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Abstract

Background: Patients with ischemic stroke are at high risk of recurrence, making preventive care an important factor. Current
antiplatel et therapy for recurrence prevention treatment has several limitations. Recent retrospective observational studies suggested
that HH333, an herbal prescription, has an inhibitory effect on stroke recurrence in small-vessel diseases.

Objective: This study aims to propose a protocol for evaluating the efficacy and safety of HH333 in patients with ischemic
stroke induced by small-vessel disease.

Methods: In this multicenter, double-blind, randomized, prospective, pilot clinical trial, 236 patients from 3 university Korean
medicine hospitals in South Korea with ischemic stroke caused by small-vessel disease will be recruited and randomly assigned
to either the HH333 or the placebo group. Both patients and investigators will be blinded to prevent access to the allocation
results. The HH333 group will take 2 capsules of HH333 once daily for 720 days, whereas the placebo group will take HH333
placebo capsulesin the same manner. Efficacy will be assessed using the recurrence rate of ischemic stroke, which will be assessed
on days 30, 90, 180, 270, 360, 450, 540, 630, 720, and 750 after starting the medication. The effects on quality of life and fatigue
with the Fatigue Severity Scale (FSS), Fatigue Assessment Scale (FAS), and Korean Patient Health Questionnaire (K-PHQ-9),
functional improvement with Korean National Institutes of Health Stroke Scale (K-NIHSS), modified Rankin Scale (MRS),
Korean modified Barthel Index (K-mBl), and Korean Montreal Cognitive Assessment (K-MoCA) and Pattern I dentification also
will be evaluated on days 0, 90, 180, 270, 360, 450, 540, 630, and 720 after starting the medication. Safety will be evaluated by
performing blood and urine tests and el ectrocardiography on days 30, 90, 180, 270, 360, 450, 540, 630, and 720 after starting the
medication.

Results: Recruitment for the study started on May 22, 2024, and is scheduled to end on November 30, 2026. As of November
13, 2024, atotal of 12 participants have been randomized.

Conclusions: The protocol will provide a detailed process for a clinical trial evaluating the efficacy of preventing recurrent
ischemic stroke caused by small-vessel disease and improving neurologic symptoms and the safety of HH333 in ischemic stroke.
The results of this study provide a basis for aternative treatments to prevent and treat ischemic stroke.

Trial Registration: Clinical Research Information Service KCT0009431; https://tinyurl.com/y2ctvje8
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Introduction

Patientswith ischemic stroke are at high risk for recurrence [1].
Generally, ischemic stroke recurrence rates over 5 years range
from 10% to 53% [2]. Recurrent stroke is associated with twice
the risk of death and worse functional outcomes compared to
patients with first-time stroke [3]. It also costs twice as much
as hospitalization for afirst-time stroke [4].

Antiplatelet or anticoagulant therapy is currently recommended
as the first-line treatment for the prevention of recurrent
ischemic stroke [5]. However, there are differences in the
pathogenesis of ischemic stroke between Western and Asian
populations, with Northeast Asians such as Koreans, Chinese,
and Japanese having a higher proportion of strokes caused by
small-vessel disease than Westerners [6,7]. Ischemic stroke
induced by small-vessel disease usualy resultsfrom the gradual
thickening of the vessel wall caused by hypertension and is
more likely to be accompanied by intracerebral microbleeds
[8]. This may limit the use of antiplatelet or anticoagulant
medications that may increase the bleeding propensity. HH333
is a complex herbal medicine that has inhibitory effects on
coenzyme A reductase and pancreatic lipase [9], antioxidant
and anti-inflammatory effects through suppression of nitric
oxidebiosynthesisand prostaglandin E2 [10], antihyperlipidemic
and anti-inflammatory effectsthrough activation of nitric oxide
production [11], and endothelial cell proliferation through
activation of MAP kinase [12]. Previous clinical studies have
reported antihypertensive effects in stroke patients with
hypertension [13], antilipidemic effects in patients with
hypercholesterolemia [14], immediately improving cerebral
blood flow in normal subjects[15], and improvement in arterial
stiffness in patients with increased pulse wave velocity [16].
Based on these effects, HH333 is a promising medication for
cerebrovascular and cardiovascular disease [17].

