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Purpose: Benign Prostatic Hyperplasia (BPH) is a common non-malignant prostate enlargement that contributes to bladder outlet
obstruction and lower urinary tract symptoms in men as they age.

Patients and Methods: In this 90-day study, ninety-five men aged 45-80 years with clinically and radiologically confirmed
moderate BPH [International Prostate Symptom Score (IPSS) between 8-19] were randomly allocated (1:1) to receive either
Undaria pinnatifida fucoidan (UPF) or placebo. Prostate health was evaluated using the validated IPSS (total and composite sub-
scores) on days 30, 60 and 90. Potential clinically meaningful IPSS reductions were assessed as Minimum Clinically Important
Difference (MCID). Urinary flow rate, post-void residual volume (PVR) and prostate-specific antigen were also assessed.

Results: By day 60, the UPF group showed significant improvement in total IPSS score compared to placebo (p=0.0234), with further
improvements by day 90 (p=0.0015). The mean reduction in total IPSS score from baseline to day 90 was —3.40 in the UPF group
versus —0.93 in the placebo group. Voiding (p=0.0006) and storage (p=0.0150), sub-scores improved significantly by day 90 in the
UPF group. Quality of life related to urinary symptoms improved continuously by day 60 and 90 (both p<0.05 vs placebo). A higher
proportion of UPF-treated participants achieved MCID >2 (60.0%) and >3 points (51.1%) compared to placebo (42.2% and 28.9%),
with statistical significance for >3 points (p=0.0314) at day 90. Urinary flow rate improved and PVR decreased in both groups;
however, between-group differences, including PSA, were not statistically significant. Importantly, UPF was well tolerated.
Conclusion: UPF supplementation was associated with statistically and clinically significant IPSS improvement, including voiding
and storage composite scores, and enhanced prostate-related quality of life when compared to placebo. Secondary outcomes did not
differ significantly between groups, and the duration (90 days) limits long-term interpretation. UPF appears safe and potentially
beneficial for managing moderate BPH symptoms.

Keywords: benign prostatic hyperplasia, fucoidan, international prostate symptom score, lower urinary tract symptoms, prostate
health, Undaria pinnatifida

Introduction

Benign Prostatic Hyperplasia (BPH) is the benign enlargement of the prostate gland that compresses the urethra and
hinders urine flow." It results from excessive growth of stromal and epithelial cells within the prostate’s transition zone,
causing obstruction, insufficient bladder emptying, urine retention, infections, or Lower Urinary Tract Symptoms
(LUTS). If untreated, chronic high-pressure retention may damage bladder detrusor muscle and cause serious
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complications.” BPH prevalence increases with age, about 10% in men in their 30s to 90% in their 80s, contributing to
healthcare expenses and reduced quality of life (QoL).?

BPH and LUTS often coexist in men.* Symptoms are classified as obstructive (hesitancy, straining, poor urine flow,
prolonged voiding, partial or total urine retention or overflow incontinence) and irritative (urinary frequency, urgency
with urge incontinence, nocturia, dysuria and small voided volumes), which are bothersome and impair quality of life.’

Managing BPH is complex due to its multifactorial etiology.! Current therapies include lifestyle modifications,
surgery or medications such as a-blockers, So-reductase inhibitors (5-ARI), and phosphodiesterase inhibitors® with 5-
ARIs having a slower onset of action than a-blockers. a-blockers quickly improve voiding symptoms but may cause
blood-pressure fluctuations and ejaculatory dysfunction.*® Despite established efficacy, pharmacological therapies such
as a-blockers and 5-ARIs are limited by tolerability and patient acceptability, prompting interest in adjunctive approaches
such as fucoidan, which requires rigorous clinical validation.

Currently, several nutraceuticals are marketed for BPH management, including Serenoa repens (Saw Palmetto),
Cucurbita pepo (pumpkin), Solanum lycopersicum (tomato) and Urtica dioica (stinging nettle).” Clinical evidence for
these plants is mixed, with limited and inconsistent data on safety and efficacy.® This emphasizes the need for well-
designed clinical studies to assess new treatments with clinically meaningful benefits.

Sargassum horneri is a brown alga rich in polysaccharides such as fucoidan and nutrients. It has been shown to
reduce the expression of key markers involved in BPH, including the androgen receptor, prostate-specific antigen (PSA),
and So-reductase type 2 in vitro and in testosterone propionate-induced BPH models, suggesting its potential for
managing BPH.” However, these findings are based on in vitro and in vivo studies, and their relevance to clinically
meaningful outcomes in humans remains uncertain.

Fucoidan, a complex polysaccharide predominantly found in brown seaweeds, has diverse bioactivities, including
anti-inflammatory, antioxidant, immune-boosting, and anti-tumor properties.'®'? It blocks selectins and scavenger
receptors to reduce inflammation by preventing neutrophil infiltration."* Fucoidan also inhibits prostate cancer cell
growth and enhances human immune cell activity.'' Prior research has demonstrated that consuming fucoidan is safe for
both, healthy individuals'* and individuals with cancer.'?

In a testosterone-induced rat BPH model, fucoidan from Undaria pinnatifida (UPF) reduced prostate weight, prostate
index, testosterone, dihydrotestosterone, PSA, interleukin-1 beta (IL-f), and tumor necrosis factor-alpha (TNF-a) after 28 days.
Additionally, UPF demonstrated potential pro-apoptotic qualities by regulating B-cell lymphoma-2 (BCL-2) and BCL-2-
associated X protein expression, indicating its activity to alleviate BPH symptoms.'® Although these findings support potential
therapeutic relevance, robust clinical data evaluating its efficacy in men with BPH are lacking.

