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Introduction

Familial hypercholesterolemia (FH) is an
autosomal hereditary disorder characterized by hyper-
LDL cholesterolemia (LDL-C), premature coronary
artery disease (CAD), and tendon and skin
xanthomas. FH is at extremely high-risk of developing
CAD and thus requires early diagnosis, rigorous
treatment, and family screening (cascade screening).
The purpose of these guidelines is to prevent possible
future atherosclerosis by providing diagnosis and
treatment of FH in real clinical practice.

The criteria for Achilles tendon thickening have
changed. The conventional radiographic cutoff value
of 9 mm was published in 1977, and while it had high
specificity, it was feared to have low sensitivity. In this
present study, based on the analysis of 986 cases,
including 485 cases of genetically diagnosed FH in

Japan, the cutoff values were reviewed according to
the report? in 2021, which set the cutoff value at 7.6
mm for men and 7.0 mm for females and were
changed to 8.0 mm or more for males and 7.5 mm or
more for females to increase sensitivity while
maintaining specificity. The evaluation by ultrasound
has also been standardized and adopted in this
guideline. However, further considerations of the
validity of the changed reference values and the
evaluation of sensitivity and specificity will be
necessary in the future.

We omit the treatment of pediatric FH in this
adult version and please refer to the newly developed
“Guidelines for the Diagnosis and Treatment of
Pediatric Familial Hypercholesterolemia 2022”2 as
well.
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1. Background Question (BQ)/
Foreground Question (FQ)

BQ1. What is the Prevalence of FH in Japan?

In general, it is found in approximately 1 in 300
people in the general population, 1 in 30 people with
CAD, and 1 in 15 people with premature CAD or
severe hyperlipidemia. (Level of evidence: E-2)

Traditionally, the prevalence of FH was 1 in 500
people, but in recent years, a series of cross-sectional
and cohort studies in the United States and Europe
have shown a clearly higher prevalence than that. In
Japan, Mabuchi ez al. examined the frequency of
molecular epidemiology in the Hokuriku region and
reported a prevalence rate of 1 in 208 people?.

A systematic review/meta-analysis published in
2017 (not including Japanese) reported a frequency of
1 in 250 people in the general population?. In
addition, a subsequent systematic review/meta-analysis
(including Japanese) reported a frequency of 1 in 313 %
and 311 9 people, respectively, in the general
population. The meta-analysis that reported a
prevalence of 1 in 250 people included literature
reporting extremely high frequencies due to the
so-called founder effect, whereas the latter two reports
of 1 in 313 and 311 people excluded such studies. As
increased frequency due to founder effect is presumed
to exist in some regions, it is reasonable to assume that
the number of cases is about 1 in 300 people, despite
the report by Mabuchi ez 4l. in Japan. The number of
Japanese in the above meta-analysis is small, and it is
assumed that differences in frequency may be due to
factors such as consanguineous marriages in some
regions and demographic bottleneck effects, but there
is no evidence of significant differences among races;
thus, the results of the above meta-analysis may be
applied to Japanese as well.

BQ2. What are the Prognosis and Main

Complications of Patients with FH?

* CAD: odds ratio 10-20 times higher than non-FH
(Level of evidence: E-1a*)

® Peripheral arterial disease: odds ratio 5-10 times
higher than non-FH (Level of evidence: E-1a)

* Stroke: no clear impact (Level of evidence: E-1a)

* Aortic valve stenosis: no epidemiological association
was shown, but there have been case reports of FH
complicating the disease. (Level of evidence: E-3)

* Abdominal aortic aneurysm: no epidemiological
association was shown, but there have been case
reports of FH complicating the disease. (Level of
evidence: E-3)

*Although there was no meta-analysis of cohort

studies, we chose E-la because of the existence of
multiple cohort studies and identical results.

The most important major complication of
systemic atherosclerosis in patients with FH is CAD7.
In addition, a significantly higher prevalence of
peripheral arterial disease and carotid atherosclerosis
was reported in FH as compared to non-FH
(systematic review/meta-analysis)® ?. On the other
hand, with regard to stroke, many reports state that its
effects remain unclear. With regard to aortic disease
and valvular disease (aortic aneurysm, aortic stenosis,
supravalvular stenosis, etc.), there are case reports
showing their association with the disease, although
no epidemiological reports have demonstrated such an
association.

Although there are no randomized controlled
trials (RCTs) or systematic reviews on the prognosis of
FH, Mabuchi e# al. presented a study comparing the
prognosis of FH heterozygotes (HeFH) and FH
homozygotes (HoFH) in the pre- and post-statin era
in Japan'®. This report shows that before the advent
of statins, 73% of men and 64% of women with
HeFH died of cardiac death, the age of death for
HeFH increased from an average of 63 years before
statins to 76 years after statins, and for HoFH, the
average age of death increased from 28 years before
statins to 59 years after statins.

FQIl. Can Statins be Recommended as the First
Choice in Drug Therapy for HeFH?

Strict lipid management with statins as first-line
drugs is recommended for the treatment of HeFH.
(Level of evidence: 3; Recommendation level: A)

There are 13 randomized double-blind trials
examining the LDL-C lowering effect of statins in
HeFH '3, including 9 placebo-controlled trials (2 in
adult HeFH'" 2 6 in children to adolescents
HeFH!"', and 1 in adult FH subjects without
mention of whether they are HeFH or HoFH'?), and
its efficacy and safety have been established in both
adult and pediatric cases. Furthermore, a randomized,
double-blind, crossover study in HoFH has shown the
efficacy?® of statin. In Japan, reports have been
published showing that statin therapy reduces LDL-C
in both adult and pediatric patients?* ?», which is
consistent with the results of clinical trials in other
countries.

A randomized, double-blind, comparative study
has been published in adult?? and pediatric patients'?,
respectively, to investigate the efficacy of high-
intensity statin therapy (80 mg of atorvastatin, twice
the approved dose in Japan) compared to standard-
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intensity statin therapy (40 mg simvastatin, twice the
approved dose in Japan) in adults and standard-
intensity statin therapy (20-40 mg pravastatin, no
pediatric indication in Japan at the approved dose of
20 mg) compared to placebo in children. Both studies
showed inhibition of the development of Intima—
media thickness (IMT). A subanalysis of pediatric
cases showed that statin initiation at an earlier age was
associated with less IMT thickening?. In addition, an
observational study examining 2447 cases from the
Netherlands has shown that statin use is associated
with a lower incidence of CAD and lower all-cause
mortality?®. Although scientific evidence for the
prevention of atherosclerotic cardiovascular disease by
direct comparison is not sufficient, statins appear to
be the most recommended drug therapy at this time,
given the abundant evidence in non-FH.

Four clinical studies have been published
comparing the LDL-C lowering effects of statins and
other lipid-lowering drugs in FH (all in adults, all
with pravastatin, two in HeFH, and two in FH
subjects). In a report comparing pravastatin 40 mg
with cholestyramine 4 g (or colestipol 5 g), both
groups had significantly lower LDL-C from baseline,
but the group of pravastatin had significantly lower
LDL-C than the cholestyramine group!?. On the
other hand, reports comparing 40 mg of pravastatin
with 16-24 g of cholestyramine (1.5-2 times the
Japanese approved dose) did not show any significant
difference between the two groups, although both groups
had significantly lower LDL-C from baseline' 1> 27,
These studies were conducted with pravastatin in the
early 1990s, and since the newer generation of statins
shows stronger lipid-lowering effects, it is expected to
be more effective than cholestyramine. Although there
are no direct comparative studies between statins and
probucol, small intestinal cholesterol transporter
inhibitors (ezetimibe), or proprotein convertase
subtilisin/kexin type 9 inhibitors (PCSK9), there are
reports of trials of ezetimibe and PCSK9 inhibitors on

top of statins?%3V.

FQ2. Is Lipoprotein Apheresis Therapy Recommended
for HoFH and Severe HeFH with Drug Resistance?