Specifically, HH333 inhibits the progression of
microangiopathy, akey factor in small-vessel disease, and thus
prevents the recurrence of ischemic stroke induced by
small-vessel disease with a 2-year recurrence rate was
1.12%-2.02% [18-20], which is less than conventional
antiplatelet agents [21-24]. Regarding safety, a previous
retrospective study showed that theincidence of adverse events
with HH333 was 2.0%, with no serious adverse events (SAES)
[25]. However, since these studies were all single-arm
retrospective observational studies, there is no comparative

https://www.researchprotocols.org/2025/1/€70953

analysis with a control group, and the data rely on medical
records, which can be inaccurate. Therefore, thereisaneed for
prospective clinical studies with a control group to rationalize
and better understand these findings.

We present aprotocol for arandomized controlled clinical tria
to validate the clinical efficacy and safety of HH333 in patients
with ischemic strokeinduced by small-vessel disease. Thisstudy
aimed to provide a high level of evidence for the efficacy of
HH333 in ischemic stroke and ultimately propose a novel
alternative for stroke treatment.

Methods

Study Design

This multicenter, double-blind, randomized controlled trial
(RCT) aimed to assess the prevention of recurrent ischemic
stroke and the safety of HH333 in patientswith ischemic stroke
induced by small-vessel disease. It was conducted at 3 university
Korean medicine hospitals in South Korea: Kyung Hee
University Korean Medicine Hospital, Dongguk University
llsan Korean Medicine Hospital, Wonkwang University
Gwangju Korean Medicine Hospital. Within 90 days of onset
at baseline, patientswill receive HH333 or aplacebo, 2 capsules
(800 mg) at atime, once aday for 720 days. The clinical effect
of HH333 will be evaluated by ischemic stroke recurrence,
which isthe primary efficacy endpoint, at baseline and on days
30, 90, 180, 270, 360, 450, 540, 630, 720, and 750 after starting
the medication. Total scores on the Fatigue Severity Scae (FSS),
Fatigue Assessment Scale (FAS), Korean Patient Health
Questionnaire (K-PHQ-9), and the probability of each type of
Pattern | dentification (fire heat, dampness-phlegm, gi deficiency
or yin deficiency) will be evaluated as secondary efficacy
endpoints at baseline and 90, 180, 270, 360, 450, 540, 630, and
720 days after starting medication. The total scores on the
Korean National Institutes of Health Stroke Scale (K-NIHSS),
modified Rankin Scale (MRS), Korean Modified Barthel Index
(K-mBl), and Korean Montreal Cognitive Assessment
(K-MoCA) will also be measured as exploratory endpoints at
the same time as the secondary efficacy endpoints. The safety
of HH333 will be assessed based on the presence of adverse
events at the same time as the primary efficacy endpoints. The
enrollment, interventions, and assessments of the study are
summarized in Table 1. A schematic of the study process is
shown in Figure 1.
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Table 1. Schedule of enrollment, interventions, and assessments.

Visit 0 1 2 3 4 5 6 7 8 9 10 112 uvP

Day _14¢ O 25- 80- 165- 255  345- 435 525~ 615~ 705 745
35 100 195 285 375 465 555 645 735 755

Informed consent
Demographic informati ond
Medical history® u

History of ischemic stroke' O

M edications? o

Physical examination g ad g O ad ad g ad g O If needed
Vital sign 0 a a a a 0 If needed
Physical measurements g

Laboratory tests” u

Electrocardiogram g g ] O ] O 0 O 0 g If needed
Evaluating inclusion and exclu-

sion criteria

Randomized allocation

Experiment medication admin- O ad g g g ad a ad a ad

istration

Medication adherence a 0 a 0 a 0 O 0 0 If needed
Concomitant treatment O O O O O O O O O O ad If needed
Primary efficacy endpoint: re- ad a O a O a ad O ad O If needed
currence of ischemic stroke

Secondary efficacy endpoints U U 0 U 0 U 0 U U If needed
Exploratory endpoints® o u 0 | 0 o 0 U U If needed
Safety assessmentd O O O 0 O u] O u] O If needed
Adverse events™ O O O O O O O O O O O

#Telephone investigation.

bUV: Unscheduled visit. Visiting on a day other than the origina visit schedule due to an adverse event, etc.

CScreening performed within 14 days of informed consent.

dAge, sex, smoking, and alcohol history.

®Within 1 year prior to visit 0.

MTime of first onset and diagnosis (including year, month, and day if possible), date of computed tomography or magnetic resonance imaging, ischemic

stroke territory, Trial of Org 10172 in Acute Stroke Treatment classification, history of stroke-related surgery, stroke risk factors, and stroke-related
symptoms.