Accordingly, this study was designed to evaluate whether UPF supplementation is associated with clinically mean-
ingful improvements in BPH symptoms in men with moderate condition.

Materials and Methods

Participants

Men aged 45-80 years with clinically and radiologically confirmed BPH were enrolled. Participants had moderate BPH
symptoms [International Prostate Symptom Score (IPSS) 8-19] and no prostate cancer symptoms as indicated by Prostatic
Acid Phosphatase (PAP) <3 U/L], and exclusion of individuals with PSA >3.5 ng/mL. The use of PSA ensured exclusion of
individuals at risk of prostate cancer, while PAP was included as an additional measure to rule out active or clinically
significant disease. Detailed inclusion and exclusion criteria are provided in Table 1. Participants were randomized to UPF
or placebo in 1:1 ratio using StatsDirect (v3.1.17). Allocation concealment was maintained using sequentially numbered
study product containers prepared by personnel not involved in participant recruitment, assessment, or data analysis.

Intervention

UPF (Batch number UPF2023538), manufactured by Marinova Pty. Ltd. (Tasmania, Australia), was provided in capsules
matched with placebo for size, shape, color, texture and packaging. Chemical composition and characterization of
fucoidan is provided in Table 2.
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Table | Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

a diagnosis of BPH established by a surgeon/nephrologist/urologist

i. History of lower urinary tract symptoms or
ii. Rectal examination indicating increased prostate size.
b Radio-diagnostic parameter:

i. Uroflowmetry (less than 20 mL/sec maximum flow rate) or

volume exceeding 30 mL and increased post-micturition.

FBG less than 125 mg/dL.

v A w N

the requirements of the study.

| Males aged between 45 to 80 years (inclusive of both ages) with l.
within the last 3 months and having any one of the two clinical as well | 2.

as one of the radio-diagnostic parameters: 3.
a Clinical parameter: 4.

ii. USG- Enlargement of the central gland with a calculated urine | 7.

Moderate symptoms with an IPSS Score more than or equal to 8-19. | 8.

No signs of prostate cancer as indicated by 1-3 U/L of PAP in serum. | 9.

Willing to give voluntary written informed consent and adhere to all | 10.

1.
12.

Males with no signs of inflammation as assessed by ESR of more
than or equal to 20 mm/hr.

Males with more than or equal to 3.5 ng/mL of PSA in serum.
Males diagnosed with prostate cancer.

Males who have recently started a bladder-training program within
the last 30 days.

5. Males who have undergone urogenital surgery.
6. Males who have had a bladder biopsy and/or cystoscopy and biopsy

within the last 30 days.

Males who have had an indwelling catheter or practiced self-
catheterization and/or urethral stricture within the last 30 days.
Males diagnosed with obstructive renal/urinary tract calculi.

Males who have been medically diagnosed with chronic persistent
local pathology (ie, interstitial cystitis, bladder stones).

Males with chronic inflammatory diseases such as RA, Ulcerative
colitis, and COPD.

Males receiving or prescribed anticoagulation therapy.

Males who have been diagnosed with severe renal and/or hepatic

insufficiency.

. Males who have been diagnosed with genital anatomical

deformities.

. Males with a history of uncontrolled diabetes mellitus, uncontrolled

hypertension (SBP/DBP = 140/90 mmHg with or without medica-
tion), thyroid disorders, spinal cord injury, an uncontrolled psy-
chiatric disorder, and/or abnormal secondary sexual characteristics.

. Males who have a history of chronic alcohol use (defined as con-

suming more than 5 drinks on any day or more than |5 drinks/

week?2), and/or illicit drug abuse.

. Males who have participated in any other clinical study during the

last 30 days.

Abbreviations: BPH, Benign prostatic hyperplasia; COPD, Chronic obstructive pulmonary disease; DBP, Diastolic blood pressure; ESR, Erythrocyte sedimentation rate;
FBG, Fasting blood glucose; PAP, Prostatic acid phosphatase; PSA, Prostate-specific antigen; RA, Rheumatoid arthritis; SBP, Systolic blood pressure; USG, Ultrasound

sonography.

Table 2 Absolute Mass
Percentages (%wiw) and
Carbohydrate Breakdown of
Neutral Carbohydrates in UPF
Extract

Total Sugars (%w/w) | 53.79
Uronic Acids (%w/w) | 3.91
Sulfate (%w/w) 24.79
Fucoidan (%w/w) 85.5
Fucose (%wiw) 377
Xylose (%w/w) 1.3
Mannose (%w/w) 5.4
(Continued)
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Table 2 (Continued).

Galactose (%w/w) 48.6

Glucose (%wiw) 2.6

Arabinose (%w/w) 37

Rhamnose (%w/w) 0.7

Abbreviation: %w/w, percent weight by
weight.

Each UPF capsule contained 500 mg fucoidan, placebo capsules contained 500 mg hydroxypropyl methylcellulose
(Letco Medical, LLC). Participants took two capsules daily after breakfast with water. The selected dose of 1 g/day was
based on previous clinical studies demonstrating the safety and biological activity of Marinova-derived UPF at similar
doses (approximately 1-1.12 g/day).'” ' Additionally, efficacy of the same UPF extract was demonstrated in
a testosterone-induced rat BPH model at 40 mg/kg and 400 mg/kg doses.'® Using the Reagan-Shaw body surface area
conversion method, these correspond to approximately 400 mg/day and 4000 mg/day human equivalent doses,
respectively.”® Therefore, 1 g/day was considered a biologically relevant and clinically feasible dose for this study.
Administration of the full daily dose after breakfast was selected to support participant convenience and compliance
during the 90-day intervention period, as current evidence does not indicate additional benefit with divided dosing.
Adherence was measured by missed dose diaries and returned capsule counts (< 10% missed doses defined as compliant).
Concomitant medications were recorded in source documents and Electronic-Case Record Forms. Participants, the

research team, and investigators were blinded to allocation.