For HoFH and severe HeFH with drug
resistance, strict control of LDL-C with lipoprotein
apheresis therapy is recommended. (Level of
evidence: 3; Recommendation level: A)

In the 2019 ESC/EAS Guidelines for the
Management of Dyslipidaemias: Lipid Modification
to Reduce Cardiovascular Risk®?, although there is no
mention of evidence levels, etc., the lipoprotein
apheresis has been recommended as a treatment for

560

HoFH.

A systematic review reported in 2016 analyzed a
total of 38 articles (8 open-label clinical trials, 11
observational studies, 17 reviews/guidelines, and 2
medical technology evaluations)®. Although RCTs
were not included, they were noted to have clinical
benefits in terms of lowering LDL-C, lowering
lipoprotein (a) [Lp (a)], and preventing cardiovascular
events. As each country has different rates of diagnosis
of FH, availability and access to apheresis treatment,
indications, methods, and costs, it will be necessary to
evaluate the situation in Japan in the future. However,
although this puts physical and social burden on the
patient, we believe that lipoprotein apheresis is
recommended for patients with FH who do not
respond adequately to drug therapy in Japan, where
access is relatively easy in terms of transportation and
cost.

In 2019, a systematic review examining 76 case
reports (209 patients) on HoFH in children was
reported3¥. Although it has not been shown whether
lipoprotein apheresis is more or less beneficial than
drug therapy alone for cardiovascular outcomes, it has
been reported to lower LDL-C and reduce xanthomas
with fewer adverse events, making it generally safe.

2. Overall Outline

FH is an autosomal hereditary disease
characterized by (1) hyper-LDL cholesterolemia
(LDL-C), (2) premature CAD, and (3) tendon and
skin xanthomas. Except for the rare autosomal
recessive hypercholesterolemia (autosomal recessive
hypercholesterolemia: ARH), all other cases have a
dominant mode of inheritance.

Patients with FH have persistent hyper-LDL-C
from the time of birth, and coronary atherosclerosis is
known to develop at a young age. Therefore, the
condition of FH alone is identified as an extremely
high-risk disease for CAD, and CAD such as
myocardial infarction and angina pectoris often
develop between the ages of 3050 in untreated men
and 50-70 in women?®. Untreated HeFH have been
reported to have an approximately 13-fold higher risk
of developing CAD?, but hyper-LDL-C itself is
asymptomatic. Therefore, when examining a patient
with hyper-LDL-C, FH should always be kept in
mind, early diagnosis and appropriate treatment
should be made, and family screening (cascade
screening) should be performed to prevent death at a
young age.

In Japan, as in other countries, HeFH exists with
a frequency of 1 in 300 people, and it is estimated that
the country has more than 300,000 patients'®.
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Fig.1. Combination of genetic mutation showing HoFH clinically

Although there are no accurate reports on the
diagnosis rate of FH in Japan, it is expected to be low;
thus, improving the diagnosis rate of FH is an urgent
issue.

Additionally, by diagnosing a single FH patient,
it is possible to detect FH patients in their families
and treat them at an early stage. Healthcare providers
treating patients with FH should be well aware that
the disease is primarily an autosomal dominant genetic
disorder and should be included in the diagnosis and
treatment of their families.

2.1 Causative Gene for FH

Although genetic testing is not required for
diagnosis, the presence of pathogenic mutations in
genes involved in LDL metabolism, such as the LDL
receptor (LDLR), in addition to hyper-LDL-C, is
considered a definite diagnosis. When the genetic test
for the proband is performed, the chance of diagnosis
for the relatives will then be increased.

In addition to pathogenic genetic mutations in
the LDLR, HeFH is known to be caused by
pathogenic genetic mutations in apolipoprotein B-100
(APOB) and pathogenic gain-of-function mutations
in the proprotein convertase subtilisin/kexin type 9
(PCSKY) (gain-of-function mutation), both of which
play an important role in LDL metabolism. Mutations
in the causative gene are identified in 60%—-80% of
clinically diagnosed HeFH? 3. HoFH are defined as
having abnormalities of the LDLR, APOB, or gain-of-
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function PCSK9 in both alleles (Fig.1). ARH is an
autosomal recessive inherited disorder caused by
biallelic pathogenic mutations in the low-density
lipoprotein receptor adaptor protein 1 (LDLRAPI).
This situation is considered as HoFH.

In recent years, in addition to FH associated with
rare pathogenic genetic mutations of the LDLR and
related proteins, as described above, polygenic FH
associated with the accumulation of high-frequency
genetic polymorphisms at loci involved in LDL
metabolism has been suggested to exist?®. However,
there is no evidence that the superposition of high-
frequency gene polymorphisms alone, in any known
combination, causes the so-called FH. These
polymorphisms can affect the phenotype of FH (and
other hyper-LDL-C) rather than being involved in the
development of FH.

2.1.1 LDL Receptor (LDLR)

The majority of FH (more than 60%) have been
attributed to genetic mutations of the LDLR. Many
pathogenic gene mutations, numbered at more than 1,000
worldwide, have been reported as causes of FH (http://
www.hgmd.cf.ac.uk/ac/gene.php?gene=LDLR). More

than 100 mutations have been reported in our country
alone®.

2.1.2 Apolipoprotein B-100 (APOB)

Genetic mutations in APOB, the ligand for the
LDLR, can also cause manifestations of FH and are
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called familial defective apolipoprotein B-100 (FDB).
It is noted to be more frequent in Caucasians in
Europe and the United States, but less frequent in
other ethnic groups. Serum LDL-C levels are generally
lower than those of LDLR mutations. It has also been
reported in Japanese?. ApoB is a large protein with a
molecular weight of 500 kDa that consists of 4,563
amino acids. Therefore, although many gene
mutations are usually identified, especially in
comprehensive gene analysis, pathogenic gene
mutations that cause FH are almost limited to
Arg3527Gln mutation (Arg3527Trp is also considered

a pathogenic mutation) V.

2.1.3 Proprotein Convertase Subtilisin/Kexin Type 9
(PCSK9)

PCSK9 is known to be involved in the
degradation of the LDLR, and gain-of-function
mutations are known to deplete the LDLR, resulting
in hyper-LDL-C. Severe cases of patients homozygous
for PCSK9 gain-of-function mutations are clinically
indistinguishable from those homozygous for LDLR
mutations® . In Japan, the E32K mutation, which
is a mild gain-of-function mutation and causes
relatively mild elevations in LDL-C, is frequently
found in 1%-2% of the general population and 6%
of the clinically diagnosed FH patients. When the
E32K mutation coexists with another mutation in
LDLR, the phenotype resembles that of HoFH, but
the response to drug therapy is better than in HoFH
for the LDLR*. Similarly, V41 mutations are present
in 6% of FH patients, and when V4I mutations are
associated with LDLR mutations, the phenotype is
similar to that of HoFH?®). The presence of LDLR
and PCSK9 mutations in their respective alleles is not
genetically homozygous but double heterozygous.
Whether PCSK9 mutations cause FH should be

determined in a specialized facility.

2.1.4 LDL Receptor Adapter Protein 1 (LDLRAPI)

It is known to be involved in LDLR endocytosis
and develops into ARH when the genetic mutation is
inherited from both parents. ARH is considered a very
rare disease that should be suspected when there is no
hyper-LDL-C in the parents, although HoFH is
suspected based on massive xanthoma formation and
hyper-LDL-C*: %), This disease should be treated as
HoFH.