9Within 4 weeks prior to visit 0.

hCompl ete blood count (red blood cell, hemoglobin, hematocrit, platelet, white blood cell); biochemistry (fasting blood glucose, blood urea nitrogen,
creatinine, natrium, potassium, chloride, aspartate aminotransferase, alanine aminotransferase, C-reactive protein, calcium, uric acid); urine human
chorionic gonadotropin for women of childbearing age, excluding sterilization and menopause (more than 12 months since last menstrual period);
premature menopause before the age of 40 years, follicle-stimulating hormone test for differential diagnosis.

'Drop out if <80%.

I Total scores of Fatigue Severity Scale (FSS), Fatigue Assessment Scale (FAS), Korean Patient Health Questionnaire (K-PHQ-9), and probability of
each type of Pattern Identification (fire heat, dampness-phlegm, Qi deficiency, and Yin deficiency).

KTotal scores of the Korean National Institutes of Health Stroke Scale (K-NIHSS), Korean modified Rankin Scale (K-mRS), Korean modified Barthel
Index (K-mBI), Korean Montreal Cognitive Assessment (K-MoCA).

ICompl ete blood count (red blood cell, hemoglobin, hematocrit, platelet, white blood cell); biochemistry (fasting blood glucose, blood urea nitrogen,
creatinine, natrium, potassium, chloride, aspartate aminotransferase, alanine aminotransferase, C-reactive protein, calcium, uric acid); urinetests (specific
gravity, pH, abumin or protein, glucose, ketone, bilirubin, occult blood, urobilinogen, nitrite, leukocyte, human chorionic gonadotropin for women of
childbearing age); electrocardiogram; hemorrhage events (cerebral hemorrhage, gastrointestinal bleeding, etc) related to antiplatelet or anticoagulant;
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vital sign; physical examination.
MSelf-reported by the participant or judged by the investigator.

Figure 1. Flowchart of the study process FSS, Fatigue Severity Scale; FAS, Fatigue Assessment Scale; K-mBI, Korean modified Barthel Index;
K-MoCA, Korean Montreal Cognitive Assessment; K-NIHSS, Korean National Institutes of Health Stroke Scale; K-PHQ-9, Korean Patient Health
Questionnaire; mRS, modified Rankin Scale.

Enroliment
Assessed for eligibility

Exclusion of participants
I Not meeting inclusion criteria
| Declined to participate
| Other reasons

A J

Randomized (n=236)

4 [ Allocation W v
J
HH333 group (n=118) Placebo group (n=118)
+ Baseline assessment + Baseline assessment
(Baseline Characteristics, Clinical Tests, FSS, (Baseline Characteristics, Clinical Tests, FSS,
FAS, K-PHQ-9, K-NIHSS, mRS, K-MBI, K- FAS, K-PHQ-9, K-NIHSS, mRS, K-MBI, K-
MoCA, Pattern identification) MoCA, Pattern identification)
v [ Treatment W v
LS S
HH333 Placebo
(2 capsules [800 mg], once a day for 720 (2 capsules [800 mg], once a day for 720
days) days)
v { Follow-Up W v
A J

+ 30/90/180/270/360/450/540/630/720/750 days

assessment
(Recurrence of ischemic stroke, adverse events)

+ 90/180/270/360/450/540/630/720 days
assessment
(FSS, FAS, K-PHQ-9, K-NIHSS, mRS, K-MBI, K-
MoCA, Pattern identification)

+ 30/90/180/270/360/450/540/630/720/750 days

assessment
(Recurrence of ischemic stroke, adverse events)

+ 90/180/270/360/450/540/630/720 days
assessment
(FSS, FAS, K-PHQ-9, K-NIHSS, mRS, K-MBI, K-
MoCA, Pattern identification)

Eligibility
Eligibility criteriaand other details are listed in Textbox 1.
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Textbox 1. Inclusion criteria, exclusion criteria, and dropout criteria.

Inclusion criteria

Exclusion criteria

Dropout criteria

If the researcher determinesthat it is not appropriate for the study to continue according to the dropout criteria, the researcher may stop the treatment
and evaluation and drop the participant. Participants may a so drop out of the study at any time of their free will. The dropout criteriawere asfollows:

Men and women aged 19 to 80 years.

Diagnosed with ischemic stroke induced by small-vessel disease in the Trial of Org 10172 in Acute Stroke Treatment (TOAST) classification
within 90 days of screening based on new neurologic and brain imaging (computed tomography or magnetic resonance) findingsto support them.

Participants had no communication problems and voluntarily agreed to participate.

Diagnosis of degenerative brain diseases (eg, Parkinson’s disease, Alzheimer disease, etc).

