608 ' Teramoto et al.

Screening for dyslipidemia™®

History of CAD
No é
Any of the following:
1) DM
2) CKD

4) PAD

3) Noncardiogenic cerebral infarction

Yes Secondary
prevention
Yes
Category HI

No §

Management categories based on absolute risk for the primary prevention of CAD (For absolute risk, refer

to Fig. 2 in Committee Report 1)

Additional risk factors

10-year probability (absolute

risk) of CAD death derived
from NIPPON DATAS80 No additional

risk factors

One or more of the following:

(1) Hypo-HDL cholesterolemia
(HDL-C <40 mg/dL)

(2) Family history of premature CAD
in first-degree relatives (a man aged
<55 years or a women aged <65 years)
(3) Impaired glucose tolerance

<0.5% Category 1 Category 11
20.5% < 2.0% Category 11 Category II1
22.0% Category II1 Category II1

*This flow chart is not applicable to patients with FH.

Fig.2. Flow Chart for Setting Management Targets for LDL-C.

Table 6. Lipid Management Targets for Patients with Different Risk Levels

o Management Lipid management target (mg/dL)
Therapeutic principle
category LDL-C HDL-C TG Non HDL-C
Primary prevention Caregory I <160 <190
Drug therapy should be considered Category I <140 <170
after lifestyle modification Category I <120 40 <150 <150
Secondary prevention .
H f
Drug therapy should be considered, lgzg © <100 <130

together with lifestyle modification

high-risk patients, such as those with DM and poor
glycemic control or organ damage (e.g., retinopathy,
nephropathy or PAD) and those receiving secondary

prevention, clinicians should aim to ensure achieve-
ment of the targets (Table 4 and 5).
In patients with secondary hyperlipidemia com-
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Table 7. Stratification of cerebrovascular/cardiovascular risk in four categories on the basis of (clinic) blood pressure classification

and risk strata

Blood pressure

classification  High-normal blood pressure Grade I hypertension Grade II hypertension Grade I hypertension
Risk strata (risk factors 130-139/85-89 mmHg 140-159/90-99 mmHg ~ 160-179/100-109 mmHg 21802110 mmHg
other than blood pressure)
Risk stracum-1 (no other risk factors) No additive risk Low risk Moderate risk High risk
Risk stratus-2% (one to two risk facrors
(other than diabetes) or metabolic Moderate risk® Moderate risk High risk High risk
symdrome) b
Risk stratum-3? (three or more risk
factors, diabetes, CKD, target organ High risk® High risk High risk High risk

damage/cardiovascular disease)

Abbreviation: CKD, chronic kidney disease.

¥When obesity and dyslipidemia are present in the absence of other risk factors, risk factors other than the blood pressure level are counted as two,
and the risk is classified as the risk stratum-2. However, when other risk factors are present, the total of risk factors is calculated as three or more,

and the risk is classified as the risk stratum-3.

b Metabolic syndrome in risk stratum-2 indicates patients with an abnormal plasma glucose level (an impaired fasting plasma glucose level of 110-
125 mg/dL™" and/of impaired glucose tolerance that does not lead to diabetes), or abnormalities in lipid metabolism in addition to a high-normal
or higher blood pressure level and abdominal obesity (males: 285 cm, females: 290 cm).

“Treatment in moderate- and high-risk groups with high-normal blood pressure values is based on the algorithm for treatment of hypertension at
initial visit. The management of common cardiovascular risks is important here.

(The Japanese Society of Hypertension Guidelines for the Management of Hypertension (JSH 2009). Hypertens Res 2009; 32: 3-107)

plicating hypothyroidism or steroid therapy, the treat-
ment of the primary disease should be given priority,
and management of lipid abnormalities should be per-
formed according to the individual circumstances and
requirements. With respect to transient hypercholes-
terolemia associated with pregnancy, drug therapy is
not needed, in principle.

Step 5B: Management Targets for Hypertension

* In young or middle-aged patients < 65 years of age, the
target office blood pressure should be <130/85 mmHg
(home blood pressure < 125/80 mmHg).

* In elderly patients =65 years of age, the target office
blood pressure should be <140/90 mmHg (home blood
pressure < 135/85 mmHg).

* In patients with DM, CKD or a history of M1, the tar-
get office blood pressure should be <130/80 mmHg
(home blood pressure < 125/75 mmHg).

* In patients with cerebrovascular disease, the target office
blood pressure should be < 140/90 mmHg (home blood
pressure < 135/85 mmHg).

Although this section describes the target office
blood pressure (Fig. 1 and Table 7), home blood pres-
sure measurements are essential for diagnosing masked
hypertension and/or white coat hypertension and
diagnosing and treating refractory hypertension and
are of equal or greater clinical value than office blood

pressure measurements. Home blood pressure mea-
surement is not only useful for assessing hypotensive
effects, but also preventing complications due to
excessive decreases in blood pressure. Home blood
pressure values are generally lower than casual blood
pressure values measured in outpatient clinics or dur-
ing health screenings; thus, the target home blood
pressure is lower than the target office blood pressure.

Elderly patients 275 years of age often have
organ damage; therefore, careful management with
antihypertensive therapy is needed taking into consid-
eration the QOL, using an intermediate target blood
pressure of 150/90 mmHg. Patients with a high pulse
pressure are expected to have advanced atherosclerosis,
which means that a slow and careful reduction of
blood pressure should be achieved.

Step 5C: DM Management Goals
o Jargets for the index of glycemic control and manage-
ment of blood glucose should be set for each patient tak-
ing into consideration their age and disease condition.
Generally, the target should be an HbAlc (NGSP) level
of <7.0%.

As a risk factor for CVD, DM occupies a very
important position along with dyslipidemia and

hypertension. Patients with persistent poor glycemic
control, such as an HbAlc (NGSP) level of =8.4% or
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organ damage (e.g., retinopathy, nephropathy or
PAD) have an especially high risk (Table 5). The risk
of developing CVD is much higher in women with
DM than in women without DM.

To prevent the development/progression of CVD
in patients with DM, obtaining good glycemic control
alone is insufficient, and comprehensive and strict
management of risk factors, such as dyslipidemia,
hypertension, obesity (visceral fat accumulation) and
smoking, is required.

Step 5D: Management of Other Conditions

* Metabolic syndrome is based on the excessive accumula-
tion of visceral fat and is characterized by a cluster of risk
Jactors for CVD. Simultaneous with treating each risk
Jactor, reducing obesity, particularly visceral fat, should
be a management target.

* In order to address other diseases closely associated with
lifestyle, such as hyperuricemia, an appropriate treat-
mentimanagement goal to prevent CVD should be set for
each patient.

Epidemiological studies performed in Western
countries and Japan have shown that the clustering of
risk factors, such as that observed in metabolic syn-
drome, is associated with an increased risk of CVD. In
addition to managing each risk factor, reducing vis-
ceral fat, the accumulation of which is the basis for
metabolic syndrome (i.e., reducing obesity and waist
circumference), should be considered. For such
patients, active guidance on anti-obesity measures
should be provided, with a 5% decrease in body
weight or waist circumference after three to six
months being the immediate target, and achievement
of the target should be assessed over time.

The serum uric acid level is an independent pre-
dictor of future hypertension® > and is associated with
the development and/or progression of CKD®7. An
elevated uric acid level reflects an increased frequency
of metabolic syndrome®. Therefore, even in cases of
asymptomatic hyperuricemia without gout or renal
calculi, therapeutic intervention should be considered
if there is a history of hypertension, DM or CAD and
the uric acid level is 8.0 mg/dL. Lifestyle modifica-

tion is also the basis of treatment in such cases”.

6. Therapy (Lifestyle Modification)

Step 6: Lifestyle Modification
* Lifestyle modification is positioned as the foundation of
prevention of CVD. All patients should be provided with
adequate guidance regarding lifestyle modification.
* If a patient is monitored while only being encouraged to
modify his/her lifestyle, helshe should desirably make regu-

Table 8. Lifestyle Modification for the Prevention of CVD

1. Stop smoking and avoid passive smoking.

2. Refrain from overeating and maintain an ideal body weight.

3. Reduce intake of meat fat, dairy products and egg yolk and
increase the intake of fish and soy products.

4. Increase intake of vegetables, fruit, unrefined grains and seaweed.

5. Reduce intake of food containing too much salt.

6. Avoid excessive alcohol consumption.

7. Perform aerobic exercise for at least 30 min daily.

lar hospital visits to maintain motivation and improve
treatment adherence and effects.

Lifestyle modification forms the basis of the pre-
vention of CVD, and introducing drug therapy with-
out careful consideration should be avoided. After
drug therapy is commenced, continued guidance on
lifestyle modification should be provided (Table 8).

Smoking is one of the most important factors
that can be targeted for intervention among the causes
of CVD. In order to prevent CVD, smoking cessation
should be recommended for people of all ages and
both sexes. The increased risk of CAD observed in
nonsmokers due to passive smoking is also a serious
issue.

A BMI of 225 is considered to indicate obesity.
For obese individuals, particularly patients with vis-
ceral fat accumulation (metabolic syndrome), a 5%
decrease in body weight and/or waist circumference
should be the immediate target.

Optimizing the total energy intake and nutrient
balance and modifying inappropriate dietary habits
and eating behaviors form the basis of treatment in
patients with risk factors, such as dyslipidemia, hyper-
tension, DM and obesity. Soluble dietary fiber should
be consumed abundantly, while the intake of choles-
terol and saturated fatty acids should be reduced.
Patients with hypertension are recommended to limit
their intake of salt to <6 g/day.