2.2 Epidemiology of FH

For a long time, the frequency of HeFH was
considered to be about 1 in 500 people. However,
Mabuchi ez al. reported that the frequency of HeFH,
calculated by the frequency of HoFH, is estimated to
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be 1 in 208 people in the general population, which is
a higher frequency than before, based on the analysis
of LDLR mutations and PCSK9 gain-of-function
mutations in the Hokuriku region?. Recent meta-
analyses of molecular epidemiological studies® ©
suggest that the frequency of FH in the general
population worldwide is approximately 1 in 300
people. These meta-analyses of molecular epidemiological
studies include data from Japan, with a total sample
size of more than several million people and thus are
extremely important as data on the frequency of this
disease. Furthermore, the frequency of FH in patients
with CAD is estimated to be approximately 1 in 30
people, and in patients with premature CAD, it is
approximately 1 in 15 people. Therefore, FH should
not be considered a rare disease, as it has been
reported to account for approximately 8.5% of
patients with hyper-LDL-C who undergo treatment®”.

2.3 Clinical Features of FH

FH is mainly an autosomal dominant genetic
disorder characterized by three main features, namely,
hyper-LDL-C, premature CAD, and tendon and skin

xanthomas.

2.3.1 Hyper-LDL Cholesterolemia

In a survey report conducted in 1996-1997 by
the “Research on Primary Hyperlipidemia” group of
the Ministry of Health, Labor and Welfare Research
on Intractable Diseases, Bujo ¢z 4l found that the
mean untreated LDL-C of 641 Japanese HeFH (296
males and 345 females, mean age 51 years) was 248
mg/dL, with no difference between men and
women“). Serum total cholesterol levels in patients
with FH and their families are found to be trimodal,
with 179 £26 in normal subjects, 338 £63 in HeFH,
and 713122 in HoFH (mean+SD (mg/dL) for
each), almost twice as high as normal subjects in
HeFH and four times as high in HoFH*). However,
there seems to be an overlap between normal subjects
and HeFH and between HeFH and HoFH, which
may be difficult to distinguish based solely on serum
lipid levels (Fig. 2).

FH should also be actively suspected when high
LDL-C is observed from a young age or when the
LDL-C lowering response to drug therapy, such as
statins, is noted poor®”.

2.3.2 Premature CAD

FH should be suspected in patients with
premature CAD and high LDL-C levels. Premature
CAD is defined as CAD that develops at an age of <
55 years in men and <65 years in women. Hyper-
LDL-C is the most common cause of atherosclerosis,
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(Modified from Ref. 47 by adding cases)
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Fig.3. Cumulative number of myocardial infarction cases in HeFH (Cases were added to Ref. 35 and the display format was
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especially progressive coronary atherosclerosis, and
untreated HeFH has a high cardiac death rate of
around 60%'%. Hyper-LDL-C and cerebrovascular
disease are associated, but not as common as in HeFH
(5%-10%)4> V. In men, myocardial infarction
increases at an almost constant rate after age of 30,
while in women, it is rare before the age of 50,

indicating a clear gender difference (Fig. 3). Furthermore,
the formation of coronary plaque on coronary CT
scans has been confirmed from the age of 20 years in
men and from the age of 30 years in women®?
(Fig.4). However, early diagnosis and aggressive
LDL-C lowering therapy with statins and other drugs
can delay the onset of CAD in HeFH and improve
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e Case: Courtesy of Hiroshi Mabuchi, Kanazawa University

Case: Courtesy of Mariko Shiba-Harada, National Cerebral and Cardiovascular Center Research Institute

Fig.5. Xanthoma in HoFH

Skin and tuberous xanthomas in a 22-year-old man (A) Finger tuberous xanthomas, (B) Xanthoma planum on the elbows, (C) Xanthoma
planum on the knees, (D) Xanthoma planum on the buttocks. (E, F) Skin xanthomas in a 3-year-old boy

their life expectancy?® 3.

2.3.3 Tendon and Skin Xanthomas

Important physical findings in the clinical
diagnosis of FH are the presence of tendon and skin
xanthomas. Compared to HeFH, HoFH have more
pronounced xanthomas at younger ages (Fig.5).
Xanthomas of the skin occur most frequently in areas
subjected to mechanical stimulation, such as the
extensor surfaces of the elbow and knee joints, the
wrists, and the buttocks. Eyelid xanthomas
(xanthelasmas) are less specific and have less diagnostic
value because they are often seen outside of FH, but
they are a suspicious finding of FH. Tendon
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xanthomas often present as thickening of the Achilles
tendon, and palpation is important for diagnosis.
However, FH should not be ruled out even in the
absence of xanthomas. In fact, 20%-30% of patients
with a confirmed diagnosis of FH by genetic testing
do not have xanthomas®¥. In general, xanthomas are
present but mild in pre-adulthood, and these often
become more evident with age; conversely, there are
cases in which tendon xanthomas are absent, even in
older patients. It is also difficult to evaluate after
Achilles tendon rupture. Therefore, family
investigations and genetic testing are important in the
absence of xanthoma. Patients with FH may also
complain of pain in the Achilles tendon area due to
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Case: Courtesy of Mariko Shiba-Harada, National Cerebral and Cardiovascular Center Research Institute

Fig.6. Corneal ring in patients with FH

Achilles tendonitis. FH is strongly suspected when
calcification and thickening of the Achilles tendon
area is observed.

2.3.4 Corneal Ring

The corneal ring, as shown in Fig.6, is also a
characteristic finding of FH, but its prevalence is
approximately 30% in FH patients under the age of
50 4.59_In the elderly population, it can be difficult
to distinguish from arcus senilis, as it is common in
this age group. However, when observed in patients
under 50 years of age, corneal arcus has high
diagnostic value.

2.3.5 Other Risk Factors of FH

The prevalence of CAD in HeFH patients is
known to vary widely in terms of age of onset and rate
of progression, but risk factors have been reported in
the development of CAD in Japan, as described below.
In a study examining 117 HeFH in the Hokuriku
region, Yagi et al. determined that diabetes and low
HDL-C levels are significant risk factors®®;
meanwhile, in a study by Harada-Shiba er al,
analyzing HeFH in the Kinki region, it was
determined that smoking, family history of CAD,
Achilles tendon thickening, high LDL-C levels, low
HDL-C levels, high TG levels, diabetes, and
hypertension are risk factors®. Hirobe ez al. also
noted the involvement of low HDL-C levels in the
onset of CAD in FH®); Yanagi er al noted the
involvement of diabetes and impaired glucose
tolerance®®; Nakamura e# a/. noted the importance of
visceral fat>”; and Ogura ez al. noted that hypertension
and low HDL-C levels (as well as impaired cholesterol
efflux capacity) were residual risks in HeFH patients

treated with statins>?.

Furthermore, the Research Team Investigating
Primary Hyperlipidemia reported that in patients with
FH with CAD, high TG levels and low HDL-C levels
were common complications®. A subanalysis of
FAME also reported that hypo-HDL-C and
hypertension are associated with increased carotid
IMT, thus indicating the need for comprehensive
management of risks rather than reduction of LDL-C
levels alone®V. In a study by Tada et al., an association
between arterial wall stiffness and CAD in patients
with FH® was reported. There are also several reports
overseas that hyper-Lp(a) is a risk factor for CAD even
in patients with FH®%. Among clinically diagnosed
FH, there are reports of an increased risk of CAD in
patients with genetic mutations associated with FH®".
Furthermore, Tada and Doi e al. reported that more
severe cases were reported in FH with concurrent rare
pathogenic mutations in genes related to LDL-C such
as ATP-binding cassette transporter G5 (ABCG)),
ATP-binding cassette transporter G8 (ABCGS)
apolipoprotein E (APOE), LDLRAPI, and PCSK9 %,

2.4 Diagnosis of FH

FH is commonly diagnosed with elevated levels
of LDL-C, Achilles tendon thickening, skin
xanthomas, and familial history. Achilles tendon
thickening is diagnosed by visual inspection and
palpation (Fig.7), but if there is any doubt on the
diagnosis, radiography or ultrasound is performed to
measure the maximum diameter of the Achilles
tendon. In radiography, the diagnosis of thickening is
made at 8.0 mm or more in men and 7.5 mm or more
in women? (Fig.8), whereas in ultrasonography, the
diagnosis of thickening is made at 6.0 mm or more in
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Case: Courtesy of Mariko Shiba-Harada, National Cerebral and Cardiovascular Center Research Institute

Fig.7. Achilles tendon thickening in a patient with FH

(A)

Fig. 8. Achilles tendon radiography in patients with FH

(A) Achilles tendon in a 40-year-old man (maximum thickness: 22 mm),
(B) Achilles tendon in a 29-year-old man (maximum thickness: 19 mm).

men and 5.5 mm or more in women’ (Fig.9).
Tendon and skin xanthomas frequently occur on the
extensor sides of the hands, elbows, or knees. Due to
its inherited form, the development of premature
CAD is often found in family members. Therefore,
extensive research on the family history is very
important to make a correct diagnosis. When FH is
diagnosed, screening of blood relatives (cascade
screening) should always be considered.

