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Abstract: We determined the effect of intravesical instillation of pentosan polysulfate encapsulated in liposomes 
for refractory interstitial cystitis patients. This was an open label uncontrolled study. Subjects were recruited from 
a private urology practice. Inclusion criteria included patients who met NIDDK criteria for Interstitial Cystitis (IC) 
and who were responding poorly to conventional treatments. Exclusion criteria included evidence of a urinary tract 
infection, bladder cancer, or other forms of chronic cystitis. Patients received 400 mg of Pentosan Polysulfate (PP) 
encapsulated into liposomes as an intravesical instillation performed every 2 weeks for 3 months. Baseline and 
post treatment outcome measures were obtained that included the O’Leary-Sant Interstitial Cystitis Symptom and 
Problem Questionnaire and the Pelvic Pain and Urgency/Frequency Patient symptom Scale tests. A total of 37 instil-
lations were used and no adverse events occurred. Clinically significant decreases in symptom scores greater than 
50% were seen in virtually all outcome measures at 3 month follow up. All subjects reported remarkable subjective 
improvement in pain symptoms marked by decreased use of narcotics and increased enjoyment of daily activities. 
No patients developed systemic symptoms or poor tolerance of the instillations. Intravesical Pentosan Polysulfate 
encapsulated into liposomes can significantly decrease frequency, urgency, pain and improve quality of life for two 
months after deployment. Additional studies are needed to determine cellular effects of glycosaminoglycan restora-
tion, ideal doses, dosing intervals, safety and cost-effectiveness of this therapy.
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Introduction

The prevalence of IC in the United States rang-
es from 4 to 12 million people with women 
affected more than men 10:1. Average time of 
onset of symptoms until diagnosis is four years. 
IC is known to have a profound and devastating 
effect on the health and quality of victim’s lives. 
IC has been undertreated and is known for its 
resistance to conventional therapy and insidi-
ous progression. The exact pathophysiology of 
IC has generally been poorly understood and 
there may be an autoimmune component to 
the disease. One common and compelling the-
ory suggests that the defect appears to be 
related to an insufficient glycosaminoglycan 
urothelial barrier. When this protective layer 
degrades, the bladder is exposed to the acidic 
urine which has a toxic effect on the bladder 

tissue and afferent nerves become overstimu-
lated promoting inflammation. This promotes a 
cascade of cycles of pain in the bladder and 
surrounding organs including the pelvic floor 
eventually leading to a debilitating constellation 
of symptoms.

Currently one of the most effective FDA 
approved pharmacological treatments for IC is 
oral Pentosan Polysulfate PP (Elmiron®), a 
weak analog of heparin and one of the glycos-
aminoglycans. Although the Elmiron®, website 
states that the exact cause of action is 
unknown, it is commonly considered that the 
active agent is absorbed by the GI tract and 
secreted in the urine where it forms a coating 
which simulates the natural glycosaminoglycan 
layer resulting in a protective barrier. Only 6% of 
the orally ingested product is secreted into the 
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bladder and this is washed out relatively rapidly 
resulting in the need for dosing every 8 hours. 
Oral PP has been shown benefit over placebo in 
trials but can be associated with significant 
systemic side effects such as GI intolerance 
and hair loss [1-3]. Nevertheless, favorable 
safety data for the use of intravesical or oral PP 
is quite extensive [4]. Many clinicians will use 
PP as an intravesical instillation with literature 
and anecdotal support for improved efficacy 
using this delivery method [5].

Other instillation therapies are commonly used 
that include “cocktails” that contain various 
combinations of glycosaminoglycans, anes-
thetics, bicarbonate, and steroids but results 
are variable. Many remedies for IC concentrate 
on mitigating nerve transmission by blocking 
nerve fibers of pain transmitters through a vari-
ety of mechanisms. Other interventions that 
have successfully decreased pain and frequen-
cy due to IC include diet modification, behav-
ioral therapy, physical therapy, and sacral neu-
romodulation. Surgical treatments can include 
laser eradication of mucosal lesions and ulcers, 
spot injections of lesions, and even partial or 
total bladder resection.

Liposomes are phospholipid concentric bilayer 
nanospheres mimicking human cell walls. 
Liposomes can encapsulate other agents to 
protect them and then act as a bio-adhesive by 
forming a molecular film on the urothelium. 
Liposomes can adsorb onto cell surfaces and 
fuse with cells to allow drug delivery inside cell 
walls [6-8]. There is evidence that empty lipo-

in liposomes suggests that this compound may 
be an effective bio-adhesive therapy for severe 
IC.

This report describes the preliminary results of 
a prospective open label study of PP/liposomes 
in a cohort of subjects with severe IC.

Materials and methods

Subjects

Eight subjects were recruited from a single urol-
ogy practice and all received IRB format 
informed consent. Patients underwent history, 
physical examination, and urinalysis. Patients 
with soybean intolerance were excluded.

