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Objectives
To evaluate the efficacy and safety of three dosing schemes of
GV1001 in patients with benign prostatic hyperplasia (BPH).

Patients and methods
Eligible patients were men aged ≥50 years, with an
International Prostate Symptom Score (IPSS) of ≥13,
maximum urinary flow rate (Qmax) of 5–15 mL/s, post-void
residual urine volume (PVR) of ≤200 mL, and prostate
volume of ≥30 mL. After a 4 week run-in period, patients
were randomly assigned to one of three treatment
schedules: Group 1, GV1001 0.4 mg, 2-week interval;
Group 2, GV1001 0.56 mg, 2-week interval; Group 3,
GV1001 0.56 mg, 4-week interval) or placebo (Group 4).
The eligible patients were administered GV1001 or placebo,
for a total of seven intradermal injections that were
administered at 2-week intervals at weeks 0, 2, 4, 6, 8, 10,
and 12. Treatment continued for 12 weeks, and efficacy was
evaluated at weeks 4, 8, 12, 13, and 16. Safety was
evaluated throughout the 16-week period. The primary
efficacy variable was change from baseline (CFB) in total
IPSS. Secondary endpoints were CFB in Qmax, PVR,
prostate volume, International Index of Erectile Function
score, plasma testosterone level, dihydrotestosterone level,
and prostate-specific antigen level.

Results
A total of 161 patients were included (Group 1, n = 41;
Groups 2–4, n = 40). Most patients (88.8%) received all

planned doses of the study treatment. At week 13, a
statistically significant difference in the mean CFB in IPSS
was seen in GV1001 treatment Groups 1 and 2 vs the control
group for the full analysis population (�3.5 [control] vs �7.2
and �6.8 in Groups 1 and 2, respectively; both P < 0.05).
There were also statistically significant differences in CFB at
weeks 8, 12, 13, and 16 in treatment Groups 1 and 2 vs
control in the per-protocol population. There was a
statistically significant reduction in prostate gland volume at
week 16 vs control in all treatment groups (0.8 [control] vs
�4.6, �2.5, and �4.2 mL in Groups 1–3, respectively; all P <
0.05). There were no statistically significant differences found
in other secondary outcome measures. Adverse event (AE)
reporting was similar across all four groups. No treatment-
emergent AEs were considered to be related to the study
drug.

Conclusions
The results indicate that GV1001 was effective and well
tolerated, and may provide potential beneficial effects in
patients with BPH. Compared with medical therapies that
require daily dosing, the convenient dosing regimen of
GV1001 may provide greater patient adherence. Further
investigation of these observations will require large-scale
clinical evaluation.
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Introduction
BPH is one of the most common diseases associated with
ageing in men, resulting in LUTS that can compromise overall
heath and quality of life [1]. Several population-based studies
have reported the prevalence of symptomatic BPH to be 23–
40% of men in their 60s and 31–56% of men in their 70s [2–4].
Although a range of treatment options are available, a-
adrenergic blockers and 5a-reductase inhibitors are most
commonly used [5]. Both can achieve excellent efficacy, but are
associated with a variety of side-effects, such as dizziness,
orthostatic hypotension, retrograde ejaculation, loss of libido,
and erectile dysfunction [6]. Surgical treatment may be
considered if the patient is unresponsive to medical therapy, or
has BPH-associated complications such as bladder stones,
recurrent urinary retention, persistent BPH-related bleeding,
and diminished renal function [7]. Widely used surgical
techniques include TURP, holmium laser enucleation of the
prostate (HoLEP), prostate laser vaporisation, and simple
prostatectomy (open, laparoscopic, or robotic) [8]. However,
surgery carries the risk of postoperative complications, such as
bleeding, urethral stricture, retrograde ejaculation, and
incontinence [9–11]. The disadvantages and potential side-
effects associated with current medical and surgical approaches
mean that an outstanding need for an improved therapeutic
modality remains, and identification and investigation of new
approaches for the treatment of BPH are ongoing.

