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Introduction 

Nocturia

Nocturia, together with etiology, pathology, risk factors, 
treatment and management, are thoroughly described by Lee & 
Weiss [1]. Briefly, nocturia is the complaint of waking at night to 
void, and clinically significant nocturia is 2-3 or more nocturnal 
voids [1,2]. This disorder is associated with significant mortality, 
morbidity, negative economic implications, reduced Quality of Life 
(QOL) [1-7]. Etiology is multifactorial with 3 commonly known 
mechanistic causes: global polyuria, nocturnal polyuria, and 
decreased nocturnal bladder capacity [1,8].

Current Therapy of Nocturia

The current therapies of nocturia include lifestyle and 
behavioural modifications as first line therapy.1 These initial 
measures are cumbersome and not sufficiently effective for most 
patients. Pharmacological therapies are introduced after first  

 
line therapy has failed or as adjuncts in patients with sustained 
bother from nocturia [9]. Among all drugs currently used to treat 
nocturia (Table 1), desmopressin is the only drug approved by 
Food and Drug Administration (FDA) for nocturia. The efficacy 
of desmopressin is marginal (0.2-0.4 nocturnal void reduction 
beyond those from placebo) and it is associated with a potentially 
serious adverse effect of hyponatremia. Other drugs for nocturia 
are off-label use, originally approved for treatment of Benign 
Prostatic Hyperplasia (BPH), Overactive Bladder (OAB), and/
or other Lower Urinary Tract Symptoms (LUTS) [1]. They have 
limited clinical studies to support their use to treat nocturia and 
the clinical significance of some of these drugs is questionable 
[1,10]. Nocturia has a poor clinical response to traditional 
therapies for BPH and OAB [10]. The current drug therapies for 
nocturia are undoubtedly unsatisfactory. This article provides 
an overview of clinical studies of potential promising new drug 
therapies for nocturia.
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Table 1: Drugs used for Treatment of Nocturia in Various Countries.

ADH = anti-diuretic hormone; AVP = arginine vasopressin; 5ARI = 5α-reductase inhibitors; BPH = Benign Prostate Hyperplasia; CHF = congestive heart 
failure; ICI = International Consultation on Incontinence; LUTS = Lower Urinary Tract Symptoms; NSAID = Non-Steroidal Anti-Inflammatory Drugs; OAB 
= Overactive Bladder; PDE5i = Phosphodiesterase Type 5 Inhibitor; SR = Sustained Release.

a) Not approved or marketed in the US.

b) The ICI committee does not recommend diuretics for the management of nocturia [1].

c) The National Institute for Health and Clinical Excellence guidelines do not recommend NSAIDs for nocturia, due to the toxicity risks with chronic 
use of NSAIDs.

d) Per recommendations from European Association of Urology Guidelines Panel for Non-Neurogenic Male LUTS for treatment of nocturia in men [1].

e) European Association of Urology Guidelines Panel for Non-Neurogenic Male LUTS does not recommend treatment of nocturia in men with LUTS [1].

Types Specific
Drugs Trade Name Indication

Approved in US
Nocturia Condition Under

Which Drug is Used

Anti-
diuretics Desmopressin Noctiva, Noc-

durna Nocturia - Nocturia polyuria of all sources
- For nocturia in men <65-year-oldd

Diureticsb

Furosemide Lasix Edema and hyperten-
sion

- High baseline atrial natriuretic factor
- Timed diuretic therapy for men with nocturia due to noctur-

nal polyuriad

Azosemidea -- --

Bumetanide Bumex, Burinex
Edema associated 

with CHF, hepatic and 
renal diseases

Anti-musca-
rinics

(anti-choliner-
gics)

Oxybutynin Oxytrol OAB

- Nocturia associated with OAB
- Men with nocturia associated with OABd

Fesoterodine Toviaz OAB

Darifenacin Enablex OAB

Tolterodine Detrol LA OAB

Tolterodine Detrol OAB

Solifenacin Vesicare OAB

Trospium Sanctura --

Alpha-1 block-
ers

Terazosin Hytrin BPH

- Nocturia associated with BPH
- Men with nocturia associated with LUTSd

Alfuzosin Uroxatral BPH

Doxazosin Cardura BPH

Silodosin Rapaflo BPH

Tamsulosin Flomax BPH

Agents to 
Promote

Sleep
Melatonin -- Sleep aid - Nocturia associated with bladder outlet obstruction

- Aid return to sleep in men with nocturiad

NSAIDc

Celecoxib Celebrex

Various inflammation 
and/or pain - Nocturia polyuria

Diclofenac Voltaren

Loxoprofena Loxonin, Oxeno, 
Loxomac, etc. a

Indomethacin Indocin, Tivor-
bex, etc.

