








Figure 3. Octreotide therapy (Oct-LAR) decreased total liver volumes. (A) Total liver vol-
umes in each individual patient in placebo (left) and octreotide (right) groups before (0
months) and after (12 months) treatment. (B) Changes in liver volumes in each patient
expressed as a percent of change after 12 months of treatment compared with month 0 in
placebo and octreotide groups. (C) Averaged changes in total liver volume (mean = SD) in
placebo and octreotide-treated groups; *P = 0.048. (D) Correlation between liver volumes
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ney volumes in the placebo group were
803 * 269 ml and 874 * 306 ml at the base-
line and 12-month visits, respectively (Fig-
ure 4A). Five of eight patients in the placebo
group experienced an increase in total kid-
ney volume during the 12 months of treat-
ment (Figure 4B). In the placebo group, to-
tal kidney volumes increased by 8.61% *
10.07% compared with 0.25% = 7.53% in
the octreotide group (P = 0.045, rank-sum
test; Figure 4C). Changes in kidney volume
in response to octreotide treatment were
significantly correlated with baseline kidney
volumes—patients with larger kidneys had
larger reductions (Figure 4D).

Secondary Outcomes

Kidney Function.

GFR measured by iothalamate clearance
in 30 ADPKD patients decreased from
68.1 to 64.6 ml/min per 1.73 m* (—5.1%)
in the octreotide group (n = 21) com-
pared with a decrease from 70.1 to 65.7
ml/min per 1.73 m* (—7.2%) in the pla-
cebo group (n = 9; P = 0.98; Table 2).
There was no significant difference in the
rates of change in serum creatinine between
the octreotide (+3.5%) and the placebo
(+5.6%) groups (P = 0.56; Table 2).

Quality of Life.

Two subdomains in the health-related qual-
ity of life (HRQoL) questionnaire (SF-36;
Table 3)—that is, physical role, which as-
sesses physical activity (60 to 74, P = 0.04)
and bodily pain (68 to 76, P < 0.02—signif-
icantly improved in the octreotide-treated
group. No significant changes were seen in
the placebo-treated group. No other
HRQoL subdomains changed significantly
over the course of the study.

(measured at 0 months) and response to absolute changes in total liver volumes after 12

months of treatment. Individuals with larger liver volumes had greater response to treat-
ment. Colored symbols and lines represent individual patient genotypes (A and B) or by

disease group in D. NMD, no mutation detected.

placebo group (P = 0.048, rank-sum test; Figure 3C). Changes in
liver volume in response to octreotide treatment were signifi-
cantly correlated with baseline liver volumes—patients with
larger livers had larger reductions (Figure 3D).

Kidney Volumes.

Thirteen patients were excluded from the kidney analysis (see
Baseline Characteristics for details). Total kidney volumes in the
octreotide group were 1143 = 827 and 1129 * 796 ml at the
baseline and 12-month visits, respectively (Figure 4A). Total kid-
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Tolerability

Eighteen patients had symptoms after the
test dose; 11 had mild diarrhea, five had
abdominal cramps, six developed nausea,
two complained of gas, and one each had vomiting, dizziness,
and headache. One patient with moderate diarrhea after the
test dose was initiated on a reduced dose (20 mg).

The target dose was reached in 41 (97%) of 42 patients.
Seven octreotide doses were withheld in three patients (Fig-
ure 5). The dose was reduced to 30 mg in seven and 20 mg in
four patients receiving octreotide, mostly because of diar-
rhea/loose stools, especially in the first 2 weeks after an in-
jection (Figure 5). The commonest reported side effect was
injection site pain: 21 (75%) of 28 compared with 3 (21%)
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Figure 4. Octreotide therapy (OctLAR) stalled kidney growth in treated individuals. (A)
Total kidney volumes in each individual patient in placebo (left) and octreotide (right)
groups at baseline (0 months) and after (12 months) treatment. (B) Changes in kidney
volumes in each patient expressed as a percent change after 12 months of treatment
compared with month 0 in placebo and octreotide groups. (C) Averaged changes in
total kidney volume (mean = SD) in placebo and octreotide-treated groups; **P =
0.045. (D) Correlation between kidney volumes (measured at 0 months) and response to
absolute changes in total kidney volumes after 12 months of treatment. Individuals with
larger kidney volumes had greater response to treatment. Colored symbols and lines

pleted the 12 months in the study, his data
were included in the analysis.

