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Combined ICSI and ICPI scores improved significantly at 
4 and 8 weeks (p = 0.002 for both time points) post-treat-
ment. Responses to GRA showed improvement at 4 weeks 
post-instillation. No significant decrease in urinary fre-
quency was found.
Conclusions  Sphingomyelin liposome instillations were 
well tolerated in subjects with IC/BPS with no AEs attrib-
uted to the test article. Treatment was associated with 
improvements in pain, urinary urgency, and overall symp-
tom scores. Placebo-controlled clinical trials are needed to 
assess this potential therapy for IC/BPS.
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Introduction

Interstitial cystitis/bladder pain syndrome (IC/BPS) is a 
multifactorial syndrome of pelvic pain, urinary frequency, 
and urgency [1]. Currently, IC/BPS is a largely incurable, 
chronic illness that often negatively impacts sexual func-
tion, ability to work, and overall quality of life. Estimates 
of the prevalence of IC/BPS in the USA range from 10 to 
500 cases per 100,000 people primarily affecting women 
[2–4].

Intravesical instillation of liposomes is a potentially new 
therapeutic option for subjects with IC/BPS. Biophysi-
cal studies have suggested that liposomes can be adsorbed 
by, or will fuse or transfer lipids to the cell membrane, as 
well as be endocytosed to the cell interior [5]. Liposomes 
currently serve as a component of certain topical formula-
tions applicable to body cavities, such as the vagina and 
cul-de sac of the eye [6, 7]. Certain liposomal formula-
tions have been developed to be biochemically similar to 
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the phospholipid bilayers comprising human cellular mem-
branes [8]. Certain liposomal phospholipid constituents 
contribute to epithelial membrane impermeability, as well 
as modulate inflammation [9, 10].

Sphingomyelin is a common phospholipid found in most 
animal cell membranes. It is consequently a common com-
ponent of our food supply, as well as a common compo-
nent of parenteral nutrition products. The safety of oral and 
intravenous administration of sphingomyelin is thus well 
known.

The aim of this study was to explore the safety and clini-
cal outcomes of 4  weekly instillations of sphingomyelin 
liposomes (LP08) in an open-label cohort of subjects with 
IC/BPS.

Materials and methods

Fifteen subjects with IC/BPS were identified and recruited 
subsequent to investigators receiving FDA and institutional 
review board (IRB) approval. One subject withdrew prior to 
treatment; thus, 14 subjects completed the study. The basic 
inclusion criteria were that subjects must have: (1) been at 
least 18 years of age, (2) had history of refractory IC/BPS 
for at least 6  months, (3) had urinary frequency exceed-
ing eight times per day recorded on the three-day voiding 
diary, and (4) had a bladder pain score equal to or >4 on the 
pain VAS (0–10; none to severe) within the 24 h prior to 
the screening visit. The patients were diagnosed clinically 
with IC/BPS based on NIDDK criteria. They are refractory 
to at least one pharmacotherapy for their disease. IC/BPS 
women of childbearing age without history of bilateral 
tubal ligation or postmenopausal status for at least 1 year 
agreed to use an acceptable means of contraception during 
the entire 4-week course of therapy and 1 week thereafter.

Treatment consisted of a single course of four intravesi-
cal instillations of 80 milligrams of preliposomal sphin-
gomyelin lyophilate (LP08; Lipella Pharmaceuticals, 
Pittsburgh, PA) reconstituted with 40 mL of sterile water. 
Treatments occurred within 5–14  days of one another. 
Prior to the initial instillation, vital signs, urinalysis, urine 
pregnancy test (if appropriate), PVR assessment via blad-
der scan, cystoscopy, and symptom assessments were con-
ducted. Liposomes were instilled into the empty bladder 
via an eight Fr catheter with 2 % lidocaine jelly applied to 
the catheter tip prior to insertion. The instillate was retained 
in the bladder for 30 min and then removed via independ-
ent voiding. Subjects were monitored closely for adverse 
events (AEs) and urinary function symptoms including 
gross hematuria, urinary retention, urgency, frequency, and/
or signs/symptoms of infection.

Clinical outcomes were assessed at 1, 4, and 8  weeks 
after the last instillation for a total of 12  weeks since 

treatment began. Efficacy measures included a pain VAS 
where subjects rated their current pain on a continuum of 
0–10 (none to severe), and a three-day voiding diary for 
urinary frequency, urgency VAS (0–10; none to severe). 
Subjects also reported overall changes in symptoms since 
treatment on the seven-point Likert scale (“markedly 
worse” to “markedly better”) Global Response Assess-
ment (GRA). Symptom and bother were also evaluated 
with validated O’Leary-Sant Interstitial Cystitis Symptom 
and Problem Indices (ICSI and ICPI), which when com-
bined have an aggregate score ranging from 0 to 36 (higher 
scores indicated worse symptoms/bother). Other study tests 
included urine pregnancy test (if applicable), urine dipstick, 
measurement of PVR, and cystoscopy.