Aspirin
Ascriptin; 

Aspergum; Bayer 
Aspirin, etc.

5ARI’s
Finasteride Proscar BPH - Nocturia associated with BPH

- Men with nocturia who have moderate-to-severe LUTS and 
an enlarged prostate (>40 mL)dDutasteride Avodart BPH

PDE5i’s e

Tadalafil Cialis BPH and erectile 
dysfunction

- Nocturia associated with BPHSildenafil Viagra Erectile dysfunction
and hypertension

Avanafil Stendra Erectile dysfunction

Vardenafil Staxyn, Levitra Erectile dysfunction
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β3-agonists Mirabegron Myrbetriq OAB - Nocturia associated with decreased functional bladder 
capacity

Plant Extracts Permixon from 
Serenoa repens -- -- - Nocturia associated with BPH

Materials and Methods

A 3-step nonsystematic extensive review of articles was 
performed. Step 1 involved review of articles that are indexed in 
English in the PubMed, Google Scholar, and Embase databases. 
Key search terms were nocturia, nocturnal voids, OAB, BPH, 
incontinent, clinical studies, etc. Step 2 involved review of articles 
on potential new drug therapies identified from Step 1. The key 
search terms were the generic, code and trade names of potential 
new drugs. Step 3 involved review of the websites of companies 
that sponsor the new drug therapies.

Results

Overview of promising new drug therapies

The potential new drug therapies for nocturia are in two 
categories (Figure 1). The first category includes new drugs, new 
drug combinations, or new administration routes of drugs that are 
in the existing class of drug therapies. These new drug therapies 
will undoubtedly be used to treat nocturia off-label, as in the case 
with approved drugs for OAB, BPH and LUTS. The second category 
includes potential new drugs that have novel molecular targets for 
nocturia.

Figure 1: Two categories of promising new drug therapies for nocturia. Category 1 includes new drugs, new drug combinations, or new 
routes of administration of drugs that are in the existing class of therapies in the treatment of nocturia. Category 2 includes drugs specific 
for novel molecular targets.

Category 1 drugs

i. Desmopressin: Desmopressin, a synthetic form of 
vasopressin which reduces urine production within the kidney 
and is provided in nasal spray (Noctiva) and sublingual tablet 
(Nocdurna), was approved by FDA as monotherapy for nocturnal 
polyuria type of nocturia [11]. Given that desmopressin has 
limited efficacy (0.2-0.4 nightly void reduction beyond those 
from placebo) and nocturia is a multifactorial medical condition 
in most cases [1], a drug combination treatment can provide 
improved efficacy and/or broaden the application for the types of 
nocturia [12,13]. Several combinations have been investigated, as 
described in subsequent sections.

ii. Desmopressin and tamsulosin combination: A 
randomized control trial (RCT) was conducted to evaluate 
the combination of desmopressin and tamsulosin (an alpha-1 

blocker) to treat nocturia in patients with BPH [14]. In this clinical 
study, 248 patients with nocturia associated with BPH were 
randomized into two groups. Patients received the sublingual 
formulation of desmopressin (60mcg/day) and tamsulosin 
(0.4mg/day), or tamsulosin (0.4mg/day) only, for 3 months. The 
results showed that, when compared to tamsulosin alone, the 
combination improved nocturia and prolonged the first sleep 
period. International Prostate Symptom Score (IPSS), QOL, Post 
Void Residual (PVR) urine volume, and maximum urinary flow 
rate at night were significantly improved compared to baseline, 
but not between the two groups. No serious adverse effects were 
reported in either group.

