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Abstract
Background and objectives We assessed safety and efﬁcacy of another somatostatin receptor analog, pasireotide
long-acting release, in severe polycystic liver disease and autosomal dominant polycystic kidney disease.
Pasireotide long-acting release, with its broader binding proﬁle and higher afﬁnity to known somatostatin
receptors, has potential for greater efﬁcacy.
Design, setting, participants, & measurements Individuals with severe polycystic liver disease were assigned in a
2:1 ratio in a 1-year, double-blind, randomized trial to receive pasireotide long-acting release or placebo. Primary
outcome was change in total liver volume; secondary outcomes were change in total kidney volume, eGFR, and
quality of life.
Results Of 48 subjects randomized, 41 completed total liver volume measurements (n529 pasireotide long-acting
release and n512 placebo). From baseline, there were 2996189 ml/m absolute and 23%67% change in
annualized change in height-adjusted total liver volume (from 258261381 to 247961317 ml/m) in the pasireotide
long-acting release group compared with 1366117 ml/m absolute and 6%67% increase (from 23876759 to
25336770 ml/m) in placebo (P,0.001 for both). Total kidney volumes decreased by 212634 ml/m and 21%64%
in pasireotide long-acting release compared with 21621 ml/m and 4%65% increase in the placebo group (P50.05
for both). Changes in eGFR were similar between groups. Among the n548 randomized, adverse events included
hyperglycemia (26 of 33 [79%] in pasireotide long-acting release versus four of 15 [27%] in the placebo group;
P,0.001), and among the 47 without diabetes at baseline, 19 of 32 (59%) in the pasireotide long-acting release group
versus one of 15 (7%) in the placebo group developed diabetes (P50.001).
Conclusions Another somatostatin analog, pasireotide long-acting release, slowed progressive increase in both
total liver volume/total kidney volume growth rates without affecting GFR decline. Participants experienced
higher frequency of adverse events (hyperglycemia and diabetes).
Clinical Trial registry name and registration number Pasireotide LAR in Severe Polycystic Liver Disease,
NCT01670110
CJASN 15: 1267–1278, 2020. doi: https://doi.org/10.2215/CJN.13661119

Introduction
Liver cysts are the most common extrarenal manifestation of autosomal dominant polycystic kidney disease (ADPKD) and are also seen in autosomal
dominant polycystic liver disease (ADPLD) (1,2). As
polycystic liver disease (PLD) progresses, there is
expansion of liver cysts and liver parenchyma. The
enlarged liver compresses adjacent organs (heart,
kidneys, spleen, diaphragm, gastrointestinal tract,
and vasculature) and may lead to infectious
www.cjasn.org Vol 15 September, 2020
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complications (cholelithiasis, cyst infection, and cholangitis), which is debilitating in a subgroup (especially women) (3–7). Treatment interventions include
cyst aspiration; fenestration or sclerotherapy; liver
resection; octreotide; and, in severe cases, liver or
combined liver-kidney transplantation (8–10).
Multiple mechanisms underlie growth of hepatic
and kidney cysts controlled by intracellular cAMP,
which is markedly increased in cystic kidney epithelial cells and cholangiocytes (11–14). Activation of any
Copyright © 2020 by the American Society of Nephrology
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of ﬁve known somatostatin receptors (SSTRs) inhibits
cAMP production, whereas inhibition of cell proliferation
occurs predominantly via SSTR2 and SSTR5 and, in some
cases, SSTR1 and SSTR3.
Kidney tubular epithelial cells express all ﬁve receptors.
SSTR1 and SSTR2 are expressed in the thick ascending limb
of Henle, distal tubule, and collecting duct, and SSTR3,
SSTR4, and SSTR5 are expressed in proximal tubules
(15–17). All ﬁve are present in cholangiocytes lining bile
duct in healthy individuals and are differentially expressed
in cholangiocytes lining liver cysts in patients with PLD
(18). SSTR1 and SSTR2 levels were decreased in cystic
cholangiocytes, whereas SSTR3 and SSTR5 levels did not
change compared with controls. Pasireotide more effectively decreased cAMP levels in cholangiocytes than
octreotide and more effectively reduced proliferation of
cystic cholangiocytes and kidney epithelial cells and decreased hepatic and kidney cystic and ﬁbrotic scores in
rodents with PLD/polycystic kidney disease (PKD) (19).
Preclinical studies and randomized clinical trials have
conﬁrmed the role of somatostatin analogs (which reduce
cAMP production by binding to multiple SSTRs in arresting the progressive liver enlargement seen in individuals,
especially women, with severe PLD) (18,20–25). Two longterm studies conﬁrmed durability of the positive effects of
somatostatin analogs (26,27). PLD is currently a listed
indication for use of octreotide long-acting release (LAR)
treatment in Micromedex (26,27). There is also continued
interest in studying all available somatostatin analogs, as
they are the ﬁrst effective medical therapy for PLD (and are
a possible treatment in PKD) with their emergence as a
treatment option (especially in young individuals with
symptomatic PLD). They are currently being used for this
indication in the United States, Japan, Italy, France,
Belgium, The Netherlands, and the United Kingdom.
Pasireotide is available as an LAR intramuscular formulation. In order to test our hypothesis that pasireotide LAR,
a second-generation somatostatin analog with its broader
binding proﬁle and higher afﬁnity to known SSTRs, had
potential for greater efﬁcacy in symptomatic PLD, we
performed a randomized, double-blind, phase 2 study in
patients with ADPKD and ADPLD.

