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Purpose: The aim of this study was to investigate the efficacy and safety of orally
administered branched-chain amino acids (BCAAs) on disease progression in patients
with retinitis pigmentosa (RP).

Methods: A double-blind, randomized, placebo-controlled study was conducted at
the Kyoto University Hospital. Seventy patients with RP aged 20 years or above were
randomly assigned to the TK-98 (a combination of BCAAs in granule form) or placebo
group. One packet (4.15 g) of the study drug was administered orally thrice daily for
78 weeks.

Results: There was no significant difference in the rate of change in the total point
score, the primary endpoint, between the TK-98 (−52.4 ± 10.3 dB/year) and placebo
(−42.9 ± 13.8 dB/year) groups. Ellipsoid zone length decreased by −76.5 ± 8.9 and
−95.5 ± 12.2 μm/year in the TK-98 and placebo groups, respectively; although this
differencewas not significant, the TK-98 group showed slower degeneration. No serious
adverse events were associatedwith the oral administration of TK-98 in patients with RP.

Conclusions: This study did not yield conclusive evidence supporting BCAA
combination granules’ effectiveness in slowing visual field progression in patients
with RP. An insignificant trend toward a slower reduction in ellipsoid zone length was
found in morphological tests. Further studies are required to fully understand the
potential benefits of BCAA supplementation in RP.

Translational Relevance: Our study demonstrates the safety of administering BCAAs
to patients with RP. Accordingly, larger, more homogeneous clinical studies with longer
durations may suggest their potential as therapeutic agents.

Introduction

Retinitis pigmentosa (RP) is a retinal disease
primarily affecting photoreceptors and pigment epithe-
lial cells. Photoreceptor cell death progresses gradu-
ally, typically resulting in night blindness, narrowing
of the visual field, and loss of vision. It is caused by

genetic variants, and more than 60 causative genes
have been identified (https://sph.uth.edu/Retnet/). The
disease affects one in every 4000 to 5000 people,1,2
with more than 1.5 million patients worldwide. Various
treatment methods have been assessed, including gene
therapy, regenerative medicine, and artificial retina.3
For example, in recent years, Luxturna, an adeno-
associated virus vector-based gene therapy, has been
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approved worldwide and administered to patients
with RP caused by retinal pigment epithelium-specific
65 kDa protein (RPE65) gene mutations.4,5 Clinical
studies of gene therapy for RP have been reported for
several other genes6,7 along with RPE65. In contrast,
transplantation therapies using induced pluripotent
stem (iPS) cells or embryonic stem (ES) cells,8 as well as
treatments using artificial retina,9–12 currently tend to
be used for patients with advanced stages of the disease,
specifically thosewith poor visual function. In contrast,
numerous studies have explored drug therapies that
can stop or slow disease progression, regardless of the
genetic variant. Based on the results of randomized
controlled trials, oral administration of vitamin A13

or docosahexaenoic acid14,15 slows RP progression;
however, recent research has raised questions regarding
their efficacy.16 Oral administration of the antioxidant
N-acetylcysteine in patients with RP improves visual
acuity and suppresses the decline in retinal sensitivity
after 12 weeks.17,18 Additionally, 9-cis-retinyl acetate,
a synthetic 9-cis retinoid precursor, improves visual
functionwhen administered to patients withRPE65- or
LRAT-related retinitis pigmentosa.19–21 However, no
established treatment can stop or slow disease progres-
sion regardless of the genetic variant.

We focused on decreasing intracellular energy,
specifically adenosine triphosphate (ATP) levels,
during the processes of cell death and cellular degener-
ation induced by various stressors in different cultured
cells, including neurons, to develop neuroprotective
therapies that suppress the degeneration of photore-
ceptors andRPE cells inRP.We hypothesized that if we
could inhibit the decrease in intracellular ATP levels,
it may be possible to suppress cell death and cellular
degeneration.One approach is to suppress cellularATP
consumption. Kyoto University Substances (KUSs)
inhibit the ATPase activity of valosin-containing
protein and suppress the decrease in intracellular ATP
concentration and endoplasmic reticulum stress.22 This
results in the suppression of cell death both in vitro
and in vivo. KUSs slow down the disease progression
in animal models of retinal diseases, including RP,22,23
and may exert a protective effect on retinal neurons,
as evidenced in a clinical trial of central retinal artery
occlusion.24