It has been demonstrated that exercise can
improve dyslipidemia (e.g., increase the level of HDL-
C) as well as exert hypotensive effects, improve insulin
resistance and achieve hypoglycemic effects. Engaging
in moderate aerobic exercise (approximately 50% of
maximum oxygen uptake) for at least 30 minutes per
day at least three times per week (daily if possible) or
at least 180 minutes per week is desirable. For patients
with hypertension, except those with mild to moder-
ate blood pressure elevation (160 to 179/100 to 109
mmHg) and no CVD, prior medical examinations are
needed. In DM patients with poor glycemic control
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(e.g., positive urine ketones), retinopathy, CVD, renal
failure, peripheral neuropathy or autonomic neuropa-
thy, a specialist should be consulted regarding the
appropriateness or need for restricting exercise ther-
apy. In this context, a meta-analysis of patients with a
history of CAD demonstrated that exercise therapy

alone can improve the prognosis'®'".

7. Therapy (Drug Therapy)
Following the initiation of drug therapy, lifestyle
modification (Step 6) should be continued.

Step 7A: Drug Therapy for Dyslipidemia
o If a patient cannot achieve their target LDL-C level
Jollowing adequate lifestyle modification in primary pre-
vention, drug therapy should be considered according to
the weight of the risk.
* If'a patient in category I persistently has an LDL-C
level of > 180 mg/dL, drug therapy should be considered.
* Statins are recommended for the treatment of hyper-
LDL cholesterolemia.
* In patients with high-risk hyper-LDL cholesterolemia,
the use of ezetimibe in combination with a statin should
be considered.
* In patients with high-risk hyper-LDL cholesterolemia,
the use of eicosapentaenoic acid (EPA) in combination
with a statin should be considered.
o In patients with hypertriglyceridemia accompanied by
hypo-HDL cholesterolemia, drug therapy with fibrates,
nicotinic acid derivatives or other similar drugs should be
considered according to the weight of the risk.

There is abundant evidence that LDL-C-lower-
ing therapy with statins can prevent CVD. If a patient
with dyslipidemia cannot achieve their target level
with a single drug, dose escalation of the drug or the
use of combination therapy should be considered. The
Japan EPA Lipid Intervention Study (JELIS) con-
ducted in Japanese patients with hyper-LDL choles-
terolemia revealed that those who received statins in
combination with EPA developed significantly fewer
major coronary events compared with patients who
received statins alone'?.

In patients with renal dysfunction, since rhabdo-
myolysis occurs more frequently with the use of statins
or fibrates, the combination therapy of statins and
fibrates is contraindicated.

Step 7B: Drug Therapy for Hypertension
* In patients with hypertension, drug therapy should be
considered if the office blood pressure is >140/90
mmHg (home blood pressure: 135/85 mmHg) after a
certain period of adequate lifestyle modification (three

months in low-risk patients or one month in moderate-
risk patients). In high-risk patients with hypertension
complicated by DM, CKD, CVD or organ damage, the
initiation of drug therapy should be considered while the
patient is encouraged to modify their lifestyle (Table 4).

* One of the following five types of drugs should be
selected as the first choice: Ca-antagonists, angiotensin II -
receptor blockers (ARBs), angiotensin-converting enzyme
inhibitors (ACE inhibitors), diuretics or [-blockers
(including a/B-blockers). The drug should be selected
according to each patients condition while giving due
consideration to the positive indications, relative contra-
indications and contraindications of each drug.

» Combination therapy is required in many cases to
achieve the goal of hypertension treatment. Recommended
combination therapies include renin-angiotensin (RA)
inhibitors (ARBs or ACE inhibitors) and Ca-antagonists,
RA inhibitors and diuretics, Ca-antagonists and diuretics
and Ca-antagonists and B-blockers.

When antihypertensive treatment is adminis-
tered, appropriate drugs should be selected according
to each patient’s condition.

RA inhibitors are recommended as the first-line
drugs for patients with organ damage, such as those
with proteinuria or renal dysfunction, heart failure,
old myocardial infarctions (Mls) or DM. However, for
patients with renal dysfunction (a serum creatinine
level of >2.0 mg/dL), careful administration is desir-
able since the renal function may be worsened. The
administration of such drugs in pregnant or lactating
women is contraindicated. When RA inhibitors are
used in combination with K-sparing diuretics, atten-
tion should be paid to the possibility of hyperkalemia.
In patients with bilateral renovascular hypertension,
caution should be exercised since rapid progression of
renal dysfunction may be observed following the
administration of RA inhibitors.

B-blockers are not used as first-line drugs in the
elderly or patients with impaired glucose tolerance,
since monotherapy or combination therapy with diuret-
ics may exacerbate glucose/lipid metabolism. Gener-
ally, the combination of f-blockers and diuretics is
not recommended.

Step 7C: Drug Therapy for DM

* In patients with non-insulin-dependent type 2 DM,
drug therapy should be considered if good glycemic control
cannot be achieved after two to three months of lifestyle
modification, including adequate diet and exercise ther-
apy.

'P%Jowever, drug therapy may be administered in the
early stage of the disease in patients exhibiting a poor
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response to lifestyle modification or a certain degree of
metabolic disorder.

* Available oral drugs include sulfonylureas (SUs), fast-
acting insulin secretagogues, a-glucosidase inhibitors, bigu-
anides, thiazolidines and dipeptidyl peptidase-4 (DPP-4)
inhibitors.

* Glucagon-like peptide (GLP)-1-receptor agonists are
available in injectable forms.

o Insulin therapy should preferably be initiated after con-
sulting diabetes specialists. Insulin may be administered
in combination with oral drugs.

When drug therapy is prescribed, attention should
always be paid to hypoglycemia, and the patient should
be provided adequate guidance.

For insulin-dependent diabetic patients, such as
those with type 1 DM, insulin therapy is required;
therefore, referral to and close cooperation with a spe-
cialist during ongoing treatment is needed. For
patients with type 2 DM who have severe metabolic
derangement, severe infection or a history of invasive
surgery, insulin therapy is required, and a specialist
should be consulted.

For other non-insulin-dependent patients, ade-
quate education should be provided regarding lifestyle
modification, such as appropriate diet and exercise
therapy. If the target for glycemic control cannot be
achieved after two to three months of treatment, the
initiation of drug therapy should be considered. The
glycemic control target will vary for each patient
according to the patient’s condition.

In patients with increased insulin resistance, such
as those with obesity, biguanides and thiazolidines are
good choices. For patients with a decreased insulin
secretory capacity, SUs and DPP-4 inhibitors are indi-
cated. To correct postprandial hyperglycemia, fast-act-
ing insulin secretagogues, a-glucosidase inhibitors and
DPP-4 inhibitors are good options.

GLP-1-receptor agonists are analogs of the incre-
tin GLP-1 that promote insulin secretion and decrease
both fasting blood glucose and postprandial blood
glucose.

Attention should be paid to adverse reactions
specific to each drug, including weight gain with SUs,
gastrointestinal symptoms (such as abdominal bloat-
ing and diarrhea) with a-glucosidase inhibitors, reac-
tions to the use of iodinated contrast agents with big-
uanides and heart failure or edema caused by thiazoli-
dines.

Various insulin preparations with different dura-
tions of action and dosage forms are available. Insulin
therapy should be initiated after consulting with a dia-
betes specialist, if possible. Selecting the proper insulin

preparation and adjusting the timing and number of
injections according to the patients lifestyle is required.
Providing guidance regarding the procedures of injec-
tion and self-monitoring of blood glucose is also
important.

Step 7D: Other Drug Therapy
* Antiplatelet therapy is effective for the secondary preven-
tion of CAD and noncardiogenic cerebral infarction.
Attention should always be paid to the development of
adverse drug reactions, such as hemorrhagic complica-
tions, during the administration of this regimen.

The inhibitory effects of low-dose aspirin (75 to
150 mg/day) on cardiovascular events in patients with
a history of MI were demonstrated in a meta-analy-
sis'®, and the effectiveness of this medication in Japa-
nese individuals was shown in the Japanese Antiplate-
let Myocardial Infarction Study (JAMIS) ' 1.

However, the results of a recent meta-analysis
revealed that the inhibitory effects of aspirin treatment
on cardiovascular death in the primary prevention of
CVD may be offset by an increased risk of hemor-
rhagic complications'?, suggesting that administration
without careful consideration should be avoided!”.
Among Japanese individuals, the J-PAD showed no
inhibitory effects of low-dose aspirin on cardiovascular
events in patients with type 2 DM'®, while a subanal-
ysis demonstrated inhibition of cardiovascular events
in elderly subjects 265 years of age and patients with
moderate renal dysfunction'®.

To prevent the recurrence of noncardiogenic cere-
bral infarctions, such as atherothrombotic and lacunar
infarctions, the administration of low-dose aspirin or
clopidogrel is recommended. Cilostazol is also effec-
tive for decreasing the recurrence of cerebrovascular
disease. However, managing blood pressure is the most
important measure for preventing the recurrence of
lacunar infarctions'.

