FH, typically
patients with HoFH or severe HeFH who are treatment
refractory. Consequently, it may be unethical to withhold LDL-
C apheresis treatment from patients with FH who are at high
risk of CVD and may benefit from LDL-C apheresis but are
ineligible for or cannot gain access to LDL-C apheresis
treatment.?® Given the necessity for lipid-lowering treatments
beyond conventional statins in patients with FH, it is crucial
that these areas of unmet need be filled to appropriately treat
patients with FH. There is a need for conducting more
economic analyses (eg, cost benefit, cost effectiveness,
health-related quality of life analysis) to compare the long-
term costs and tradeoffs associated with LDL-C apheresis
versus other available pharmacological treatments for FH. In

addition, communicating and disseminating such evidence
effectively would lead to better-informed patients and
improved patient-centered clinical judgment of their physi-
cians.

A potential limitation of this review is that changes in
inflammatory and oxidative status and other lipid parameters
(eg, apo-B, Lp[a]) resulting from apheresis were not included
in this review. The largest meta-analysis of the association
between Lp(a) and CVE risk found that for every 3.5-fold
higher Lp(a) concentration, the risk of coronary heart disease
increases by 13% after adjusting for age, sex, systolic blood
pressure, smoking, history of diabetes, and total choles-
terol.* Although Lp(a) reduction appears to be associated
with CVE risk based on meta-analyses of observational
research, the causal link between Lp(a) reduction and CVD
prevention and treatment requires evidence from randomized
controlled trials.>® To date, there have been no randomized
controlled trials s published that assessed the effect of
reducing Lp(a) on CVE risk or CV mortality.’' >3 Another issue
is that Lp(a) levels vary widely across gender and ethnici-
ties.>* Thus, it is difficult to interpret the results of Lp(a)
reduction studies without better characterization of Lp(a)
levels and CVE risk across different ethnicities.>*>* Addition-
ally, efficacy and safety outcomes of FH apheresis studies
were not generally stratified by FH type (Ho, He, unspecified),
and further exploration of FH apheresis outcomes by FH type
may be required. Future research should build on this
systematic literature review and include a meta-analysis to
quantitatively summarize the evidence of LDL-C apheresis for
the treatment of FH.

During the timeframe in which this review was conducted,
country-specific guidelines contained varied recommenda-
tions for apheresis treatment thresholds, intervals, and LDL-C
targets. Fortunately, recently published European consensus
papers and an international FH consensus paper provide a
foundation for standardization of FH apheresis treatment
across countries.”®®® However, as mentioned in the Amer-
ican Heart Association’s scientific statement regarding the
agenda for FH, limitations exists in current available diagnos-
tic schemas; country-specific models of care for FH are
required to increase FH awareness and treatment.? In
addition, several unmet needs remain to be addressed. While
observational and non-randomized trials have shown that LDL-
C reduction with apheresis treatment is associated with
decreased CVE, randomized controlled trials are needed to
confirm these findings. CVEs may have been triggers for the
initiation of LDL-C apheresis in some patients; therefore the
apheresis CVE reduction comparison summarized in this
study may not be representative of the actual CVE reduction
efficacy of apheresis. Observational and non-randomized trials
also typically have short follow-up periods so studies with
longer follow-up periods (ie, more than 10 years) will need to
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be conducted to assess the long-term efficacy and confirm
the safety of apheresis treatment for FH. Finally, other
treatment modalities for FH should be explored as the costs,
availability, and duration of sessions may be substantial
barriers for some patients. Novel LDL-C lowering treatments
may also be needed as many patients on apheresis and
standard lipid-lowering drugs continue to experience pro-
gressing CVD.
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Table S1. Search terms for the PubMed database

Search Element Search Terms
Initial Search
Filters

Disease condition

English language, abstract available, 2000-2013

(“Familial Hypercholesterolemia” [All Fields] OR
1 | "Hyperlipidemia, Familial Combined"[Mesh])

Intervention ("blood component removal*[MeSH Terms] OR
apheresis [All fields])

(“guidelines[All fields] OR “practice pattern”[All
fields] OR "Guideline" [Publication Type])

e (“Physician Visits” [All fields] or “Ambulatory Visit”
Utlllzatlc.)n / [AII fields] or “Hospital Admission” [All fields] or *
economics Length of Stay” [All fields] or “Health Economics”
[All fields] or “Economic Model” [All fields] or
“Medical Resource Use” [All fields] or “Medical
Resource Utilization” [All fields] or “Health Economic
Resource Utilization” [All fields] or “Healthcare
Resource Utilization” [All fields] or “Cost
Effectiveness” [All fields] or “Budget Impact” [All
fields] or “Cost Utility” [All fields] or “Healthcare

4 | Utilization” [All fields] or “Healthcare Cost” [All
fields] or “Direct Cost” [All fields] or “Pharmaceutical
Cost” [All fields] or “Hospital Cost” [All fields] or
“Inpatient Cost” [All fields] or “Laboratory Cost” [All
fields] or “ER Cost” [All fields] or “Ambulatory Cost”
[AII fields] or “Outpatient Cost” [All fields] or “Total
Cost of Care” [All fields] or "Cost-Benefit
Analysis"[Mesh] or "Costs and Cost Analysis"[Mesh]
or "Health Services/utilization"[Mesh] or "Health
Services/economics"[Mesh] or “cost”[All fields] or
“Health Care Costs” [MeSH])