Another approach for maintaining ATP levels is
to enhance intracellular ATP production. Branched-
chain amino acids (BCAAs), including isoleucine,
leucine, and valine, are essential for humans. We
focused on using BCAAs for energy production
by energy-demanding neurons and muscles. Using
cultured cells (HeLa and 661W), we found that BCAAs
increased intracellular glucose uptake and enhanced
intracellular ATP production by recruiting glucose

transporters to the plasma membrane.25 Addition-
ally, we demonstrated that administration of BCAAs
slows photoreceptor and retinal degeneration in animal
models, including rd10 and rd12 mice.26 Thus BCAAs
may provide a potential treatment strategy for RP,
regardless of genetic variants.

TK-98 is the investigational drug identification
code for LIVACT combination granules, contain-
ing three active ingredients (L-isoleucine, L-leucine,
and L-valine) in the ratio of 1.0:2.0:1.2. LIVACT
combination granules, which have been approved for
improving hypoalbuminemia in patients with non-
compensated liver cirrhosis who suffer from hypoalbu-
minemia despite adequate dietary intake, are currently
being marketed in some countries including Japan
(manufacturer and distributor: EA Pharma Co., Ltd.,
Tokyo, Japan).

We aim to develop TK-98 as a treatment for
patients with RP, with the additional indication of
“slowing visual function loss in RP.” We conducted
a double-blind, randomized, placebo-controlled,
comparative, investigator-initiated clinical trial to
assess the inhibitory effect of orally administered
BCAAs (TK-98) on disease progression in patients
with RP.

Methods

Trial Design

In this exploratory, placebo-controlled, double-
blind, comparative study, we assessed the efficacy and
safety of TK-98 in patients with RP (https://jrct.niph.
go.jp/en-latest-detail/jRCT2051180072).

Ethical Considerations

This clinical trial was conducted in strict adherence
to ethical principles derived from the Declaration of
Helsinki (1964) and its subsequent revisions, the “Law
Concerning the Quality, Efficacy and Safety of Drugs,
Medical Devices and Other Products,” the “Ministe-
rial Ordinance on Standards for the Conduct of Clini-
cal Trials of Drugs” (GCP Ordinance), as well as its
related notifications and procedures, and the designed
protocol for the clinical trial. This investigator-initiated
clinical trial plan was developed based on the results
of a face-to-face advisory meeting with the Pharma-
ceuticals andMedical Devices Agency of JAPAN. This
study was approved by the Kyoto University Institu-
tional Review Board (K051).
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Participants

The main inclusion criteria were as follows: (1)
patients diagnosed with typical RP, (2) patients aged
20 years or above, and (3) patients who provided
written informed consent for participation in the study.
The main exclusion criteria were as follows: (1) eyes in
which the difference between the mean deviation (MD)
values of two consecutive Humphrey visual field tests
(10-2 Swedish interactive threshold algorithm standard
program; HFA 10-2) in the last four or more tests (1–
3 years before registration) was greater than 5.0 dB
at least twice, (2) eyes with an MD value greater
than −5.0 dB or less than −25.0 dB in the HFA10-
2 before registration, (3) eyes with a history of inter-
nal ocular surgery other than cataract surgery, (4)
eyes with cataracts equal to or greater than Nuclear
Sclerosis grade 3 or with posterior subcapsular opacity
progressionwithin the previous year, (5) patients taking
calcium blockers or sodium valproate, (6) patients
taking medications or supplements containing dark-
adjusted drugs, vitamins A and E, docosahexaenoic
acid, taurine, lutein, or amino acids, and (7) patients
who were using isopropyl unoprostone ophthalmic
solution or brimonidine tartrate ophthalmic solution
at that time.