Have a brain condition other than ischemic stroke (eg, brain tumor, traumatic brain injury, arteriovenous malformation, Moyamoya disease, and
stroke due to these conditions).

Unstable vital signs at screening (eg, systolic blood pressure greater than 160 mm Hg despite taking blood pressure medications).

Serious medical condition (eg, liver cirrhosis, chronic kidney disease stage V, or severe heart failure of New York Heart Association (NYHA)
grade 11 or greater).

History of malignancy, including leukemia and lymphoma, within the past 5 years.
Hepatic and renal dysfunctions.
«  Agspartate aminotransferase, alanine aminotransferase =2 times the upper limit of normal at screening.

« Anestimated glomerular filtration rate < 60 mL/min/1.73 m2 at screening.

Within 24 hours of onset.
Patients with Korean National Institutes of Health Stroke Scale (K-NIHSS) score 21 to 42.

Pregnant, nurses, or women of childbearing potential who have negative pregnancy test results and have not agreed to use contraception during
the study.

Previously experienced hypersensitivity after taking HH333's constituent medicines Scutellariae radix, Coptidis rhizoma, Phellodendri cortex,
Gardeniae fructus, and Rhei rhizoma.

Any other study medications administered within 30 days prior to screening.

Patients who have not been administered the study medication or who have participated in a simple observational clinical trial are eligible.
Difficulty taking the doses required in this study.

Judged by the investigator as nonconformity for participation in the trial for any reason.

Plans to use anticoagulants during the study or have difficulty discontinuing them.

Found not to meet inclusion or exclusion criteria after screening.

Patients or caregivers withdraw consent during the study period.

Patients or caregivers request to discontinue the study or refuse treatment during the study.

Participants cannot be traced.

According to the judgment of the investigator, the patient is no longer able to participate in the study because of adverse events or comorbidities.
Study medication compliance <80%.

Participation in another clinical trial.

Judged by the investigator as unfit to continue the study for any other reason.

Recruitment

written consent of their own free will. Multimedia Appendix 1
presents the research consent form. Participating in the study

A total of 236 patients with ischemic stroke induced by
small-vessel diseasewill be recruited through walk-in or hospital
and school bulletin boards, public transportation billboards,
newsletters, and other online advertisements. Participants who
wish to participate will receive the consent form and provide

https://www.researchprotocols.org/2025/1/€70953
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will bedecided if the researcher determinesthat they are suitable
through the screening process. The screening items were as
follows: demographic information, medica history, history of
ischemic stroke, medications, physical examination, vital signs,
physical measurements, laboratory findings, €l ectrocardiogram,
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and evaluation of the inclusion and exclusion criteria. All data
were simultaneously recorded in a case report form.

Randomization, Blinding, and Allocation Concealment

A total of 236 participants who met the criteria were assigned
to the HH333 or control group at aratio of 1:1 by astatistician
independent of thisclinical study, using the block randomization
method with R 4.4.0 (Comprehensive R Archive Network).
Patients and investigators will be blinded to prevent access to
the allocation results. Patients will be blinded to the study
medication they are administered because they aretaking either
thetreatment medication or aplacebo. The treatment medication
and placebo will beidentical in size, shape, and appearance and
packaged in the same type of packaging.

For alocation concealment, an independent statistician who
generates the random numbers delivers a randomization code

Table 2. Composition of HH333.

Leeetd

toeach clinical tria sitein asealed, impermeable envelope. The
investigatorsat each sitewill open the randomization envel opes
in sequence in front of the patients to assign participants, and
the open envelopes will be kept separate.

Interventions

HH333 or placebo capsules (one dose: 2 capsules, 800 mg) will
be oraly administered with water once a day on an empty
stomach after waking for 720 days. HH333 isan herbal medicine
manufactured by Kyungjin Pharmaceutical Co, Ltd. (Icheon,
Republic of Korea). It is a capsule formulation derived from
80% ethanol extracts of Scutellariae radix, Coptidis rhizoma,
Phellodendri cortex, Gardeniae fructus, and Rhei rhizoma
(Table 2). The placebo was a capsule manufactured by Kyungjin
Pharmaceutical Co., Ltd. (Icheon, Republic of Korea) with the
same appearance as HH333.