The investigational agent, GV1001, was first developed as a
vaccine for use as active immunotherapy of cancers
expressing telomerase (e.g., pancreatic cancer and prostate
cancer) [12–15]. Subsequently, in vivo studies have
demonstrated efficacy in alleviating BPH symptoms by
reducing the size of the prostate gland. Based on these
findings, GV1001 has been assessed in experimental models
of BPH [16], in which the progression of BPH appeared to be
halted by the addition of GV1001, with the weight of prostate
glands in treated animals returning to within normal range,
whereas that in untreated animals did not. Moreover,
histological observations after administration of
dihydrotestosterone (DHT) plus GV1001 or DHT alone
revealed that the DHT-induced proliferation of the dorsal,
lateral, and ventral prostate gland was suppressed by the
addition of GV1001.

The mechanism of action of GV1001 has been proposed to be
through its dual activity as a GnRH inhibitor and 5a-reductase
inhibitor. The GnRH antagonist activity has been established
by co-immunoprecipitation assay, demonstrating an
interaction between GV1001 and the GnRH receptor, which
was abolished by pre-treatment with anti-GnRH receptor
antibody [15]. In addition, a reporter assay exploiting the
cyclic adenosine monophosphate responsive element (a
deoxyribonucleic acid motif regulated upon GnRH receptor
activation) demonstrated a GV1001-specific response. GV1001

also inhibits the expression of 5a-reductase [16]. In a model of
BPH in Sprague-Dawley rats, the level of 5a-reductase mRNA
decreased in rats treated with GV1001, whereas mRNA levels
were upregulated in untreated rats. The upregulation was
effectively attenuated by the addition of GV1001 in a dose-
dependent manner. Although detailed analyses of the
mechanism of action of GV1001 at the molecular level are still
underway, it is considered that GV1001 acts through these two
mechanisms to alleviate BPH by reducing the size of the
prostate gland. As such, GV1001 has potential as an alternative
treatment modality for patients with BPH.

Patients and Methods
Study Design

This was a multicentre, randomised, placebo-controlled, Phase
2 clinical study of patients with BPH. The study was conducted
across eight sites in the republic of Korea between June 2015
and June 2016. The study consisted of a 4-week screening
period, a 4-week run-in/washout period (during which patients
received two doses of placebo), a 12-week treatment period,
and an evaluation visit at week 13; finally, a close-out visit was
conducted at week 16. Patients were randomised to one of four
study groups, comprising three treatment groups: Group 1,
GV1001 0.4 mg at 2-week intervals; Group 2, GV1001 0.56 mg
at 2-week intervals; Group 3, GV1001 0.56 mg at 4-week
intervals; and a placebo group (0.9% normal saline, Group 4).
Patients were assigned to the study groups on a 1:1:1:1 basis.
Efficacy evaluation was conducted at weeks 4, 8, 12, 13, and 16;
safety evaluation was conducted throughout the 16-week
period. Patients, but not investigators, were blinded to the
treatment assignment throughout the study period.

Written, informed consent was obtained from all patients
before screening. The clinical trial protocol and consent forms
were approved and monitored by the local Institutional
Review Boards at each site and by the Korean Ministry of
Food and Drug Safety. An external trial monitor was enlisted
to protect the rights and well-being of the participants, to
verify the accuracy of the trial data, and to guarantee that the
trial was conducted in compliance with the 2010
CONsolidated Standards of Reporting Trials (CONSORT)
guidelines and the protocol approved according to Good
Clinical Practice (GCP) guidelines.

Patient Inclusion and Exclusion Criteria

This study enrolled men with BPH aged ≥50 years. During
the screening period, patients were required to meet the
following criteria: prostate gland volume of >30 mL as
detected by TRUS [17]; moderate-to-severe LUTS (total IPSS
of ≥13); and maximum urinary flow rate (Qmax) of 5–15 mL/s
measured when urine volume was at least 125 mL. PSA levels
were required to be <10 ng/mL; biopsy testing was performed
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in patients with PSA levels 4–10 ng/mL to confirm the
absence of prostate cancer. The post-void residual urine
volume (PVR) was required to be ≤200 mL. Eligibility was re-
examined at the randomisation visit. Exclusion criteria were
as follows: hypersensitivity to any ingredients of GV1001,
history or evidence of prostate cancer, previous prostatic
surgery or radiation therapy, 5a-reductase inhibitor use
within 6 months prior to entry, use of drugs similar to
LHRH, and severe medical conditions that may affect the
conduct of the study (e.g., chronic heart failure, difficult-to-
control diabetes, mental disorders, drug or alcohol abuse, liver
dysfunction, and kidney hypofunction).