The target number of patients was 70. This study
was an exploratory phase II trial conducted within
a limited budget involving a restricted number of
patients. We recruited patients who had participated
in natural history observation studies for one year
or more for comparison with the progression of
visual fields before treatment. Consequently, we could
accumulate data from a maximum of 74 patients. We
tested the difference in the mean change per year in
the total point score (TPS, see below) on the HFA10-
2 between the TK-98 and placebo groups using a
mixed-effects linear model that considers the correla-
tion between the left and right eyes. From a natural-
istic observational study, the mean change per year
in the primary endpoint “TPS of retinal sensitivity in
the HFA 10-2” was −41.2 dB/year with a standard
deviation of approximately 56.5 dB/year (unpublished
data May 16, 2018). Based on clinical judgment, the
effect we wanted to detect was set at 24.72 dB/year,
or 60% of −41.2 dB/year, with a standard deviation
of 56.5 dB/year. We assumed a correlation coefficient
of 0.5, which should be considered when analyzing
binocular data from the same patient. A two-tailed test
using a mixed-effects linear model for the null hypoth-
esis (i.e., mean of TK-98 group �= mean of placebo
group).

The TK-98 and placebo groups were allocated in a
2:1 ratio. The rationale for this allocation was based

on our previous animal experimental studies, which
indicated that assigning more participants to the treat-
ment arm would be more beneficial for patients. In
reality, the trial encompassed 134 eyes (TK-98, 45
patients [43 with both eyes, two with one eye each];
Placebo, 25 patients [21 with both eyes, four with one
eye each]), resulting in a power of 75.3% to detect
significance at α = 20%.

Treatments

After enrollment, one packet (4.15 g) of the study
drug was orally administered three times daily after
meals. The study drug contained the following ingre-
dients in one packet (4.15 g): 952 mg L-isoleucine,
1904 mg L-leucine, and 1144 mg L-valine (TK-98, the
same ingredients as LIVACT combination granules).
The placebo was a powdered formulation without
BCAAs. The treatment and placebo packets were both
packaged in aluminum foil for an identical appearance.
Both the treatment and placebo packets contained
similar white powdered granules, and their indistin-
guishability was confirmed by the trial’s medication
allocation supervisor. BCAAs are readily soluble in
citric acid, slightly soluble in water, and almost insol-
uble in ethanol (95%). They dissolve readily in dilute
hydrochloric acid. They are stable for three years
when stored at room temperature. These granules are
consumed directly with water.

The treatment duration was determined based on
previous clinical studies on RP, which have investigated
visual field progression over durations ranging from
six months to four years. Specifically, previous studies,
including our exploratory natural history observation
study, suggested that cases with MD values ranging
from −5.0 to −25.0 dB exhibited a faster rate of
progression.27,28 The frequency of visual field tests was
set to seven to assess the treatment effect over a shorter
period. Therefore, to ensure effective capture of TK-
98’s “inhibition of visual field deterioration” effect, a
treatment duration of one and a half years (78 weeks)
was selected for this clinical trial, without interim evalu-
ations. After the initiation of drug administration,
visits were scheduled at four, 13, 26, 39, 52, 65, and
78 weeks. On each visit, participants were instructed
to bring all remaining investigational drugs, and the
coordinator calculated the number of doses taken
during that period based on the prescribed amount
and the remaining drug count. The medication compli-
ance rate was calculated based on the total number of
doses taken over the entire period. All patients were
screened and followed up at Kyoto University Hospi-
tal with multiple visual field tests at the Morooka Eye
Clinic (Kyoto, Japan).
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Primary and Secondary Endpoints

The TPS of retinal sensitivity (the sum of the
visual sensitivities for all 68 measured locations)29 by
HFA10-2 using Carl Zeiss Meditec software (Carl
Zeiss Meditec, Jena, Germany) was set as the primary
endpoint to evaluate the efficacy of TK-98. Data were
not considered reliable if the test result was ≥20%
poor fixation, ≥15% false positive, or ≥33% false
negative. If reliable data were not obtained at pre-
enrollment testing and the end of the study drug
administration, the test was repeated only once within
two weeks. Adverse events and side effects were defined
as secondary endpoints to investigate safety. For
safety evaluation, hematology, urinalysis, and compre-
hensive ophthalmic examinations, including slit-lamp
biomicroscopy, ophthalmoscopy, visual acuity, perime-
try, and intraocular pressure measurements, were
performed. All adverse events and side effects were
recorded. Serious adverse events were defined as fatal
or life-threatening, requiring hospitalization, causing
permanent serious damage, or causing congenital
anomalies. Other secondary endpoints included retinal
sensitivity by HFA10-2 (mean deviation [MD] value),
retinal sensitivity by HFA 30-2 (TPS), number of
readable letters by the Early Treatment Diabetic
Retinopathy Study (ETDRS) visual acuity test (under
correction), and the logarithm of the minimum angle
of resolution (logMAR) of the best-corrected visual
acuity. High-resolution macular cross-sectional images
were captured in follow-up mode using a Spectralis
HRA+OCT system (Heidelberg Engineering, Heidel-
berg,Germany) to evaluate changes in retinalmorphol-
ogy. The ellipsoid zone length was assessed from
these images. We measured the area of the relatively
preserved retinal area in the macula through the analy-
sis of fundus autofluorescence (FAF) images obtained
using an Optos device (Nikon Corporation, Tokyo,
Japan). In eyes displaying ring-shaped hyperautofluo-
rescence, we quantified the area encompassed by this
hyperautofluorescent ring. Conversely, in eyes without
ring-shaped hyperautofluorescence, we measured the
area of the macular region that exhibited no abnormal
hypoautofluorescence.30 The ellipsoid zone length was
determined as the average of the horizontal and verti-
cal values.29 The frequency and timing of each test are
summarized in Supplementary Table S1.