Materials and Methods
Study Design
The Mayo Clinic Institutional Review Board approved
this study, which was conducted in adherence to the
Declaration of Helsinki, Mayo Clinic institutional policies,
and regulations for protection of human subjects. Trial
rationale, design, eligibility criteria, and implementation
(NCT01670110) are described in a prespeciﬁed protocol
(Supplemental Material).
Study Population
Eligible patients were individuals with severe PLD
(TLV.4000 ml or symptomatic disease) associated with
ADPKD or isolated ADPLD and not a candidate for, or
were, declining surgical intervention. Severe PLD was
deﬁned as a liver volume .4000 ml or symptomatic disease
due to mass effects from hepatic cysts. Patients had to be
willing to travel to the Mayo Clinic. All women of child-

bearing age had a pregnancy test at enrollment, and all
patients were required to use contraception or were postmenopausal. Recruitment started on November 13, 2012,
with the last subject enrolling on August 3, 2015. All
patients completed year 1 on July 12, 2016. All authors had
access to the study data and reviewed and approved the
ﬁnal manuscript.
Intervention
This trial consisted of a 1-year, randomized, placebocontrolled, double-blinded study of pasireotide LAR intramuscular injection with a 2:1 randomization of all
participants versus placebo injection stratiﬁed on
ADPKD/ADPLD status. All patients were seen at the
Mayo Clinic and evaluated by the principal investigator
(M.C.H.) or coinvestigator (V.E.T.) every 6 months. Evaluations included a physical examination, vital signs, and
clinical laboratory parameters (aspartate aminotransferase,
alanine aminotransferase, alkaline phosphatase, bilirubin,
electrolytes, BUN, creatinine, fasting glucose, hemoglobin
A1C, complete blood count, activated partial thromboplastin time, prothrombin time, and electrocardiogram). Magnetic resonance imaging (MRI) of liver and kidneys
(without gadolinium) was obtained at the beginning of
the study and at the end of the ﬁrst year. Monthly injection
visits and follow-up monitoring were performed by a study
coordinator. An unblinded nurse mixed the injection and
administered therapy, where the identities of the treatments were concealed by the use of study treatments
(stored at 4°C in the Mayo Clinic Research Pharmacy) that
were all identical in packaging, labeling, schedule of
administration, and appearance after reconstitution. Patients were treated with pasireotide LAR 60 mg intramuscularly once every 28 days or placebo. Each cycle was 2862
days. There was no dose titration above the 60-mg dose,
but dose reduction to 20 mg was permitted if patients did
not tolerate 60 or 40 mg. The placebo dose was monitored
and adjusted monthly in a similar fashion. If drug side
effects were identiﬁed during a phone or study visit, a
decision was made by the study team whether to reduce
the next injection dose by 20 mg, hold, or discontinue
therapy. Therapy and randomization arm were administered by the Mayo Clinic Research Pharmacy. All injections
were administered at the Mayo Clinic. Novartis US
supplied pasireotide LAR and funded the study.
Outcomes
Primary outcome was the absolute and percent change in
TLV (assessed by MRI at baseline and 12-month followup). Patients were classiﬁed as having “slow progression”
if TLV decreased, did not change, or increased by ,2% over
the study period. Otherwise, the patient was classiﬁed as
having “rapid progression.” Secondary outcomes included
absolute and percent change in TKV, GFR, and other
laboratory parameters, including vital signs, creatinine,
liver function tests, APTT, PT, and glucose values, from
baseline to 12 months. Acquisition of MRIs was performed
using the protocol as described in a previous clinical trial
(21,24). Total liver volume and total kidney volume
measurements were performed blindly (M.E.) in the Imaging Core of the Mayo PKD Translational Center as
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54 Patients were assessed for eligibility
6 Patients excluded
4 Declined consent
2 Screen failures