A RCT involving the use of desmopressin as an add-on therapy 
to tamsulosin was conducted to evaluate the desmopressin/
tamsulosin combination in the treatment of nocturia [15]. This 

http://dx.doi.org/10.19080/ARR.2021.06.555682


How to cite this article: King C L. Upcoming New Drug Therapies for Nocturia - A Nonsystematic Stepwise Review. Ann Rev Resear. 2021; 6(2): 555682.
DOI: 10.19080/ARR.2021.06.555682004

Annals of Reviews and Research

clinical study enrolled 216 patients with nocturia, of whom 158 
(76%) had nocturnal polyuria type of nocturia, 15 (7.2%) had 
decreased nocturnal bladder capacity type, and 35 (16.8%) 
had both types, despite tamsulosin treatment for ≥4 weeks. 
Individually optimized dose of oral desmopressin was added while 
patients were still on tamsulosin, and desmopressin+tamsulosin 
combination was maintained for the subsequent 24 weeks. The 
results showed that nocturnal voids were decreased, IPSS scores 
were improved, and the therapy was well tolerated.

iii. Desmopressin and solifenacin combination: A 
RCT investigating the effect of desmopressin combined with 
solifenacin (an antimuscarinic) has been conducted in 68 females 
with OAB [16]. Patients were treated with solifenacin (5mg) alone, 
or solifenacin (5mg) plus desmopressin (0.2mg), for 2 weeks. The 
results showed that there was no difference in the time to first 
void between the two groups, but time to the second and third 
voids were improved by the combination therapy compared to 
solifenacin alone. The combination therapy also improved the first 
urgency episode and QOL scores when compared to solifenacin 
alone.

iv. Desmopressin and furosemide combination: A 
RCT was conducted in 58 elderly men and 24 elderly women 
with nocturia ≥2 voids/night who received furosemide at 20 mg 
given 6 hours before bedtime plus individually optimized dose of 
desmopressin, or placebo plus desmopressin, for 3 weeks [17]. The 
results showed that the furosemide+desmopressin combination 
reduced nocturnal voids and nocturnal urine volume compared to 
furosemide+placebo.

β3-Agonists

i. Combination with mirabegron: Mirabegron, a β3-
adrenoreceptor agonist, is the only FDA and European Medicines 
Agency (EMA) approved product in this class and is approved 
for treatment of OAB. Mirabegron is also used to treat nocturia 
associated with OAB off-label. Two combination therapies 
involving mirabegron have been conducted. The first combination, 
mirabegron+solifenacin (antimuscarinic agent), was investigated 
in a RCT (the BESIDE study) involving 2,110 OAB patients who 
remained to be incontinent (≥1 episode during 3-day diary) 
following 4-week single-blind once daily (QD) of solifenacin at 5mg 
[18]. The patients were then randomized into 3 groups of 1:1:1 
ratio and treated for 12 weeks with: (a) 5mg solifenacin, (b) 10mg 
solifenacin, or (c) 5mg solifenacin with 25mg mirabegron during 
Weeks 1-3 and then 50mg mirabegron during Weeks 4-12. The 
results showed that OAB symptoms (based on daily micturition, 
urgency, and urgency incontinence) were reduced by mirabegron, 
solifenacin, and mirabegron+solifenacin combination, with the 
greatest improvement induced by the combination. Baseline 
nocturia was similar among the 3 groups (1.45±0.96 voids for 5 
mg solifenacin, 1.50±1.03 for 10mg solifenacin, and 1.51±1.06 
for mirabegron+solifenacin). Nocturia was eliminated in 100% 
subjects treated with 10mg solifenacin or combination, and 99.4% 

subjects treated with 5mg solifenacin. There were no notable 
differences in adverse events (AEs) among different treatments, 
with the exception of dry mouth being highest with 10mg 
solifenacin. These results showed that mirabegron+solifenacin 
combination was associated with the greatest improvement in OAB 
symptoms. For nocturia, mirabegron+solifenacin combination 
and 10mg solifenacin eliminated nocturia in all subjects, whereas 
5mg solifenacin in most subjects. All 3 treatments were equally 
safe, although 10mg solifenacin induced a higher incidence of dry 
mouth.

The second drug combination investigated was 
mirabegron+tamsulosin (an alpha-1 blocker) as an add-on 
therapy [19]. This study enrolled 94, with 76 completed the study, 
BPH patients with OAB symptoms who had been treated with 
tamsulosin alone for ≥8 weeks. These patients were treated with 
tamsulosin (0.2mg), or mirabegron (50mg) + tamsulosin (0.2mg) 
combination, for 8 weeks. The results showed that OAB symptoms, 
based on OAB symptom scores (OABSS), were improved greater 
in patients treated with mirabegron+tamsulosin combination 
than tamsulosin alone (-2.21 vs. -0.87, P=0.012). Improvements 
in urinary urgency, daytime frequency, IPSS, QOL index, and 
PVR urine volume were also greater with the combination than 
tamsulosin alone. Compared to baseline, nocturia (assessed based 
on Question 7 of IPSS) was improved by the combination (pre- 
vs. post-treatment of 2.73±1.13 vs. 2.26±1.00, P=0.001) but not 
tamsulosin alone (2.47±1.10 vs. 2.31±1.14, P=0.225). AEs were 
observed in 6 patients treated with the combination, but not in 
patients treated with tamsulosin. In summary, this study showed 
that tamsulosin+mirabegron combination was effective in patients 
with BPH who have OAB symptoms and nocturia after tamsulosin 
monotherapy [20].