Randomization and Blinding

At the time of enrollment in the study, patients
were randomly assigned to the “TK-98 group” or the
“Placebo group.” A third party, independent of the
patients, investigators, sub-investigators, and collabo-

rators, randomly assigned the investigational drug to a
set of six patients: four to the study drug, TK-98, and
two to the placebo. The allocation adjustment factors
were as follows. Stratification was performed in four
strata: (1) age at the time of obtaining consent (less
than 53 years old, 53 years old or older), (2) MD value
before registration (less than −15.0 dB, equal or more
than −15.0 dB). The mean values of both eyes were
used when the study included both eyes. All patients,
investigators, sub-investigators, and collaborators were
blinded to the group until all results were confirmed.

Statistical Analysis

Patients who were enrolled in the study and received
at least one dose of the study drug were defined as
the largest analysis population (full analysis set [FAS]).
Patients who received the study drug for at least 53
weeks had available measurements for the primary
endpoint and did not seriously violate the study proto-
col (e.g., failure to comply with the enrollment crite-
ria, failure to obtain consent, failure to enroll, or
other serious violations of study procedures) or GCP
violations were defined as the analysis population
compliant with the study protocol (per protocol set
[PPS]) and were subjected to efficacy evaluation. Any
eye with cataract progression during the observation
period, assessed by comparing slit-lamp biomicroscopy
photographs taken at the beginning and end of the
observation period, was excluded from the analysis of
HFA and visual acuity in the PPS set. Patients who
enrolled in the study and received any part of the study
drug were defined as the safety analysis set (SAF) and
used for safety evaluation.

The measured values for the primary and secondary
endpoints were evaluated as the change in the amount
per year, obtained by dividing the amount of change
by the duration, as well as the change rate, calculated
by dividing the amount of change by the baseline value
and multiplying by 100. The measured values for HFA
10-2 were obtained frommultiple valid tests (∼7 times),
and the annual change amount and rate were calculated
using the least-squares method. For the primary and
secondary analyses, we calculated summary statistics.
Group differences in mean values and their two-sided
95% confidence intervals (CI) were also calculated. A
mixed-effects linear model that considered the correla-
tion between the right and left eyes of the same patient
was used to determine whether the TK-98 group was
superior to the placebo group. We also performed a
stratified analysis of the primary endpoint by TPS
value of Humphrey visual field test 30-2 at the time of
allocation (<400 dB), age at the time of inclusion (≥50
years), time from onset of first subjective symptoms
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(≥30 years), sex, and presumed causative gene (EYS).
All significance tests were performed at α level = 0.05
(two-sided).