Constituent herbs Scientific names Weight (g)
Scutellariae radix Scutellaria baicalensis Georgi (from Republic of Korea) 0.28
Coptidis rhizoma Coptis japonica Makino (from Republic of Korea) 0.28
Phellodendri cortex Phellodendron amurense Ruprecht (from Republic of Korea) 0.28
Gardenia fructus Gardenia jasminodes Ellis (from Republic of Korea) 0.28

Rhei rhizoma Rheum palmatum L. (from Republic of Korea) 0.07

Total 12

Medication compliance will berecorded in patientstaking either
HH333 or placebo. The participants will beinstructed to return
the empty containers of study medications taken and the
remaining medications at each visit to count the actual number
of doses of study medications. Compliance was calculated as
follows:

Number of days the patient actually took the study medications <100
The number of days the patient needed to take the study medications during that time period

If compliance was less than 80% at any point during the study,
the participant was excluded from the study

Medication compliance (%)=

Outcome M easurements

Theclinical efficacy of HH333 in patientswith ischemic stroke
induced by small-vessel disease will be evaluated based on
whether ischemic stroke recurrence occurs after administration
of HH333. Furthermore, the effects on quality of life and fatigue
will be evaluated by measuring FSS, FAS, and K-PHQ-9 scores,
and changes in pattern identification probability will be
investigated to provide basic data for the Korean medicine
treatment of stroke. The K-NIHSS, mRS, K-mBI, and K-MoCA
will be used to assess functional improvements related to
ischemic stroke. All outcome measurementswill be conducted
through face-to-face visits.

Primary Endpoint: Recurrent I schemic Stroke

Recurrent ischemic stroke within 750 days while taking the
study medication was investigated. Recurrent ischemic stroke
is defined as a new neurological finding supported by new
imaging findings. New neurological findings corresponded to
the sudden onset of neurological symptoms identified on
neurological examinations that did not occur prior to study

https://www.researchprotocols.org/2025/1/€70953

participation. New radiological findings are abnormal findings
on brain imaging (computed tomography or magnetic
resonance), which can explain new neurological findings that
did not exist before study participation. The investigation will
be conducted on days 30, 90, 180, 270, 360, 450, 540, 630, 720,
and day 750, which is 30 days after the end of administration.

Secondary Endpoints: FSS, FAS, K-PHQ-9, Pattern
| dentification

The FSSis a9-item, self-reported screening tool devel oped by
Krupp et a [26] that assesses fatigue over the past week on a
scaleof 1to 7 per item, with higher total scoresindicating higher
levels of fatigue. The FASisa10-item, self-reported screening
tool developed by Michielsen et al [27] that examines the
psychometric qualitiesdueto fatigue on ascale from 1="Never”
to 5="Always’ per item, with a higher total score indicating
higher levels of the psychological impact of fatigue. The PHQ-9,
developed by Kroenke et al [28] was validated in the Korean
version [29]. It comprises 9 itemsin total. Respondentsrate the
frequency of symptoms on a scale of 0-3 per item, with a total
score of 10 or higher indicating major depression. These
secondary endpoints will assess the clinical effectiveness of
HH333 on poststroke fatigue and depression. Pattern
identification isaunique diagnostic system in Korean medicine,
and the diagnosis of stroke is based on 4 patternswhich arefire
heat, Dampness-phlegm, Qi deficiency, and Yin deficiency [30].
Jung et a [31] developed an equation model that predicts the
probability of each pattern identification diagnosis given
variables for stroke pattern identification and is being used for
Korean medicine's standardized diagnosis of patients with
stroke. Using a stroke pattern identification prediction model,
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the change in each pattern identified after HH333 administration
was collected to obtain data for stroke treatment in Korean
medicine. Investigations were conducted during the
administration period on days O (baseline), 90, 180, 270, 360,
450, 540, 630, and 720.

Exploratory Endpoints: K-NIHSS, mRS, K-mBI, and
K-MoCA

TheNIHSSisatool for assessing neurological deficitsresulting
from stroke devel oped by the National Institutes of Health [32]
and is currently the most widely used tool for stroke severity
assessment, with a Korean version validated and used [33]. It
comprises 15 questions in 11 checkpoints, each of which is
scored on a scale of 0 to 4, with atotal score calculated, with
higher scores indicating higher severity. The mRS is a tool
developed by van Swieten et al to assessthe degree of disability
in patients with stroke [34] and is currently the most widely
used stroke functional assessment scale [35]. It is rated on a
scale of 0 to 6, with higher scores indicating more severe
impairment. The mBI is a tool to assess independence in
activities of daily living after stroke developed by Shah et al
[36], and trandated with validation in Korean [37]. It contains
10 questions, each rated on ascale of 0to 5, 0to 10, or 0to 15,
with a higher total score indicating a lower dependency. The
MoCA is a tool that examines cognitive function and was
originally developed to identify mild cognitiveimpairment [ 38]
but is now widely used for cognitive impairment caused by
stroke, and the Korean version has been validated and used [39].
It consists of visuospatial and executive (5 points), naming (2
points), attention (6 points), language (3 points), abstraction (2
points), delayed recall (5 points) and orientation (6 points). The
perfect score is 30, with a higher total score indicating higher
cognitive function. Investigations were conducted during the
administration period on days 0 (baseline), 90, 180, 270, 360,
450, 540, 630, and 720.