Study Conduct
During screening visit (day —14 to —2), procedures were thoroughly explained in plain language. IPSS was completed
under investigator’s supervision. Blood samples were collected for Fasting Blood Glucose, Erythrocyte Sedimentation
Rate, Prostate Specific Antigen (PSA) and PAP analysis. PSA and PAP assessments were completed using Roche Cobas
Kits (Switzerland). Participants on BPH drugs/supplement, received 10-day washout before rescreening.

On day 0 uroflowmetry, Ultrasound sonography (USG) and PSA were conducted. A virtual visit on day 14 ensured IP
compliance. Uroflowmetry, USG and PSA were repeated on day 90. IPSS was administered on-site on days 30, 60 and

90. Compliance, vital parameters, and adverse events were monitored throughout.

Outcome Measures
The primary outcome was to assess the effect of UPF on prostate health using the IPSS, a validated seven-item tool with
a score for each question ranging from 0 to 5 for evaluating voiding and storage LUTSs linked to BPH.?'*? Additionally,
IPSS voiding, storage sub-score and voiding-to-storage ratio were assessed using the formulae below:

Voiding Sub-score = Q1(Incomplete emptying) + Q3(Intermittency) + Q5(Weak stream) + Q6(Straining)

Storage Sub-score = Q2(Frequency) + Q4(Urgency)+ Q7(Nocturia)

IPSS Voiding-to-Storage Ratio= Voiding/Storage

To evaluate clinically meaningful responses from participant-centered perspectives, the study applied Minimum
Clinically Important Difference (MCID) criteria. Severity-specific MCID was defined as > 2-point reduction, and overall
MCID as > 3-point reduction in total IPSS.?"**

Secondary outcomes included urine flow rate, post-void residual volume (PVR) and PSA. Flow rate and PVR were
assessed using uroflowmetry and ultrasonography, respectively.

4 https: Research and Reports in Urology 2026:18



Wimmer et al

Statistical Analysis

A sample size of 100 (minimum 80 completers; > 40 per arm) was set via F-test-based power analysis [effect size (0.4),
power (1-B) of 0.95 and o (0.05)]. A large effect size of Cohen’s f = 0.4 was selected based on Cohen’s conventional
classification, where 0.10, 0.25, and 0.40 represent small, medium, and large effect sizes, respectively. Given the limited
published clinical data available on fucoidan supplementation in patients with BPH, a large effect size was considered
appropriate to detect a clinically meaningful difference in IPSS scores between treatment groups over the 90-day study
duration. Continuous variables were summarized by frequency, mean, standard deviation (SD), and 95% confidence
interval (CI); categorical variables using frequencies and percentages. Group differences were evaluated using #-test
/Analysis of Variance (ANOVA) for continuous variables and Chi-Square/Fisher’s exact test for categorical variables.
Changes from baseline to days 30, 60, and 90 were summarized by treatment group using mean, standard deviation,
median, minimum, and maximum. A Mixed Model for Repeated Measures (MMRM) assessed between-group differ-
ences, including fixed effects for treatment, visit and treatmentxvisit, with baseline as a covariate when raw values were
modeled. The MMRM approach inherently accommodates missing observations under the missing-at-random assump-
tion; therefore, no additional imputation of missing data was performed. The primary efficacy analysis was based on total
IPSS, which was predefined as the primary endpoint. Secondary outcomes were considered exploratory; therefore,
adjustments for multiple comparisons were not applied. The study was powered to detect changes in the IPSS and not
secondary objective outcomes such as urinary flow rate, PVR, or PSA. All statistical tests were performed at 0.05
significance level using the R/R Foundation for Statistical Computing, Vienna, Austria (https://www.r-project.org/version
4.4.1), and XLSTAT Statistical and Data Analysis Solution, New York, USA (https://www.xlstat.com./version
[2021.3.1]). Safety and efficacy analyses used the safety set and Full Analysis Set (FAS), respectively.

Results

Demographic Characteristics of Participants
Participants had a mean age of 61.54 (8.55) years and Body Mass Index of 23.85 (3.56) kg/m? with no statistically
significant baseline differences between groups (Table 3).

Out of 134 screened participants, 95 were eligible and randomized and 88 completed the study as the Per Protocol
(PP) population (Figure 1). More than 99% of IP compliance was observed throughout the study.