Practice patterns

Healthcare

Utilities ("Cost-effectiveness"[All Fields] OR "Cost-value"[All
Fields] OR "Cost-benefit"[All Fields] OR "Cost-

5 | Benefit Analysis"[Mesh] OR "Cost-utility” [All Fields]
OR "Utility Score" [All Fields] OR “Utility value” [All
Fields])

CV events “Myocardial Infarction” [MeSH] OR “Myocardial
Infarction” [All [Fields] OR “Heart attack” [All Fields]
OR Angina [All fields] OR “Heart Failure” [MeSH]

6 OR “Heart Failure” [All Fields] OR “Ischemic Attack,
Transient” [MeSH] OR Stroke [MeSH] OR Stroke [All
Fields] OR “Cerebral Revascularization” [MeSH] OR
“Cerebral Revascularization” [All Fields] OR




“Myocardial Revascularization” [MeSH] OR
“Myocardial Revascularization” [All Fields] OR
"Peripheral Arterial Disease"[MeSH] OR
“Cerebrovascular Disorders” [MeSH] OR “Coronary
Artery Disease” [MeSH] OR “Coronary Artery
Disease” [All Fields] OR “Cardiovascular Diseases”
[MeSH] OR “Cardiovascular Diseases” [All Fields]
OR “Cardiovascular” [All Fields] OR "Cardiovascular
Diseases/economics"[MAJR]

Summation

FH + Apheresis 7 |1AND2 156
FH+ Apheresis+ 13 11 AND 2 AND 3 7
Practice patterns

FH + Apheresis +

HRU 9 |1AND2AND4 6
FH + Utilities 10 | 1ANDS5 3
FH + Apheresis +

CV event 11 |1AND 2 AND 6 108
FH + Apheresis +

Practice patterns+

HRU + Utilities + | 12 | 811 (OR) 111
CV events




Table S2. Familial hypercholesterolemia treatment guideline recommendations

Familial Hypercholesterolaemia Australasia Network Consensus Group (Australian
Atherosclerosis Society) 2011 (Australia)*

Guideline FH treatment

type

Patients (1) HoFH
(2) Compound HeFH (HeFH with other lipid disorders)
(3) Treatment-refractory HeFH with CHD
(4) Children with HoFH
(5) Women with HoFH/HeFH, stable CHD, and who have discontinued lipid-
lowering therapy

Thresholds ~ HoFH: LDL-C > 271 mg/dL

for apheresis Compound HeFH: LDL-C > 271 mg/dL

treatment HeFH with CHD and are treatment-refractory: LDL-C > 193 mg/dL
Alternative criterion for HoFH and HeFH: < 50% reduction with
pharmacotherapy

Frequency  Adjusted according to treatment targets

Targets HoFH: time-average interval plasma LDL-C: 251 mg/dL

HeFH: time-average interval plasma LDL-C: 97 mg/dL

Mean plasma reduction between treatments: > 65%

Targets typically require an acute LDL-C reduction > 70% (immediately after
apheresis)

Japanese National Guidelines 2012 (Japan)?

Guideline FH treatment
type
Patients (1) HoFH
(2) HoFH children age 4-6 years old
(3) Treatment-refractory HeFH with CAD
Thresholds ~ HoFH: LDL-C apheresis and statin or ezetimibe therapy is first-line
for apheresis HeFH: Treatment-refractory with coronary lesion and where LDL-C > 250
treatment mg/dL despite drug therapy or with severe CAD
Frequency HoFH: every 1-2 weeks
HeFH: not specified
Targets not specified

NICE 2008 (UK)?

Guideline FH treatment
type
Patients (1) HoFH after lipid-lowering drug therapy
(2) Treatment-refractory HeFH with progressive CHD symptoms
Thresholds ~ not specified
for apheresis
treatment
Frequency not specified
Targets not specified

American Heart Association 2006 (USA)*




Guideline

FH treatment

type

Patients (1) Children with HoFH who are at high risk for early cardiovascular disease
Thresholds  not specified

for apheresis

treatment

Frequency Every 1 — 2 weeks

Targets not specified

National Lipid Association 2011 (USA)’

Guideline FH treatment
type
Patients (1) HoFH and treatment refractory
(2) HeFH with CVD risk factors and treatment refractory
* CVD risk factors include hypertension, diabetes, and smoking
Thresholds  *HoFH with LDL-C >=300 mg/dL
for apheresis *HeFH with LDL-C >= 300 mg/dL and 0-1 risk factors
treatment *HeFH with LDL-C >= 200 and 2 or more risk factors or high Lp(a) >= 50
mg/dL
*HeFH with LDL-C >= 160 mg/dL and very high risk characteristics i.e., CHD,
CVD, diabetes
Frequency Every 1-2 weeks
Targets not specified