Results

Patient Characteristics

This investigator-initiated clinical trial was
conducted at Kyoto University Hospital from March
2019 to December 2020 and involved 70 patients with
RP. The average age was 51.7 ± 12.6 (range 21–77)
years, and the average MD value of HFA 10-2 at
inclusion was −14.79 ± 4.96 dB (Tables 1 and 2).
The presumed causative gene was found in 42.9% of
the patients (30 patients), whereas EYS was found in
24.3% (17 patients) (Table 1, Supplementary Table
S2). Enrolled patients were randomly assigned; 45
(88 eyes) to the TK-98 group and 25 (46 eyes) to
the placebo group. Patient characteristics are shown
in the Figure, and the baseline characteristics are
summarized in Tables 1 and 2 and Supplementary
Tables S3 and S4. There were no significant differences
between the two groups, except for the lens status
(phakia or pseudophakia, P = 0.004), MD slope at

the start (calculated by least square methods using
visual field exam results within one to three years
before inclusion, including the test at inclusion) (P =
0.081), ellipsoid zone length at the start (P = 0.049),
and visual acuity at the start (P = 0.092 and 0.087
for readable letter counts and logMAR, respectively)
(Table 2, Supplementary Table S4).

Treatment Compliance

Calculated compliance was 90% or higher for 88.9%
of the patients in the TK-98 group and 96% of the
patients in the placebo group (Table 3). Two patients
in the TK-98 group discontinued the trial due to
personal reasons. One patient (one eye) was excluded
from the PPS analysis because the duration of the
study drug administration was less than 53 weeks
(Figure).

Treatment Efficacy

The results of the HFA 10-2, used as the primary
endpoint, were valid six times or more in more than
90% of the eyes (Supplementary Table S5). The one-
year equivalent change in the TPS for retinal sensitiv-

Table 1. Baseline Characteristics of the Patients
TK-98 (n = 45 Patients) Placebo (n = 25 Patients) Total (n = 70 Patients)

Characteristic Mean ± SD Median (Range) Mean ± SD Median (Range) Mean ± SD Median (Range)

Intergroup
Comparison

P Value

Sex
Female 24 (53.3%) 14 (56.0%) 38 (54.3%)
Male 21 (46.7%) 11 (44.0%) 32 (45.7%) >0.999

Age at time of inclusion (yr) 51.7 ± 11.9 54.0 (21, 77) 51.6 ± 14.2 50.0 (26, 75) 51.7 ± 12.6 52.5 (21, 77) 0.977
MD value at the time of
allocation (average for
binocular cases), dB

−14.85 ± 4.93 −14.74
(−23.14, −5.12)

−14.67 ± 5.12 −13.08
(−23.96, −5.91)

−14.79 ± 4.96 −14.25
(−23.96, −5.12)

0.884

Unilateral and binocular
cases

0.177

Unilateral 2 (4.4) 4 (16.0) 6 (8.6)
Binocular 43 (95.6) 21 (84.0) 64 (91.4)

Genetic form, n patients 0.444
Autosomal dominant 10 (22.2%) 2 (8.0%) 12 (17.1%)
Autosomal recessive 18 (40.0%) 12 (48.0%) 30 (42.9%)
X-linked 1 (2.2%) 1 (4.0%) 2 (2.9%)
Sporadic 16 (35.6%) 10 (40.0%) 26 (37.1%)

Presumed causative gene, n
patients

0.316

Confirmed cases of
causative genes

17 (37.8%) 13 (52.0%) 30 (42.9%)

EYS 8 (17.8%) 9 (36.0%) 17 (24.3%) 0.144
Time from onset of first
subjective symptoms (yr)*

29.3 ± 13.9 30.0 (3, 61) 27.0 ± 12.3 25.0 (9, 67) 28.5 ± 13.3 28.0 (3, 67) 0.485

dB, decibel; MD, mean deviation; SD, standard deviation.
Baseline characteristics of patients in the full analysis set (FAS).
*Time since onset of any of the following symptoms: night blindness, narrowing of the field of vision, loss of vision, or

photophobia.
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Table 2. Baseline Characteristics of the Eyes
TK-98 (n = 88 Eyes) Placebo (n = 46 Eyes) Total (n = 134 Eyes)

Characteristic Mean ± SD Median (Range) Mean ± SD Median (Range) Mean ± SD Median (Range)

Intergroup
Comparison,

P Value

Lens, n eyes 0.004
Phakia 76 (86.4%) 29 (63.0%) 105 (78.4%)
Pseudophakia 12 (13.6%) 17 (37.0%) 29 (21.6%)