48 Patients underwent randomization

33 Patients randomized to receive pasireotide LAR

4 patients did not complete study
1 Side effects of drug
1 Did not meet study guidelines
2 Revoked consent

29 patients completed MRI at year 1

10 kidney volumes excluded
1 ESRD
1 Bilateral-nephrectomy
1 Inadequate imaging
7 ADPLD

19 patients with kidney volumes at year 1

15 Patients randomized to receive Placebo

3 patients did not complete study
2 Liver resection surgery
1 Revoked consent

12 patients completed MRI at year 1

4 kidney volumes excluded
1 ESRD
1 Bilateral-nephrectomy
2 ADPLD

8 patients with kidney volumes at year 1

Total who did not complete: 7 patients
2 Liver resection surgeries
1 Did not meet study guidelines
3 Revoked consent
1 Side effects of drug

Total completed MRI at year 1 (primary outcome): 41 patients

Total excluded TKV (n=14)
ESRD (n=2)
Bilateral-nephrectomy (n=2)
Inadequate imaging (n=1)
ADPLD (n=9)

Total TKVs at year 1 (secondary outcome): 41-14=27 patients

Figure 1. | Study flow diagram. ADPLD, autosomal dominant polycystic liver disease; LAR, long-acting release; MRI, magnetic resonance
imaging; TKV, total kidney volume.

previously described (24). Comparability of volumetric
measurements from MRI and computed tomography and
low interobserver variability of total liver volume and total
kidney volume measurements have been previously established (24). Data from patients with ADPLD or patients
after transplant were excluded from kidney outcome
subanalyses.
Quality of life outcomes as well as safety and toxicity
were also investigated. Changes in quality of life at baseline
and 12 months were measured by the SF36 QOL questionnaire and a gastrointestinal questionnaire.
Safety was ascertained by reported adverse events, vital
signs, and clinical laboratory tests that were all evaluated at
the same time points. Side effects were classiﬁed according
to the Common Terminology Criteria for Adverse Events
and Common Toxicity Criteria (version 3). The study
coordinator recorded monthly drug and dose administration.

Power Statement
A sample size of 16 patients on placebo and 32 patients
on pasireotide LAR was determined in order to achieve
.80% power (a50.05, two sided) to detect a 7% point
difference on the basis of an estimated growth rate of 5%
63% in liver volume per year in untreated patients and
after allowing for estimated dropouts (one patient on
placebo and two patients on pasireotide LAR). Stratiﬁed
randomization by clinical diagnosis was performed by the
study statistician using software to generate random
numbers from the uniform distribution using a block
size of three. The randomization list was then provided
to pharmacy.

Statistical Analyses
Clinical and laboratory characteristics, total liver volume, total kidney volume, adverse events, and survey
measures at baseline and 12 months were summarized as
mean (SD) for continuous variables and n (%) for categorical variables. P values for comparisons between treatment
groups were calculated using the equal variance t test for
continuous measures and the chi-squared test or Fisher
exact test for categorical measures. P values for comparisons within treatment groups were calculated using the
paired t test or the McNemar test. Changes in total liver
volume and total kidney volume were assessed using
height-adjusted annualized absolute and percent change.
Additional analysis of covariance analysis was also carried
out on the liver and kidney volume measures, with baseline
volumes included as covariates. Change in clinical and
laboratory characteristics were assessed using percent change.
This study was carried out using a modiﬁed intention to
treat analysis with all available data. Secondary analyses
included comparing the proportion of patients with slow
progressions between treatment groups—with patients
without MRIs available at 1 year considered to have rapid
progression to account for dropouts in the analysis—as
well as evaluating quality of life measures among those
with slow progression in the treatment group. All calculated P values were two sided, and P50.05 was considered
statistically signiﬁcant.