Safety Assessmentsand Monitoring

At each visit, participants will be screened for adverse events,
laboratory tests, urine findings, el ectrocardiograms, hemorrhagic
events such as cerebral hemorrhage or gastrointestinal bleeding
related to antiplatelet or anticoagulant use, vital signs, and
physical examinations. Laboratory findings included complete
blood count (red blood cells, hemogl obin, hematocrit, platel ets,
and white blood cells) and biochemistry (fasting blood sugar,
blood urea nitrogen, creatinine, natrium, potassium, chloride,
aspartate aminotransferase, alanine aminotransferase, C-reactive
protein, calcium, and uric acid). Urinefindingsincluded specific
gravity, pH, albumin or protein, glucose, ketone, bilirubin, occult
blood, urobilinogen, nitrite, leukocytes, and human chorionic
gonadotropin in women of childbearing age. Adverse events
included both self-reported symptoms and those judged by the
investigator and were collected until 30 days after the end of
administration.

After collecting all adverse eventsthat appeared astest findings
and symptoms in each group, we compared the frequency and
severity of adverse events between the groups and their
relationship with the study medications. Adverse events that
are not related to the study medications do not meet the criteria
for dropout but allow the patient to receive the best possible
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care regardless of the study. If SAEs occur, the study will be
stopped immediately, in part or in whole, and the study
researcher will report it to the principal investigator and the
institutional review board for appropriate action.

Concomitant M edication

All concomitant medications except conventional treatments
for ischemic stroke are prohibited. Medications that have been
used for the participants’ underlying medical condition for 12
weeks prior to screening that are considered stable and unlikely
to affect the interpretation of the results of this study with no
change in dosage or dose will be allowed with a note of the
reason, as determined by the investigator. Transient symptoms
unrelated to stroke, such as cold, flu, dyspepsia, constipation,
and concomitant use, will be allowed on aone-time basis at the
discretion of the investigator. The use of supplements such as
vitamins is not permitted. The use of vitamin K antagonists,
direct thrombin inhibitors, factor X inhibitors, and heparin
(except for temporary use during percutaneous coronary
intervention) that may affect bleeding propensity will be strictly
prohibited.

Sample Size

In previous studies, ischemic stroke recurrence rates of
12.5%-12.8% over 24 months with conventional antiplatelet
therapy (aspirin or dipyridamole) [22] and 1.7% over the same
period with HH333 [19] were reported. Therefore, the sample
size was 106 patients per group and 212 patients in total at 2
years with a control group (P,=0.125-0.128), HH333 group
(P,=0.017), a significance level (a) of 5% and a target power
of 80%. Finally, adropout rate of 10% was considered, resulting
in a sample size of 118 patients per group for atotal of 236
patients.

Statistical Analysis

All statistical analyses were two-sided with a 5% significance
level. The statistical program SAS (version 9.4 or more, SAS
Ingtitute) was used for the analysis. If at any point there are
missing values or participants are dropped before the end of the
study, the datawill betreated as missing data. All dataobtained
from the participants were analyzed in 3 forms: full analysis
set, per-protocol set, and safety set. Efficacy analysis will be
conducted using the results of the full analysis set asthe main
analysis, and a per-protocol set analysis will be conducted
separately to evaluate whether there are differences from the
full analysis set results. Safety analysis was performed on the
safety set and the safety of the study medi cationswas evaluated.
The full analysis set includes all data from participants with at
|east one efficacy assessment at the primary outcome after taking
the study medication. The per-protocol set included participants
who were eligible for full analysis and successfully completed
the study. The safety set included all datafrom participantswho
received at least one dose of the study medication.

Demographic Information Analysis

For each group, continuous datayielded the mean, SD, median,
minimum, maximum, and 95% Cls, whereas categorical data
yielded frequencies and percentages. To compare groups, we
used a two-sample t test or Wilcoxon rank-sum test for
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continuous data, and a chi-square test or Fisher’s exact test for
categorical data. Baseline information that was recognized as
significantly different between the 2 groups was considered a
covariate in the efficacy analysis to correct for heterogeneity
between the treatment groups.