Assessment of Outcomes

The primary efficacy variable was change from baseline (CFB)
in total IPSS at weeks 4, 8, 12, 13, and 16. The secondary
efficacy variables were CFB in the following variables: volume
of prostate gland detected by TRUS at week 16, PSA level at
weeks 13 and 16, Qmax, International Index of Erectile
Function (IIEF), PVR, and testosterone and DHT levels at
weeks 4, 8, 12, 13, and 16.

The safety variables were evaluation of adverse events (AEs),
changes in clinical laboratory tests (haematology, blood
biochemistry, and urine analysis), changes in body
measurements and vital signs, electrocardiogram (ECG) test,
and physical examination. The severity of adverse events was
determined by Common Terminology Criteria for Adverse
Events v.4.03. Safety was evaluated throughout the 16-week
study period.

Statistical Analysis

For assessment of efficacy, the primary analysis was performed
for the full analysis set (FAS) and conducted for all variables
at each time point. For the primary efficacy assessment of the
IPSS, one-way ANOVA was used for assessing differences
amongst treatment groups at weeks 4, 8, 12, 13, and 16. If the
difference amongst groups at a specific visit was statistically
significant (P < 0.05), each of the study groups was compared
with the control group using a two-sample t-test or Wilcoxon
rank-sum test. Missing IPSSs were imputed by the last
observation carried forward (LOCF) method. All safety
analyses were conducted based on the safety set, which
comprised all patients who received the study drug at least
once after randomisation. For secondary efficacy and safety
assessments, no imputation was performed for missing data.

Results
Baseline Patient Characteristics

Patient disposition is summarised in Fig. 1. After screening,
161 patients were randomised to one of the four study groups

and 140 patients completed the study (completion rate,
87.0%). The reasons for study discontinuation were
withdrawal of consent (16 patients), protocol deviation
(three), and nondrug-related treatment-emergent AEs
(TEAEs, two). The lowest study completion rate was found in
the control group (77.5%), due to a higher rate of consent
withdrawal (17.5%). There were no significant differences
amongst the groups in baseline characteristics related to BPH
(Table 1). All the study groups were well balanced allowing
for 1:1:1:1 randomisation.

Primary Endpoint

IPSSs over the course of the study are summarised in
Table 2. IPSSs were lower in all three of the treatment groups
at 4, 8, 12, 13, and 16 weeks compared with baseline levels;
sustained decreases were seen during weeks 4–13, and a trend
towards a sustained decline in IPSS was seen amongst the
three treatment groups.

In the FAS analysis, the IPSS CFB at week 13 was �7.2 and
�6.8 in Study Groups 1 and 2, respectively. A statistically
significant difference was seen between these values and CFB
in the control group (�3.5; Fig. 2A). Other differences
between treatment groups and the control group seen at
other time points (weeks 4, 8, 12, and 16) did not reach
statistical significance. In the per-protocol set (PPS) analysis
(Fig. 2B), the IPSS CFB in Groups 1 and 2 vs control was
statistically significant from weeks 8 to 16. In Group 3, the
CFB vs control did not reach statistical significance.

Secondary Endpoints

Prostate Gland Volume

Prostate gland volume examined at week 16 showed a
statistically significant decrease in all treatment groups vs
control (Fig. 3A). The mean CFB in prostate gland volume
was �4.6, �2.5, and �4.2 mL in Groups 1, 2 and 3,
respectively.

Qmax

There were no statistically significant differences in mean
CFB in Qmax between the study groups, although a notable
trend towards improvement in mean CFB in Qmax was
seen from weeks 4 to 16 in all treatment groups (Fig. 3B).
At week 4, the mean CFB in Qmax in Study Groups 1, 2,
and 3 was 2.1, 2.4, and 1.2 mL/s, respectively; by week 13,
the CFB had improved to 4.40, 3.25, and 2.75 mL/s,
respectively. At week 16, 4 weeks after cessation of the
study drug, levels had begun to decline compared with the
last visit on week 13.
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n = 251
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Patients Failed
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Patients Failed
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Fig. 1 Flow chart of patient disposition.

Table 1 Baseline characteristics of the PPS population*.