New β3-agonists. Two promising new selective β3-
adrenoreceptor agonists (solabegron and vibegron) are being 
developed for the treatment of OAB, [21,22] and will undoubtedly 
be used to treat nocturia off-label. These β3-agonists largely lack 
the side effect of dry mouth, blood pressure or heart rate, and 
were generally safe [22-24]. For solabegron, a Phase 2 RCT was 
conducted to investigate the effectiveness of 50mg Solabegron 
(n=88) and 125mg solabegron (n=85), when compared to 
placebo (n=85), given twice daily (BID) for 8 weeks in incontinent 
women with OAB [23]. The results showed that, when compared 
to placebo, 125mg (but not 50mg) Solabegron significantly and 
consistently improved incontinence (P=0.025), micturition, 
and urine volume voided. Solabegron at both doses were well 
tolerated, with a similar AE incidence compared to placebo. 
Unfortunately, nocturia was not assessed in this study. These 
results were confirmed by a subsequent Phase 2b RCT (the VEL-
2002 trial) in 435 women with OAB treated with Solabegron given 
QD for 12 weeks, according to the website and press releases by 
Velicept Therapeutics (the sponsor of Solabegron). For vibegron, a 
Phase 2a RCT in 1,395 OAB patients has been conducted to assess 
3, 15, 60, or 100mg of vibegron alone, or in combination with 4mg 
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tolterodine (an antimuscarinic agent) [25]. All doses of vibegron 
given alone, or in combination with tolterodine, improved 
OAB symptoms (micturition, urge incontinence episodes, total 
incontinence episodes, and urgency episodes) when compared to 
placebo and were well tolerated. The incidence of dry mouth was 
higher with combination than vibegron monotherapy. No nocturia 
parameters were assessed in this study.

Also, for vibegron, a 12-week Phase 3 RCT was conducted to 
evaluate vibegron vs. placebo in 1,232 Japanese OAB patients [24]. 
Patients received one of the following treatments for 12 weeks: 
(a) vibegron, 50 or 100mg, QD; (b) placebo; or (c) imidafenacin, 
an anticholinergic agent used as a positive control, 0.1mg BID. 
Vibegron at both doses improved OAB symptoms (micturition/
day, daily episodes of urgency, urgency incontinence, incontinence, 
and voided volume/micturition) and QOL, when compared to 
placebo. Nightly voids were reduced from baseline by -0.58 void/
night by 50 mg vibegron and -0.62 void/night by 100mg, which 
were greater when compared to -0.47 void/night by placebo 
(P=0.016 and 0.001, respectively). A subsequent post-hoc analysis 
on 669 patients who had ≥1 nocturnal void showed that 50 and 
100mg vibegron reduced the frequency of nocturnal voiding by 
0.74 and 0.78, respectively, from baselines at Week 12, which was 
greater than placebo (P<0.05 and 0.001, respectively) [26]. Also, 
the mean volume of nocturnal voids and the volume of the first 
nocturnal voiding were greater in vibegron groups than placebo. 

The vibegron groups showed significant correlations of 
longer hours of undisturbed sleep with greater reduction in the 
frequency of nocturnal voiding and higher volume of the first 
nocturnal voiding. AE incidences were similar among both doses 
of vibegron and placebo, and all were less than imidafenacin. 
This study showed that vibegron was effective and safe for 
patients with OAB symptoms and nocturia. Two Phase 3 RCTs 
of vibegron are ongoing to assess vibegron (75mg) on OAB 
symptoms in men who are receiving pharmacological treatment 
for BPH and yet continue to experience OAB symptoms. One trial 
(the COURAGE trial) compares vibegron vs. placebo treatments, 
with international study sites of intended sample size of approx. 
1,000 men (Trial# NCT03902080) [27]. The other trial is a single-
group trial comparing pre- vs. post-treatment with vibegron, with 
multiple study sites in the US of intended sample size of 300 men 
(Trial# NCT04103450) [28]. Both trials assess OAB symptoms as 
well as nocturia. If the results from these studies are positive, they 
would confirm the safety and efficacy of vibegron for OAB and 
nocturia in men with BPH.