Procedures

Patients had urine dipstick tests to check for 
infection before treatment. Patients were 
placed in the dorsal lithotomy position and 
received sterile prep. Catheterization and blad-
der evacuation was performed with a 14 Fr 
Silicone catheter and water soluble lubricant. A 
100 cc viscous solution of 400 mg of PP encap-
sulated in sub-micron (50-200 nm) liposomes 
made from phosphatidlycholine was mixed with 
normal saline and then instilled into the blad-
der using a catheter tip syringe. The delivery 
catheter was promptly removed. Patients were 
instructed to retain the compound at least 
30-60 minutes if possible. During this retention 
time, patients performed positional rotisserie 
(rotating 90 degrees every 10 minutes) to maxi-

somes alone can mitigate 
irritative bladder symptoms 
in comparison to placebo [9, 
10]. Liposomes are used 
commonly in foods, cosmet-
ics, and compounded drugs. 

There is increasing evidence 
that glycosaminoglycan bar-
rier restoration therapy is 
important for the treatment 
of IC. To our knowledge there 
are no reports of a GAG 
agent mixed with a liposome 
nanocarrier to optimize uro-
thelial contact and penetra-
tion. The apparent therapeu-
tic benefit of PP encapsulated 

Figure 1. O’Leary-Sant combined symptom index and problem index scores.
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mize bladder wall contact. After one hour of 
observation, patients were discharged home 
from the clinic. 

Results

Outcomes: Baseline measurements of all out-
comes were made within 1 week prior to PP 
instillation. Our primary outcome measures 
were the symptom and bother index from the 
O’Leary-Sant Interstitial Cystitis Symptom and 
Problem Questionnaire, and the symptom and 
bother score from the Pelvic Pain and Urgency/
Frequency Patient Symptom Scale PUF testing. 
Subjects received verbal questions regarding 
any side effects or adverse reactions to the 
instillations. 

Eight subjects received a total of 37 intravesi-
cal instillations of PP encapsulated into lipo-
somes. No adverse events were recorded in 
this pilot study. Mean O’Leary-Sant index scores 
decreased from 26.5 ± 7.2 to 13.8 ± 9.6 and 
mean PUF scores decreased from 24.9 ± 14.3 
to 12.1 ± 9.6, Figure 1 shows the baseline and 
3 month O’Leary scores, and Figure 2 shows 
the baseline and 3 months PUF scores for all 
eight subjects. Median values with correspond-
ing ranges are shown due to the small numbers 
in this study.

Patients who received the PP/Liposome mix-
ture experienced relatively rapid relief of symp-
toms. Some were able to stop narcotics use. 

penetrate tight junctions such as those found 
in between transitional cells of the urothelium 
to improve drug dwell time [12]. Other advan-
tages include the ability to encapsulate small 
hydrophilic molecules like PP protecting them 
from a high proton environment, and to deliver 
drugs across cell wall phospholipid bilayers 
onto cells or even inside cellular components.

Given the small size of this study population (37 
treatments), it is difficult to draw conclusive evi-
dence of safety and efficacy, however the PP/
liposome compound appears to be effective in 
patients for whom no other treatment was help-
ful. Some of the patients had battled IC for 10 
and 20 years and all were prior oral and or 
intravesical PP failures. In view of the dramatic 
symptom and bother score improvements, the 
compound certainly requires additional studi- 
es.

Outcomes are mitigated by the possibility of 
placebo effects and Hawthorne effects. It is 
notable that patients who received empty lipo-
somes also reported some improvement in the 
literature [13]. However, the fact that all 
patients were treatment failures with numer-
ous other remedies and were advanced stage 
IC patients was compelling. 

Urologists have instilled intravesical PP for 
decades with an excellent anecdotal and litera-
ture safety record [14]. Liposomes are common 
in foods and cosmetics and are generally 
regarded as safe (GRAS) products [15].

Nearly all subjective out-
come measures at 3 months 
showed a 50% or greater 
decrease in symptom and 
bother scores. Patients were 
followed for greater than 1 
year and several of the 
patients noted durable and 
sustained relief of symp-
toms for greater than 15 
months. 

Discussion

Liposomes are an excellent 
drug delivery system and are 
biocompatible and well 
absorbed into gastrointesti-
nal lining, skin, and urotheli-
um [11]. Liposomes can 

Figure 2. Pelvic Pain and Urgency Frequency combined symptom and bother 
scores.
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Further larger studies are indicated to establish 
safety of PP in liposomes. The addition of more 
subjects may reveal as yet unseen adverse 
effects, decreased efficacy or reduced duration 
of effects. Long term efficacy is yet to be 
determined. 

PP when delivered in liposomes is expected to 
be much more effective in delivering the active 
form of the molecule to the urothelial target 
[16]. It is possible that other chronic inflamma-
tory urothelial conditions such as chemical, 
hemorrhagic, and radiation cystitis may also be 
mitigated by PP/Liposome therapy. 

This initial pilot study strongly supports the 
potential efficacy and safety of intravesical PP 
encapsulated in small nanosphere liposomes 
used as a nanocarrier delivery system. Further 
safety and dosing studies are warranted. 
Liposomes protect small molecules like PP 
from a hostile proton environment to increase 
dwell time and bio-adhesion and potentially 
improve efficacy over oral and intravesical 
forms of GAG administration. Multicenter pla-
cebo controlled studies will be required to 
establish the safety, dosing, and long term 
efficacy. 
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