Data Safety and Monitoring Board
Two independent medical experts served on the data
safety and monitoring board, and analyses were supplied
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Table 1. Baseline characteristics of participants in a 1-year, randomized, placebo-controlled, double-blinded study of pasireotide longacting release
Variable
Demographics
Women, n (%)
Age, yr
Weight, kg
BMI, kg/m2
Clinical diagnosis, n (%)
ADPKD
ADPLD
Genotyping results, n (%)
PKD1
PKD2
SEC63
PRKCSH
NMD
Unknown
Primary outcome
Total liver volume, ml/ma
Secondary outcomes
Total kidney volume, ml/ma,b
eGFR (CKD-EPI)c
Blood glucose, mg/dla
Hemoglobin A1C, %
Urinary albumin-creatinine ratio, mg/g
Serum creatinine, mg/dl
Heart rate, beats per minute
QT calculated Fridericia, ms

Placebo, n515

Pasireotide Long-Acting Release, n533

12 (80%)
5168
76612
26.163.6

31 (94%)
5069
72616
26.065.0

13 (87%)
2 (13%)

26 (79%)
7 (21%)

6 (40%)
1 (7%)
2 (13%)
0 (0%)
1 (7%)
5 (33%)

19 (58%)
5 (15%)
2 (6%)
1 (3%)
2 (6%)
4 (12%)

23876759

258261381

3976159
76617
90611
5.360.3
4.360.2
1.060.3
62610
419622

5346343
74624
92612
5.460.5
4.460.3
1.060.3
65612
414618

Unless indicated otherwise, data are mean 6 SD or n (%). P values were calculated using the equal variance t test for continuous measures
and the chi-squared or Fisher exact test for categorical measures. BMI, body mass index; ADPKD, autosomal dominant polycystic kidney
disease; ADPLD, autosomal dominant polycystic liver disease; NMD, no mutation detected; CKD-EPI, Chronic Kidney Disease
Epidemiology Collaboration; QT, interval on EKG.
a
Height-adjusted volumes were calculated by dividing volume by height (meters) at enrollment.
b
Total kidney volume: 27 patients with ADPKD completed magnetic resonance imaging and did not have ESKD or kidney transplant by
year 1, and so, they had total kidney volume available for analysis.
c
Fasting glucose obtained at screening visit.

by the statistician at 6-month intervals. Serious adverse
events and adverse events were reviewed at these meetings
conducted every 6 months.

Results
Baseline Characteristics
Fifty-four patients were assessed for eligibility, and 48
underwent randomization (Figure 1). Of these, 33 patients
were randomized to the masked drug (pasireotide LAR),
and 15 were randomized to placebo. Of the 48 randomized,
four (2%) had prior intervention for kidney disease (cyst
drainage, kidney procedure, or kidney transplant), and 12
(25%) had prior intervention for PLD (liver cyst drainage,
liver resection, listed for liver transplant, or told they had
inoperable PLD).
Among the 33 patients randomized to the pasireotide
LAR treatment arm, four patients (12%) did not complete
the study (one due to travel time, one due to not meeting
study guidelines, and two due to drug side effects and
disease progression). Of the 15 participants randomized to
the placebo group, three patients (20%) did not complete
the study (two patients opted for liver resection, and one
did not continue due to the travel burden to the study
center). Forty-one individuals completed the 1-year trial
and were included in the primary analysis (n529 on drug

and n512 on placebo). Baseline patient characteristics were
similar between the two groups (Table 1). Thirty-two
patients had ADPKD, and nine patients had ADPLD.
Twenty-two patients had mutations in PKD1, six patients
had mutations in PKD2, four patients had a mutation in
SEC63, one patient had a PRKCSH mutation, two patients
had no mutation detected, and six patients did not have a
sample collected. Our goal from randomization was to
have patients equally distributed between ADPKD and
ADPLD genotypes and phenotypes across pasireotide LAR
and placebo groups (Table 1).

Primary Outcomes: Liver Volumes
Total liver volume in the pasireotide LAR group decreased from 258261381 to 247961317 ml/m at baseline and 12 months, respectively (annualized absolute
change 2996189 ml/m; % change 23%67%) (Table 2).
Total liver volume in the placebo group increased from
23876759 ml/m at baseline to 25336770 ml/m at
12 months (annualized absolute change 1366117; % change
6%67%; P,0.001 between groups for both absolute and
percent change); this reduction did not seem to vary by
genotype or clinical diagnosis (Figure 2, A and B). Twentythree of 29 pasireotide LAR–treated patients (79%) were
deemed to have slow total liver volume progression during
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Table 2. Primary and secondary outcomes among 41 participants who completed the study
Outcome
Primary outcome
Total liver volume, ml/ma
Baseline
12 mo
Absolute changeb
Percent changec
Secondary outcome
Total kidney volume, ml/ma,d
Baseline
12 mo
Absolute changeb
Percent changec