Clinical measures represented by a continuous scale 
were subjected to validity tests on a pairwise basis using 
either or both of the Student’s t test or Wilcoxon signed 
rank test depending on the validity of the respective nor-
mality assumptions. Hypothesis testing was also conducted 
on a cohort basis (i.e., not pairwise) via the Wilcoxon 
rank sums test. Population estimates of continuous meas-
ures (probability density functions) were conducted via a 
Gaussian kernel having a 20 % data-range standard devia-
tion. Clinical data acquired prior to the first instillation was 
considered baseline for evaluations depicted as a change 
from baseline. Differences in ordinal measures were evalu-
ated via the Chi-square likelihood ratio test, as well as pair-
wise via the Wilcoxon signed rank test.

Results

The average age of the cohort was 58 years (range 37–75), 
and there were a total of eleven women and three men. No 
treatment-related AEs or side effects were reported at any 
time over course of the study. A total of nine AEs occurred 
in four subjects during the study. Five AEs were mild in 
intensity; three AEs were moderate in intensity. One seri-
ous AE (pneumonia) occurred but this was unrelated to the 
test material and the patient fully recovered (Table 1). None 
of these AEs were determined to have any relationship to 
the test article, all were resolved, and no subject terminated 
the study prematurely because of an AE.

Cystoscopy at baseline and at 8  weeks post-treatment 
was performed to assess for bladder changes. Bladder 
inflammation/ulcers (Hunner’s lesions) were identified and 
recorded. Cystoscopic images were taken to increase the 
accuracy of comparisons. Between baseline and 8  weeks 
post-treatment, there were no changes in bladder appear-
ance for 10 subjects, 3 had improved, and one worsened. 
The subject with the worsening bladder appearance had 
2 ulcers at baseline and 3 ulcers at the end of the study 
period.
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Efficacy evaluations were performed on all subjects that 
received a full course of liposome instillations. Pain scores 
showed significant improvement at 4 weeks post-treatment 
as shown in Table 2. The pain score reduction at 8 weeks 
post-treatment was not statistically significant. Figure  1 
shows the distribution of pain VAS scores for the cohort 
at baseline, as well as four and 8 weeks post-treatment. At 
both time points, the average pain score for the population 
shifted from 5.9 to 1.2 (an 80  % reduction). The shift at 
4 weeks post-therapy was more pronounced than at 8 weeks 
post-therapy. The distribution at 8 weeks post-therapy shows 
evidence of the population eventually returning to baseline.

Urgency scores showed significant improvement at 
both 4 and 8  weeks post-treatment as shown in Table  2. 
In both cases, the mean reduction was approximately 1.5 
units on the VAS scale. Figure 2 shows the distribution of 
urgency VAS scores for the cohort at baseline, as well as 4 

and 8 weeks post-treatment. The distribution was approxi-
mately Gaussian at baseline and significantly skewed post-
treatment. The average urgency severity score for the popu-
lation shifted from 5.4 to 2.3 (a 57 % reduction).

Interstitial Cystitis Symptom/Problem Index scores 
(ICSI + ICPI) significantly improved for the cohort at both 
4 and 8 weeks post-treatment (Table 2). The median reduc-
tion in total score from baseline was four units for both 
time points. The comparative distributions of this index 
total for both time points as well as baseline are shown via 
a mosaic plot in Fig. 3. When pairing is not considered, the 
reduction at 8  weeks post-treatment is no longer statisti-
cally significant. However, the reduction at 4 weeks post-
instillation remained statistically significant.

Table 1   Summary of adverse events (AEs) during the study

a  AE occurred 4 weeks after final LP08 instillation

Number of AEs AE description Intensity Outcome Relationship

Local adverse events

 1 Gross  
hematuria

Mild Resolved Not related

 1 Irritable  
bowel flare

Mild Resolved Not related

 1 Groin pull Mild Resolved Not related

 1 Bladder  
infectiona

Mild Resolved Not related

Other adverse events

 1 Nausea Mild Resolved Not related

 1 Elbow pinched 
nerve

Moderate Resolved Not related

 1 Surgery right 
arm

Moderate Resolved Not related

 1 Yeast infection Moderate Resolved Not related

 1 Pneumonia Serious Resolved Not related

Table 2   Summary of efficacy evaluations (change from baseline)

Weeks post- 
treatment

Mean SEM Median IQR p value

Pain VAS

 4 −2 0.62 −1.45 (−3.82, 0.00) 0.0073

 8 −1.14 0.87 −0.55 (−3.90, −0.90) 0.2885

Urgency VAS

 4 −1.55 0.44 −1.1 (−3.02, 0.00) 0.0029

 8 −1.58 0.57 −1.25 (−3.38, −0.40) 0.0112

ICSI + ICPI

 4 −4 (−7.00, −1.00) 0.002

 8 −4 (−8.00, −1.00] 0.002

Fig. 1   Probability density functions for pain scores of the sample 
population at baseline and at 4 and 8 weeks after the conclusion of 
each subject’s course of 4  weekly liposome instillations. The most 
likely pain score for the population shifted from 5.9 to 1.2 (an 80 % 
reduction). The shift at 4 weeks post-therapy was more pronounced 
than at 8  weeks post-therapy. The Wilcoxon rank sums test yielded 
a p value of 0.01 at 4 weeks post-therapy; however, a p value of 0.29 
8 weeks post-therapy