Variable Group 1 Group 2 Group 3 Control

Number of patients 36 35 38 31
Mean (SD)
Age, years 65.0 (7.5) 64.6 (9.9) 64.7 (8.8) 64.6 (8.2)
BMI, kg/m2 25.2 (2.7) 24.5 (2.9) 24.3 (2.9) 24.8 (2.7)
IPSS 18.8 (0.9) 20.0 (0.9) 18.2 (0.6) 19.9 (0.9)
Prostate volume, mL 45.2 (2.2) 39.7 (1.9) 40.3 (2.0) 44.0 (2.5)
Qmax, mL/s 10.3 (0.4) 10.9 (0.4) 10.8 (0.4) 9.9 (0.5)
PVR, mL 38.3 (5.7) 42.4 (8.2) 46.3 (7.7) 43.5 (7.9)
Serum PSA level, ng/mL 1.9 (0.3) 1.8 (0.4) 1.6 (0.2) 1.7 (0.3)
IIEF score 33.9 (3.2) 24.6 (2.6) 35.5 (3.3) 29.0 (3.0)
Serum testosterone level, ng/mL 4.8 (0.3) 4.3 (0.2) 4.7 (0.2) 4.7 (0.3)
Serum DHT level, pg/mL 311.3 (30.2) 323.0 (34.4) 294.2 (46.5) 351.2 (47.3)

*There were no statistically significant differences between any of the variables and groups.

Table 2 Change in total IPSS in the FAS and PPS groups.

Mean (SD) IPSS

Baseline 4 weeks 8 weeks 12 weeks 13 weeks 16 weeks

Group 1 FAS (n = 41) 18.83 (0.89) 14.56 (0.99) 13.41 (0.99) 12.02 (0.92) 11.63 (1.01) 11.85 (1.00)
PPS (n = 36) 19.14 (0.99) 13.97 (1.05) 12.57 (1.02) 11.31 (0.91) 10.91 (1.03) 11.23 (1.03)

Group 2 FAS (n = 40) 20.03 (0.88) 16.98 (1.02) 14.93 (1.13) 13.98 (1.21) 13.23 (1.17) 14.08 (1.29)
PPS (n = 35) 20.35 (1.03) 16.68 (1.24) 14.48 (1.41) 13.29 (1.42) 12.77 (1.43) 13.52 (1.58)

Group 3 FAS (n = 40) 18.18 (0.64) 14.98 (0.96) 13.98 (1.11) 13.30 (0.95) 12.65 (1.07) 13.08 (1.24)
PPS (n = 38) 17.92 (0.58) 14.35 (0.87) 13.41 (1.11) 12.76 (0.94) 12.05 (1.07) 12.51 (1.28)

Control FAS (n = 40) 19.88 (0.91) 17.18 (1.06) 17.08 (1.08) 16.33 (1.09) 16.38 (1.20) 16.80 (1.25)
PPS (n = 31) 19.70 (1.07) 16.54 (1.29) 17.46 (1.37) 16.36 (1.37) 16.36 (1.56) 17.07 (1.61)
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PVR

Data from weeks 4 to 16 revealed no statistically
significant differences in mean CFB in PVR (Fig. 3C).
However, a notable trend towards a decline was seen in
all three treatment groups, particularly in Groups 2 and
3. At week 13, Group 2 showed a decline of 16.1 mL
(nearly 40%) in mean PVR compared with the baseline
level.

Erectile Function

The IIEF scores were slightly increased in all study groups
from week 8 onwards (with the exception of Group 3 at
16 weeks), although these values did not reach statistical
significance vs controls (Fig. 3D).

PSA Level

PSA levels at weeks 13 and 16 revealed no statistically
significant mean CFB amongst the groups, although mean
PSA levels were slightly increased in the control group and
treatment Groups 2 and 3 at weeks 13 and 16 compared with
baseline levels (Fig. 4A).

Testosterone and DHT

There were no significant differences in mean CFB in
testosterone and DHT levels amongst the groups from weeks
4 to 16 (Fig. 4B and C).

Safety

Most patients (88.8%) received all planned study doses. The
incidence of TEAEs in all patients is summarised in Table 3,
showing no significant differences amongst the four groups.
Most TEAEs were severity Grade 1 (20.5% of patients) and
Grade 2 (5.0% of patients). Two patients had Grade 3 TEAEs,
a clavicle fracture in treatment Group 2 and a dry eye in the
control group, both of which were considered to not be
treatment-related. No Grade 4 events were reported. None of
the TEAEs were considered to be definitely or probably
related to the study drug. The System Organ Classes (SOCs)
with the most patients experiencing TEAEs were
gastrointestinal disorders (12 patients, 7.5%), infections and
infestations (12, 7.5%), and skin and subcutaneous tissue
disorders (10, 6.2%). The most frequently reported TEAE by
preferred term was nasopharyngitis (six patients, 3.7%),
followed by toothache, urticaria, and headache (three for
each, 1.9%).