Primary Outcome
Prostate Health- IPSS

By day 60, total IPSS decreased by 1.98 (2.33) and 0.64 (2.66) units in the UPF and control group, respectively.
Improvements were more than threefold in the UPF group with a statistically significant difference between the groups

Table 3 Demographics and Baseline Characteristics

Parameter Statistics UPF (N=48) | Placebo (N=47) | Overall (N=95) | ®P-value

Age (in completed years) | Mean (SD) 62.21 (9.15) 60.85 (7.92) 61.54 (8.55) 0.4412
95% Cl of Mean | (59.55, 64.86) | (58.52, 63.18) (59.80, 63.28)

Height (meters) Mean (SD) 1.65 (0.05) 1.65 (0.07) 1.65 (0.06) 0.8637
95% Cl of Mean | (1.64, 1.66) (1.63, 1.67) (1.64, 1.66)

Weight (Kg) Mean (SD) 65.18 (10.53) | 64.57 (9.70) 64.88 (10.08) 0.7665
95% Cl of Mean | (62.13, 68.24) | (61.72, 67.41) (62.83, 66.93)

BMI (Kg/m?) Mean (SD) 23.92 (3.69) 23.78 (3.47) 23.85 (3.56) 0.8583
95% Cl of Mean | (22.84, 24.99) | (22.77, 24.80) (23.13, 24.58)

Notes: *P-values were determined by Student’s two sample t-test.
Abbreviations: BMI, Body mass index; N, Number of participants; SD, Standard deviation.
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Assessed for eligbility
Screened (n=134)

Screen failures (n=36)
Total discontimued after screening
(r=3)
Randomized
(r=95)

l

v

Allocated to UPF
(r=48)
Total discontinued
r— after
randomization
(r=3)

Allocated to Placebo

(r=47)

Total discontinued
af'ter
randomization
(r=2)

Completed IP arm (r=43)
Lost to follow-up (n=1)

Withdrawal (n=1)

Completed placebo amn (r=43)
L ost to follow-up (n=0)

Withdrawal (n=0)

Analysed -

PP dataset (n=43)
FAS dataset (r=45)

Safety dataset (n=48)

Analysed -

PP dataset (n=45)
FAS dataset (r=45)

Safety dataset (n=47)

Figure | Participant disposition.

(p=0.0234). By day 90, the changes were [—3.40(3.32) units] and [—0.93(3.13) units] in the UPF and placebo group,
respectively. The UPF group showed a significant difference between the groups (p=0.0015), suggesting that UPF was
associated with improvement in BPH symptoms compared to placebo (Table 4).

On day 30, the UPF group showed a statistically significant improvement (p=0.0398) in straining score compared to
the placebo group.

On day 60, the UPF group showed statistically significant improvements in symptoms of incomplete emptying
(p=0.0272), frequency (p=0.0361) and intermittency (p=0.0354) compared to the placebo group. Improvement in
straining also favored the UPF group and approached statistical significance (p=0.0814).

On day 90, the UPF group demonstrated statistically significant improvements in incomplete emptying (p=0.0128),
frequency (p=0.0025), intermittency (p=0.0128), and straining (p=0.0097) compared to the placebo group (Figure 2).
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Table 4 International Prostate Symptom Score Total

Categories UPF (N=45) Placebo (N=45) p-value
n | Mean (SD) | 95% Cl of Mean | n | Mean (SD) | 95% CI of Mean

Day 0 (Baseline) 45 | 12.09 (2.01) (1149, 12.69) | 45 | 11.67 (1.99) (11.07, 12.26) 0.3191°
Day 30 45 | 11.62(1.92) (11.04,1220) | 45 | 11.07 (3.17) (10.11, 12.02) 0.3184°
Change from baseline at Day 30 —0.47 (2.26) (-1.15,021) —0.60 (2.61) (-1.38,0.18) 0.5536¢
p-value vs baseline 0.1734° 0.1296°

Day 60 44 | 10.09 (2.36) (9.37, 10.81) 45 | 11.02 (3.08) (10.10, 11.95) 0.1126
Change from baseline at Day 60 -1.98 (2.33) | (-2.68,—1.27) —0.64 (2.66) (—1.44, 0.16) 0.0234°
p-value vs baseline <0.0001° o.1118°

Day 90 43 | 8.70 (3.40) (7.65, 9.74) 45 | 10.73 (3.70) (9.62, 11.84) 0.0085°
Change from baseline at Day 90 340 3.32) | (-442,-237) -0.93 (3.13) (-1.87,0.01) 0.0015¢
p-value vs baseline <0.0001° 0.0516°

IPSS Voiding Sub-Score (IPSS-V)
By day 60, IPSS-V scores decreased in the UPF group but increased in the placebo group (p=0.0079). By day 90, voiding
symptom reduction was nine-fold greater in the UPF group [—1.77(1.91)] versus placebo [-0.18(2.09)] (p=0.0006),

indicating a significant improvement in voiding symptoms (Table 5).

IPSS Storage Sub-Score (IPSS-S)
The UPF group showed a greater reduction in IPSS-S scores throughout the study. By day 90, the decrease was more than
double that of the placebo [—1.63(1.95) vs —0.76(1.64) units] with a significant between-group difference (p=0.0150),
indicating improvement in storage symptoms (Table 6).

Mean

40

30

*

1 0022
* 00128
40.0361

0.0 1

Q1 [+73

Q1: Incomplete emptying, Q2: Frequency, Q3: Intemmittency, Q4: Urgency, Q5: Weak stream, Q6:Straining, Q7: Nocturia, Q8: QoL

40.0025

= UPF

$o0.0128

A

0.0354
v
v

Q3 Q4

Questions

= Placebo

Qs

4 0.0398

v
4 0.0097

Q8 Q7

Notes: *P-value was determined by Student’s two sample t-test. ®P-values was determined by paired t-test. “P-values are based on a mixed model for
repeated measures (MMRM) with fixed effects for treatment, visit, treatment-by-visit interaction, and baseline value as a covariate.
Abbreviations: BMI, Body mass index; N, Number of participants; SD, Standard deviation.