Humphrey visual field test 10-2
TPS (dB) 1223.0 ± 332.8 1212.0 (615, 1901) 1245.3 ± 363.7 1284.0 (586, 1836) 1230.7 ± 342.5 1217.0 (586, 1901) 0.591
MD value (dB) −14.9 ± 4.9 −14.6 (−23.7, −5.0) −14.4 ± 5.2 −13.9 (−24.0, −5.6) −14.7 ± 5.0 −14.3 (−24.0, −5.0) 0.496
MD slope (dB/y)* −0.12 ± 0.92 −0.31 (−1.98, 3.44) −0.52 ± 1.05 −0.45 (−4.27, 1.21) −0.26 ± 0.98 −0.38 (−4.27, 3.44) 0.081

Humphrey visual field test 30-2
TPS (dB) 478.7 ± 350.3 357.0 (80, 1628) 458.2 ± 306.8 343.0 (101, 1223) 471.8 ± 335.2 356.0 (80, 1628) 0.884

Visual acuity (ETDRS)
Readable letter count 65.2 ± 17.6 71.0 (17, 86) 69.1 ± 15.1 73.0 (9, 87) 66.5 ± 16.8 72.0 (9, 87) 0.092
LogMAR 0.35 ± 0.32 0.26 (−0.12, 1.18) 0.28 ± 0.27 0.22 (−0.06, 1.38) 0.33 ± 0.30 0.24 (−0.12, 1.38) 0.087

Ellipsoid zone length (μm) 1541.8 ± 1362.4 1414.8 (0.0, 5042.5) 2028.0 ± 1308.2 1913.5 (0.0, 5861.0) 1708.7 ± 1359.0 1620.3 (0.0, 5861.0) 0.049
Preserved retinal area (mm2) 18.7 ± 14.9 15.2 (1.6, 58.1) 17.8 ± 12.6 14.5 (2.3, 41.9) 18.4 ± 14.1 14.9 (1.6, 58.1) 0.730

Baseline characteristics of the eyes in the FAS.
*Calculated using MD values observed up to three years before the time of observation at the start of the study (including

the time of observation at the start of the pretreatment period).

Included
134 eyes

70 patients

TK-98
88 eyes

45 patients

Placebo
46 eyes

25 patients

SAF
88 eyes

45 patients

SAF
46 eyes

25 patients

FAS
88 eyes

45 patients

FAS
46 eyes

25 patients

PPS
87 eyes

44 patients

PPS
46 eyes

25 patients

Excluded
1 eyes

1 patients
Administration less than 53 weeks

Figure. Patient disposition.

ity of the HFA10-2 test performed for the FAS popula-
tion is shown in Table 4. The analysis using the linear
mixed-effects model, which considers the correlation
between the right and left eyes in the same subject,
suggested that the difference between the groups in
the least squares mean was not statistically signif-
icant (−52.4 ± 10.3 vs. −42.9 ± 13.8 dB/y [least-
squares mean ± standard error], TK-98 vs. placebo
group, respectively, P = 0.582). The results of the
secondary endpoints, including the MD on the HFA

Table 3. Compliance Rate

TK-98
(n = 45 Patients)

Placebo
(n = 25 Patients)

≥95% 30 (66.7) 20 (80.0)
≥90% 40 (88.9) 24 (96.0)
≥70%, <90% 4 (8.9) 1 (4.0)
<70% 1 (2.2) 0 (0.0)

Adherence to the study drug in the SAF population was
calculated.

10-2 test, TPS on the HFA 30-2 test, BCVA, ellipsoid
zone length on the OCT test, and relatively preserved
retinal area on the FAF images, are shown in Table 5
(FAS population) and Supplementary Table S6 (PPS
population). The difference between the two groups in
any of the endpoints was not statistically significant.
However, the TK group tended to have less deteriora-
tion in the morphological examinations (e.g., ellipsoid
zone length: −76.4 ± 66.4 vs. −95.6 ± 78.3 μm/y, P
= 0.215 [FAS population]). Two eyes in the placebo
group showed cataract progression; therefore they were
excluded from the visual field and visual acuity analyses
in the PPS population.