The features of HoFH are serum TC > 600 mg/
dL, as well as childhood xanthomas and
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(B)

atherosclerotic diseases, and the parents are HeFH.
Childhood xanthomas are characteristic, and the
initial consultation regarding them may be in a
dermatology department; thus, it is extremely
important that the dermatologist does not miss the
HoFH at this point. It may be difficult to distinguish
the serious cases of HeFH, so in order to make a
definitive diagnosis of HoFH, genetic analysis is
required. In recent years, diagnosis by decreased
LDLR activity (less than 20% of normal) 71 in
fibroblasts and lymphocytes has rarely been
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Fig.9. Achilles tendon echo in FH (long-axis cross-sectional image)

Reprinted from Standardized Assessment of Achilles Tendon Thickness Measurement by Ultrasound for Screening Adult Familial
Hypercholesterolemia 2018, Japan Atherosclerosis Society and the Japan Society of Ultrasonics in Medicine

Table 1. Diagnostic criteria for FH in adults (15 years and older)

1. Hyper LDL-C (untreated LDL-C > 180 mg/dL)

2. Tendon xanthomas (dorsal hand, elbow, knee, etc. or Achilles tendon thickening) or cutaneous nodular xanthomas

3. Family history of FH or premature CAD (first-degree relatives)

* Diagnosis is made after excluding other primary and secondary dyslipidemias.

o If the patient is already on drug therapy, refer to the lipid level that triggered the therapy.

* Achilles tendon thickening is diagnosed by radiography at > 8.0 mm in men and > 7.5 mm in women, or by ultrasound at > 6.0 mm in

men and > 5.5 mm in women.

¢ Cutaneous nodular xanthomas do not include xanthelasmas.

* Premature CAD is defined as CAD that develops at younger than 55 years of age in men and younger than 65 years of age in women.

* FH is diagnosed when two or more items are met.

* Even if two or more items are not met, if those whose LDL-C is 250 mg/dL or higher, or if 2 or 3 are met and LDL-C is 160 mg/dL or

higher, they are classified as probable FH.

* Diagnosis of FH is made in the presence of FH pathogenic gene mutations.

* If HoFH is suspected, genetic testing is recommended. Genetic testing is also useful for suspected HeFH, which are more difficult to

diagnose.
* This diagnostic criterion also applies to HoFH.

performed”V.

2.4.1 FH Diagnostic Criteria

Diagnostic criteria for FH are shown in Table 1,
and the flowchart for diagnosis is presented in Fig. 10.
The diagnosis should be made after excluding other
primary and secondary dyslipidemias, and if the
patient is already on drug therapy, the lipid levels that
triggered the therapy should be used as a reference (see
2.4.5 for an evaluation of Achilles tendon thickening).

Cutaneous nodular xanthomas do not include eyelid
xanthomas. FH is diagnosed if at least two of the three
items in Table 1 are met. FH is strongly suspected if
LDL-C is = 250 mg/dL or if two or three items are
met and LDL-C is > 160 mg/dL, even if at least two
items are not met. Even if none of the above applies, if
the patient meets one or two items and has a first-
degree relative with LDL-C > 180 mg/dL or a
diagnosis or history of premature CAD, the patient is
considered to have FH and should be followed up
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1. Hyper LDL-C (untreated LDL-C > 180 mg/dL)

2. Tendon xanthomas (dorsal hand, elbow, knee, etc. or Achilles tendon thickening) or cutaneous nodular xanthomas

3. Family history of FH or premature CAD (first-degree relatives)

I Can rule out other primary and secondary dyslipidemias :

Yes
v

I Meets at least 2 of items 1-3 I

No
v

No _

* LDL-Cis 250 mg/dL or higher OR
* Meets 2 or 3 and LDL-C > 160 mg/dL

Yes No

\ 4

Yes * Meets 1 or 2 and first-degree relative's LDL-C is 180 mg/dL or higher OR
* Diagnosis or history of premature CAD

v v

Diagnosis of FH Probable FH

v If FH is diagnosed, go to the treatment flowchart.

Yes 1

Possible FH

I~

Unlikely to be FH

v If FH is strongly suspected, treatment according to FH is strongly recommended.
v’ Patients with possible FH should be followed with lifestyle guidance, and aggressive drug therapy

should be considered in high-risk cases.

Fig.10. Flowchart of FH diagnosis in adults (15 years and older)

with lifestyle guidance. In high-risk cases, aggressive
drug therapy should be considered. Genetic testing is
useful in difficult to diagnose cases, and referral to a
specialist should be considered. FH is diagnosed when
pathogenic gene mutations are present; genetic testing
is preferred when HoFH is suspected; genetic testing
is also found useful for HeFH, which is difficult to
diagnose. The same diagnostic criteria apply to
HoFH. If a diagnosis of FH is made, it is strongly
recommended that family members are also examined.
It is important to note that young patients with FH
may meet only one of the criteria and may have
LDL-C less than 180 mg/dL.

Further, it should be noted that LDL-C levels
temporarily decrease when complicated by serious
diseases such as acute myocardial infarction, and it is
estimated that LDL-C levels decrease by
approximately 30%7?. Therefore, when examining a
patient with acute myocardial infarction, the Achilles
tendon should be palpated, and a family survey should
be conducted. This requires particular attention if the
patient is young. The sensitivity and specificity of this
diagnostic criterion should be further verified in
various cohorts.
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2.4.2 Genetic Testing for FH

Ethical considerations must be taken into
account for genetic testing (germline human genetic
testing) for FH, whether in adults or children. The
Japanese Medical Association’s “Guidelines for Genetic
Testing and Diagnosis in Medical Care’” is a
guideline to conduct the genetic testing. In the case of
genetic testing to diagnose patients who have already
developed the disease (e.g., high LDL-C), in addition
to explaining the significance and purpose of the test
at an appropriate time before the test, the situation
after the results is obtained, and the possibility that
the test results may affect blood relatives should also
be explained to the test subject. The test subject
should be supported so that he or she can make a
voluntary decision to undergo the test or not, after
fully understanding these factors. After adequate
explanation and support, written consent is then
recommended. As a rule, the attending physician
should explain the genetic test and confirm consent
and understanding (informed consent for adults,
informed assent for minors, etc.) prior to the test.
Furthermore, ensure that professional genetic
counseling and decision-making support are available
as needed. The diagnosis of an asymptomatic carrier



Guidelines of Adult FH 2022

(with normal LDL-C and no other symptoms) is a test
for a person who does not develop the disease and
therefore does not require treatment. In principle, the
test should not be performed unless there is a special
reason in situations where the consent of the patient
cannot be obtained.

When testing a minor, it is necessary to obtain
the consent of a person who is in a position to consent
to the testing on behalf of the minor, and the best
interests of the person to be tested should be fully
considered. It is also advised to provide explanations
that are appropriate to the level of understanding of
the examinee to obtain his/her consent (informed
consent). Provide genetic counseling as needed. Even
if the disease has already developed (e.g., high
cholesterol), testing may be considered for minors as
needed, as the disease can be treated with a definitive
diagnosis. On the other hand, for the diagnosis of an
asymptomatic carrier (no symptoms at all, including
cholesterol), testing should be postponed until the
individual becomes an adult and can make decisions
autonomously.