Pasireotide Long-Acting Release, n529

Placebo, n512

P Value

—
258261381
247961317
2996189
2367

—
23876759
25336770
1366117
667

,0.001e
—
—
,0.001e
,0.001e

—
5346343
5236325
211634
2164

—
3976159
4176177
21621
465

0.02e
—
—
0.02e
0.003e

Additional analysis of covariance (ANCOVA) on the liver volume measure was performed with baseline liver volume included as a
covariate and found that the estimated treatment effect was still statistically signiﬁcant (after adjusting for height-adjusted liver volume
at baseline, the estimated change in height-adjusted liver volume at 1 year is estimated to be 2239 ml/m in patients on pasireotide longacting release [LAR] compared with patients on placebo; P,0.001). Results were also similar after performing an ANCOVA on the kidney
volume measure (estimated difference: 226 ml/m in patients on pasireotide LAR compared with patients on placebo; P50.03). Mean 6
SD. P values were calculated using the equal variance t test. —, not signiﬁcant.
a
Height-adjusted volumes were calculated by dividing volume by height (meters) at enrollment.
b
Annualized absolute change was calculated for liver and kidney volumes using the equation 5(X month value – baseline value)
312/X month.
c
Annualized percent change was calculated for liver and kidney volumes using the equation 5[(X month value – baseline value)/
baseline value] 3100312/X month.
d
Twenty-seven patients with autosomal dominant polycystic kidney disease completed magnetic resonance imaging and did not have
ESKD or kidney transplant by year 1, and so, they had total kidney volume available for analysis.
e
Denotes signiﬁcance at the 0.05 a-level.

the 12 months of treatment (deﬁned as a reduction, no
change, or change of ,2% in total liver volume from baseline
to 12 months) compared with two of 12 patients with slow
progression (17%) in the placebo group (Figure 2C).
Secondary Outcomes: Kidney Volumes
Fourteen individuals were excluded from kidney volume
analysis (two who previously developed ESKD and underwent kidney transplants, two with bilateral nephrectomies, one with inadequate imaging, and nine with ADPLD)
(Figure 1). Total kidney volumes in the pasireotide LAR
group were 5346343 and 5236325 ml/m at the baseline
and 12-month visits, respectively, whereas total kidney
volumes in the placebo group were 3976159 and
4176177 ml/m at baseline and 12-month visits, respectively (Figure 3A, Table 2). Total kidney volume changed
by 21621 ml/m and 4%65% in the placebo group
compared with 211634 ml/m and 21%64% in the
pasireotide LAR group (P50.05 for both), and it did not
seem to be affected by gene mutation (Figure 3A). Absolute
changes in total kidney volume from baseline to 12 months
did not seem to be greater in patients with larger kidneys at
baseline. Of 19 pasireotide LAR–treated patients, 18 (95%)
were deemed as having slow progression, whereas three
(38%) of eight individuals in the placebo group were
classiﬁed as having slow progression during the 12 months
of treatment (Figure 3B).
Secondary Analyses
As a secondary analysis, we evaluated total liver volume
and total kidney volume among those with slow progression between treatment groups, considering withdrawals

as treatment failures to account for dropouts; results were
similar as for the main analysis. For total liver volume, 23
(70%) of 33 pasireotide LAR–treated patients had slow
progression, whereas only two (13%) of 15 in the placebo
group progressed slowly; for total kidney volume, 18 (72%)
of pasireotide LAR–treated patients had slow progression
compared with three (23%) patients on placebo (P50.003
and P50.004, respectively). We assessed their disease
severity using the Mayo ADPKD Imaging Classiﬁcation
only for participants with ADPKD (n527); pasireotide
group (n519): Class 1A (n55); Class 1B (n59); Class 1C
(n54); Class 1E (n51) and similarly milder kidney disease
in the placebo group (n58): as reﬂected by few severe cases
with Class 1A (n52); Class 1B (n55); Class 1C (n51) using
this classiﬁcation.
Kidney Function. eGFRs using the Chronic Kidney
Disease Epidemiology Collaboration equation were
74624 and 73622 ml/min per 1.73 m2 at the baseline
and 12-month visits, respectively, in the pasireotide LAR
group and 74618 and 73622 ml/min per 1.73 m2 at
baseline and 12 months, respectively, in the placebo group
(Table 3). eGFR changed by 20.3%614% in the pasireotide
LAR group compared with 22%618% in the placebo
group (P50.79 between groups) (Supplemental Figure 1).
Similarly, there was no signiﬁcant difference observed in
the percent change in serum creatinine between the pasireotide LAR (2%612%) and the placebo (3%616%)
groups (P50.79) (Table 3).
Quality of Life. No quality of life subdomains changed
signiﬁcantly over the course of the study, either within or
between treatment groups (Supplemental Table 1). Results
were similar after subsetting to patients with liver disease
and patients with kidney disease with slow progression in
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Placebo