ii. Antimuscarinic-muscarinic combination: Antimuscurinic 
agents are used to treat nocturia off-label see Table 1. Tholenix is a 
combination of tolterodine (an antimuscarinic agent) and pilocarpine 
(short-acting muscarinic agonist selective for salivary gland receptors) 
intended to minimize dry mouth without interfering with the efficacy 
of the antimuscarinic. A Phase 2 RCT showed that Tholenix caused 
less dry mouth compared with tolterodine alone, while maintaining 

full efficacy in patients with OAB [29]. A Phase 3 RCT on Tholenix 
confirmed that Tholenix and tolterodine alone had similar efficacy, 
with the combination having significantly lower rate of dry mouth than 
tolterodine alone [30]. These studies did not assess nocturia.

iii. Intravesical instillations of botulinum (onabotulinum) 
Toxin A: Intradetrusor injections of botulinum toxin-A (BTX-A) 
have been approved for treating OAB based on several RCTs [31]. It 
is also used to treat nocturia off-label. Several clinical studies have 
been conducted to assess the efficacy of BTX-A when administered 
by intravesical instillation [32]. The advantage of instillation is to 
reduce side effects and eliminate cystoscopic needle injection to 
facilitate BTX-A accessing the submucosal nerve plexus. A RCT 
showed that single intravesical instillation of liposome-encapsulated 
BTX-A decreases OAB symptoms [33]. This study did not access the 
treatment effect on nocturia.

Another study was conducted to assess the feasibility and 
safety of a mixture of TC-3 gel (a novel reverse-thermal gelation 
hydrogel) and BTX-A for the treatment of interstitial cystitis 
bladder pain syndrome (IC/BPS) administered by instillation. This 
study was conducted in 15 severely symptomatic patients who had 
Interstitial Cystitis Symptom Index (ICSI) and Interstitial Cystitis 
Problem Index (ICPI) scores ranged 12-19 and 12-16, respectively, 
and median Visual Analog Scale (VAS, for pain assessment) being 
7. After instilled into the bladder as liquid, TC-3 gel/BTX-A 
mixture solidified because of body heat, and gradually dissolved 
to release BTX-A into the bladder over several hours via sustained 
release. The results showed that there was no increase in VAS 
score between pre- vs. post-treatment values (6.6±2.7 vs 5.3±2.8, 
P=0.044). All AEs were transient and mild, with the most common 
being temporary mild constipation (n=4, 26%). Mean ICSI and 
ICPI scores were reduced compared with baseline (15.4±2.4 vs. 
12.9±4.3, and 14.8±1.4 vs. 11.9±4.0, both P=0.004). Compared to 
baselines, nocturia was decreased at Week 6 (3.3±2.1 vs. 1.8±0.9, 
P=0.046) and returned to baseline level at Week 12. The results 
indicated that intravesical instillation of a TC-3 gel/BTX-A mixture 
is effective, safe and tolerable for IC/BPS, and provided temporary 
relief of nocturia lasting for a few weeks.

Category 2 - drugs with novel molecular targets for treatment 
of nocturia

i. Urinary prostaglandin: Prostaglandin E2 (PGE2) 
is involved in the pathogenesis of nocturia, via inhibition of the 
hypothalamic anti-diuretic hormone (ADH) in the kidney which 
causes increases in urinary output and local modulation of reflex 
micturition in the bladder. ADH and PGE2 normally regulate the 
production of each other, thus keeping a fine balance of fluid 
hemostasis [34-36]. Urinary prostaglandin levels follow a circadian 
rhythm [37,38], and elevated urinary PGE2 levels occurred in 
patients with voiding diseases. Abnormal PGE2 levels at night 
occurred in patients with OAB [39,40]. Because of prostaglandins’ 
involvement in local modulation of reflex micturition and 
pathogenesis of nocturia, anti-prostaglandin agents should 
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provide benefits in the treatment of nocturia. Indeed, various 
clinical studies have shown that Non-Steroidal Anti-Inflammatory 
Drugs (NSAIDs), which are prostaglandin inhibitors, can improve 
nocturia symptoms (Table 2). All clinical studies were conducted 
using anti-inflammatory doses, which are several factors higher 

than those needed for urinary PGE2 inhibition. The presumption 
for the need of high or anti-inflammatory dose levels for anti-
nocturia activities is understandable, as the role of inflammation 
in the pathophysiology of diseases associated with nocturia has 
been described [41,42]. 