0.0400
40.0004

4
v
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Figure 2 Mean IPSS question-wise scores across study visits (UPF and placebo groups) [« indicates a significant difference between groups at a specific visit].
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Table 5 International Prostate Symptom Score: Voiding Sub-Score

Categories UPF (N=45) Placebo (N=45) p-value
n | Mean (SD) | 95% Cl of Mean | n | Mean (SD) | 95% CI of Mean

Day 0 45 | 6.93 (2.00) (6.33, 7.54) 45 | 6.67 (2.15) (6.02, 7.31) 0.5447°
Day 30 45 | 6.71 (1.83) (6.16, 7.26) 45 | 633 (2.73) (551, 7.15) 0.4430°
Change from day 0 to day 30 -0.22 (1.69) (-0.73, 0.29) -0.33 (1.81) (-0.88, 0.21) 0.6519°
p-value vs baseline 0.3827° 0.2230°

Day 60 44 | 591 (2.31) (521, 6.61) 45 | 6.69 (2.54) (5.93, 7.45) 0.1332*
Change from day 0 to day 60 -0.98 (1.70) | (~1.50, —0.46) 0.02 (1.73) (-0.50, 0.54) 0.0079°
p-value vs baseline 0.0004° 0.9315°

Day 90 43 | 5.14 (2.67) (4.32, 5.96) 45 | 6.49 (2.83) (5.64, 7.34) 0.0238*
Change from day 0 to day 90 -1.77. (1.91) | (-2.36,-1.18) -0.18 (2.09) (-0.81, 0.45) 0.0006°
p-value vs baseline <0.0001° 0.5715°

Notes: *P-value was determined by Student’s two sample t-test. ®P_values was determined by paired t-test. “P-values are based on a mixed model for
repeated measures (MMRM) with fixed effects for treatment, visit, treatment-by-visit interaction, and baseline value as a covariate.
Abbreviations: Cl, Confidence interval; N, Number of participants; SD, Standard deviation.

Table 6 International Prostate Symptom Score: Storage Sub-Score

Categories UPF (N=45) Placebo (N=45) p-value
n | Mean (SD) | 95% Cl of Mean | n | Mean (SD) | 95% CI of Mean

Day 0 45 | 5.16 (1.46) (4.72, 5.59) 45 5 (1.58) (4.52, 5.48) 0.6291°
Day 30 45 | 491 (1.20) (4.55, 5.27) 45 | 473 (1.64) (4.24, 5.23) 0.5597°
Change from day 0 to day 30 —0.24 (1.15) (-0.59, 0.10) —0.27 (1.18) (-0.62, 0.09) 0.6829°
p-value vs baseline 0.1614° 0.1352°

Day 60 44 | 4.18 (1.04) (3.87, 4.50) 45 | 433 (1.73) (3.81, 4.85) 0.6175
Change from day 0 to day 60 —1.00 (1.48) | (~1.45, -0.55) —0.67 (1.43) | (-1.10,-0.24) 0.3578°
p-value vs baseline 0.0001° 0.0031°

Day 90 43 | 3.56 (1.14) (321, 3.91) 45 | 424 (1.79) (371, 4.78) 0.0341°
Change from day 0 to day 90 -1.63 (1.95) | (-2.23,-1.03) —0.76 (1.64) | (~1.25,-0.26) 0.0150°
p-value vs baseline <0.0001° 0.0035°

Notes: *P-value was determined by Student’s two sample t-test. ®P-values was determined by paired t-test. P-values are based on a mixed model for
repeated measures (MMRM) with fixed effects for treatment, visit, treatment-by-visit interaction, and baseline value as a covariate.
Abbreviations: Cl, Confidence interval; N, Number of participants; SD, Standard deviation.

IPSS Voiding-to-Storage Sub-Score Ratio (IPSS V/S)

On day 90, the UPF group maintained a stable IPSS V/S ratio of 1.48 units, reflecting balanced improvement in voiding
and storage symptoms. The placebo group experienced a 0.25-unit increase, indicating greater improvement in storage
than voiding (Table 7).
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Table 7 International Prostate Symptom Score: Voiding-to-Storage Sub-Score Ratio

Categories UPF (N=45) Placebo (N=45) p-value
n | Mean (SD) | 95% Cl of Mean | n | Mean (SD) | 95% CI of Mean

Day 0 45 | 1.48 (0.64) (1.29, 1.67) 45 | 1.54 (0.82) (1.29, 1.78) 0.7253°
Day 30 45 | 1.48 (0.61) (1.30, 1.67) 45 | 1.52 (0.82) (1.27, 1.76) 0.8146°
Change from day 0 to day 30 0.00 (0.45) (-0.14, 0.14) —0.02 (0.47) (-0.16, 0.12) 0.9257¢
p-value vs baseline 0.9870° 0.8012°

Day 60 44 | 1.52 (0.78) (1.28, 1.75) 45 | 1.78 (0.88) (1.52, 2.04) 0.1409*
Change from day 0 to day 60 0.05 (0.55) (-0.11, 0.22) 0.24 (0.64) (0.05, 0.43) 0.0921°¢
p-value vs baseline 0.5175° 0.0137°

Day 90 43 | 1.48(0.73) (1.25, 1.70) 45 | 1.78 (1.05) (1.47, 2.10) 0.1157*
Change from day 0 to day 90 0.01 (0.54) (-0.16, 0.17) 0.25 (0.69) (0.04, 0.45) 0.0611°¢
p-value vs baseline 0.9371° 0.0213°

Notes: *P-value was determined by Student’s two sample t-test. PP_values was determined by paired t-test. “P-values are based on a mixed model for
repeated measures (MMRM) with fixed effects for treatment, visit, treatment-by-visit interaction, and baseline value as a covariate.
Abbreviations: Cl, Confidence interval; N, Number of participants; SD, Standard deviation.