Each principal investigator will establish a policy
for handling incidental/secondary findings in genetic
testing as a framework for the study, in order to
explain it well to participants and make them
understand when obtaining informed consent’®.

Since genetic testing for HoFH has been covered
by insurance since April 2022 in Japan, it is expected
to be used for the definitive diagnosis and selection of
treatment options.

2.4.3 Genetic Counseling in FH

Genetic counseling should be provided at the
appropriate time for genetic testing and diagnosis, if
necessary. Genetic counseling should not only provide
information, but also psychological and social support
to enable the patient/subject to make a voluntary
choice. Therefore, it is desirable that physicians with
extensive experience in the treatment of the disease
and people skilled in genetic counseling cooperate to
provide genetic counseling as team medical care.

Since the basic form of FH is an autosomal
dominant inherited disease, here are its described three
etiologic gene abnormalities, that is, LDLR, APOB,
and PCSK9. If the child is HeFH, either parent is
HeFH. If one parent is HeFH, there is a 50% chance
that the child will also be HeFH, and if both parents
are HeFH, the child has a 75% chance of developing
the disease (25%: HoFH, 50%: HeFH). When both
parents of an HeFH child are clinically unremarkable,
it is necessary to consider the possibility of a de novo
mutation in the affected child, or both parents have
mild symptoms, or the absence of a true blood

relationship, such as adoption, etc. Prenatal diagnosis
and preimplantation diagnosis are attempted in some
cases; however, these procedures should be considered
very carefully, given that there is no intellectual
abnormality and treatments exist even if the child is
homozygous for FH.

2.4.4 Notes on Genetic Test Results for FH

Like other genetic diseases, current genetic
testing for FH also has its limitations. The detection
rate of pathogenic mutations in clinically diagnosed
FH cases is reported to be about 60%-80%%.
Furthermore, approximately 10% of the causative
genetic mutations in FH are structural mutations in
the LDLR?”. Therefore, care should be taken because
some analytical methods do not identify such
structural variations.

2.4.5 Evaluation of Achilles Tendon Thickening
2.4.5.1 Achilles Tendon Radiography

The position is made so that the lower leg bone
and plantar surface are on a 90-degree angle, and the
incidence is made from the lateral side to the center of
the external fibula. The imaging distance is 120 c¢m,
and the imaging conditions are as follows: 50 kV, 5.0
mA (e.g., 100 mAx0.05 s, 50 mAx0.1 s). Achilles
tendon is presumed to thicken when a maximum
diameter of 8.0 mm or greater for men and 7.5 mm
or greater for women is diagnosed. Using these cutoff
values, the sensitivity and specificity to predict patients
positive for pathogenic mutations are reported to be
82% and 89%, respectively?. The sensitivity and
specificity for predicting patients positive for FH
pathogenic gene mutations in the case of strong
suspicion of FH are reported to be 96% and 83%,
respectively!.

2.4.5.2 Achilles Tendon Ultrasound

As regards the evaluation of Achilles tendon
thickness (ATT) via radiography, some general
practitioners have commented that radiography is
difficult to perform and that the boundary line
between the skin and the Achilles tendon is unclear,
making measurement difficult. Michikura ez 4l.
showed that ultrasonography correlates with
radiography in the evaluation of Achilles tendon
thickening in FH and were the first in Japan to
establish and report a cutoff value for ATT by
ultrasonography for the diagnosis of FH7?. In
response, in 2018, the Japan Society of Ultrasonics in
Medicine and the Japan Atherosclerosis Society jointly
published the “Standard Evaluation Method for
Measuring Achilles Tendon Thickness by Ultrasound

for Screening Adult Familial Hypercholesterolemia,”
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Table 2. Differentiation between FH (familial hypercholesterolemia) and FCHL (familial combined hyperlipidemia)

HeFH FCHL

causative gene Monogenic causes

LDLR, PCSK9, APOB,

Complex genetic
USF-1 and LPL have been considered as candidates, but the causative gene

etc. has not yet been determined.
frequency 1 in 200-500 1 in approximately 100
Lipid profiles Mostly IIa, Both the family and the patient can have three phenotypes during the course

sometimes IIb

of the disease: Ila < IIb < IV.

Achilles tendon thickening, Often observed Not observed
xanthoma of the skin

Premature corneal rings Often observed Not observed
Small dense LDL Rare Often observed
Insulin resistance Rare Often observed

setting the diagnostic threshold for thickening of ATT
at 2 6.0 mm for men and > 5.5 mm for women.

The measurement method is outlined below. The
subject is placed in either (1) kneeling or (2) supine
position on the bed. The ATT is measured at its
thickest point, but since the Achilles tendon attaches
to the calcaneus in a twisting motion, a simple long-
axis image from the body surface will not provide a
correct ATT measurement. Therefore, after
observation in the short-axis image, the maximum
thickened area is identified, and ATT is measured in
the image in which the maximum thickened area of
ATT is delineated in the long-axis image considering
the torsional direction (Fig.9). Also, sufficient echo
jelly should be used during the examination (gel pads
can be used), and caution should be observed to not
apply too much pressure to the skin with the probe.

2.4.6 Differential Diagnosis from Other Primary and
Secondary Dyslipidemias

The main diseases requiring differentiation from
FH are secondary hyperlipidemia characterized by
hyper-LDL-C (due to diabetes, hypothyroidism,
nephrotic syndrome, cholestatic liver disease, drug-
induced hyperlipidemia (by steroids, etc.)) and the
familial combined hyperlipidemia (FCHL). FCHL
can be distinguished from FH based on the absence of
tendon xanthomas, the presence of small dense LDL,
and the presence of other types of dyslipidemia within
the family (type Ila, type IIb, type IV). Table 2
summarizes the differentiating features of FCHL.
Primary dyslipidemias with tendon xanthomas include
sitosterolemia and cerebral tendon xanthomatosis.

Sitosterolemia is an autosomal recessive
hereditary disease with prominent skin and tendon
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xanthomas from a young age; it is diagnosed based on
elevated blood levels of plant sterols (sitosterol,
campesterol, etc.). In many cases, serum LDL-C is
normal, but when it is elevated to moderate or higher
levels, a differential diagnosis from FH or ARH is
necessary. The causal gene is ABCG5 or ABCG8 777,
In the past, the concept of pseudohomozygous type 2
hypercholesterolemia was proposed, in which parents
usually do not show overt hypercholesterolemia and
respond well to diet and anion exchange resins.
However, based on pathogenesis and other factors, it
is now considered sitosterolemia’® 7%,
Cerebrotendinous xanthomatosis (CTX) is an
autosomal recessive hereditary disease diagnosed from
symptoms such as tendon xanthomas, typically
Achilles tendon xanthomas, reduced intelligence,
ataxia, speech impediments, cataract and cerebellar
symptoms, as well as high blood cholestanol levels.
The essential feature of the disease is impaired bile
acid synthesis due to 27 a-hydroxylase deficiency®* V.

2.5 Screening and Follow-Up for atherosclerotic
cardiovascular disease (ASCVD) in FH

FH are susceptible to systemic ASCVD,
including CAD. Therefore, early detection and
treatment for atherosclerotic diseases are required. It is
endeavored to conduct patient interviews, auscultation
(heart sounds and bruit in carotid artery, subclavian
artery, renal artery and femoral artery areas), and
palpation on a regular basis. If there are symptoms of
suspected CAD, electrocardiography, exercise
electrocardiography (treadmill, ergometer),
echocardiography, and drug loading or exercise stress
myocardial scintigraphy are to be performed. When
CAD is suspected on these examinations, coronary
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Fig.11. Supravalvular aortic stenosis in HoFH

CT or coronary angiography is performed to
determine the location of coronary artery stenosis.
However, FH patients frequently show calcification,
which sometimes makes it difficult to make a
diagnosis. Characteristic findings of coronary
angiography in HeFH include marked stenotic lesions
at the origin and dilative lesions downstream
(coronary aneurysms).