The results of the stratified analysis of the PPS
population for the primary endpoints are shown
in Table 6. Although several strata (TPS value of
Humphrey visual field test 30-2 at the time of allocation
<400 dB, age≥50 years, time fromonset of first subjec-
tive symptoms≥30 years, male, causative gene of EYS)
showed greater least squares means in the TK treat-
ment group, which means that the TK group tended
to have less deterioration, none of the differences were
significant.
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Table 4. Main Outcome Measurement

Intergroup Comparison

Case Eye Mean ± SD Median (Range)

Least-
Squares

Mean ± SE

Difference in
Least-Squares
Mean (95% CI) P Value

TK-98 45 88 −52.8 ± 75.0 −40.9 (−480.6, 117.5) −52.4 ± 10.3 −9.5 (−44.0, 24.9) 0.582
Placebo 25 46 −38.5 ± 63.8 −41.4 (−192.7, 113.4) −42.9 ± 13.8

Changes in the total point score per year on the Humphrey visual field test (10-2) were analyzed in the FAS population. The
coefficients of change per year were obtained using a linear simple regression analysis based on the least squares method,
with the evaluation value from the start to 78weeks (or at the timeof discontinuation for thediscontinued eye) as the objective
variable and the time point as the explanatory variable. The least-squares mean is the mean value for each group estimated
using a linear mixed-effects model that considers the correlation between the two eyes. The P values represent the results
of a two-tailed test of the null hypothesis “the difference between the least squares means of the two groups is zero” at a
significance level of α = 0.05.

Safety of the Treatment

Adverse events were observed in 44 patients (97.8%)
in the TK-98 group and 25 patients (100.0%) in the
placebo group. Ophthalmological adverse events were
observed in 39 patients (86.7%) in the TK-98 group and
22 patients (88.0%) in the placebo group (Supplemen-
tary Table S7). Cataract progression was observed in
only three eyes of three patients in the placebo group
(P = 0.042). The most common adverse event was
visual field deterioration (negative MD slope on the
HFA 10-2 tests during the study period). Serious
adverse events that required hospitalization were
observed in four patients (8.9%, hemorrhoid, contu-
sion, leiomyoma of the uterus, and brain infarction)
in the TK-98 group and two patients (8.0%, cataract
and colorectal polyps) in the placebo group, whichwere
ruled out to be associated with drug administration.
Possible side effects related to the investigational drug,
all gastrointestinal symptoms which were not severe,
were observed in three patients (6.7%) in the TK-98
group and two patients (8.0%) in the placebo group
(Table 7).

Discussion

In this investigator-initiated clinical trial involving
70 patients with RP, we evaluated the efficacy and
safety of TK-98 compared with a placebo. There was
no statistically significant difference in the one-year
equivalent change in the TPS for retinal sensitivity on
HFA 10-2, the primary endpoint, between the TK-98
and placebo groups (Table 4). Similarly, the secondary
endpoints were not different between the two groups,
includingMDonHFA10-2, TPS onHFA30-2, BCVA,

ellipsoid zone length on OCT, and preserved retinal
area on FAF images. However, there was a trend
toward less deterioration in the morphological exami-
nations in the TK group (Table 5). Safety analyses
revealed that serious adverse events were infrequent
and unrelated to the drug (Table 7).

In this clinical trial, we used age and baseline MD
values for allocation, which was performed appropri-
ately. However, there was a difference between the
two groups in that the TK-98 group had a higher
population of phakia, shorter ellipsoid zone length
at baseline, slightly worse visual acuity, and a slower
rate of decline in MD just before allocation, which
was calculated based on examinations within one to
three years, including the baseline examination (Table
2). In addition, because cataracts progress gradually,
cataract progression can occur in phakic eyes even if
it is not readily apparent on slit-lamp examination,
although cases of clinically obvious cataract progres-
sion that were excluded from subjective tests, such as
visual field testing, were only present in the placebo
group. The higher proportion of phakic eyes in the
TK-98 group at baseline than in the placebo group
may have affected the evaluation of efficacy using visual
fields. These factors may have influenced efficacy evalu-
ation using the visual field.