International Panel on Management of Familial Hypercholesterolemia 2004 (Spain)®

Guideline FH treatment

type

Patients HeFH with ineffective drug therapy and CVD

Thresholds ~ HeFH patients unresponsive to drug therapy, with LDL-C >300 mg/dL, without

for apheresis CVD or LDL-C >200 mg/dL with 200 mg/dL (FDA)

treatment HeFH patients with symptomatic CHD with LDL-C >160 mg/dL or <40%
LDL-C reduction on maximal drug therapy

Frequency not specified

Targets LDL-C <100 mg/dL or 50-75% LDL-C reduction

Interval LDL-C <150 mg/dL level

Treatment refractory: high LDL-C levels despite lipid-lowering therapy, FDA= Food and Drug
Administration, FH= Familial hypercholesterolemia, HoFH= Homozygous familial
hypercholesterolemia, HeFH= Heterozygous familial hypercholesterolemia, CHD= Coronary
heart disease, LDL-C= Low-density lipoprotein cholesterol, mg= milligram, dl= deciliter




Table S3. Apheresis treatment guidelines recommendations

The German Apheresis Working Group 2012 (Germany)’

Guideline type

Apheresis treatment

Patients

(1) FH patients, genotype unspecified
(2) Hyperlipidemia with ineffective drug therapy and CVD

Thresholds for

FH patients with LDL-C > 160 mg/dL, ineffective drug therapy, and CVE in

apheresis close relatives (primary prevention)

treatment Hyperlipidemia: LDL-C > 120-130 mg/dL, ineffective drug therapy, and
CVE
Severe hyperlipidemia: Lp(a) > 60 mg/dL, ineffective drug therapy, with
progressive CVD

Frequency not specified

Targets not specified

Recommended Updates to German Guidelines 2013 (Germany)®

Guideline type

Apheresis treatment

Patients

(1) HoFH
(2) HeFH as soon as medical incompatibilities or rapid progression of
atherosclerosis is identified

Thresholds for

not specified

apheresis

treatment

Frequency not specified

Targets High risk patients with CAD: LDL-C < 100 mg/dL

Very high risk patients with CAD and diabetes or unstable angina: LDL-C <
70 mg/dL

Medical Scientific and Research Committee of the Hyperlipidemia Education And
Research Trust (HEART-UK) LDL-C apheresis Working Group 2008 (UK)®

Guideline type

Apheresis treatment

Patients

(1) HoFH

(2) Compound HeFH (HeFH with other lipid disorders)

(3) HeFH with coronary disease and intolerant or refractory to lipid-lowering
therapy

Thresholds for

HoFH/compound HeFH: LDL-C reduction < 50% or LDL-C > 350 mg/dL

apheresis HeFH: LDL-C reduction < 40% or LDL-C > 190 mg/dL with ineffective
treatment drug therapy, coronary disease

Frequency Every 1-2 weeks

Targets Acute LDL-C reduction of > 60% (immediately following apheresis)

The Division of Endocrinology, Metabolism, Nutrition and Internal Medicine and Division
of Transfusion Medicine at the Mayo Clinic 2001 (USA)*

Guideline type

Apheresis Treatment

Patients

(1) HoFH
(2) HeFH with ineffective drug therapy and CVD

Thresholds for
apheresis
treatment

(1) HoFH: LDLC levels of 500mg/dL or higher
(2) HeFH: documented ischemic heart disease, failure of drug therapy and
LDL-C >200mg/dL or failure of drug therapy and LDL-C > 300 mg/dL




Frequency

Every 2 weeks

Targets

not specified

Apheresis Applications committee of the American Society for Apheresis 2010 (USA)*

Guideline type

Apheresis Treatment

Patients

(1)HoFH
(2)HeFH with ineffective drug therapy and CVD

Thresholds for

HoFH: unresponsive to drug therapy with LDL-C >500 mg/dL

apheresis HeFH: unresponsive to drug therapy with LDL-C >300 mg/dL without CVD
treatment or LDL-C >200 mg/dL with CVD (FDA)

Frequency Every 2-3 weeks

Targets Time-average LDL-C reduction of 40-60%

National Lipid Association Expert Panel on Familial Hypercholesterolemia 2011 (USA)®

Guideline type

Apheresis Treatment

Patients

(1)HoFH
(2)HeFH with ineffective drug therapy and >1 risk factor

Thresholds for

HoFH: unresponsive to drug therapy with LDL-C >300 mg/dL

apheresis HeFH: unresponsive to drug therapy with LDL-C >300 mg/dL and 0-1 risk

treatment factors or LDL-C >200 mg/dL with >2 risk factors or Lp(a) >50 mg/dL or
LDL-C >160 mg/dL with established CHD, CVD, or diabetes.

Frequency not specified

Targets not specified

FH= Familial hypercholesterolemia, CAD= Coronary artery disease, CHD= Coronary heart
disease, CVE= Cardiovascular events, HoFH= Homozygous familial hypercholesterolemia,
HeFH= Heterozygous familial hypercholesterolemia, LDL-C= Low-density lipoprotein
cholesterol, Lp(a)= Lipoprotein(a), mg= milligram, dl= deciliter,
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