In evaluating carotid atherosclerosis in HeFH, in
addition to listening to noise on physical examination,
carry out carotid artery echocardiography, and, if
stenosis is suspected, MR, CT, or vascular angiography
should be performed. To evaluate the presence of
cerebral infarction, MRI and CT should be performed
if necessary.

Aortic aneurysms and other complications are
common in elderly HeFH patients. Thus, chest X-ray
and CT exams should be performed to evaluate
thoracic aortic aneurysms and abdominal
ultrasonography and CT to evaluate abdominal aortic
aneurysms. Treatment needs cooperation with
cardiovascular surgeons.

In some HeFH patients, peripheral artery disease
(PAD) develops concomitantly; therefore, during the
interview, patients should be asked as regards the
presence or absence of cold feet and intermittent
claudication, and the dorsal and posterior tibial
arteries should be palpated. To evaluate atherosclerosis
of the femoral artery, the ankle-brachial blood pressure
index (ABI) should be measured. When stenosis is
suspected, femoral artery ultrasound (Doppler
method), CT angiography, and MR angiography

right ventricle left ventricle

Case: Courtesy of Hiroshi Okada, Kanazawa University

should be performed.

To assess valvular disorders, such as aortic valve
stenosis (AS), an echocardiography and, if required,
cardiac catheterization should be performed. Surgical
Aortic valve replacement or transcatheter aortic valve
implantation (TAVI)should be performed in severe
cases with narrowed aortic valve orifice area and large
aortic valve pressure gradient. In the case of HoFH,
supravalvular aortic stenosis should also be evaluated

(Fig. 11).

3. Treatment of HeFH (Fig. 12)

3.1 Target LDL-C Levels for the Management of
HeFH

As HeFH are at extremely high-risk of developing
ASCVD, especially CAD, the risk of developing
ASCVD in primary prevention is at least equivalent to
that of usual secondary prevention. Therefore, the
target control value of LDL-C for patients with HeFH
for primary prevention should be less than 100 mg/
dL. It should also be noted that the risk assessment
based on the risk chart issued by the Japan
Atherosclerosis Society is not applicable in the
treatment of FH for primary prevention.

In HeFH patients for secondary prevention, the
LDL-C management target level should be less than
70 mg/dL because it can be considered to be at even
higher risk.

As it is ethically unacceptable to conduct clinical
trials without lipid-lowering therapy in FH, there is
no clear evidence for the validity of these numerical
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Diagnosis of HeFH

Commence guidance on lifestyle modification as well as keeping appropriate body weight,
and initiate lipid-lowering therapy at the same time
(LDL-C management targets Primary prevention: <100 mg/dL, Secondary prevention: <70 mg/dL)

v

Administration of statins

statin intolerance
A 4

Insufficient effect Consider prescribing another statin or dosing interval

\ 4

Insufficient effect"

Maximum tolerated dose of statin and/or ezetimibe

Insufficient effect
v

Or Ezetimibe unavailable

Add resin, probucol, PCSK9 inhibitor (only at maximum tolerated statin dose)
*Can be used with multiple medications.PCSK9 inhibitors alone can be administered in statin-intolerant patients

Insufficient effect

\ 4

Lipoprotein apheresis

Fig.12. Flowchart of HeFH treatment in adults (15 years and older)

targets. The achievement of the management target
does not always ensure the absence of future
cardiovascular events.

3.2 Dietary Therapy in HeFH

Dietary therapy should also be practiced for FH,
and its methods are similar to those for other
dyslipidemias. In other words, the Japan
Atherosclerosis Society has identified the following
points to which patients with hyper-LDL-C should
pay attention to in their dietary therapy: (1) maintain
appropriate total energy intake, (2) reduce the
saturated fatty acid intake from 4.5% or more and less
than 7%, (3) reduce trans-fatty acids, (4) keep
cholesterol intake below 200 mg/day, and (5) actively
consume soy protein, dietary fiber, etc.

3.3 Exercise Therapy in HeFH

Although there are virtually no studies on
exercise therapy for FH, exercise therapy should also
be practiced in HeFH. However, due to the high-risk
of ASCVD, screening for ASCVD before
administering exercise therapy is essential. ASCVD
should be evaluated by interview, ECG, exercise stress
ECG, echocardiography, ABI, etc. If complications of
CAD, AS, or PAD are suspected, exercise therapy
should be started after appropriate and adequate
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treatment.

3.4 Drug Therapy in HeFH

Lifestyle interventions such as diet, exercise,
smoking cessation, and obesity control alone are often
insufficient to achieve adequate lipid control in patients
with HeFH; thus, concomitant pharmacotherapy with
statins as first-line agents is recommended. A
retrospective analysis of 329 HeFH patients in Japan
also showed that LDL-C lowering therapy with oral
statins significantly delayed the onset of CAD>. Based
on the efficiency of LDL-C lowering, the so-called
strong statins are the main therapeutic agents.

Even in HeFH, the “rate of accumulation of
LDL-C” can vary depending on the presence or
absence of genetic abnormalities or other concomitant
risks (see 2.3.5), which, in turn, affect the timing of
onset and risk of developing ASCVD; therefore, the
timing of treatment initiation (the earlier, the better)
and management goals should be determined based
on individual risk considerations®® >4 82, In FAME, a
FH registry study in Japan, risk factors for developing
CAD are as follows: male, age >40 years, heterozygous
FH score >20 points, hypertension, low HDL-C,
and having a sibling with CAD®.

Statins should be started at the usual dose and
should be increased while observing their efficacy and
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side effects. The LDL-C lowering effect of statins is
enhanced in a dose-dependent manner, but the
frequency and severity of adverse effects may also
increase, so care should be exercised. For patients with
statin intolerance, try a different statin or a different
dose interval (every other day, twice weekly, etc.) with
the aim of increasing the maximum tolerated dose®?.

When sufficient efficacy is not obtained with
statin alone, other lipid-lowering agents can be used in
combination with statins to achieve even greater
LDL-C lowering effects. Concomitant medications
include small intestinal cholesterol transporter
inhibitors (ezetimibe), anion exchange resins,
probucol, and PCSK9 inhibitors®. The ENHANCE
study reported that the addition of ezetimibe to statin
in patients with FH achieved a further LDL-C
lowering effect®. In the FAME study, LDL-C <100
mg/dL was achieved in 12.3% of patients in primary
prevention and only 1.8% in secondary prevention
(LDL-C <70 mg/dL)®. In daily clinical practice in
Japan, it was found that although strong statins are
primarily administered, the dose is increased to the
maximum tolerated dose in a small number of cases
and that the combination of statin and ezetimibe is
used in only 26.3% of cases. With regard to PCSK9
inhibitors, the combination of evolocumab or
alirocumab in HeFH already treated with statins (and
ezetimibe) has been shown to be relatively safe, with
additional reduction in LDL-C (approximately 60%)
and Lp(a)?® 2 89, and long-term safety has been
confirmed up to around 3 years of treatment®-%9).
Additionally, an average reduction of 35% LDL-C in
statin-intolerant FH patients has been noted”.
Therefore, in HeFH drug treatment, the first choice is
statins, and if the effect is deemed inadequate, the
dose should be increased to the maximum tolerated
dose, or other combination therapies such as ezetimibe
combination therapy should be implemented. If the
response remains inadequate, additional PCSK9
inhibitors should be administered after careful
consideration of individual risk (Fig. 12). In particular,
it is desirable to promptly lower and control LDL-C
levels in high-risk cases for secondary prevention.
HeFH, excluding statin intolerance, who do not
achieve the expected LDL-C lowering effect with
PCSKD9 inhibitor combination therapy in addition to
usual oral therapy, should be referred to a specialist,
including genetic testing, as they are most likely to be
HoFH. However, it is not yet clear whether these
combination therapies are more effective in reducing
cardiovascular events in patients with FH than statin
therapy alone; thus, further evidence needs to be
accumulated.