Cilostazol is effective to some extent in improv-
ing the symptoms of PAD, such as intermittent clau-
dication. The administration of aspirin is effective for
improving patency following revascularization or endo-
vascular treatment. Furthermore, aspirin and clopido-
grel have been demonstrated to be effective for prevent-
ing cerebrovascular death in patients with PAD?* 2V,

Footnotes

This is an English version of the guidelines of the
Japan Atherosclerosis Society (chapter 2) published in
Japanese in June 2012.
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Supplementary Table 1. Relative Risk Charts for Patients with a Low Absolute Risk (based on the risk charts of the NIPPON DATAS80)

Nonsmokers
Systolic blood pressure
Second-degree or higher hypertension
(160 mmllg) 2.2 2.8 3.6 4.6 5.8 7.4
First-degree hypertension
(140-159 mimtlg) 17 22 2.8 3.5 45 5.7
Normal (<140) 1.0" 1.3 1.6 2.1 26 3.4
TC category (mg/dL) 160-179 180-199 200-219 220-239 240-259 260 +
Smokers
Systolic blood pressure
Second-degree or higher hypertension
(2160 mmHg) 3.2 4.1 5.2 6.6 8.4 10.7
First-degree hypertension
(140-139 memtig) 25 3.1 40 5.1 6.5 8.2
Normal (<140 mmHg) 1.4 1.8 2.3 3.0 3.8 4.8
TC category (mg/dL) 160-179 180-199 200-219 220-239 240-259 260+

*Reference group

To calculate the relative risks used in this table, the representative values in each risk factor category were used. The representative values in each TC
category were set at 160, 190, 210, 230, 250 and 270, the representative values in each systolic blood pressure category were set at 110 (normal),
150 (degree I) and 170 (degree II) and the patients were assumed to not have DM. The relative risk for patients who are nonsmokers with a TC
level of 160 to 179 and a normal blood pressure was used as the reference value (i.e., relative risk: 1.0). For the sake of convenience, the relative risks
were calculated assuming that the patients were men 40 years of age because the values cannot be calculated if the sex and age are not fixed. If the

TC level cannot be used, the LDL-C + 80 value should be used.
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Supplementary Table 2. Simple Chart Based on Sex, Age and the Number of Risk Factors for Predicting the Absolute Risk of CAD

Start:

Screening for dyslipidemia

] Yes

History of coronary artery disease (CAD)
No {1

(S —

Secondary prevention

Any of the following: Target for LDL-C <100 mg/dL
1) DM Yes
2 KD —>
3) Noncardiogenic cerebral infarction Category [T
4) PAD
No {}
. Determined based on the number of
Baseline risk .
risk factors
(1) Hypertension
(2) Smoking
(3) Hypo-HDL cholesterolemia Absolute risk of CAD c "
(HDL-C <40 mg/dL) (%) ategory
Sex Age (4) Family history of premature CAD
(first-degree male relatives aged <55
years or female relatives aged < 65 years)
(5) Impaired glucose tolerance
(excluding DM)
40-49 years 0 0.23 Category 1
(Also applied to persons 1-2 0.32-0.55 Category II
aged 30-39 years) 23 0.48-0.83 Category Il
0 0.63 Category I
Men 50-59 years 1 0.91-1.08 Category II
>2 1.55 Category Il
60-69 years 0 1.78 Category I
(Also applied to persons
aged <74 years) 21 2.55-4.31 Category Il
0-1 0.10-0.20 Category |
40-59 years
22 0.24
Category I
Women 60-69 years 0-1 0.87-1.83
(Also applied to persons
aged <74 years) 22 2.19 Category Il

In this simple chart, the serum level of LDL-C was set at 170 (TC=250), which exceeded the upper limit of the least strict management target

(LDL-C=160). Then, the absolute risk of CAD death was calculated using the NIPPON DATA risk chart as follows:

1) For age, the median (men: 45, 55 and 65 years; women: 50 and 65 years) was used.

2) The number of risk factors was calculated according to the presence or absence of hypertension (presence: SBP=160; absence: SBP=120) and
the presence or absence of smoking, of which the maximum number was 2.

3) In cases in which the number of risk factors was > 3, the absolute risk was estimated based on the assumption that the third risk factor (other
than hypertension and smoking) increases the risk 1.5-fold.

*Dcpending on the level of additional risk factors, the absolute risk may not always be within the same range as in Fig. 1. Furthermore, because the

relative risk for patients in the same sex and age group is also taken into consideration, it should be noted that the category may not always be con-

sistent with the range of the estimated absolute risk determined using the NIPPON DATA risk charts. This chart may be used as a convenient

method if the NIPPON DATA risk chart is not readily available.

Management Category Target for the LDL-C level:

Category I <160 mg/dL, Category I <140 mg/dL, Category Il <120 mg/dL, Secondary prevention <100 mg/dL
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Epidemiological studies conducted in Japan as
well as Western countries have shown that higher lev-
els of LDL-cholesterol (LDL-C)V, total cholesterol
(TC)*”, non HDL-cholesterol (non HDL-C)¥, and
triglyceride (TG)*'? and lower levels of HDL-C?> 19
are associated with a higher risk of coronary artery dis-
ease (CAD) (Fig.1). At present, the absolute risk
(incidence and mortality) of CAD in Japan is much
lower than that observed in Western countries'*'”;
however, due to recent increases in the LDL-C and
TC levels in Japanese individuals as a result of West-
ernization of the Japanese lifestyle'® '?, and the find-
ings of a report showing that the incidence of CAD is
increasing in some regions of Japan'®??, there is con-
cern that the incidence of CAD will rise throughout
Japan. Therefore, these guidelines define diagnostic
criteria for assessing dyslipidemia during screening to
prevent the development of arteriosclerosis from the
perspective of preventing CAD, as shown in Table 1.

According to the diagnostic procedures, first, the
TC, TG and HDL-C levels are measured in the morn-
ing after overnight fasting to calculate the LDL-C
level using the Friedewald formula (LDL-C=TC-
HDL-C-TG/5). This formula cannot be used in a
non-fasting state or when the TG level is > 400 mg/dL
because large errors in the LDL-C level may occur.
Although direct measurement methods for determin-
ing the LDL-C level have been applied clinically, sig-
nificant problems have been found concerning varia-
tions in accuracy and the results obtained between
kits, especially in cases of high TG levels?". Therefore,
using the non HDL-C level is recommended when
the TG level is 2400 mg/dL. The non HDL-C level is
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calculated by subtracting the HDL-C level from the
TC level.

Lipid standardization in clinical laboratories in
Japan has been judged internationally to be very accu-
rate for the TC levels and fairly accurate for the
HDL-C levels®?. Nevertheless, the accuracy of TG
and LDL-C measurements remains inadequate® *¥;
thus, further standardization is warranted.

1. Hyper-LDL Cholesterolemia

The Framingham study and many other epide-
miological studies conducted in Western countries
have shown that the incidence and mortality of CAD
increase in association with increases in the levels of
TC and LDL-C. In addition, in Japan, epidemiologi-
cal studies, such as the NIPPON DATA80?, Suita??,
JALS?), CIRCS?, Hiroshima/Nagasa1d7), MHW Pri-
mary Hyperlipidemia®®, Okinawa cohort?” and
Ehime epidemiological'® studies and epidemiological
studies conducted in 76 workplaces in Japan (the 3M
Study)?, have confirmed that the relative risk of CAD
increases continuously in association with increases in
the levels of LDL-C and TC.

The NIPPON DATAS0, a prospective epidemi-
ological study conducted in Japan, demonstrated that
the relative risk of CAD-related death in individuals
with a TC level of 200-219 mg/dL, 220-239 mg/dL,
240-259 mg/dL and 2260 mg/dL is 1.4-, 1.6-, 1.8-
and 3.8-fold higher, respectively, than that observed in
individuals with a TC level of 160-179 mg/dL (Fig. 1a)?.
In men, in particular, mortality from CAD increases
continuously in association with increases in the TC
(LDL-C) levels, with no distinct threshold.

Meanwhile, studies conducted in Western coun-
tries regarding interventions for hypercholesterolemia,
including lifestyle modification, have revealed that
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a) Total cholesterol levels and the relative risk of CAD death (men
and women combined) NIPPON DATA80?

T CCETPTRR

Relative risk
N

160~ 180~ 200~ 220~ 240~ 260~
179 199 219 239 259 (mg/dL)
(Okamura T et al : Atherosclerosis, 190 : 216-223, 2007)

~159

b} HDL-C levels and the percentages of patients with CAD

A
X
S

(9]

Percentages of patients with CAD
wW

'~4 35~ 0~ 45~ 50~ 55~ 60~ 65~ 70~ 75~ 80~
39 44 49 54 59 64 69 74 79 (mg/dL)

(Reanalyzed based on the data from Kitamura A
et al : Circulation, 89 : 2533-2539, 1994)

¢) TG (non-fasting) levels and relative risk of CAD (men and women
combined)®

Relative risk
N

165~
(mg/dL)
(Iso H et al : Am J Epidemiol, 153 : 490-499, 2001)

~84 85~115 116~164

Fig.1. Serum Lipids and Risk for CAD

intervention significantly decreases the incidence of
CAD. In addition, in Japan, the results of large-scale
clinical studies have recently shown that treatment for
hyper-LDL cholesterolemia is clinically beneficial for
Japanese individuals®3Y.

In the U.S. guidelines NCEP-ATP I, based on
the relationship between the TC levels and CAD mor-
tality reported in the MRFIT??, the cutoff value for
hypercholesterolemia is a TC level of 240 mg/dL, the
level at which the relative risk is 2-fold higher than

that observed at a TC level of 200 mg/dL*. As
described above, the absolute risk of CAD in Japanese
individuals is much lower than that observed in West-
erners. In order to maintain this low risk, the use of
early prevention measures is needed.

Based on the above findings, a TC level of 220
mg/dL, the level at which the relative risk shown in
the NIPPON DATA80 is approximately 1.5-fold
higher than that observed at a TC level of <180 mg/
dL, was used as the cutoff value for screening Japanese
individuals in terms of the prevention and treatment
of CAD, and the corresponding LDL-C level of 140
mg/dL was defined as the cutoff value for the diagno-
sis of hyper-LDL cholesterolemia.

The CIRCS, an epidemiological study recently
conducted in Japan?, showed that the incidence of
CAD in subjects with an LDL-C level of 80 to 99 mg/
dL, 100 to 119 mg/dL, 120 to 139 mg/dL and >140
mg/dL is 1.4-, 1.7-, 2.2- and 2.8-fold higher, respec-
tively, than that observed in subjects with a LDL-C
level of <80 mg/dL. In the presence of multiple risk
factors, the incidence of and mortality from CAD also
increase in Japanese individuals. Since the incidence of
and mortality from CAD in patients with multiple
risk factors were found to be higher than those
observed in patients without such factors, even at the
same LDL-C levels, and patients with diabetes melli-
tus (DM) developed CAD at lower LDL-C levels of
approximately 30 to 40 mg/dL as frequently as
patients without DM in a subanalysis of primary pre-
vention in the J-LIT study®, it has been suggested
that the degree of the increased risk of CAD associated
with the LDL-C level changes depending on comor-
bidities. As a result of these concerns, these guidelines
define an LDL-C level of 120-139 mg/dL as the bor-
derline level at which the effects of other risk factors
should be carefully considered when screening Japa-
nese individuals for dyslipidemia.