With the exception of haematocrit percentage and leucocytes,
haematology data showed no significant changes in any of the
four study groups. For haematocrit percentage, significant
changes were seen after study drug administration in four
patients, but the observed fluctuations were all within the
normal range. For leucocytes, a significant change was
observed after study drug administration in one patient, but
the fluctuations were all within the normal range. No
clinically significant abnormalities were seen in blood
chemistry parameters in any of the three treatment groups,
whilst clinically significant abnormalities were seen in the
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control group in two patients. One patient in the control
group had clinically significant abnormal blood urea nitrogen
and creatinine levels at week 16, and another patient in the
control group had persistent clinically significant abnormal
aspartate aminotransferase (AST) values from weeks 8 to 16.
These two TEAEs were mild in severity and considered to
definitely not be related to the study drug; patients were
therefore not withdrawn from the study.

Clinically significant abnormalities in urine analysis results
were seen in one patient in the control group and one patient
in treatment Group 3. The one patient in the control group
had a clinically significant abnormal urine glucose level at
week 4. The patient had an ongoing medical history of
diabetes mellitus since October 2013. This TEAE was not
considered to be related to the study drug. One patient in
treatment Group 3 had persistent clinically significant
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abnormal urine blood levels from weeks 8 to 16. This
abnormality was reported as a mild TEAE of haematuria with
an onset date of study day 57. The patient underwent a CT
to identify the cause of the haematuria, and a small (3 mm)
renal stone was found and considered to probably not be
related to the study drug; this patient was, therefore, not
withdrawn from the study.

There were no clinically significant abnormalities relating to
vital signs and ECG. Clinically significant abnormal physical
examination results were seen in three patients. One patient
in the treatment Group 2 had mild poison ivy rash at week
12, constituting a clinically significant finding of allergy. This
was also reported as a mild TEAE of contact dermatitis,
which was considered to be definitely not related to the study
drug. One patient in the treatment Group 3 had mild
dermatitis at week 2, constituting a clinically significant
finding of allergy. This was also reported as a mild TEAE,
which was considered to be definitely not related to study
drug. One patient in the control group had a clinically
significant abnormal finding in his physical examination with

regard to the abdomen; the patient was observed to have
right inguinal hernia. This was reported as a moderate TEAE
of hernia, which was considered to be probably not related to
the study drug. The patient underwent inguinal
herniorrhaphy. These three TEAEs were mild-to-moderate in
severity and considered to be definitely not related to the
study drug, and patients were, therefore, not withdrawn from
the study.

Discussion
GV1001 was developed as an active immunotherapy for the
treatment of cancer and has received marketing approval for
the treatment of pancreatic cancer in South Korea. Here, we
report the first clinical study of GV1001 in patients with
BPH, the objective being to evaluate the efficacy and safety of
different dosing regimens and schedules. At the evaluation
visit (week 13), GV1001 treatment Groups 1 and 2 (doses of
0.4 or 0.56 mg at 2-week intervals) showed a statistically
significant CFB in IPSS compared with the control group for
the FAS population. From weeks 8 to 16, statistically
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significant differences were also seen in Groups 1 and 2 vs
the control Group for the PPS population. Whilst
improvements in IPSS were also seen in treatment Group 3
(0.56 mg at 4-week intervals) these changes did not reach
statistical significance. GV1001 treatment appeared to be well
tolerated, with no significant differences in the rate of AEs
between the treatment groups and controls.