Table 2: Examples of Clinical Studies of NSAIDs Showing Improvements of Nocturia Symptoms a

Adm = administration; BPH = Benign Prostatic Hyperplasia; IPSS = International Prostate Symptom Score; IR = Immediate Release; LUTS = Lower Urinary 
Tract Symptoms; N = Sample Size; NUV = Nocturnal Urine Volume; PO = Oral; NSAID = Nonsteroidal Anti-Inflammatory Drug; OAB = Overactive Bladder

a) The contents of this table are from Lee and Weiss [1].

b) The sample size (N) listed reflects the total number of subjects that received drug and control treatment in the study.

c) The doses used in all studies are doses for anti-inflammatory activities.

d) Not marketed in the US.

Drugs Investigated Patient Population Nb

Dosages
Key End

Points Investigated ReferencesDaily Dose c/
Time Adm/

Duration

Dosage
Form/
Route

Aspirin, diclofenac 
and ibuprofen Patients with nocturia 18

not specified/
not specified/
not specified

IR/PO - Nocturia symptoms, 
self-reporting

Le Fanu
[39]

Diclofenac Patients with nocturnal 
polyuria 26

50mg/
at 2100hr/

2 weeks
IR/PO

- Nocturnal frequency 
of micturition

- Nocturnal percentage 
of 24h urine output
- First sleep period

Addla et al. 
[40]

Aspirin, diclofenac 
and ibuprofen

Patients with symp-
tomatic nocturia who 

were already on a 
morning dose of aspirin, 
diclofenac, or ibuprofen 
for reasons other than 

nocturia

10
not specified/

at 2200hr/
1 week

IR/PO

Via night frequency 
volume charts:

- Nocturia
- NUV

Addla et al. 
[41]

Indomethacin
Patients with primary 
enuresis and normal 
comparable controls

20
50mg/
night/

14 days

IR/
Suppositories

- Void volume
- Others

Al-Waili
[42]

Indomethacin A patient with BPH 1
100mg/

not specified/
2 weeks

IR/
Suppositories

- Nocturia symptoms, 
self-reporting Presti [43]

Diclofenac Patients with nocturnal 
polyuria 26

50mg/
at 2100hr/

2 weeks

Enteric-
coated

tablet/PO

Via night frequency 
volume charts:

- Nocturnal frequency,
- Nocturnal-to-24hour 

urine volume ratio

Addla et al. 
[40]

Celecoxib Men with LUTS
and BPH 80

100mg/
at 2100hr/

1 month
IR/PO - Nocturnal frequency

- IPSS
Falahatkar et 

al. [44]

Celecoxib BPH patients with
refractory nocturia 80

100mg/
at 2100hr/

1 month
IR/PO - Nocturnal frequency Sengottayan et 

al. [45]

Meloxicam
Men with BPH symptoms 

and impact on nocturia
and sleep quality

400
15mg/

unknown/
3 months

IR/PO
- BPH symptoms

- Nocturia
- Others

Gorgel et al. 
[46]

Loxoprofenc Patients with BPH com-
plaining of nocturia 93

60mg/
bedtime/
14 days

IR/PO - Nocturia improve-
ment via questionnaire Araki et al. [47]
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Loxoprofenc Patients with BPH
or OAB 15

60mg/
bedtime/

1 week
IR/PO

- Nocturia improve-
ment via diary chart
- NUV improvement

via diary chart

Saito et al. [48]

Loxoprofenc Patients with LUTS com-
plaining of nocturia 56

60mg/
bedtime/
14 days

IR/PO

- Nocturia improve-
ment via diary chart

- NUV volume improve-
ment via diary chart

Araki et al. [49]

Loxoprofend BPH patients
with nocturia 78

60mg/
bedtime/

12 months
IR/PO - Nightly voids Shin et al. [50]