2. Hypo-HDL Cholesterolemia

Having a low level of HDL-C places a patient at
risk for developing CAD. Conversely, a higher
HDL-C level is associated with a decreased risk of
CAD (Fig.1b)'"*. In the NIPPON DATA90, the
HDL-C level was found to be significantly inversely
correlated with overall mortality and stroke mortality
during the 9.6-year observation period®. Community
and worksite-based cohort studies have shown that an
HDL-C level <40 mg/dL is associated with an
increased risk of CAD' 339 In the J-LIT, a cohort
study, simvastatin-treated primary prevention
patients'? and secondary prevention patients'® with

an HDL-C level <40 mg/dL were found to have a
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Table 1. Dyslipidemia: Diagnostic Criteria for Screening (Fasting™)
2140 mg/dL

Low-density lipoprotein Hyper-LDL cholesterolemia

cholesterol (LDL-C)

120-139 mg/dL Borderline hyper-LDL cholesterolemia™

HDL-C <40 mg/dL Hypo-HDL cholesterolemia

Triglycerides (TGs)

* The LDL-C level is calculated using the Friedewald formula (TC~HDL-C~TG/5) (if TG <400 mg/dL).

* If the TG level is =2 400 mg/dL or non-fasting blood is used, the non HDL-C (TC—~HDL-C) level should be used.
The cutoff value is LDL-C + 30 mg/dL.

*A “fasting state” is defined as having fasted for = 10 to 12 hours. The consumption of liquids with no calories, such
as water and tea, is permitted.

**If borderline hyper-LDL cholesterolemia is diagnosed during screening, the presence of high-risk conditions should
be assessed and the need for treatment should be considered.

2150 mg/dL Hypertriglyceridemia

1.3- and 1.6- fold higher relative risk of CAD, respec-
tively, than those with an HDL-C level of 40-49 mg/
dL. Based on these findings, these guidelines define an
HDL-C level of <40 mg/dL as the cutoff value for
screening for hypo-HDL cholesterolemia. In general,
women exhibit higher HDL-C levels than men3® 40
however, there is currently insufficient evidence to
support the existence of a relationship between sex dif-
ferences in the HDL-C levels and the incidence of
CAD. Therefore, these guidelines used the same cut-
off value for both women and men.

3. Hypertriglyceridemia

Many reports have shown that a high TG level is
associated with a risk of developing CAD in Asia,
Oceania®’ and Japan®!®% %4 a5 well as in Western
countries*®. In some of these studies, the TG level was
found to be associated with the risk of CAD even when
the HDL-C level was corrected® 44> 49, In the U.S.,
hypertriglyceridemia is defined as a fasting TG level of
>150 mg/dL based on the Framingham study®. Tradi-
tionally, the TG level has been measured using fasting
blood; however, one report indicates that the non-
fasting TG level more accurately predicts cardiovascu-
lar events*®. Epidemiological studies conducted in
Japan have shown that the incidence of CAD increases
when the fasting TG is 2150 mg/dL'*3**? and that
the incidences of myocardial infarction, exercise-
induced angina and sudden death increase when the
non-fasting TG level is 2165 mg/dL (Fig. 1¢)®. More-
over, many reports have also shown that hypertriglyc-
eridemia is a risk factor for cerebral infarction,
although this association is weaker than that observed
for CAD% 4 79 Considering these findings, these
guidelines define a TG level of 2150 mg/dL as the
cutoff value for screening for hypertriglyceridemia;
however, hypertriglyceridemia often reflects other
pathological conditions, such as increased levels of

remnant lipoproteins or small, dense LDL, complica-
tions of hypo-HDL cholesterolemia and the presence
of metabolic syndrome. Therefore, other conditions
associated with increased TG levels should be carefully
assessed.

4. Non HDL Cholesterol

If hypertriglyceridemia exists, especially when the
TG level is 2400 mg/dL, the correct LDL-C level can-
not be calculated because the Friedewald formula is
not applicable and the direct measurement method is
problematic. In such cases, the non HDL-C level is a
useful and simple index calculated by subtracting the
HDL-C level from the TC level. Some investigators
consider the non HDL-C level to be superior to the
LDL-C level in terms of predicting the development
of atherosclerotic diseases because the non HDL-C
level incorporates all atherogenic lipoproteins, includ-
ing remnant lipoproteins®® >). Recently, many epide-
miological studies have examined the relationship
between the non HDL-C level and the risk of CAD
in Japan®? 2> %52 The non HDL-C level exhibits
the same relationship with the incidence of myocardial
infarction as the LDL-C level, with both parameters
demonstrating comparable ability to predict the devel-
opment of myocardial infarction?”. On the other
hand, one study showed that the non HDL-C level is
superior to the TC level in terms of predicting the inci-
dence of myocardial infarction®”. The incidence and
mortality of CAD and myocardial infarction markedly
increase in men with a non HDL-C level of 2170-
180 mg/dL, while no specific tendencies have been
observed in women® 2% %2, One study investigated
the risk of myocardial infarction associated with the
non HDL-C level in the presence or absence of hyper-
triglyceridemia®. In that report, the risk of myocar-
dial infarction markedly increased in the group with
both hypertriglyceridemia (TG 2150 mg/dL) and a
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non HDL-C level of 2190 mg/dL. In a subanalysis of
the JELIS that compared the groups that achieved
both LDL-C and non HDL-C management goals, the
other groups exhibited higher incidences of CAD?.
Recently, it was demonstrated that the non HDL-C
level in Japanese individuals is equal to LDL-C +30
mg/dL, the same as that observed in the U.S* .
Based on these findings, these guidelines defined a
non HDL-C level of 2170 mg/dL as the cutoff value

for screening.

Footnotes

This is an English version of the guideline from
the Japan Atherosclerosis Society (chapter 3) pub-
lished in Japanese in June, 2012.

Acknowledgements

We are grateful to the following societies for their
collaboration and valuable contributions: Dr. Hide-
nori Arai (The Japan Geriatrics Society), Dr. Kiminori
Hosoda (Japan Society for the Study of Obesity), Dr.
Hiroyasu Iso (Japan Epidemiological Association), Dr.
Atsunori Kashiwagi (Japan Diabetes Society), Masayasu
Matsumoto (The Japan Stroke Society), Dr. Hiromi
Rakugi (The Japanese Society of Hypertension), Tet-
suo Shoji (Japanese Society of Nephrology) and Hiroaki
Tanaka (Japanese Society of Physical Fitness and Sports
Medicine). We also thank Dr. Shinji Koba, Dr. Manabu
Minami, Dr. Tetsuro Miyazaki, Dr. Hirotoshi Ohm-
ura, Dr. Mariko Harada-Shiba, Dr. Hideaki Shima,
Dr. Daisuke Sugiyama, Dr. Minoru Takemoto and Dr.
Kazuhisa Tsukamoto for supporting this work.

References

1) Imano H, Noda H, Kitamura A, Sato S, Kiyama M,
Sankai T, Ohira T, Nakamura M, Yamagishi K, Tkeda A,
Shimamoto T, Iso H: Low-density lipoprotein cholesterol
and risk of coronary heart disease among Japanese men
and women: the Circulatory Risk in Communitdes Study
(CIRCS). Prev Med, 2011; 52: 381-386

2) Okamura T, Tanaka H, Miyamatsu N, Hayakawa T, Kad-
owaki T, Kita Y, Nakamura Y, Okayama A, Ueshima H;
NIPPON DATA80 Research Group: The relationship
between serum total cholesterol and all-cause or cause-
specific mortality in a 17.3-year study of a Japanese
cohort. Atherosclerosis, 2007; 190: 216-223

3) Okamura T, Kadowaki T, Hayakawa T, Kita Y, Okayama
A, Ueshima H; for the NIPPON DATAS80 research
group: What cause of mortality can we predict by choles-
terol screening in the Japanese general population? Int J
Med, 2003; 253:169-180

4) Hirobe K, Fujioka S, Goto K, Terai T, Dohi S: The inci-

dence of workplace myocardial infarction, focusing on
serum lipid results: a 3M Study. The Journal of Adult
Diseases, 2003; 33: 1335-1339 (in Japanese)

5) Wilson PW, D’Agostino RB, Levy D, Belanger AM, Sil-
bershatz H, Kannel WB: Prediction of coronary heart dis-
ease using risk factor categories. Circulation, 1998; 97:
1837-1847

6) Konishi M, Iida M, Naito Y, Terao A, Kiyama M, Kojima
S, Doi M, Shimamoto T, Komachi Y: Studies on the rela-
tionship between the trend of serum total cholesterol level
and the incidence of cerebro-cardio-vascular diseases
based on the follow-up studies in Akita and Osaka. With
a special reference to the optimal serum total cholesterol
level. Journal of Atherosclerosis and Thrombosis, 1987;
15: 1115-1123 (in Japanese)

7) Kodama K, Sasaki H, Shimizu Y: Trend of coronary heart
disease and its relationship to risk factors in a Japanese
population: a 26-year follow-up, Hiroshima/Nagasaki
study. Circ J, 1990; 54: 414-421

8) Kitamura A, Noda H, Nakamura M, Kiyama M, Okada
T, Imano H, Ohira T, Sato S, Yamagishi K, Iso H: Associ-
ation between non-high-density lipoprotein cholesterol
levels and the incidence of coronary heart disease among
Japanese: the Circulatory Risk in Communities Study
(CIRCS). ] Atheroscler Thromb, 2011; 18: 454-463

9) Iso H, Naito Y, Sato S, Kitamura A, Okamura T, Sankai T,
Shimamoto T, Iida M, Komachi Y: Serum triglycerides
and risk of coronary heart disease among Japanese men
and women. Am ] Epidemiol, 2001; 153: 490-499

10) Kukita H, Hiwada K: Hypertriglyceridemia as a risk fac-
tor for coronary artery disease. Ther Res, 1993; 14:551-
558