Visual field testing, a subjective method, is used to
evaluate RP progression inmany clinical studies.15,31–37
However, drugs that have been definitively proven to
effectively suppress visual field progression in RP, are
lacking. In this study, our primary purpose was to
use morphological indicators as the principal criteria
for evaluating progression. However, because there was
no precedent for accepting morphological examination
as the primary endpoint by the Japanese regulatory
agency Pharmaceuticals and Medical Devices Agency,
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we chose to primarily use the visual field test results.
In previous clinical studies, static perimetry using the
HFA 30-2 program was used.32,33 The 30-2 program
comprises 76 test points, whereas the 10-2 program
comprises 68 test points, indicating that the 10-2
program can capture changes in central vision more
sensitively. Therefore in this study the total point score
of the HFA 10-2 was chosen as the primary outcome
measure, whereas HFA 30-2 was used as a secondary
outcome measure. In the present study, to bolster
the reliability of our analysis, we excluded patients
showing substantial variability in visual field test results
at baseline, filtered out unreliable test outcomes, and
used multiple test results to calculate both the annual
change in visual field tests and the rate of change in this
parameter using the least-squares method. However,
the correlation coefficient of linear regression for the
visual field tests during the study period was lower
than anticipated, with less than 25% of eyes in both
the TK-98 and placebo groups showing a correlation
coefficient of 0.5 or higher, suggesting that it is diffi-
cult to accurately determine efficacy using subjective
testing of visual fields, especially within a relatively
short period of 1.5 years to detect the progression of
visual field in this study. For instance, several other
clinical studies have assessed visual field progression
over a period of four years.15,32 The standard devia-
tion was large in both groups, particularly in the TK-98
group, indicating that it is challenging to compare the
extent of progression between groups based on subjec-
tive testing.

Objective assessment of visual function may involve
the use of electroretinography (ERG), with reports
suggesting that changes in the amplitude of Flicker
ERG serve as a good indicator.16 In this study, ERG
was not adopted as an evaluation criterion since, at the
initiation of the trial, it was nonrecordable for both rod
and cone responses in 50 participants.

In contrast, the morphometric tests of ellipsoid
zone length byOCTand the area of relatively preserved
retina in the macula by fundus photography showed
smaller deterioration in the TK-98 group than in the
placebo group, suggesting the superiority of TK-98,
although not statistically significant.

In a stratified analysis limited to more advanced
cases, visual field testing was better in the TK-98
group compared with the placebo group (Table 5).
In addition, the trend toward the superiority of TK-
98 in subjects with EYS gene abnormalities, which
is the most common genetic mutation in Japanese
patients,38,39 suggests that TK-98 may be superior in a
comparative study in a relatively homogeneous patient
population.
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Table 7. Side Effects

TK-98 (n = 45 Patients) Placebo (n = 25 Patients)

Event Mild Moderate Severe Total Mild Moderate Severe Total

Abdominal distension 2 2 (4.4%) 1 1 (4.0%)
Constipation 1 1 (2.2%)
Gastroesophageal reflux disease 1 1 (4.0%)
Total 3 (6.7%) 2 (8.0%)

Side effects of the investigational drugs in the SAF population.

The severity of the adverse events was mild or
moderate, and no severe adverse events related to
the medication were observed. All adverse reactions
to the study medications were mild gastrointestinal
symptoms, as stated in the attached TK-98 document.
The only ophthalmologic adverse event with a statisti-
cally significant difference in incidence between groups
was worsening of cataracts, which was higher in the
placebo group (12.0% in placebo, 0% in TK-98, P
= 0.042). Worsening visual field defect was the most
frequently observed adverse event.

This study has some limitations that warrant
further consideration, including remarkable variabil-
ity in subjective visual function testing, stemming from
factors, such as the diverse range of patient condi-
tions, including genetic mutations and varying progres-
sion rates, as well as the relatively short duration of
the follow-up period. The study’s exploratory nature
also contributes to the lack of comprehensive assess-
ment. In the context of studies with limited numbers
of patients, while a crossover trial could be considered,
we opted for a parallel trial herein to avoid prolonged
trial duration.

In conclusion, we did not find significant evidence
to support the suppression of visual field progression
in patients with RP upon the oral administration of
one packet (4.15 g) of TK-98 after meals three times
a day. Morphological evaluation showed an insignifi-
cant trend toward a slower reduction in ellipsoid zone
length with TK-98 administration. Stratified analysis
suggested that TK-98 may be superior in a relatively
homogeneous patient population. In contrast, TK-98
administration to patients with RP was safe. Further
research is warranted to provide clearer insights into
the potential efficacy of TK-98 inRP treatment, requir-
ing larger sample sizes and more homogeneous patient
cohorts over longer durations.
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