A

Pasireotide LAR

6000

Liver volume, mL/m

5000
Gene mutation

4000

NMD
PKD1
PKD2
PRKCSH
SEC63
Unknown

3000
2000
1000
0
0 months

Annualized change in liver volume, mL/m (%)

B

12 months

20

Annualized change in liver volume, mL/m (%)

20
18
16
14
12
10
8
6
4
2
0
−2
−4
−6
−8
−10
−12
−14
−16
−18

12 months

P<0.001

10

Clinical Diagnosis
ADPKD
ADPLD

0

−10

Placebo

C

0 months

Pasireotide LAR

Study Group
Placebo
Pasireotide LAR

Figure 2. | Liver volume changes over time. (A) Height-adjusted liver volumes from 0 to 12 months by study group and gene mutation. (B)
Annualized percent change in liver volumes by study group and clinical diagnosis. ADPLD is denoted by circles, and autosomal dominant
polycystic kidney disease (ADPKD) is denoted by triangles. Plus signs represent means. P values were derived from the equal variance t test
comparing annualized percent change in liver volume in patients on pasireotide LAR versus patients on placebo. (C) Annualized percent change
in liver volume by study group.
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Placebo

A

Pasireotide LAR

1500

Kidney volume, mL/m

1273

Gene mutation
NMD
PKD1
PKD2
SEC63
Unknown

1000

500

0
0 months

Annualized change in kidney volume, mL/m (%)

B

12 months

10
8
6

0 months

12 months

Study Group
Placebo
Pasireotide
LAR

4
2
0
−2
−4
−6
−8
−10
−12

Figure 3. | Kidney volume changes over time. (A) Height-adjusted kidney volumes from 0 to 12 months by study group and mutation. (B)
Annualized change in kidney volume by study group.

the treatment group (results not shown). Within the
abdominal symptom severity subdomains, shortness of
breath was found to be improved among patients receiving
pasireotide from baseline to 12 months (P50.05)
(Supplemental Table 2).
Tolerability. Most adverse events were grades 1 and 2 in
severity (88%). The most common adverse events included
hyperglycemia: 26 of 33 (79%) in the pasireotide LAR group
versus four of 15 (27%) in the placebo group (P,0.001)
(Table 4). Plasma glucose levels increased 39% from
baseline to 12 months in patients on pasireotide LAR
compared with a 2% increase in patients on placebo
(P,0.001) (Table 3). One patient had diabetes at baseline.
Among the 47 without diabetes at baseline, there were 19 of
32 (59%) in the pasireotide LAR group versus one of 15

(7%) in the placebo group who developed diabetes
(P,0.001) (Table 4). The one patient in the pasireotide
LAR group with prediabetes at baseline later progressed to
diabetes. The one individual in the placebo group with
prediabetes at baseline did not develop diabetes at 1 year.
Diarrhea occurred in 17 of 33 (52%) patients on pasireotide
LAR and eight of 15 (53%) patients on placebo (P50.91)
(Table 4). Dosing was adjusted on the basis of reports of
side effects at monthly injection visits (Figure 4).