Table 8 International Prostate Symptom Score Quality of Life

Categories UPF (N=45) Placebo (N=45) p-value
n | Mean (SD) | 95% Cl of Mean | n | Mean (SD) | 95% CI of Mean

Day 0 45 | 3.64 (1.15) (3.30, 3.99) 45 | 3.62 (1.13) (3.28, 3.96) 0.9267°
Day 30 45 | 333 (1.19) (2.98, 3.69) 45 | 3.58(1.18) (3.22, 3.93) 0.3294°
Change from day 0 to day 30 —0.31 (0.95) (—0.60, —0.03) —0.04 (1.33) (—0.44, 0.36) 0.2378¢
p-value vs baseline 0.0332° 0.8238°

Day 60 44 | 3.14 (1.46) (2.69, 3.58) 45 | 3.60 (1.18) (3.25, 3.95) 0.1026*
Change from day 0 to day 60 —0.55 (1.15) (—0.90, —0.20) —0.02 (1.20) (—0.38, 0.34) 0.0400¢
p-value vs baseline 0.003° 0.9014°

Day 90 43 | 270 (1.52) (2.23, 3.17) 45 | 3.62 (1.43) (3.19, 4.05) 0.0043*
Change from day 0 to day 90 —1.00 (1.23) (—1.38, —0.62) 0.00 (1.33) (—0.40, 0.40) 0.0004°
p-value vs baseline <0.0001° 1

Notes: *P-value was determined by Student’s two sample t-test. °P-values was determined by paired t-test. P-values are based on a mixed model for
repeated measures (MMRM) with fixed effects for treatment, visit, treatment-by-visit interaction, and baseline value as a covariate.
Abbreviations: Cl, Confidence interval; N, Number of participants; SD, Standard deviation.

IPSS Quality of Life

On day 60, the IPSS QoL scores improved in the UPF group [—0.55(1.15) units] from baseline, versus minimal change with
placebo [—0.02(1.20) units], showing a statistically significant difference (p=0.0400). On day 90, the UPF group exhibited a larger
reduction [—1.00(1.23) units] compared to no change with placebo [0.00(1.33) units] (p=0.0004), indicating meaningful QoL
improvements (Table 8).
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Figure 3 Percentage of participants achieving Severity MCID (22-point improvement in total IPSS scores) across study visits (UPF vs placebo groups) [* indicates significant
difference between groups at a specific visit].

Severity MCID (2 2-Point Improvement in Total IPSS)

On day 30, 26.7% of UPF participants achieved the MCID vs 17.8% with placebo. By day 60, substantially more UPF
participants had >2-point improvement (53.3% vs 31.1%; p=0.0328). By day 90, MCID achievement remained higher
with UPF (60.0% vs 42.2%), supporting a clinically relevant improvement in LUTS (Figure 3).

Overall MCID (2 3-Point Improvement in Total IPSS)

On day 60, the UPF group showed a more than twofold higher proportion achieving a >3-point IPSS improvement (35.6%)
versus placebo group (15.6%; p=0.0296). On day 90, 51.1% of UPF participants met the MCID criteria with 28.9% in placebo
(p=0.0314), suggesting sustained improvement in overall BPH symptom scores with UPF supplementation (Figure 4).

Secondary Outcomes
Urinary Flow Rate

At the end of the study, the UPF group exhibited an increase in urinary flow rate of 1.13 (4.21) mL/s, compared to
a minimal change of 0.09 (4.29) mL/s in the placebo group. Although numerical improvement was observed in the UPF
group, the difference between groups was not statistically significant (p=0.1704) (Table 9).

Post Void Residual Urine (PVR)

At the end of the study, both groups showed reductions in PVR, with mean decreases of 14.26 (27.51) mL in the UPF
group and 19.04 (50.86) mL in the placebo group. Within-group analyses revealed statistically significant reductions
from baseline in both the UPF (p=0.0015) and placebo (p=0.0158) groups but no significant difference between the
groups. The absence of significant between-group differences suggests limited effects of UPF on objective urinary
parameters over 90-day study duration (Table 10).

Serum PSA

On day 90, the UPF group exhibited a minimal increase in PSA levels of 0.07 ng/mL, while the placebo group showed
a slight decrease of (—0.14 ng/mL). However, the difference between groups was not statistically significant (p=0.8976),
indicating no measurable effect of UPF supplementation on PSA levels during the study period (Table 11).
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Figure 4 Percentage of participants achieving Overall MCID (23-point improvement in total IPSS scores) across study visits (UPF vs placebo groups) [* indicates significant
difference between groups at a specific visit].

Safety Evaluations

The vital parameters such as pulse rate and blood pressure remained within normal limits throughout the duration of the
study.

Table 9 Urinary Flow Rate

Categories UPF (N=45) Placebo (N=45) p-value
n | Mean (SD) | 95% Cl of Mean | n | Mean (SD) | 95% CI of Mean

Day 0 45 | 13.86 (3.91) (12.66, 15.06) 45 | 13.65 (3.88) (12.49, 14.82) 0.8017%

Day 90 43 | 14.99 (431) (13.66, 16.32) 45 | 13.74 (4.38) (12.43, 15.06) 0.1821*

Change from day 0 to day 90 1.13 (4.21) (-0.16, 2.42) 0.09 (4.29) (-1.19, 1.38) 0.1704¢

p-value vs baseline 0.0853° 0.8845°

Notes: *P-value was determined by Student’s two sample t-test.°P-values was determined by paired t-test."P-values was determined by ANOVA.
Abbreviations: Cl, Confidence interval; N, Number of participants; SD, Standard deviation.