Fig. 2   Probability density functions for urgency severity scores 
of the sample population at baseline and at four and 8  weeks after 
the conclusion of each subject’s course of 4 weekly liposome instil-
lations. The most likely urgency severity score for the population at 
both time points shifted from 5.4 to 2.3 (a 57 % reduction). Wilcoxon 
rank sums tests for the two time points versus baseline yield p values 
of p = 0.076 and p = 0.084, respectively
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The GRA measure distribution for the cohort for both 
time points (4 and 8 weeks post-treatment) had a median 
value of “slightly improved,” which is the first of three pos-
sible levels of positive improvement ranging from “slightly 
improved” to “markedly improved.” Wilcoxon signed 
rank test results at the two time points were p = 0.002 and 
p = 0.141 for 4 and 8 weeks post-treatment, respectively.

Although a small decrease (10 %) in urinary frequency 
was seen after the third instillation, no statistically signifi-
cant differences were seen between baseline and any fol-
low-up period.

Discussion

Four weekly liposome instillations were successfully com-
pleted in a total of 14 subjects with chronic IC/BPS. Pain 
and urgency VAS showed a significant improvement in 
aggregate scores at 1 and 4  weeks post-treatment. GRA 
also showed significant improvement in aggregate scores 
at 4  weeks. There was a significant decrease in ICSI and 
ICPI total scores at 4 and 8 weeks post-treatment compared 
to baseline. No treatment-related AE were reported at any 
time over course of the study. Limitations of this prelimi-
nary study include lack of placebo control, small sample 
size, and limited duration of follow-up.

Preclinical study data (obtained using an IC/BPS model 
in female rats) have demonstrated normalization of urinary 
frequency indicating that liposomes may be a potent protect-
ant of the bladder mucosa against inflammation and irrita-
tion [11]. Liposomes were compared with DMSO and pen-
tosan polysulfate sodium (Elmiron). Liposomes were able 
to significantly reverse the decrease in intercontractile inter-
val (ICI) (the surrogate measurement of efficacy) induced 

by potassium chloride (KCl) following bladder injury 
with protamine sulfate while pentosan polysulfate sodium 
showed modest efficacy. On average, LP08 increased ICI 
in the model rats by 132  % with strong statistical signifi-
cance. Control subjects demonstrated no statistically sig-
nificant effect. Histology obtained from the animal studies 
demonstrated that liposomes act as a mechanical barrier 
to the passage of irritants through the mucosal cell lining. 
Once liposome is instilled into the bladder, they do not 
penetrate beyond the urothelium and thus are not absorbed 
systemically [12]. There has not been any direct compari-
son between hyaluronic acid and liposome, and it would be 
something interesting to investigate in future studies.

The FDA previously approved a compassionate use IND 
single-subject trial to evaluate the safety and clinical out-
comes of intravesical instillation of LP08 liposomes in a 
woman with ulcerative IC/BPS [13]. A 48-year-old woman, 
diagnosed with ulcerative IC/BPS, received 4 weekly instil-
lations of intravesical liposomes. Subsequently, she was 
evaluated for 8  weeks post-bladder instillation. No side 
effects or AEs were reported during the 12-week study 
period. The subject denied experiencing any problems 
related to urinary functioning including gross hematuria, 
urinary retention, urgency, frequency, and/or signs/symp-
toms of infection. Bladder instillations were well tolerated. 
At each treatment visit, the subject denied bladder irrita-
tion after liposome instillation and drainage. She was able 
to void without difficulty after the liposomes were drained 
from her bladder. Improvements across multiple domains 
were demonstrated. Voids per day decreased from baseline 
of 18 voids per 24 h to 11.3 voids per 24 h at week 3, and 
12.6 voids per 24 h at 8 weeks after final instillation. Cys-
toscopy revealed a marked improvement in bladder appear-
ance. Three bladder ulcers were noted at baseline, but were 
absent at the 8-week post-treatment visit. Additionally, 
there was no evidence of bladder inflammation.

Conclusions

Intravesical liposome (LP08) instillations were well tol-
erated in subjects with IC/BPS with no AEs attributed to 
the test article. Treatment was associated with improve-
ment in pain, urinary urgency, and overall symptom scores. 
Placebo-controlled clinical trials are needed to assess this 
potential therapy for IC/BPS.
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Fig. 3   The distributions of Interstitial Cystitis Symptom/Problem 
Index total (ICSI + ICPI; scores from 0 to 36) for the cohort at base-
line as well as four and eight weeks post-treatment are presented as 
a mosaic plot. The corresponding chi-squared likelihood ratio test 
p-values for the two time points vs. baseline were p =  0.0434 and  
p = 0.3858, respectively
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