Safety
Over the 12-month study period, one patient receiving
pasireotide LAR was hospitalized with a ruptured liver
cyst and elevated alkaline phosphatase felt not to be related
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Table 3. Changes in clinical and laboratory data among 41 participants who completed the study
Pasireotide Long-Acting
Release, n529

Placebo, n512

Secondary Outcomes

Blood glucose, mg/dlb
Hemoglobin A1C, %b
Serum creatinine,
mg/dlb
eGFR (CKD-EPI), ml/
min per 1.73 m2b
Albumin-creatinine
ratio, mg/gb
Heart rate, BPMc
QT calculated, msc

Percent
Changea

Percent
Changea

P Value for Percent Change
between Groups

Baseline

12 mo

91613
5.2960.28
1.0060.28

92611
5.460.3
1.160.5

2615
263
3616

20.3614

74618

73622

22618

0.79

4.360.3

2166

4.3460.21

4.460.2

163

0.23

61616
417624

20.260.2
0.060.1

62.8611.1
416617

58611
418619

Baseline

12 mo

93612
5.560.5
1.060.3

127627
6.460.6
1.060.3

39630
18611
2612

74624

73622

4.460.2
65613
416618

,0.001d
,0.001d
0.79

20.160.1
0.060

0.73
0.97

Unless indicated otherwise, data are mean 6 SD or n (%). P values were calculated using the equal variance t test for continuous measures
and the chi-squared or Fisher exact test for categorical measures. CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; BPM,
beats per minute; QT, time from the beginning of the QRS complex, representing ventricular depolarization, to the end of the T wave.
a
Percent change was calculated for clinical and laboratory parameters using the equation 5[(X month value – baseline value)/baseline
value] 3100.
b
Laboratory measurements: one patient was missing laboratory measurements at 12 mo and so, was not included in the analysis.
Fourteen patients had their serum creatinine and eGFR measures excluded due to autosomal dominant polycystic liver disease genotype,
ESKD, or kidney transplant.
c
EKG measurements: QT calculated (Fridericia).
d
Denotes signiﬁcance at the 0.05 a-level.

to the study drug. Another individual on pasireotide LAR
developed a prolonged QTc .480 ms, and pasireotide LAR
was temporarily withheld; she did not require hospitalization. Another individual on pasireotide LAR developed
severe right upper quadrant pain felt not to be due to
pasireotide LAR but to her severe PLD; the patient later
discontinued the study due to inability to travel to the
study site. She did not require hospitalization. Another
pasireotide LAR recipient developed abdominal pain and
ascites and had the treatment temporarily withheld. Two
were hospitalized in the placebo group, one for abdominal hernia repair and a second who died following
postoperative surgical complications after undergoing

liver resection at another medical center. No signiﬁcant
ﬂuctuations in cyclosporin or tacrolimus levels were
observed in kidney transplant recipients receiving both
medications. QT lengthening was not different between groups.

Discussion
The primary results of our study show that in patients
with severe PLD, pasireotide LAR reduced total liver
volume and total kidney volume compared with patients
who received placebo. We also observed that 25 of 41 (61%)
participants (with respect to total liver volume) and 21 of 27

Table 4. Adverse events
Adverse Event Type
Most frequently occurring adverse events
Hyperglycemia
Diarrhea
Dizziness
Pain abdomen
Fatigue
Diabetesa
Nausea
Bradycardia
Alopecia
Headache
Serious adverse event

Placebo, n515

Pasireotide Long-Acting Release, n533

P Value

4 (27%)
8 (53%)
3 (20%)
1 (7%)
3 (20%)
1/15 (7%)
3 (20%)
1 (7%)
0 (0%)
3 (20%)
2 (13%)

26 (79%)
17 (52%)
10 (30%)
11 (33%)
13 (39%)
19/32 (59%)
9 (27%)
10 (30%)
9 (27%)
5 (15%)
4 (12%)

,0.001b
0.91
0.46
0.05b
0.19
0.001b
0.59
0.07
0.03b
0.68
0.91

P values were derived using the chi-squared test.
We used standard deﬁnitions for diagnosis of diabetes: a fasting plasma glucose (no caloric intake 38 hours) $126 on two occasions;
hemoglobin A1C .6.5; or in a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma glucose
$200 mg/dl were equally appropriate for diagnostic testing. The numbers above are on the basis of the 47 patients without diabetes
at baseline.
b
Denotes signiﬁcance at the 0.05 a-level.
a
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Figure 4. | Percentage of patients on pasireotide LAR on each dose level by visit month among 33 randomized patients on pasireotide LAR. AE,
adverse event.