In patients who cannot use statins at all due to

side effects such as myalgia (including increased CK)
and liver dysfunction, the lipid-lowering drugs
mentioned above are administered alone or in
combination, but their effectiveness in preventing
atherosclerosis has not been fully established. In Japan,
a retrospective study suggests that the use of probucol
delays the recurrence of CAD in HeFH?Y, but its side
effects such as QT prolongation should also be kept in

mind.

3.5 Lipoprotein Apheresis for HeFH

For HeFH, the use of statins in combination
with ezetimibe and PCSK9 inhibitors has made it
possible to achieve LDL-C control targets in many
cases in recent years, but the number of cases in which
lipoprotein apheresis is indicated has decreased;
however, this should not be a reason to hesitate in
implementing lipoprotein apheresis if the patient is
drug resistant and has advanced CAD. For HeFH,
insurance coverage is allowed in cases where serum
LDL-C level exceeds 370 mg/dL in steady state (body
weight and serum albumin can be maintained) under
diet therapy and does not fall below 170 mg/dL, and
if coronary atherosclerosis is evident with xanthoma.
Additionally, lipoprotein apheresis can be combined
with PCSK9 inhibitors, but since anti-PCSK9
antibodies are removed during LDL apheresis,
subcutaneous injections should be made after
lipoprotein apheresis treatment if the combination is
used. On the other hand, it has been reported that the
combination of lipoprotein apheresis and treatment
with a PCSK9 inhibitor allowed approximately 63%
of patients to wean off lipoprotein apheresis and safely
achieve good LDL-C control®?.

4. Treatment of HoFH (Fig.13)
In HoFH, it is essential to lower LDL-C as

quickly as possible, and aggressive treatment should be
implemented. Ideal LDL-C control targets for HoFH
are <100 mg/dL for primary prevention and <70
mg/dL for secondary prevention, although this is
often difficult to achieve®?.

4.2 Lifestyle Interventions in HoFH

As in HeFH patients, lifestyle interventions such
as diet, exercise, smoking cessation, and obesity
control are fundamental to the treatment of HoFH
patients. Since HoFH develops atherosclerosis
significantly more rapidly than HeFH, before giving
guidance in exercise therapy and initiating it, patients
should be carefully evaluated for CAD, as well as for
valvular disease (particularly AS, supravalvular aortic
stenosis) and aortic aneurysms.
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Diagnosis of HoFH
(Necessary to consult a specialist)

\ 4

Commence guidance on lifestyle modification as well as keeping appropriate body weight,
and initiate lipid-lowering therapy at the same time
(LDL-C management targets Primary prevention: <100 mg/dL, Secondary prevention: <70 mg/dL)

A 4

First-line drug: increase statin dose promptly to maximum tolerated dose

Insufficient effect

Add Ezetimibe, PCSK9 inhibitor, MTP inhibitor, Resin, Probucol
(Can be used with multiple medications)

Initiate lipoprotein apheresis as early as possible

and/or

Fig.13. Flowchart of HoFH treatment in adults (15 years and older)

4.3 Drug Therapy in HoFH

In HoFH, the above lifestyle interventions alone
are not sufficient to control the disease; thus, strong
LDL-C lowering therapy is required from a young age
to prevent the development and progression of CAD.
However, statins, anion exchange resins, and PCSK9
inhibitors all have the primary mechanism of action
for increasing the expression (activity) of the LDLR.
For the defective type, in which only a small amount
of LDLR activity remains, slight efficacy is observed;
however, in the negative type, in which LDLR activity
is completely absent, no LDL-C lowering effect is
observed’®. In a study examining the LDL-C
lowering effect of PCSK9 inhibitors in adult HoFH
patients, although the LDL-C lowering effect of
PCSK9 inhibitors (approximately 30%) was
confirmed3?, PCSK9 inhibitor treatment should be
discontinued if LDL-C is not reduced at all. However,
a retrospective study found that the administration of
statin and other drugs was effective in reducing the
mortality rates in HoFH®”. Furthermore, a
microsomal triglyceride transfer protein (MTP)
inhibitor, which was developed for patients with
HoFH, has been reported to reduce LDL-C by
approximately 50%°9. A study was conducted in
HoFH patients in Japan, and it is now on the
market®. However, since the frequencies of adverse
events such as fatty liver and diarrhea are high with
MTP inhibitor, it is essential to strictly control fat and
alcohol intake!%. Probucol reportedly exerts a certain
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LDL-C lowering effect in HoFH and can cause the
regression or disappearance of xanthoma on the skin
and Achilles tendon'®V. However, for LDL-C control,
lipoprotein apheresis therapy is still required once
every 1-2 weeks in many cases. Liver transplantation
is an option for patients who are resistant or intolerant
to all of the above treatments, but there are currently
very few cases of liver transplantation in Japan!0103),

4.4 Lipoprotein Apheresis
4.4.1 Indications for Lipoprotein Apheresis

In patients with HoFH, as it is difficult to
sufficiently reduce the LDL-C level using existing
drug therapies, continued therapy for lipoprotein
apheresis is required from childhood in many cases.
Lipoprotein apheresis, which uses an extracorporeal
circulatory system to separate and remove LDL from
the blood, was developed to remove LDL from the
blood of HoFH.

4.4.2 Effects of Lipoprotein Apheresis

Lipoprotein apheresis therapy can be
administered safely in children, with no effect on
development or growth, and there are reports of not
only a reduction or disappearance of cutaneous
xanthomas, but also inhibition of progression or
improvement of atherosclerotic lesions such as aortic
stenosis/ supravalvular stenosis and coronary
arteries'%41%, It has also been reported that, in
addition to lowering LDL-C, lipoprotein apheresis
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inhibits the expression of cell adhesion molecules
(ICAM-1, ELAM-1, etc.) and suppresses thrombus
formation by decreasing fibrinogen and coagulation
factors that LDL is not readily oxidized after
lipoprotein apheresis and that it has an anti-
atherosclerotic action via improvement of LDL
subtypes!?”. With the introduction of PCSK9 and
MTP inhibitors, there are now a significant number
of cases in which LDL-C can be managed after
withdrawal from lipoprotein apheresis. However, since
lipoprotein apheresis therapy is expected to have not
only LDL-C lowering effects but also the above-
mentioned effects, careful consideration should be
given when considering withdrawal from lipoprotein
apheresis'®. Future prospective studies targeting the
new onset of ASCVD after lipoprotein apheresis
withdrawal are desirable.

4.4.3 When to Start Lipoprotein Apheresis Therapy
The earlier the age at which lipoprotein apheresis
therapy is started, the better to control the progression
of ASCVD, but it is difficult to implement until the
affected child is able to rest during lipoprotein
apheresis. The realistic starting time for treatment is
around 4-6 years of age, when the child is bedridden
and extracorporeal circulation can be performed,
although there have been reports of treatment starting
at 3.5 years of age!®. In some cases, coronary artery
stenosis and complete occlusion, coronary valve
stenosis, and supravalvular aortic stenosis are already
present in infancy, and if lipoprotein apheresis is
initiated from the age 10 years onward, the prognosis
is poor!''?, and it has been recommended to start
treatment as early as possible!®®. In early childhood,
simple plasma exchange with low extracorporeal
circulatory volume should be performed, or existing
LDL adsorption methods should be used with a device

to reduce extracorporeal circulatory volume.