Table 10 Post Void Residual Urine

Categories UPF (N=45) Placebo (N=45) p-value
n Mean (SD) | 95% Cl of Mean | n Mean (SD) | 95% CI of Mean

Day 0 43 | 63.98 (37.15) (52.54, 75.41) 45 | 72.40 (53.89) (56.21, 88.59) 0.3942°

Day 90 43 | 49.72 (33.64) (39.37, 60.07) 45 | 53.36 (30.57) (44.17, 62.54) 0.5977°

Change from day 0 to day 90 —14.26 (27.51) (—22.72, -5.79) —19.04 (50.86) (—34.32, —3.76) 0.9051°¢

p-value vs baseline 0.0015° 0.0158°

Notes: *P-value was determined by Student’s two sample t-test. ®P_values was determined by paired t-test. “P-values was determined by analysis of
covariance (ANCOVA) via linear regression models adjusting for baseline covariates.
Abbreviations: Cl, Confidence interval; N, Number of participants; SD, Standard deviation.
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Table Il Serum Prostate Specific Antigen

Categories UPF (N=45) Placebo (N=45) p-value
n | Mean (SD) | 95% Cl of Mean | n | Mean (SD) | 95% CI of Mean

Day 0 45 | 0.85 (0.57) (0.67, 1.02) 45 | 1.17 (0.92) (0.89, 1.45) 0.0502*

Day 90 43 | 0.92 (0.62) (0.73, L.11) 45 | 1.03 (1.03) (0.72, 1.33) 0.5542°

Change from day 0 to day 90 0.07 (0.73) (-0.15, 0.30) —0.14 (1.06) (-0.46, 0.18) 0.8976°

p-value vs baseline 0.5205° 0.3709°

Notes: *P-value was determined by Student’s two sample t-test. ®P-values was determined by paired t-test. “P-values was determined by analysis of
covariance (ANCOVA) via linear regression models adjusting for baseline covariates.
Abbreviations: Cl, Confidence interval; N, Number of participants; SD, Standard deviation.

Adverse Events

A total of twenty-two adverse events were reported during the study: twelve in the UPF group, and ten in the placebo
group. Only three of these events were potentially related to the study product as per investigators’ judgement: two
instances of itching in the groin area in the intervention group were classified as “probable” and “possible”, while one
case of rashes on the hands, back, and thigh in placebo group was deemed “probable” to the study product. However, all
these events resolved without complications.

Discussion
UPF supplementation in this randomized, double-blind, placebo-controlled study significantly improved BPH-related
symptoms and QOL. BPH symptoms measured by IPSS improved continuously over the 90-day study period. The UPF
group demonstrated a threefold greater reduction in IPSS (16.38% vs 5.48%) by day 60. By day 90, the UPF group had
a 28.12% decrease, compared to 7.97% in the placebo group. Importantly, the study was prospectively powered to detect
changes in IPSS, the predefined primary endpoint, and clinically meaningful improvements were further supported by
MCID analyses.

The IPSS is a standard tool for assessing BPH symptoms and treatment outcomes.>'**> Compared to other nutraceu-
ticals, fucoidan showed strong efficacy. Its 28.12% IPSS reduction at day 90 exceeded 15.90% decrease reported with

saw palmetto oil by Sudeep et al**

QOL improvement was also greater than that seen with Pycnogenol (1.0 vs 0.8-unit
reduction).”> However, the magnitude of improvement observed in the present study should be interpreted within the
context of a nutraceutical intervention and not as equivalent to established pharmacological therapies such as a-blockers
or So-reductase inhibitors. Fucoidan significantly improved key voiding symptoms, including incomplete emptying,
intermittency and straining. Although urgency, weak stream and nocturia did not reach statistical significance, positive
trends favored UPF.

IPSS sub-scores assess BPH symptoms through voiding (IPSS-V) and storage (IPSS-S) components, covering
incomplete emptying, intermittency, weak stream, straining, frequency, urgency and nocturia.’® UPF significantly
reduced IPSS-V by day 60 (p=0.0079) and by 25.54% on day 90, compared with 2.70% observed in placebo
(p=0.0006). IPSS-S improved by 31.59% in UPF versus 15.2% in placebo (p=0.0150) on day 90. These findings align
with other research on IPSS sub-scores. A single-arm study of prostatic artery embolization in 43 BPH patients reported
>50% reductions in both IPSS-V and IPSS-S at 3 months, with maximum improvement at 12 months, indicating benefits
of longer follow-up.”?” These findings demonstrate that fucoidan meaningfully improved both voiding and storage
symptoms, highlighting its potential to address a broad range of LUTS in BPH.