11) Kitamura A, Iso H, Naito Y, Iida M, Konishi M, Folsom
AR, Sato S, Kiyama M, Nakamura M, Sankai T, Shimam-
oto T, Komachi Y: High-density lipoprotein cholesterol
and premature coronary heart disease in urban Japanese
men. Circulation, 1994; 89: 2533-2539

12) Matsuzaki M, Kita T, Mabuchi H, Matsuzawa Y, Nakaya
N, Oikawa S, Saito Y, Sasaki J, Shimamoto K, Itakura H;
J-LIT Study Group. Japan Lipid Intevention Trial: Large
scale cohort study of the relationship between serum cho-
lesterol concentration and coronary events with low-dose
simvastatin therapy in Japanese patients with hypercholes-
terolemia: primary prevention cohort study of the Japan
Lipid Intervention Trial (J-LIT). Circ ], 2002; 66: 1087-
1095

13) Mabuchi H, Kita T, Matsuzaki M, Matsuzawa Y, Nakaya
N, Oikawa S, Saito Y, Sasaki J, Shimamoto K, Itakura H:
J-LIT Study Group. Japan Lipid Intevention Trial: Large
scale cohort study of the relationship between serum cho-
lesterol concentration and coronary events with low-dose
simvastatin therapy in Japanese patients with hypercholes-
terolemia and coronary heart disease: secondary preven-
tion cohort study of the Japan Lipid Intervention Trial
(J-LIT). Circ J, 2002; 66: 1096-1100

14) Saito I, Folsom AR, Aono H, Ozawa H, Tkebe T, Yamashita
T: Comparison of fatal coronary heart disease occurrence
based on population surveys in Japan and the USA. Int J
Epidemiol, 2000; 29: 837-844

15) Menotti A, Blackburn H, Kromhout D, Nissinen A,



Dyslipidemia Criteria 659

Fidanza F, Giampaoli S, Buzina R, Mohacek I, Nedeljkovic
S, Aravanis C, Toshima H: Changesin population choles-
terol levels and coronary heart disease deaths in seven
countries. Eur Heart J, 1997; 18: 566-571

16) Verschuren WM, Jacobs DR, Bloemberg BP, Kromhout
D, Menotti A, Aravanis C, Blackburn H, Buzina R, Don-
tas AS, Fidanza E Karvonen M]J, Nedelijkovi¢ S, Nissinen
A, Toshima H: Serum total cholesterol and long-term cor-
onary heart disease mortality in different cultures: twenty
five-year follow-up of the seven countries study. JAMA,
1995; 274: 131-136

17) Hirobe K, Terai T, Fujioka S, Goto K, Dohi S; 3M-Study
Project Committee of the Japan Association of Occupa-
tional Physicians “San-yu-kai”: Morbidity of Myocardial
Infarction Multicenter Study in Japan (3M Study): study
design and event rates for myocardial infarction and coro-
nary death by age category in Japanese workers. Circ J,
2005; 69: 767-773

18) Ministry of Health, Labour and Welfare: The 3rd, 4th,
and 5th circulatory disease basic research. 1980, 1990,
2000

19) Kitamura A, Sato S, Kiyama M, Imano H, Iso H, Okada
T, Ohira T, Tanigawa T, Yamagishi K, Nakamura M,
Konishi M, Shimamoto T, Iida M, Komachi Y: Trends in
the Incidence of Coronary Heart Disease and Stroke and
Their Risk Factors in Japan, 1964 to 2003 The Akita-
Osaka Study. JACC, 2008; 52: 71-79

20) Takii T, Yasuda S, Takahashi J, Ito K, Shiba N, Shirato K,
Shimokawa H; MIYAGI-AMI Study Investigators: Trends
in acute myocardial infarction incidence and mortality
over 30 years in Japan: report from the MIYAGI-AMI
Registry Study. Circ J, 2010; 74: 93-100

21) Miller WG, Myers GL, Sakurabayashi I, Bachmann LM,
Caudill SB, Dziekonski A, Edwards S, Kimberly MM,
Korzun WJ, Leary ET, Nakajima K, Nakamura M, Nils-
son G, Shamburek RD, Vetrovec GW, Warnick GR,

Remaley AT; Seven Direct Methods for Measuring HDL

and LDL Cholesterol Compared with Ultracentrifugation
Reference Measurement Procedures: Clin Chem, 2010; 56:
977-986

22) Nakamura M, Koyama I, Iso H, Sato S, Okazaki M,
Kiyama M, Shimamoto T, Konishi M: Measurement per-
formance of reagent manufacturers by Centers for Disease
Control and Prevention/Cholesterol Reference Method
Laboratory Network lipid standardization specified for
metabolic syndrome focused health checkups program in
Japan. J Atheroscler Thromb, 2009; 16: 756-763

23) Nakamura M, Koyama I, Iso H, Sato S, Okazaki M, Kay-
amori Y, Kiyama M, Kitamura A, Shimamoto T, Ishikawa
Y, et al: Ten-year evaluation of homogeneous low-density
lipoprotein cholesterol methods developed by Japanese
manufacturers. Application of the Centers for Disease
Control and Prevention/Cholesterol Reference Method
Laboratory Network lipid standardization protocol. J Ath-
eroscler Thromb, 2010; 17: 1275-1281

24) Okamura T, Kokubo Y, Watanabe M, Higashiyama A,
Miyamoto Y, Yoshimasa Y, Okayama A: Low density lipo-
protein cholesterol and non-high-density lipoprotein cho-
lesterol and the incidence of cardiovascular disease in an
urban Japanese cohort study: The Suita study. Atheroscle-

rosis, 2009; 203: 587-592

25) Tanabe N, Iso H, Okada K, Nakamura Y, Harada A,
Ohashi Y, Ando T, Ueshima H; Japan Arteriosclerosis
Longitudinal Study Group: Serum total and non high-
density lipoprotein cholesterol and the risk prediction of
cardiovascular events - the JALS-ECC -. Circ J, 2010; 74:
1346-1356

26) Tarui S (section leader): Specific diseases, Ministry of
Health and Welfare. Research Committee of primary
hyperlipidemia. Study report in 1986. 1987

27) Wakugami K, Iseki K, Kimura Y, Okumura K, Ikemiya Y,
Muratani H, Fukiyama K: Relationship between serum
cholesterol and the risk of acute myocardial infarction in
a screened cohort in Okinawa, Japan. Circ J, 1998; 62:
7-14

28) Nakamura H, Arakawa K, Itakura H, Kitabatake A, Goto
Y, Toyota T, Nakaya N, Nishimoto S, Muranaka M,
Yamamoto A, Mizuno K, Ohashi Y; for the MEGA Study
Group: Primary prevention of cardiovascular disease with
pravastatin in Japan (MEGA Study): a prospective ran-
domized controlled trial. Lancet, 2006; 368: 1155-1163

29) The Kyushu Lipid Intervention Study Group: Pravastatin
use and risk of coronary events and cerebral infarction in
Japanese men with moderate hypercholesterolemia: The
Kyushu Lipid Intervention Study (KLIS). J Atheroscler
Thoromb, 2000; 7: 110-121

30) Ito H, Ouchi Y, Ohashi Y, Saito Y, Ishikawa T, Nakamura
H, Orimo H: A comparison of low versus standard dose
pravastatin therapy for the prevention of cardiovascular
events in the elderly: the pravastatin anti-atherosclerosis
trial in the elderly (PATE). J Atheroscler Thromb, 2001;
8:33-44

31) Chikamori T, Sugimoto K, Hamada T, Kitaoka H, Furuno
T, Seo H, Doi Y: Efficacy of cholesterol lowering treat-
ment in Japanese elderly patients with coronary artery
disease and normal cholesterol level using 3-hydroxy-3-
methylglutarylcoenzyme A reductase inhibitor. J Cardiol,
2000; 35: 95-101

32) Carleton RA, Dwyer J, Finberg L, Flora J, Goodman DS,
Grundy SM, Havas S, Hunter GT, Kritchevsky D, Lauer
RM: Report of the Expert Panel on Population Strategies
for Blood Cholesterol Reduction. A statement from the
National Cholesterol Education Program, National Heart,
Lung, and Blood Institute, National Institutes of Health.
Circulation, 1991; 83: 2154-2232

33) No authors listed: National Cholesterol Education Pro-
gram. Second Report of the Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel II).Circulation, 1994; 89:
1333-1445

34) Qikawa S, Kita T, Mabuchi H, Matsuzaki M, Matsuzawa
Y, Nakaya N, Saito Y, Sasaki J, Shimamoto K, Itakura H:
Risk of coronary events in Japanese patients with both
hypercholesterolemia and type 2 diabetes mellitus on low-
dose simvastatin therapy: Implication from Japan Lipid
Intervention Trial (J-LIT). Atherosclerosis, 2007; 191:
440-446

35) Yokokawa H, Yasumura S, Tanno K, Ohsawa M, Onoda
T, Itai K, Sakata K, Kawamura K, Tanaka F Yoshida Y,
Nakamura M, Terayama Y, Ogawa A, Okayama A: Serum



660 Teramoto et al.

low-density lipoprotein to high-density lipoprotein ratio
as a predictor of future acute myocardial infarction among
men in a 2.7-year cohort study of a Japanese northern
rural population. J Atheroscler Thromb, 2011; 18: 89-98

36) Okamura T, Hayakawa T, Kadowaki T, Kita Y, Okayama
A, Ueshima H; NIPPON DATA90 Research Group: The
inverse relationship between serum high-density lipopro-
tein cholesterol level and all-cause mortality in a 9.6-year-
follow-up study in the Japanese general population. Ath-
erosclerosis, 2006; 184: 143-150

37) Satoh H, Nishino T, Tomita K, Saijo Y, Kishi R, Tsutsui
H: Risk factors and the incidence of coronary artery dis-
case in young middle-aged Japanese men: results from a
10-yearcohort study. Intern Med, 2006; 45: 235-239