Efficacy Analysis

Analysis of Primary Efficacy Endpoints

The number of events will be presented for ischemic stroke
recurrence during the 2-year study medication treatment period,
the oddsratio of strokerecurrencewill be cal culated, and logistic
regression analysis will be performed with ischemic stroke
recurrence as the dependent variable and other factors such as
HH333 treatment, risk factors, and neurological deficits as
independent variables.

Analysis of Secondary Efficacy and Exploratory
Endpoints

Secondary efficacy endpoints that FSS, FAS, K-PHQ-9 total
score change, each pattern identification probability change,
and exploratory endpoints K-NIHSS, mRS, K-mBI, K-MoCA
total score change are continuous variables, and the average for
each measurement, SD, median, minimum value, maximum
value will be presented and the difference between the HH333
group and the control group will be tested using repeated
measures ANOVA.

Safety Analysis

An adverse event isanew occurrence of asymptom after study
medication administration that was not observed before
administration and includes unintended consegquences such as
abnormal laboratory findings, symptoms, and temporary events
related to the study medications. The severity of adverse events,
both self-reported and non—self-reported, will be assessed by
the investigator by applying Spilker’'s classification as follows:
mild, not requiring additional intervention, nor significantly
inhibiting the normal lifestyle (function) of the participant;
moderate, significantly inhibiting the normal lifestyle (function)
of the participant and may need additiona intervention,
recovering afterward; severe, severe adverse events requiring
intensive intervention; and leaving sequelae. The causal
relationship between adverse events and the study medication
will be assessed by theinvestigator using thefollowing six-level
grading scale: (1) definitely related, (2) possibly related, (3)
probably related, (4) not related, (5) definitely not related, and
(6) unknown.

For all adverse events and abnormal findings on examination,
the symptoms, frequency, and degree of relationship with the
study medication were recorded in detail for each group. The
number and proportion of participantsin whom adverse events
occurred at least once, 95% ClI, and number of occurrences
within each group will be presented. Differencesin proportions
between groupswill betested using the chi-square test or Fisher
exact test.

Ethical Considerations

This study protocol was approved by the Kyung Hee University
Korean Medicine Hospital institutional review board
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Leeetd

(KOMCIRB 2023-05-010-007; approved on April 19, 2024),
and conducted in accordance with the SPIRIT (Standard
Protocol Items: Recommendations for Interventional Trials)
checklist. Multimedia Appendix 2 presentsthe SPIRIT checklist
of the study protocol [40]. Participants who wish to participate
receive an explanation of the consent form and give written
consent of their own free will. All participants receive cash
compensation of ¥50,000 per visit. In addition, all costsrelated
to the clinical trial medications and examinations are covered
by the research team. All data from participants will be
simultaneously recorded in an electronic case report form with
an identification code rather than the participant’s name to
protect personal information.

Results

The study was funded by the Ministry of Health and Welfare,
Republic of Korea (RS-2022-KH127675 and
RS-2021-KH111831) on April 1, 2022. Recruitment for the
registry commenced on May 22, 2024, and is scheduled to end
on November 30, 2026. As of November 13, 2024, a total of
12 participants have been randomized: 4 participants from
Kyung Hee University Korean Medicine Hospital, 1 participant
from Dongguk University |Isan Korean Medicine Hospital, and
7 participants from Wonkwang University Gwangju Korean
Medicine Hospital. To date, no data analysis has been
conducted.

Discussion

The potentia application of HH333 in ischemic stroke caused
by small-vessel disease has been consistently raised. HH333 is
Hwangryunhaedoktang (HHT, Orengedokuto, in Japanese;
Huanglian Jiedu Tang, in Chinese) combined with Rhei rhizoma,
with HHT being the main component of HH333. Network
pharmacology analysis of HHT to explore its potential
applicationsin brain diseases predicted that it could be used for
ischemic and degenerative brain diseases such as ischemic
stroke, vascular dementia, and Alzheimer disease[41]. A review
of the efficacy and safety of herbal medicine treatments for
patientswith acute ischemic stroke reported that the combination
of HHT and conventional therapies was shown to significantly
improve neurological deficits [42]. Rhel rhizoma, another
component of HH333, also significantly improved neurological
deficitsand activities of daily living in areview study of herbal
medicine containing Rhel rhizoma for acute ischemic stroke
[43]. Furthermore, previous experimental and clinical studies
have demonstrated HH333's antihyperlipidemic [14],
antihypertensive [13], vascular endothelial cell-enhancing
[11,12], anti-atherosclerotic [16], cerebral blood flow-enhancing
[15], and neuroprotective effects in models of ischemic stroke
[44,45], hypoxia [46], and neurodegenerative neurological
diseases [47], suggesting that HH333 has the potential to
modulate risk factors for ischemic stroke.