The IPSS V/S ratio helps distinguish symptom patterns and guide treatment in male LUTS.?® Based on Liao et al,
a stable IPSS V/S ratio reflects proportional changes in symptom domains. In this study, the maintained ratio of 1.48
on day 90, together with improvements in both voiding and storage sub-scores, indicates balanced improvement across
LUTS domains. This aligns with pooled data from four RCTs on tadalafil, where the storage-to-total IPSS ratio remained
constant between baseline and 12 weeks.”®
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Changes in IPSS indicate treatment effectiveness in LUTS or BPH, but the MCID reflects whether improvements are
clinically meaningful.?’ On day 90, more participants in the UPF group achieved clinically meaningful IPSS reductions
than those on placebo: 60.0% reached a >2-point improvement (severity MCID) and 51.1% achieved a >3-point
improvement (overall MCID), compared with 42.2% and 28.9% in the placebo group. The >3-point difference was
significant (p=0.0314), supporting the clinical relevance of UPF. These findings also enable comparison with other
treatments; for example, a study of minimally invasive BPH procedures reported >3-point MCID improvement was
achieved in 82.2% men undergoing water vapor thermal therapy vs 79.5% of men with prostatic urethral lift after four
years, underscoring the need for long-term data.>’

Beyond the primary outcomes, the study evaluated urinary flow rate, PVR volume and PSA levels. Uroflowmetry is
a standard diagnostic tool used to assess urinary flow, which is often impaired due to prostatic enlargement.®' At the end
of the intervention, the UPF group demonstrated a notable rise in urinary flow rate [1.13(4.21) mL/s], approximately
twelve times greater than in the placebo group [0.09(4.29) mL/s], indicating a clinically relevant benefit. Although the
between-group difference was not statistically significant, the study was not powered to detect differences in these
secondary objective measures. Therefore, the absence of statistical significance in secondary outcomes does not diminish
the robustness of the primary IPSS findings. These findings align with in vivo evidence by Shanmugasundaram et al'®
who found fucoidan administration reduced prostate weight and alleviated urinary obstruction in an animal model.

PVR volume, a marker of bladder emptying efficiency,’* reduced in both groups by day 90. The UPF group
demonstrated a significant mean decrease of 14.26 mL (p=0.0015), while the placebo group showed a similar significant
reduction of 19.04 mL (p=0.0158). These changes align with improvements in the IPSS incomplete emptying domain,
suggesting perceived improvement in both groups. An RCT by Sudeep et al reported a 12.76 (14.44) mL PVR reduction
after 12 weeks of saw palmetto oil administration.”* PSA, a glycoprotein secreted by the prostate and often elevated in
BPH,** showed increase of 0.07 ng/mL in the UPF group and a minor decrease of 0.14 ng/mL in the placebo group, with
the values remaining within the reference range (<4 ng/mL). No significant between-group differences were observed in
PSA levels during the study period. Importantly, improvement in BPH symptoms does not necessarily require con-
comitant reductions in PSA levels, as several interventions may improve LUTS independently of PSA modulation.
A review by Grammatikopoulou et al also highlighted that symptomatic or clinical effects may occur without consistent
alterations in PSA concentrations.** Previous in vivo study by Shanmugasundaram et al showed lower PSA levels in
fucoidan-treated animals (p<0.05).'°

The molecular mechanisms underlying the observed symptomatic improvements with UPF are likely multifactorial.
In vitro and in vivo evidence suggests that fucoidan modulates biological pathways relevant to BPH pathogenesis,
including androgen signaling, apoptosis, inflammation, and gut microbiome activity. In a testosterone-induced rat model
of BPH, UPF reduced dihydrotestosterone levels and modulated apoptosis-related proteins through downregulation of
BCL-2 and upregulation of BAX, suggesting reduced prostatic hyperplasia.'® Fucoidan-treated animals also showed
reductions in pro-inflammatory cytokines such as IL-1p and TNF-a,'® supporting its anti-inflammatory activity, which
has additionally been reported in human and experimental studies.'®**

Emerging evidence further suggests a role for the gut—prostate axis in BPH. Recent in vitro findings demonstrated that
UPF may enhance butyrate production through modulation of the gut microbiota.’® Since butyrate has been associated
with anti-inflammatory effects and attenuation of prostate enlargement in inflammation-associated BPH models,*®?’
these findings provide biologically plausible mechanisms through which UPF may contribute to symptomatic improve-
ment. However, these mechanistic pathways remain exploratory in the context of human BPH and require further
investigation.

Safety assessments, based on vital signs (pulse rate, systolic and diastolic blood pressure) and reported adverse
events, indicated that UPF was safe and well-tolerated. Vital signs remained within normal limits, and all reported
adverse events across both groups resolved by the end of the study.

A key strength of this study is the comprehensive evaluation of clinical outcomes using validated tools such as the
IPSS questionnaire and MCID analysis to establish clinical relevance and quantify treatment responders. Additional
strengths include the use of a well-characterized natural extract with an excellent safety profile and extensive safety data
at doses of 1-3g/day.'*'”"'? The 12-week duration was sufficient to identify changes in BPH symptoms, and adherence
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was high (99%), likely due to participants’ regular visits to urologists. However, the small sample size limits the
generalizability, warranting larger, multicenter trials for confirmation. UPF alleviated symptoms, though molecular
mechanisms were not explored. Future research should explore the biological pathways behind the symptom
improvement.

Conclusion

UPF supplementation was well-tolerated and associated with improvement in BPH-related symptoms during the 90-day
intervention period. Compared to placebo, UPF significantly improved total IPSS scores, including both voiding and
storage sub-scores and QOL due to urinary symptoms in men. A greater proportion of participants receiving UPF also
achieved clinically meaningful reductions in IPSS based on severity and overall MCID thresholds. Although favorable
trends were observed for urinary flow rate and PVR, these secondary outcomes did not differ significantly between
groups. Collectively, these findings support the potential of UPF as a safe nutraceutical approach for the management of
moderate BPH symptoms. However, the relatively short study duration and modest sample size limit broader clinical
interpretation, and larger, longer-term studies are needed to further establish its therapeutic role in relation to standard
BPH management strategies.
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