38) Maruyama K, Hirobe K, Noda H, Iso H, Dohi S, Terai T,
Fujioka S, Goto K, Horie S, Nakano S: Associations
between blood lipid profiles and risk of myocardial infarc-
tion among Japanese male workers: 3M Study. ] Athero-
scler Thromb, 2009; 16: 714-721

39) Noda H, Iso H, Saito I, Konishi M, Inoue M, Tsugane S;
JPHC Study Group: The impact of the metabolic syn-
drome and its components on the incidence of ischemic
heart disease and stroke: the Japan public health center
based study. Hypertens Res, 2009; 32: 289-290

40) Arai H, Yamamoto A, Matsuzawa Y, Saito Y, Yamada N,
Oikawa S, Mabuchi H, Teramoto T, Sasaki ], Nakaya N,
Itakura H, Ishikawa Y, Ouchi Y, Horibe H, Kita T: Serum
lipid survey and its recent trend in the general Japanese
population in 2000. J Atheroscler Thromb, 2005; 12:
98-106

41) Patel A, Barzi E, Jamrozik K, Lam TH, Ueshima H, Whit-
lock G, Woodward M; AsiaPacific Cohort Studies Collab-
oration: Serum triglycerides as a risk factor for cardiovas-
cular diseases in the Asia-Pacific region. Circulation, 2004;
110: 2678-2686

42) Satoh H, Nishino T, Tomita K, Tsutsui H: Fasting triglyc-
eride is a significant risk factor for coronary artery disease
in middle-aged Japanese men. Circ ], 2006; 70: 227-231

43) Okamura T, Kokubo Y, Watanabe M, Higashiyama A,
Ono Y, Nishimura K, Okayama A, Miyamoto Y: A revised
definition of the metabolic syndrome predicts coronary
artery disease and ischemic stroke after adjusting for low
density lipoprotein cholesterol in a 13-year cohort study
of Japanese: the Suita study. Atherosclerosis, 2011; 217:
201-206

44) Sarwar N, Danesh J, Eiriksdottir G, Sigurdsson G, Ware-
ham N, Bingham S, Boekholdt SM, Khaw KT, Gudnason
V: Triglycerides and the risk of coronary heart disease: 10,
158 incident cases among 262, 525 participants in 29
Western prospective studies. Circulation, 2007; 115: 450-
458

45) Castelli WP: Lipids, risk factors and ischemic heart dis-

ease. Atherosclerosis, 1996; 124 (Suppl): S1-S9

46) Bansal S, Buring JE, Rifai N, Mora S, Sacks FM, Ridker
PM: Fasting compared with nonfasting triglycerides and
risk of cardiovascular events in women. JAMA, 2007;
298: 309-316

47) Labreuche ], Touboul PJ, Amarenco P: Plasma triglyceride
levels and risk of stroke and carotid atherosclerosis: a sys-
tematic review of the epidemiological studies. Atheroscle-
rosis, 2009; 203: 331-345

48) Antonios N, Angiolillo DJ, Silliman S: Hypertriglyceride-
mia and ischemic stroke. Eur Neurol, 2008; 60: 269-278

49) Okamura T, Kokubo Y, Watanabe M, Higashiyama A,
Ono Y, Miyamoto Y, Yoshimasa Y, Okayama A: Triglycer-
ides and non-high-density lipoprotein cholesterol and the
incidence of cardiovascular disease in an urban Japanese
cohort: the Suita study. Atherosclerosis, 2010; 209: 290-
294

50) Cui Y, Blumenthal RS, Flaws JA, Whiteman MK, Lan-
genberg D, Bachorik PS, Bush TL: Non-high density lipo-
protein cholesterol level as a predictor of cardiovascular
disease mortality. Arch Intern Med, 2001; 161: 1413-
1419

51) Pischon T, Girman CJ, Sacks FM, Rifai N, Stampfer MJ,
Rimm EB: Non-high density lipoprotein cholesterol and
apolipoprotein Bin the prediction of coronary heart dis-
ease in men. Circulation, 2005; 112: 3375-3383

52) Noda H, Iso H, Irie E Sairenchi T, Ohtaka E, Ohta H:
Association between non high-density lipoprotein choles-
terol concentration sand mortality from coronary heart
disease among Japanese men and women: the Ibaraki Pre-
fectural Health Study. J Atheroscler Thromb, 2010; 17:
30-36

53) Sasaki J, Yokoyama M, Matsuzaki M, Saito Y, Origasa H,
Ishikawa Y, Oikawa S, Itakura H, Hishida H, Kita T, Kit-
abatake A, Nakaya N, Sakata T, Shimada K, Shirato K,
Matsuzawa Y ; JELIS Investigators: Relationship between
Coronary Artery Disease and Non HDL-C, and Effect of
Highly Purified EPA on the Risk of Coronary Artery Dis-
ease in Hypercholesterolemic Patients Treated with
Statins: Sub-Analysis of the Japan EPA Lipid Intervention
Study (JELIS). J Atheroscler Thromb, 2012; 19: 194-204

54) Shimano H, Arai H, Harada-Shiba M, Ueshima H, Ohta
T, Yamashita S, Gotoda T, Kiyohara Y, Hayashi T,
Kobayashi J, Shimamoto K, Bujo H, Ishibashi S, Shirai K,
Oikawa S, Saito Y, Yamada N: Proposed guidelines for
hypertriglyceridemia in Japan with non-HDL cholesterol
as the second target. ] Atheroscler Thromb, 2008; 15:
116-121

55) Sugimoto K, Isobe K, Kawakami Y, Yamada N: The rela-
tionship between non-HDL cholesterol and other lipid
parameters in Japanese subjects. ] Atheroscler Thromb,
2005; 12: 107-110



TISSUE ENGINEERING: Part A
Volume 19, Numbers 17 and 18, 2013
© Mary Ann Liebert, Inc.

DOI: 10.1089/ten.tea.2012.0634

Novel Collagen/Gelatin Scaffold with Sustained
Release of Basic Fibroblast Growth Factor:
Clinical Trial for Chronic Skin Ulcers
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Chronic skin ulcers such as diabetic ulcers and venous leg ulcers are increasing and are a costly problem in
healthcare. We have developed a novel artificial dermis, collagen/gelatin sponge (CGS), which is capable of
sustained release of basic fibroblast growth factor (bFGF) for more than 10 days. The objective of this study was
to investigate the safety and efficacy of CGS impregnated with bFGF in the treatment of chronic skin ulcers.
Patients with chronic skin ulcers that had not healed in at least 4 weeks were treated with CGS impregnated with
bFGF at 7 or 14 pg/cm® after debridement, and the wound bed improvement was assessed 14 days after
application. Wound bed improvement was defined as a granulated and epithelialized area on day 14 with a
proportion to the baseline wound area after debridement of 50% or higher. The wound area, the wound area on
day 14, and the granulation area on day 14 were independently measured by blinded reviewers in a central
review using digital images of wounds taken with a calibrator. Patients were followed up until 28 days after
application to observe the adverse reactions related to the application of CGS. From May 2010 to June 2011, 17
patients were enrolled and, in 16 patients, the wound bed improved. Among the randomized patients in step 2,
no significant difference was seen between the low-dose group and the high-dose group. No serious adverse
reactions were observed. Adverse reactions with a clear causal relationship to the study treatment were mild and
patients quickly recovered from them. This study is the first-in-man clinical trial of CGS and showed the safety
and efficacy of CGS impregnated with bFGF in the treatment of chronic skin ulcers. This combination therapy
could be a promising therapy for chronic skin ulcers.

Introduction

HRONIC SKIN ULCERS caused by diabetes mellitus, ve-

nous insufficiency, pressure sores, collagen disease,
trauma, or radiation are an increasing and costly problem in
healthcare.’™ Diabetic foot ulcer is one of the most common
complications in diabetic patients and is a leading cause of
major amputations of the lower limbs."** Venous ulcers are
usually recurrent and associated with impaired quality of
life.> With the development of tissue engineering and cell
culture techniques, bioengineered skin substitutes containing
fibroblasts or keratinocytes have been used clinically and
reported to be effective for the treatment of chronic ulcers.®
Recently, preclinical and clinical studies have shown that

mesenchymal stem cells such as bone marrow-derived or
adipose tissue-derived stem cells may be effective in wound
healing.”’® These cell therapies are promising treatments;
however, their high cost and the limited supply of skin
substitutes containing living cells are significant issues for
further clinical usage.'

In addition to these cell therapies, genetically derived
growth factors have been developed in association with ad-
vances in molecular biology. Some growth factors such as
platelet-derived growth factor (PDGF), basic fibroblast
growth factor (bFGF), and epidermal growth factor have
already been clinically used for the treatment of chronic skin
ulcers.*™® bFGF, which was identified in 1974, promotes
the proliferation of fibroblasts and capillary formation and
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accelerates tissue regeneration.’*"> In Japan, human recom-
binant bFGF (FIBRAST SPRAY; Kaken Pharmaceutical, To-
kyo, Japan) has been clinically used for chronic skin ulcers
since 2001, and its clinical effectiveness has been demon-
strated.’*'® Recently, combination therapy involving bFGF
and artificial dermis has been reported to accelerate dermis-
like tissue formation, not in the treatment of acute and
chronic skin ulcers alone.'”*” A novel artificial dermis, col-
lagen/gelatin sponge (CGS) containing a 10 wt% concen-
tration of acidic gelatin, was developed in a previous
study.”® CGS can sustain the release of positively charged
growth factors such as bFGF for more than 10 days.* In
preclinical studies using mice and beagle dogs, CGS itself
could be used as a scaffold for dermal regeneration, the same
as conventional artificial dermis, and CGSs impregnated
with 7 or 14ug/ cm? bEGF accelerated neovascularization
and the formation of dermis-like tissue two or three times
earlier than with conventional artificial dermis.”*"*

In view of the above, combination therapy with CGS
and bFGF is expected to have an effect comparable to tissue
engineering products containing cells on promoting wound
healing, even in patients with chronic skin ulcers. Thus, an
exploratory clinical study was designed to investigate the
safety and efficacy of this combination therapy in the treatment
of chronic skin ulcers. In chronic ulcers caused by diabetes
mellitus, venous insufficiency, pressure sores, or collagen dis-
ease, granulation tissue is not easily formed. In this study, the
null hypothesis that the proportion of patients with wound bed
improvement was 10% or less within 14 days was tested.