(78%) participants (with respect to total kidney volume)
had slow progression. Pasireotide-treated individuals experienced high rates of hyperglycemia. In our previous
octreotide LAR study over 2 years, similar reductions in
liver volume were associated with improvements of quality
of life (physical role, bodily pain, and vitality); however, in
this study, there was no reported improvement in quality
of life, likely due to the high rates of diabetes and
hyperglycemia, despite very similar reductions in
liver volume (24).
PLD is characterized by the progressive growth of
cholangiocyte-derived ﬂuid-ﬁeld cysts that gradually replace liver tissue as a result of mutations in at least nine
causative genes. The kidney and liver disease is linked to
mutations in one of several genes: PKD1, PKD2, GANAB,
DNAJB11, and ALG9 (28–36). PKD1 mutations are responsible for approximately 85% of clinically detected ADPKD
cases. ADPLD is a genetically distinct disease with few or
no kidney cysts associated with PRKCSH, SEC63, LRP5,
and GANAB mutations (30,37–40). Mutations in PRKCSH
and SEC63 account for 35% of clinically diagnosed cases. In
addition, LRP5, ALG8, SEC61B, and PKHD1 are responsible
for hepatic cystogenesis in ADPLD (41). Substantial experimental evidence suggests that hepatic cystogenesis is
associated with disturbances in multiple cellular mechanisms. Elevated levels of intracellular cAMP in kidney
epithelial cells and in cholangiocytes are considered to be
one of the major forces that underlie cyst growth in PLD
and PKD. Recent advances in the understanding of cAMP
signaling pathway led to development of cAMP-based
therapies for these disorders (42). Somatostatin and its
synthetic analogs (such as octreotide and pasireotide) have
been shown to decrease levels of intracellular cAMP in
different cell types by activating SSTRs (18). Octreotide
binds to three SSTRs (i.e., SSTR2, SSTR3, and SSTR5),
whereas pasireotide had a broader spectrum of afﬁnity

binding to SSTR1, SSTR2, SSTR3, and SSTR5 (43). The
median inhibitory concentration of pasireotide is much
lower, and this somatostatin analog is more stable (43).
Our data from this trial using pasireotide LAR and
ﬁndings from previous octreotide and lanreotide studies
suggest that in individuals with ADPKD/ADPLD, somatostatin analogs have a signiﬁcant and clinically relevant
effect of arresting growth of both liver and kidney cysts.
Because of their favorable safety and tolerability proﬁle,
even long-term somatostatin analog therapy seems to be a
viable option for chronic therapy of patients with ADPKD
and symptomatic PLD. Their effects on GFR and total
kidney volume are less impressive. In the DIPAK study,
which enrolled individuals with ADPKD with eGFR of
30–60 ml/min per 1.73 m2, although total kidney volume
and total liver volume growth were lower, GFR decline was
not altered in the lanreotide-treated versus placebo group
(25,44). The 3-year octreotide LAR ALADIN-2 trial
(GFR515–40 ml/min per 1.73 m2 at enrollment) also
reported no difference in slope of GFR decline when
compared with placebo. In the ALADIN-2 trial, of 63
participants, three on octreotide LAR versus eight on
placebo progressed to ESKD (P50.04) (45). In our study,
we also did not detect any signiﬁcant effect on arresting
GFR decline (indeed, most ADPKD enrollees had mild
kidney disease on the basis of their Mayo imaging classiﬁcation); however, because our study was only powered to
detect signiﬁcant differences in the primary outcome of
liver volume, it is possible that the size of our remaining
cohort after removing those with ADPLD genotype, ESKD,
or kidney transplant for assessment of our secondary
kidney outcomes was too small to be able to detect
statistically signiﬁcant differences between treatment
groups. This could also pose an issue with our assessment
of quality of life outcomes. Since the implementation of this
clinical trial, a validated PLD-speciﬁc quality of life tool has
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become available (46). Although pasireotide LAR was
effective in arresting organ growth in both kidney and
liver, treated individuals experienced more hyperglycemia
and diabetes compared with patients on placebo. It is a
potent inhibitor of insulin secretion due to its broader SSTR
binding proﬁle and because SSTRs are also expressed on
other tissues, including pancreatic islet cells. Because it
has high binding afﬁnity for SSTR1 to -3 and SSTR5, its
effects on glucose metabolism are mediated through
effects on both insulin-producing b-cells and the
glucagon-producing a-cells (47). Despite medical and
dietary interventions, these adverse effects were considered by some participants receiving pasireotide LAR as
too untoward to continue therapy, leading to a higher
withdrawal rate than seen in prior somatostatin trials. We
favor continued use of ﬁrst-generation somatostatin
analogs octreotide LAR and lanreotide LAR in selected
patients with symptomatic PLD.
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