Chronic use of NSAIDs at high or anti-inflammatory 
doses is associated with toxicity risk, including increase risk 
of cardiovascular and gastrointestinal toxicities, and risk 
of hepatotoxicity secondary to inadvertent overdose with 
acetaminophen (a prostaglandin inhibitor similar to NSAIDs). 
The National Institute for Health (NIH) and Clinical Excellence 
guidelines do not recommend the use of NSAIDs for treatment 
of nocturia. Paxerol is a novel proprietary immediate release/
sustained release (50%:50%) formulation of the prostaglandin 
inhibitors, acetaminophen and ibuprofen [43]. One-half of a 
Paxerol tablet is released via immediate release during the first 
hour to provide “loading dose” effect, whereas the other half is 
released via sustained release for up to 6 hours to coincide with 
the normal 6-8 hours of sleep. Paxerol is a low dose package 
form, with each tablet containing 325mg acetaminophen and 
150mg ibuprofen. This is ~50% and ~12.5%, respectively, of the 
lowest daily anti-inflammatory dosages, and ~33% and ~5%, 
respectively, of maximum Over the Counter (OTC) daily doses. 
The amounts of ibuprofen and acetaminophen in each Paxerol 
tablet correspond to the lowest concentrations for maximum 
inhibitory effects of bladder smooth muscle contractions induced 
by lipopolysaccharide of Salmonella typhimurium in vitro 
(unpublished data). Furthermore, acetaminophen is a selective 
COX-2 inhibitor. 

It is synergistic with ibuprofen in the inhibition prostaglandin 
production at the peroxidase (POX) site within COX-1/2 enzymes 
[44,45] and synergistic for the analgesic effects in humans 
[46,47]. Due to synergism, the use of low doses of ibuprofen and 
acetaminophen can maximize the efficacy for nocturia yet reduces 
the toxicity risks associated with long-term use. This is indeed the 
case, as demonstrated in a Phase 2 RCT of Paxerol in 86 patients 
with severe nocturia (≥2.5 nightly voids) associated with OAB [43] 

receiving one, two, or three Paxerol tablets per day for 14 days, 
or placebo. The 3 doses of Paxerol equally reduced nocturia when 
compared placebo. Percent of patients with an average baseline 
nocturnal void frequency of 3.6±1.0 episodes reduced to 0 or 1 
void for ≤1 night were greater with the Paxerol groups than the 
placebo group. Also, ~35% of patients in this trial had BPH, as OAB 
and BPH are not exclusive etiologies. Subgroup analysis indicated 
that Paxerol appears to be equi-effective for those with and 
without BPH. There were no treatment related AEs in any groups. 

Note that although safety and broad efficacy were demonstrated, 
this Phase 2 RCT was a short-term study with limited sample size 
of 86. Further dose-response studies with larger sample size and 
for longer treatment duration are needed to validate the efficacy 
and safety of Paxerol to treat nocturia.

ii. Renal vasopressin V2 receptor: Fedovapagon, a 
vasopressin V2 receptor agonist, is a novel small molecule 
investigational drug for the treatment of nocturia. Fedovapagon 
induces antidiuretic effect by activating the vasopressin V2 
receptors in the collecting ducts of the kidney. Activation of the 
V2 receptors causes the kidneys to reabsorb water from urine 
as it passes toward the bladder. Dosing of fedovapagon before 
bedtime leads to less urine produced overnight. Clinical studies 
showed that fedovapagon induced dose-dependent reductions 
in nighttime urine production and urine volumes. Fedovapagon 
has a longer half-life than desmopressin, which may make the 
drug more likely to result in prolonged antidiuresis at nighttime 
compared with desmopressin but could result in a higher risk of 
hyponatremia.

A Phase 2/3 RCT (the EQUINOC trial) in 432 patients with 
BPH and nocturia has been conducted [48,49]. Patients received 
PO fedovapagon (2 mg) or placebo each evening over 12 weeks. 
When compared to placebo, fedovapagon improved nocturnal 
voids from baseline (p=0.004). There were also improvements 
in time to first void (p<0.001), nights when patients had 0 or 1 
voids (p=0.038), and patients who reduced nightly voids by 50% 
(P=0.007). Fedovapagon was generally well tolerated. This study 
indicated that Fedovapagon may be an effective treatment for BPH 
and nocturia. A second Phase 3 study based on the same endpoints 
and patient population is ongoing. The goal is to provide additional 
data required to support regulatory filings for marketing approval.