Currently, a-adrenergic receptor blockers and 5a-reductase
inhibitors are the conventional therapy for the treatment of
BPH and are, therefore, widely used in clinical practice. There
are several studies of mono- and combined therapy with a-
adrenergic receptor blockers and 5a-reductase inhibitors for
the treatment of BPH [18–22]. The Medical Therapy of
Prostatic Symptoms (MTOPS) study evaluated mono- and
combined therapy regimens with doxazosin and finasteride
for BPH [21]. At 1-year follow-up, the median CFBs in IPSSs
were �4.0, �6.0, and �6.0 in the finasteride monotherapy
group, doxazosin monotherapy group, and combined therapy
group, respectively. The Combination of Avodart and
Tamsulosin (CombAT) study evaluated the clinical outcomes
of dutasteride and tamsulosin for BPH [22]. In that study, the
mean CFBs in IPSSs at the 3-month follow-up were �2.8,
�4.5, and �4.8 with dutasteride monotherapy, tamsulosin
monotherapy, and combined therapy, respectively. At 1-year
follow-up, the mean CFBs in IPSSs were �4.2, �4.5, and
�5.6, respectively. In the present study, improvements in
IPSSs were ~30% compared with baseline in all the GV1001
treatment groups after 12 weeks, with a mean CFB in IPSSs
at week 16 of �7.9, �6.8, and �5.4 in Groups 1, 2, and 3,
respectively. The reduction rates in IPSS after GV1001
intradermal injection in the present study were, therefore,
comparable with those in previous studies of a-adrenergic

receptor blocker and 5a-reductase inhibitor combined
therapy.

Most studies of 5a-reductase inhibitors demonstrated a
reduction in prostate volume of ~20–30% with long-term use
[18–22]. However, 5a-reductase inhibition can also suppress
serum DHT, resulting in sexual side-effects that include
erectile dysfunction, decreased libido, and ejaculatory
disorders [19,23,24]. The results of the secondary efficacy
objectives in the present study showed an overall trend
towards improvement in prostate volume, Qmax, and PVR in
all of the three GV1001 treatment groups. A reduction in the
volume of the prostate gland was particularly marked, with
statistically significant changes seen in each of the three
GV1001 treatment groups vs controls. Regarding other
secondary endpoints (IIEF, PSA level, and hormone levels)
definite trends were not seen during the study period.

At week 16, a slight increase in PSA level was seen in all
treatment groups, as well as in the control group, but the
differences between increases in the treatment groups and the
control group were not statistically significant. There was no
correlation in PSA levels between the treatment groups;
Group 2 and 3 showed a small increase after treatment at
week 13, but Group 1 showed a decrease. There were no
patients with significantly high PSA level (≥4 ng/mL or
increases over baseline of >0.75 ng/mL). Elevated PSA levels
are very important for BPH treatment; thus, long-term
follow-up should be planned in future clinical trials and more
relevant research should be conducted.

GV1001 has been proposed to act through its dual activity as
a GnRH inhibitor and as a 5a-reductase inhibitor. The
human GnRH receptor is a G protein-coupled receptor that

Table 3 Incidence of TEAEs occurring in >1 patient overall: safety set population.

N (%)

Systemic Organ Class
Preferred term

Group 1
(n = 41)

Group 2
(n = 40)

Group 3
(n = 42)

Control
(n = 38)

Overall
(n = 161)

Any TEAE 11 (26.8) 14 (35.0) 7 (16.7) 11 (28.9) 43 (26.7)
Gastrointestinal disorders 5 (12.2) 4 (10.0) 1 (2.4) 2 (5.3) 12 (7.5)
Toothache 2 (4.9) 1 (2.5) 0 0 3 (1.9)
Infections and infestations 4 (9.8) 4 (10.0) 2 (4.8) 2 (5.3) 12 (7.5)
Nasopharyngitis 1 (2.4) 3 (7.5) 1 (2.4) 1 (2.6) 6 (3.7)
Skin and subcutaneous tissue disorders 2 (4.9) 4 (10.0) 2 (4.8) 2 (5.3) 10 (6.2)
Urticaria 1 (2.4) 1 (2.5) 0 1 (2.6) 3 (1.9)
Nervous system disorders 0 2 (5.0) 1 (2.4) 3 (7.9) 6 (3.7)
Headache 0 1 (2.5) 0 2 (5.3) 3 (1.9)
Musculoskeletal and connective tissue disorders 1 (2.4) 3 (7.5) 1 (2.4) 0 5 (3.1)
General disorders and administration
site conditions

2 (4.9) 0 0 2 (5.3) 4 (2.5)