Materials and Methods
Ethical considerations

This study was conducted in compliance with Good
Clinical Practice and in agreement with the latest revision of
the Declaration of Helsinki, Pharmaceutical Affairs Law, and
all applicable Japanese laws and regulations, as well as any
local laws and regulations and all applicable guidelines. This
protocol and any amendments have Institutional Review
Board approval from Kyoto University Hospital.

Study design and patienis

This study was an open-label, randomized, multiple dose,
controlled clinical trial to evaluate the safety and efficacy of
CGS impregnated with bFGF in the treatment of chronic skin
ulcers that were not expected to heal with conventional
treatments. It was conducted at Kyoto University Hospital.**

The design was previously reported in detail** Two
groups, low-dose (7pg/cm” bFGF impregnation) and high-
dose (14 pg/cm? bFGF impregnation) groups, were arranged.
In the initial step (step 1), three patients were enrolled in the
low-dose group and, after confirming the safety of this step,
fourteen patients were randomized to the low-dose or high-
dose bFGF group in step 2 at a ratio of 1:1 without stratifi-
cation using a computer-generated random sequence (Fig. 1).
Data management, randomization, and statistical analysis
were managed by the independent data center in the De-
partment of Clinical Trial Design and Management, Trans-
lational Research Center, Kyoto University Hospital.

The main inclusion criteria were patients aged 20 years or
older, who had given informed consent, with the presence
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of chronic skin ulcers as follows: not healing for at least
4 weeks with conventional treatments; skin graft was not
expected to take place; and could be completely covered by
a 70x100mm CGS. If chronic skin ulcers were present on
the lower extremities, the skin perfusion pressure had to
be>30 mmHg at a site proximal or distal to those ulcers.
The exclusion criteria were as follows: uncontrolled diabe-
tes mellitus; requiring continued use of oral corticosteroid
therapy; having a history of malignant tumor; or having a
history of allergy to porcine-derived products. The details
were described in our previous article®* If a patient had
multiple intractable skin ulcers, CGSs were applied to all
these ulcers for study therapy. The largest eligible ulcer was
selected and evaluated for efficacy and safety, and the
others were evaluated only for safety.

Preparations of CGS impregnated with bFGF

The CGS was a modified version of the conventional bi-
layered artificial dermis (Pelnac®; Gunze Co., Ltd., Kyoto,
Japan) and consisted of an upper silicone sheet (0.12 mm in
thickness) and a lower sponge (3 mm in thickness).2%? In
this study, the size of the CGS was 82x120 mm. The inves-
tigator or sub-investigator prepared CGS impregnated with
bFGF at 7 pg/ cm? (low dose) or 14 ug/ cm? (high dose) in the
operating room just before application (Fig. 2).

The combination therapy with CGS and bFGF

In this study, human recombinant bFGF (FIBRAST
SPRAY; Kaken Pharmaceutical) was used. In the impregna-
tion of the low-dose group, 1000 pg of bFGF was dissolved in
14.4mL of distilled water and 10mL of this solution was
applied to CGS. In the impregnation of the high-dose group,
2000 pug of bFGF was dissolved. About 10min were needed
for impregnation.

After surgical debridement by a single operator, CGS
impregnated with bFGF at 7 or 14 pg/cm” and cut according
to the shape of the wound was applied and sutured to the
surrounding skin. Reapplication of the device within 3 days
of initial application was allowed if necessary because of
hematoma formation or dislocation of the device.

After the application of CGS, dressings were changed as
necessary. Patients were hospitalized until day 7 to ensure
stabilization of the applied CGS and for the safety assess-
ment of study participants. On day 14 after application, the
sutures and silicone sheet of CGS were removed.

The additional use of bFGF or a collagen-based artificial
skin was prohibited until day 28. After day 29, no particular
restrictions were imposed.

Evaluation of treatment and endpoints

Using a digital camera (Canon EOS Kiss Digital X; Canon,
Inc., Tokyo, Japan), digital images of the wounds were taken
with a calibrator (CASMATCH®; BEAR Medic Corp., Tokyo,
Japan) placed on the skin adjacent to the wound. The color
and size of images were adjusted using CASMATCH and
image editing software (Adobe Photoshop; Adobe Systems)
to assess the wound and granulation areas under a stan-
dardized procedure. As with the primary endpoint, the
baseline wound area, the wound area on day 14, and the
granulation area on day 14 were independently measured by
blinded reviewers in a central review.
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The primary endpoint was wound bed improvement.
Granulation tissue is wound connective tissue, which forms
at the beginning of wound healing.”’?® This highly fibrous
tissue is usually pink because of the invasion of numerous
small capillaries to supply oxygen and nutrients. The ap-
pearance of granulation tissue is a good sign of healing be-
cause, when a wound starts granulating, it means that the
healing process of the wound has started.”"> The area of
granulation tissue was measured as the granulation forma-
tion area in this study. An unhealed area was defined as an
area with no epithelialization and no granulation formation.
In this study, the percentage of wound bed improvement
was defined as the value (%) calculated from the sum of the
granulated and epithelialized areas on day 14 divided by
the baseline wound area after debridement on day 0 multi-
plied by 100, and the patient was diagnosed with wound
bed improvement if the wound bed improvement indicator
was 50% or higher.”* The use of 50% or more as the cutoff
for the wound bed improvement indicator refers to the
definition of the pressure ulcer healing assessment scale by
the Japanese Society of Pressure Ulcers®®! because 50% or
more granulation formation indicates the beginning of
the wound healing process of retarded chronic ulcers and
pressure ulcers.

The secondary endpoints were adverse reactions and se-
rious adverse reactions, percentage of wound bed improve-
ment, percentage of wound area reduction (defined as the
value (%) calculated from the wound area of the ulcer on day
14 divided by the baseline wound area after debridement on
day 0 multiplied by 100), and percentage of granulation area
(defined as the value [%] calculated from the granulation
area divided by the wound area on day 14 multiplied by
100). Adverse reactions and serious adverse reactions were
documented according to the Medical Dictionary for Reg-
ulatory Activities (MedDRA), version 14.0.

Sample size

This study was conducted to determine whether CGS
impregnated with bFGF is promising for the treatment of
chronic skin ulcers, as evaluated by wound bed improve-
ment as the primary endpoint. The primary analysis was
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conducted using all data treated with CGS in step 1 and step
2. Since debridement and conventional therapies rarely lead
to wound bed improvement in this patient population, the
null hypothesis tested in this study was that the proportion
of patients with wound bed improvement was 10% or less.
This null hypothesis was also supported by previous tri-
als.*** Considering the minimum clinically important dif-
ference, the expected proportion of patients with wound bed
improvement in this study was set to 50% or more. For exact
testing based on a one-sample binomial distribution con-
ducted with a one-sided significance level of 2.5% and a
statistical power of 90% or higher, the required number of
subjects was 14. Allowing for a drop-out rate of 20%, the
total number of patients for registration was 17.

Statistical analysis

Patients who had been registered for the study and had
undergone investigational device application at least once
were included in all statistical analyses. These patients be-
came the statistical unit of analysis. The primary analysis
was conducted using an exact test based on binomial dis-
tribution with a null proportion of 10% and a one-sided
significance level of 2.5%. The 95% confidence interval of the
proportion of patients with wound bed improvement was
calculated using an exact method based on binomial distri-
bution. The frequency/incidence of adverse reactions and
serious adverse reactions that could be causally related to
the investigational device was summarized by reaction and
severity.

Results

From May 2010 to June 2011, 17 patients (10 patients in the
low-dose bFGF group and 7 patients in the high-dose bFGF
group) were enrolled in this study. In step 2, 14 patients were
randomized to the two dose groups. All 17 patients were
included in the FAS and safety analysis set. In patients with
multiple chronic skin ulcers, the largest ulcer (n=17) was
analyzed for safety and efficacy and the other ulcers (n=8)
were used only for safety. Baseline characteristics are shown
in Table 1. All patients underwent the application of CGS
impregnated with bFGF. One lesion was located on the right

TaBLE 1. STUDY PATIENT POPULATION

' Low-dose bFGF (n = 10)

High-dose bFGF (n=7)  Total population (n = 17)

Age, mean (SD)
Sex, male:female 8:2

54.7 (17.6)

70.3 (7.6) 61.1 (16.1)
1:6 9:8

Target ulcer area (SD) (mm?) 828 (1099) 1523 (1312) 1114 (1204)
Cause of ulcer (multiple selection)

Venous leg ulcer 0 4 4
Arterial ulcer 1 1 2
Diabetic ulcer 6 0 6
Ulcers in association with collagen diseases 2 1 3
Traumatic ulcer 2 0 2
Decubitus ulcer 0 1 1
Cold burn 1 0 1
Chronic ulcer in scar tissue 1 0 1
Osteomyelitis or cellulitis 0 1 1
Static ulcer 1 0 1

bFGF, basic fibroblast growth factor.
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TABLE 2A. OuTcoMES IN TOTAL POPULATION

Total population (n=17)

p-Value against
the null hypothesis

Wound bed improvement

Percentage of wound bed improvement
Percentage of wound reduction
Percentage of granulation area

94.1% (95% CI: 71.3%-99.9%)
86.3% (95% CI: 71.2%-100%)
87.3% (95% CI: 76.5%-98.0%)
86.3% (95% CL: 73.7%-98.9%)

<0.001

TaBLE 2B. SuBGrouP ErreCTS BETWEEN THE Low-Dose GrROUP (N=7) AND THE HiGH-Dosg GrouP (v=7) IN STEP 2

Low-dose bEGF (n=7)

p-Value between two

High-dose bFGF (n=7) groups in step 2

Wound bed improvement

Percentage of wound bed improvement 97.4% (95% CI: 94.0%-100%) 88.1% (95% CI: 78.8%—97.5%)

Percentage of wound reduction
Percentage of granulation area

100% (95% CI: 59.0%-100%) 100% (95% CI: 59.0%-100%) 1.00

0.04

77.5% (95% CI: 60.2%94.8%) 88.2% (95% CI: 69.2%-107.2% 0.33
96.6%, (95% CI: 92.0%~-100%) 85.4%, (95% CI: 73.6%-97.3%) 0.52

middle finger and the other lesions on the lower extremities.
One patient enrolled in step 1 discontinued the study 4 days
after reapplication because of infection, but the others com-
pleted the study.