4.4.4 Plasma Volume for Lipoprotein Apheresis and
Blood Access

The amount of plasma treated for lipoprotein
apheresis is determined by the pretreatment LDL-C
and the patient’s plasma volume (proportional to body
weight). Normally, treatment with 3 to 6 L of plasma
can reduce LDL-C by 60 to 80%. However, LDL-C
starts to rise soon after treatment and continues to rise
until the next treatment. The therapeutic effect of
lipoprotein apheresis is considered to be proportional
to the time-integrated average value (CAVG), which
can be estimated by CAVG=Cmin+0.73 (Cmax-
Cmin). In treatment, the volume of plasma processed,
the frequency of treatment, and concomitant
medications should be set to reduce this integral mean

of LDL-C.

Blood access in lipoprotein apheresis is common
via the cubital or brachial vein. Unlike hemodialysis in
renal failure, blood flow rates range from 50 to 150
mL/min, limiting the need for shunting. FH patients
are prone to shunt occlusion and thus require caution
because, unlike renal failure patients, they have normal
hematocrit.

4.4.5 Methods of LDL Apbheresis
4.4.5.1 Simple Plasma Exchange

This was the first apheresis method and was
initially conducted by Thompson ez al in 1975.
Marked improvement in clinical symptoms such as
lower cholesterol, less anginal pain with improvement
in coronary artery stenosis, and the disappearance of
xanthomas was reported in patients with FH''V. This
method reduces cholesterol by removing the patient’s
plasma and replacing it with a human albumin
preparation. Therefore, substances necessary for the
body, such as immunoglobulins, are also removed in a
non-selective manner. For this reason, currently, it is
only used in HoFH children under 10 years old to
reduce extracorporeal circulating blood volume.

4.4.5.2 Double Membrane Filtration Method

This method has already been developed in
Japan. Drs. Yoshikawa and Kishino used two filtration
membranes with different diameters to separate blood
cells and plasma via the primary membrane and
remove LDL and VLDL, which are known to be large
particles among plasma components, via the secondary
membrane. It selectively removes VLDL and LDL,
and the HDL removal rate is lower than that by
simple plasma exchange method. However, it has
drawbacks, such as the fact that albumin (10%) and
globulin (30%-60%) are also removed via the
secondary membrane, and the amount of plasma
processed is limited due to clogging of the secondary
membrane that resulted in in increased membrane
pressure.

4.4.5.3 LDL Adsorption Method (Liposorber System)

The LDL adsorption method was developed
based on the fact that LDL selectively binds to dextran
sulfate. After separating the blood into blood cell
components and plasma components, plasma is passed
through columns containing dextran sulfate, the
negatively charged ligand, in porous beads, and the
positively charged apo B containing lipoproteins
(VLDL, LDL, lipoprotein (a)) are selectively
removed''?. Two small-volume columns (150 mL)
(LA15) are used alternately, with the adsorbed LDL
eluted by a high concentration of NaCl (5%).
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4.4.6 Adverse Events and Cautions of Lipoprotein
Apheresis

Due to a decrease in effective circulating blood
volume during apheresis treatment, hypotension can
frequently occur; thus, great care is needed,
particularly in the case of patients with aortic valve
disease and CAD. Iron deficiency anemia is a common
adverse event, but patients can easily recover by taking
oral iron supplements. Selective LDL adsorption
therapy, with its negative charge, binds to apoB-100
in LDL and removes LDL by adsorption, while
activating the blood coagulation system and
stimulating bradykinin production. Concomitant use
of ACE inhibitors, which inhibit bradykinin
metabolism and cause severe shock symptoms, is
contraindicated.

4.5 Procedure for the Designation of HoFH as
Intractable Disease

HoFH is one of the designated intractable
diseases in Japan. The certification criteria are as
follows: in addition to the definite cases in which the
diagnosis is confirmed by genetic testing of genes
involved in the LDL metabolic pathway or by
measurement of LDLR activity, patients with marked
hypercholesterolemia or cutaneous xanthomas since
childhood as almost definite cases, and patients who
are refractory to drug therapy. Designated intractable
diseases are listed on the website of the Ministry of
Health, Labor and Welfare’s Intractable Disease
Information Center (https://www.mhlw.go.jp/stf/
seisakunitsuite/bunya/ 0000084783.html).

Procedures and inquiries are handled at the
nearest public health center.

5. Female FH Patients of Childbearing Potential

Lifestyle modification is fundamental, but in
many cases, drug therapy must be used to lower LDL-
C!9. In this case, the patient should consult a
specialist in the treatment of dyslipidemia after
puberty, and the specialist should consider the degree
of risk in each individual case, including the initiation
of drug treatment and the type of drug. Drug therapy
other than anion exchange resins during pregnancy
should be used with caution due to concerns about
the risk of fetal malformations and other problems.
According to the National Institute for Health and
Clinical Excellence, if pregnancy is detected during
drug treatment, the medication should be stopped
immediately. If a woman wishes to have a baby while
on medication, she should stop taking the medication
for three months before attempting to conceive.

For patients with FH who wish to become
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pregnant, check the atherosclerotic status beforehand,
e.g., by carotid artery echocardiography, in preparation
for a safe continuation of pregnancy and delivery. In
high-risk cases, screen for complications of CAD and
aortic or supravalvular stenosis, and take appropriate
measures as needed'¥. As statins have been shown to
be teratogenic in animal studies and the safety of
lipid-lowering drugs other than anion exchange resins
has not been established for administration during
human pregnancy, preconception counseling is
necessary for HeFH and HoFH women, including
explaining the need to stop taking lipid-lowering
medications other than anion exchange resins at least
3 months before planning a pregnancy and during the
lactation period after delivery. It is important to plan
for pregnancy in HoFH patients, and screening for
atherosclerosis should be performed prior to
pregnancy by echocardiography, electrocardiography,
exercise stress echocardiography, and carotid
echocardiography. Discontinue lipid-lowering
medications other than anion exchange resin (resin) 3
months prior to expected pregnancy. LDL-C and TG
are known to increase further during pregnancy in
patients with FH, especially after 24 weeks of
gestation, when LDL-C and TG increase by
approximately 30% and 100%, respectively!'. It is
known that patients with HoFH have increased
coagulability, platelet function, and blood viscosity
during pregnancy!'® that uteroplacental blood flow in
HoFH during pregnancy is decreased compared to
normal pregnancy, and that lipoprotein apheresis
treatment improves blood flow!!”.ipoprotein apheresis
should be performed during pregnancy due to the
high stress on the cardiovascular system in the late
pregnancy, especially during childbirth. Lipoprotein
apheresis therapy can be administered safely during
pregnancy, and there have already been reports of
successful delivery!06 118120 T ipid-lowering drugs
other than anion exchange resins should be
discontinued during lactation, and regular lipoprotein
apheresis therapy should be continued to ensure

adequate LDL-C control.
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Hirofumi Okada (Department of Cardiovascular
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Classification of Level of Evidence
for Treatment and Diagnosis

1+ High-quality RCTs* and their MA/SR

1 Other RCTs and their MA/SR

2 Prospective cohort studies, their MA/SR, (predefined)
RCT subanalysis

3 Non-randomized controlled trials, before-and-after

studies, retrospective cohort studies, case-control studies,
and their MA/SR and RCT post hoc subanalysis

4 Cross-sectional studies, case series

Consensus |By consensus of the supervisory committee members

and the members who prepared the report

RCT: randomized controlled trial, MA: meta-analysis, SR: systematic
review

*A high-quality RCT is defined as (1) large number of subjects, (2)
double-blind, independent assessment, (3) high follow-up rate (low
dropout rate), (3) low protocol deviation, (4) clear random allocation
method, etc.

Classification of Levels of Evidence
for Epidemiological Studies

E-la Meta-analysis of cohort studies

E-1b Cohort studies

E-2 Case-control studies, cross-sectional studies
E-3 Descriptive studies (case series)

Recommended Level

A Strongly Recommended
B Weakly Recommended
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