Renal and urinary disorders 1 (2.4) 0 2 (4.8) 1 (2.6) 4 (2.5)
Haematuria 0 0 2 (4.8) 0 2 (1.2)
Respiratory, thoracic, and mediastinal disorders 0 2 (5.0) 0 1 (2.6) 3 (1.9)
Rhinorrhoea 0 2 (5.0) 0 0 2 (1.2)
Ear and labyrinth disorders 0 1 (2.5) 0 1 (2.6) 2 (1.2)
Injury, poisoning, and procedural complications 0 1 (2.5) 0 1 (2.6) 2 (1.2)
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couples exclusively with the Gq/11 family of G proteins [25].
However, the GnRH receptor also couples with the Gs family
of G proteins. Gs proteins activate adenylate cyclase, leading
to the production of cAMP and activation of protein kinase
A [26,27]. In one study, GV1001 preferentially deactivated
Gs-adenylate cyclase-cAMP signalling [15]. Therefore, it can
be assumed that GV1001 can lead to a slight deterioration in
function without affecting the important axis of the GnRH
receptor. In addition, GV1001 may not significantly affect the
hypothalamus–pituitary–gonad axis. GnRH receptors are
found in prostate specimens of men with BPH [28], and
GV1001 directly binds to GnRH receptors and induces
apoptosis in prostate tissues. Recently, GV1001 was shown to
act on prostate GnRH receptors directly and induce apoptosis
in prostate tissues (internal report; Manuscript in
preparation). GV1001 may also directly act on prostate
GnRH receptors and increase apoptosis, resulting in the
inhibition of proliferation and increases in the length of G0/1
phase through inhibition of epidermal growth factor receptor
(EGFR) transduction and activation of the c-jun N-terminal
kinase (JNK)/activator protein 1 (AP-1) pathway [29]. Due to
these mechanisms, it would be expected that GV1001 would
not significantly change the serum testosterone concentration,
but would act on the prostate to mediate the BPH treatment
effect.

In the BPH rat model, the mRNA level of 5a-reductase in
prostate tissue was decreased after administration of GV1001,
whereas its mRNA levels were increased in untreated rats.
The upregulation was effectively attenuated by the addition of
GV1001 in a dose-dependent manner [16]. However, in the
present study, GV1001 did not decrease the serum DHT
level. Based on these results, we suggest that GV1001 may
decrease 5a-reductase mRNA levels in prostate tissue, but not
at other sites that contain 5a-reductase. However, this
hypothesis is insufficient to explain why there was no
decrease in the DHT level after GV1001 administration in the
present study.

GV1001 is a peptide fragment from the catalytic site of the
enzyme telomerase. Telomerase has a variety of extra-
telomeric functions, such as anti-inflammation, anti-oxidative,
DNA damage repair, and anti-ageing functions, in addition to
its inherent ability to increase telomere length [30]. There has
also been much research in to the role of inflammation in
BPH [31]. In the MTOPS study, 46% of 1056 patients who
underwent prostate biopsy at baseline had chronic
inflammation. A combination of finasteride and rofecoxib
(cyclooxygenase 2 inhibitor) also leads to a rapid change in
IPSS within 4 weeks [32]. GV1001 is a telomerase-mimicking
small peptide derived from telomerase, and GV1001 also had
been shown to have extra-telomeric functions such as anti-
inflammation and anti-oxidative function [33–36]. Thus, the
functions of telomerase might explain the rapid improvement
in IPSS and prostate volume after administration of GV1001.

Nevertheless, how GV1001 exerts its positive effect on BPH is
still unclear. More basic science and clinical studies, including
studies into the association between GV1001, hormone levels,
and prostate tissue, will be required to resolve this issue.

The safety evaluation showed that GV1001 treatment was not
associated with any safety concerns vs the control group.
Most TEAEs were mild or moderate (Grade 1 and 2) in
severity, and none were considered to be associated with the
study treatment. There were no significant differences
between the four study groups at all time-points in
haematology, blood chemistry parameters, or the results of
the physical examination. Likewise, there were no clinically
significant abnormalities with regards to urine analysis
parameters in the three treatment groups.

Conclusions
The results obtained in this Phase 2 clinical study indicate
that GV1001 was effective and well-tolerated, and may
provide potential beneficial effects in patients with BPH.
Compared with medical therapies that require daily dosing,
the convenient dosing regimen of GV1001 may provide
greater patient adherence. Further evaluation of these
observations will be required in large-scale clinical trials.
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