Regarding the primary endpoint, wound bed improve-
ment was achieved in 16 patients among the 17 (Table 2A).
The proportion of patients with wound bed improvement
within the total] treatment population was 94.1% (95% CI
71.3%-99.9%), which was significantly superior to the null
hypothesis of 10% (p<0.001) (Table 2A). Significant sub-
group effects were not found for diabetes, collagen disease,
and trauma (results not shown). The outcomes in step 2 and
for the total population are shown in Table 2B. We compared
subgroup effects between the low-dose group (n=7) and the
high-dose group (n=7) according to the randomized com-
parison in step 2. Among the randomized patients in step 2,
significant difference was not seen between the low-dose
group and the high-dose group (p=1.00). As for the sec-
ondary endpoint of efficacy, the percentage of wound bed
improvement in the total treatment population was 86.3%
(95% CI: 71.2%-100%) and, in step 2, the percentage in the
low-dose group (97.4%, 95% CI: 94.0%-100%) was higher
than that in the high-dose group (88.1%, 95% CI: 78.8%—
97.5%) (p=0.04). The percentage of wound reduction in the
total treatment population was 87.3% (95% CI: 76.5%-98.0%)
and, in step 2, there was no difference between the low-dose
group (77.5%, 95% CI: 60.2%-94.8%) and the high-dose
group (88.2%, 95% CIL: 69.2%-107.2%) (p=0.33). The per-
centage of granulation area in the total treatment population
was 86.3% (95% CI: 73.7%-98.9%) and, in step 2, there was
no difference between the low-dose group (96.6%, 95% CI:
92.0%-100%) and the high-dose group (85.4%, 95% CL
73.6%-97.3%) (p=0.052).

Regarding the safety, overall, 13 (76%) of 17 treated pa-
tients, comprising 9 (90%) of 10 in the low-dose group and 4
(57%) of 7 in the high-dose group, had at least one adverse
reaction. In addition, 6 (60%) in the low-dose group and 2
(29%} in the high-dose group had a reaction that was con-
sidered to have a possible, probable, definite, or unknown
relationship to the study medication; these reactions are
summarized in Table 3. These adverse reactions in the low-

dose group were infection (2 reactions), wound complica-
tions including wound pain (5 reactions) and wound itching
(one reaction), laboratory test abnormality including aspar-
tate aminotransferase increase (one reaction), alanine ami-
notransferase increase (one reaction), cholinesterase increase
(one reaction), and hematoma formation under CGS (one
reaction). Adverse reactions in the high-dose group were
laboratory test abnormality including hemoglobin decrease
(one reaction), C-reactive protein test increase (one reaction),
and white blood cell increase (one reaction). One patient in
step 1 of the low-dose group discontinued the study because
of moderate infection. No serious adverse reactions were
reported. Adverse reactions with a clear causal relationship
to the study treatment were mild and patients quickly re-
covered from them.

Case presentation

Case 1: a case of ulcer related to collagen disease of the
right leg (step 1, low-dose group). A 35-year-old female had
been suffering from rheumatoid arthritis for more than 20
years. She had been treated with oral corticosteroid therapy
(7.5mg/day prednisolone equivalent) and methotrexate. She
had a chronic ulcer after trauma on the anterior surface of the
leg for 1 month (Fig. 3A). Skin perfusion pressure (SPP) at a
site 1cm proximal to the ulcer was 73 mmHg. After de-
bridement, CGS impregnated with bFGF at 7 ug/cm?® was
applied and sutured (Fig. 3B, C). On day 14, silicone sheets
were removed. The percentage of wound bed improvement
was 92.8%. The formed granulation area was evaluated as
93.2% and the ulcer was judged as improved. Three months
later, the ulcer was mostly epithelialized (Fig. 3E) and no
recurrence was observed 6 months after application (Fig. 3F).

Case 2: a case of venous ulcer of the left leg (step 2, high-
dose group). A 77-year-old female had a venous ulcer on
her left leg for 1 year after undergoing ligation two times
(Fig. 4A). SPP at a site 1 cm proximal to the largest ulcer that
was evaluated for safety and efficacy was 65 mmHg. After
debridement, CGS impregnated with bFGF at 14 pug/cm” was
applied and sutured (Fig. 4B, C). On day 14 after application,
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TABLE 3. SUMMARY OF ADVERSE REACTIONS

Low-dose High-dose  Total
bFGF bFGF  population
n=10) (n=7) (n=17)
Wound infection 2 (20%) 0 2 (11.8%)
at studied ulcer
Wound complications 5 (50%) 0 6 (35.4%)
laboratory test abnormality 3 (30%) 3 (42.9%) 6 (35.4%)
hematoma formation 1 (10%) 0 1 (5.9%)
under CGS
Wound itching 1 (10%) 0 1 (5.9%)

Data are n (%).
CGS, collagen/ gelatin sponge.

the silicone sheets were removed. The wound area and formed
" granulation area of the largest ulcer were evaluated and the
formed granulation area was evaluated as 100%. This ulcer was
judged as improved. On day 16, skin grafts were applied on the
formed granulation tissues and they took completely (Fig. 4D,
E). Two months after application, the ulcers had healed and no
recurrence was observed (Fig. 4F).
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Case 3: a case of pressure ulcer of the left leg (step 2,
high-dose group). A 73-year-old male with type II diabetes
had been suffering from left-sided paresthesia after cerebral
infarction for 9 years. He had a pressure ulcer on the left lateral
malleolus for 6 months. The wound was debrided and treated
with negative pressure wound therapy (VAC therapy®, KCI
KK, Tokyo, Japan) for 3 weeks, but granulation tissue formation
was insufficient and the tendon was still exposed (Fig. 5A). SPP
at a site 1cm proximal to the ulcer was 585 mmHg. After
debridement, CGS impregnated with bFGF at 14 ug/cm® was
applied (Fig. 5B, C). On day 14, this ulcer was judged as im-
proved (Fig. 5D). On day 23, a skin graft was applied on the
formed granulation tissues and it took mostly (Fig. 5D, E). Six
months after application, no recurrence was observed (Fig. 5F).

Discussion

This study is the first clinical trial to evaluate the efficacy
and safety of a novel artificial dermis that can perform sus-
tained release of bFGF in the treatment of chronic ulcers.

A bilayered artificial dermis, composed of an upper sili-
cone sheet and a lower collagen sponge, has been used in
full-thickness skin defects after injuries or tumor removal.?®

Screening: Patients with chronic skin ulcers

v

Informed consent

v

Patient enrollment: target number=17 (Step1=3, Step2=14)

{

FIG. 1. Schema of the

Step 1 (non-randomized): low-dose bFGF (n=3)

study. After enrollment, the
initial three patients were
enrolled in the low-dose

v

group (step 1) and, after

Step 2 (randomized): 7 ;lg/cmz (low-dose) bFGF (n=7) and 14 pg!cm2 (high-dose) bFGF (n=7)

confirming the safety of this
step, fourteen patients were
randomized to the low-dose

The combination therapy with CGS and bFGF

or high-dose basic fibroblast
growth factor (bFGF) group
in step 2. In the combination
treatment, collagen/gelatin
sponge (CGS) impregnated
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debridement (day 0). After
removing the silicone sheet,
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the wound area and granu-
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y

(day 14), and then patients
were followed up until
day 28.

Removal of the silicone sheet
Evaluation for granulation formation

Day 14 after application of the investigational device

v

Follow up

Until Day 28 after application of the investigational device
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FIG. 2. Impregnation of bFGF solution to CGS. After ap-
plying bFGF solution to CGS, CGS was left at room tem-
perature for more than 10 min.
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After application, its collagen sponge is biodegraded and
replaced by host dermal tissue, so-called dermis-like tissue,
in 2 or 3 weeks.”>?® Secondary split-thickness skin grafting is
performed to complete epithelialization on that dermis-like
tissue if necessary. When artificial dermis was applied to
chronic wounds in this study, dermis-like tissue was not
generally expected to be formed because of insufficient blood
flow from the wound bed or infection. Therefore, living cell
therapy or growth factors will be required for the treatment
of chronic wounds. This is the reason why the novel artificial
dermis, CGS, which can exhibit sustained release of bFGF,
was developed.

Regarding the primary endpoint, wound bed improve-
ment, that of the total treatment population was significantly
improved. This primary endpoint was set because it was
necessary to evaluate whether or not chronic wounds start to
undergo the wound healing process after debridement with
our CGS and bFGF treatment. However, in this disease area,
a standardized method of evaluating whether a wound be-
gins to heal or not has not been established. The wound area
reduction and granulation tissue formation after CGS treat-
ment were focused on because wound area reduction within

FIG. 3. A case of ulcer related to collagen disease of the right leg (step 1, low-dose group). (A) This patient had a traumatic ulcer
and granulation tissue was not formed with conven’aonal treatments. (B) Necrotic tissue and marginal skin of ulcer were debrided
(day 0). The baseline wound area was 532. 7 mm?. (C) CGS impregnated with bFGF was apphed and sutured to wounds (day 0).
(D) On day 14, the ulcer area was 562.0 mm” and the granulated area was evaluated as 523.7 mm?®. A small area colored yellow was
not granulated. The percentage of wound bed improvement was 92.8%. (E) Three months later, the ulcer was mostly epithelia-
lized. (F) Six months after application, no recurrence was observed. Color images available online at www liebertpub.com/tea