Previous retrospective studies of HH333's effectiveness in
inhibiting ischemic stroke recurrence reported that the
combination of HH333 and conventional ischemic stroke
recurrence prevention therapy was superior to conventional
therapy alone [18-20]. Specifically, the effect was the best in
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small-vessel disease among the Trial of Org 10172 in Acute
Stroke Treatment (TOAST) classification of ischemic stroke
[20], and the mechanism was proposed to be due to the
biochemical effect of HH333 on microangiopathy by acting as
an antiapoptotic and cell migration-inducing agent [12].

Most patients with stroke have a multimorbidity status due to
various risk factors such as high blood pressure, diabetes, and
hyperlipidemia, and controlling risk factorsis crucial, making
them susceptible to polypharmacy [48]. In astudy of the Scottish
general population, patients with stroke were more than twice
as likely to have multimorbidity compared to patients without
stroke, with 12.6% of patients with stroke taking 11 or more
medications compared to only 1.5% of patients without stroke
[49]. Patients with stroke taking more than 5 or 6 medications
are at increased risk for adverse events and falls[50,51], which
can severely impact rehabilitation outcomes [48]. Since HH333
has effects on improving stroke risk factors [17], it is expected
to complement or replace stroke risk factor therapies, thereby
reducing medication use.

Although most herbal medicines are safe and rarely cause liver
and kidney injury, some herbal medicines occasionally cause
liver injury, and Scutellariae radix, a component herbal
medicine of HH333, is the main causal herbal medicine
responsible for herb-induced liver injury with about 1% of
incidence [52]. However, there have been no studies on the
dose-dependent toxicity of Scutellariae radix, but previousin
vivo studies have reported no toxicity at a dose of 2000 mg/kg
[53,54], whichisamuch higher dose than the Scutellariae radix
dose of HH333. In addition, in a 656-patient safety study, no
liver or kidney injury was reported with HH333, and mild
adverse events of gastrointestinal symptoms, headache,
insomnia, chest discomfort, fatigue, and thirst occurred in 2%
of patients, with no SAES[25]. No adverse eventswere reported
in 771 patients in a retrospective cohort study of HH333
published to date [18-20,55]. Therefore, HH333 is expected to
be safe with no adverse events, including liver or kidney injury.
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Based on this evidence, the Korean Medicine Clinical Practice
Guidelinefor Stroke, compiled by the Korean Ministry of Health
and Welfare, recommends that HHT, the main component of
HH333, may be considered for the treatment of ischemic stroke
to improve neurological disability and prevent recurrence [56].
However, the recommendation is graded as C/Low because
clinical studies of HH333 have only been conducted on
hypertension and hyperlipidemia, which are risk factors for
ischemic stroke, and experimental studies, literature reviews,
or retrospective cohort studies on ischemic stroke, which are
not sufficient for high quality. In modern clinical research, RCTs
represent the highest level of evidence in evidence-based
medicine, and significant resultsfrom RCTsare more conclusive
than other types of clinical research information [57]. Therefore,
in order to realize the possibility of HH333 as atherapeutic and
recurrent prevention agent for ischemic stroke by improving
the quality of evidence, we present a double-blind RCT
compared with a placebo to evaluate the clinical effectiveness
and safety of HH333 for ischemic stroke in patients with
ischemiainduced by small-vessel disease.

A limitation of this protocol isthat it excluded patients at high
risk of bleeding, such as those taking anticoagulants. This
exclusion was made because it was important to exclude any
factors that could influence bleeding propensity in this study,
but it may limit the generalizabhility of the results.

We hypothesized that HH333 would be effective and safe in
preventing recurrent i schemic stroke and improving neurol ogical
symptoms in patients with small-vessel disease induced by
ischemic stroke. This clinical study will generate data on the
therapeutic efficacy and safety of HH333 in ischemic stroke. If
theresults of thisstudy provethe efficacy and safety of HH333,
they will serve asabasisfor further use of HH333 with ischemic
stroke and will also contribute to the development of novel
alternativesfor the treatment and prevention of ischemic stroke.
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