Discussion and Conclusion

Clinical studies of two categories of potential new drug 
therapies for nocturia are described in this review article. 
Category 1 drugs are new drugs, new drug combinations, or new 
administration routes of drugs that are in the existing class of 
drug therapies for nocturia see Table 1. They improved efficacy, 
safety or tolerability. β3-Adrenoreceptor agonists were one type 
of Category 1 drug therapies. Mirabegron is currently the only FDA 
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and EMA approved drug in this class, with the approved indication 
for treatment of OAB. Their use to treat nocturia associated with 
OAB is off label. There are recent clinical studies of three new β3-
adrenoreceptor agonists (solabegron, vibegron and ritobegron). 
The β3-agonists largely lack the side effects of dry mouth, had no 
risk for blood pressure or heart rate increase, and were generally 
safe [22-24]. This review article describes only solabegron and 
vibegron. For ritobegron (KUC-7483), only Phase 1 trial data 
were published [50]. The Phase 2 and Phase 3 RCTs (Study Nos. 
NCT00742833 and NCT01003405, respectively) [51,52] for 
assessments of OAB are listed as “COMPLETED” in clinicaltrials.
gov. Another Phase 3 RCT (Study No. NCT01003415) [53], also for 
assessment of OAB, is listed as “WITHDRAWN”. Data from these 
Phase 2 and 3 RCTs were not published. On the website of the 
sponsor (Kissei Pharmaceutical Co., Ltd), the first Phase 3 trial 
was once labeled as having failed to reach its primary endpoint 
and the program has been put on hold [54]. 

The sponsor might have terminated clinical development 
of this product. Also, emerging pharmacovigilance data on 
mirabegron have identified a rare risk for excessive hypertension, 
thus are contraindicated in patients with severe hypertension 
[55]. The excessive hypertensive effect of mirabegron is not 
related to activation of cardiac β3-adrenoceptors, as the human 
heart lacks functional β3-adrenoceptors [56], but may be due to 
β1-adrenoceptor medicated positive inotropic effects on human 
atrium [57]. It is unknown if the new selective β3-agonists also 
induce the rare severe hypertension. Another type of Category 
1 drug therapy is the antimuscarinic/muscarinic combination. 
Tholenix is a combination of tolterodine (an antimuscarinic 
agent) and pilocarpine (a short-acting muscarinic agonist with 
selectivity for salivary gland receptors) for countering the dry 
mouth without interfering with the efficacy of the antimuscarinic. 
Phase 2 and 3 RCTs showed that Tholenix caused less dry mouth 
compared with tolterodine alone, while maintaining full efficacy 
on OAB symptoms [29,30]. These studies did not assess nocturia. 
However, clinical studies have shown that tolterodine alone, 
though effective for OAB, is not effective for nocturia [1,58]. 
Therefore, tolterodine+pilocarpine combination is unlikely to be 
effective for nocturia.

Category 2 drugs are those with novel molecular targets. 
These drug therapies can provide additional treatment options, 
especially in patients who have failed current therapies, found 
current therapies unsatisfactory, or cannot tolerate current drug 
therapies. Two investigational drugs (Paxerol and fedovapagon) 
were described in the current article, both with promising clinical 
trial results. Paxerol has a novel proprietary immediate release/
sustained release (50%:50%) formulation of the prostaglandin 
inhibitors, acetaminophen and ibuprofen [43]. As expected, 
Paxerol is safety and well tolerated, due to the doses of the 
prostaglandin inhibitors being a fraction of OTC doses used for 
anti-inflammatory and analgesic indications. Paxerol’s nocturia 

efficacy is broad, encompassing males and females with OAB and/
or PBH. This is also expected as its site of action is “downstream”, 
located in the bladder. However, Paxerol’s clinical data are from a 
short-term Phase 2 RCTs with limited sample size of 86. Further 
RCTs are needed. The second potential drug therapy with a novel 
molecular target is fedovapagon, a potent vasopressin V2 receptor 
agonist. The second Phase 3 study in patients with nocturia is 
ongoing and is needed to support regulatory filings for marketing 
approval. Fedovapagon induces antidiuresis at nighttime which 
can lead to hyponatremia, as in the case with desmopressin. This 
potential AE is being carefully monitored in the ongoing Phase 3 
trial [59-72].

Summary and Conclusion

There are a number of potential new drug therapies for 
nocturia. One category includes the new drugs, new drug 
combinations, or new administration routes of drugs that are in 
the existing class of drug therapies for nocturia. Category 1 drug 
therapies frequently resulted in improvement of efficacy and/or 
tolerability. The second category of potential new therapies has 
novel molecular targets. Category 2 drugs can provide additional 
treatment options, especially in patients who have failed current 
therapies, found current therapies unsatisfactory, or cannot 
tolerate current drug therapies. The Category 2 drugs include 
Paxerol (a combination of PGE2 inhibitors) and fedovapagon (a 
vasopressin V2 receptor agonist).
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