Asymptomatic nonobstructing chole-
lithiasis was identified in one patient, and
another had gallbladder sludge. Both
findings were present before assignment
to octreotide and remained clinically sta-
ble on therapy.

One patient developed moderate alo-
pecia after three full doses. Octreotide was
held for 2 months for hair regrowth and
then restarted 20 mg for 1 month and in-
creased to 30 mg until completion with
minimal hair loss.

One patient receiving octreotide devel-
oped symptomatic bradycardia requiring
an emergency room visit after her sixth
40-mg dose. One dose was held, and then
the participant was recommenced on 20
mg for 5 months and then increased to 30
mg. No patient receiving placebo required
a dose reduction.

Black - PKD1
Red-PKD2
Blue - NMD

I Placebo
EOctLAR

*%

Safety

Over the 1-year study period, three pa-
tients receiving octreotide were hospital-
ized for causes deemed to be unrelated to
the study intervention (bacteremia asso-
ciated with nephrolithiasis and a urinary
infection, abdominal pain and fever re-
sponding to antibiotic treatment, and in-
carcerated abdominal hernia). No serious
adverse events occurred in the first year in
the patients receiving placebo.

Plasma glucose levels increased 10%
from baseline compared with a 2% in-
crease in placebo (P = 0.02) after com-
mencing octreotide treatment, but no pa-
tient developed diabetes (Table 2). No
significant fluctuations in cyclosporin lev-
els were observed in the three renal trans-
plant recipients receiving both medica-
tions.

e ADPKD

represent individual patient genotypes (A and B); NMD, no mutation detected.

of 14 on placebo. Injection site granulomas were reported in
5 of 28 patients receiving octreotide, with no occurrence in
the placebo group.

Diarrhea grade 1 (an increase of less than four stools per day
over baseline) was reported in 17 (61%) of 28, and abdominal
cramping, bloating, and gas in 14 (50%) of 28 patients in the
octreotide arm compared with 4 (28%) of 14 and 3 (21%) of
14, respectively, in the placebo arm. One patient on octreotide
developed steatorrhea and weight loss. Despite withholding
four doses and later recommencement of 20 mg while on pan-
creatic supplements, his symptoms persisted. Because he com-
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DISCUSSION

A large body of evidence has established that cAMP plays a
central role in the progression of cystic disease in patients with
ADPKD and/or ADPLD by stimulating mural epithelial cell
proliferation and secretion of fluid into cysts.2> This has pro-
vided a strong rationale for therapies targeting cAMP and
cAMP signaling. The ability to hormonally modulate cAMP
signaling in a tissue/cell-specific manner provides a strategy
that minimizes adverse effects on unaffected tissues or cells,
which is obviously very important when considering treat-
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Table 2. Main clinical and laboratory parameters at start and end of treatment period

Octreotide Placebo P for
Baseline 12 mo Delta % Baseline 12 mo Delta % Delta %
Creatinine, mg/d| 1.1(0.43) 1.1(0.47) 0.0(0.12) 1(0.52) 1.2(0.62) 0.05(0.12) 0.56
lothalamate GFR?, ml/min 68.1 (26.53) 64.6 (25.66) —5.1(15.46) 70.8 (28.08) 65.7 (26.40) —7.2(13.21) 0.98
per 1.73 m?
Aspartate 32.5(13.77) 29.9 (8.61) —2.4(23.66 28.6 (7.93) 29.1(6.11) 5.2(17.93) 0.23
aminotransferase, U/L
Albumin, g/dl 4.3(0.18) 3(0.20) 4(4.47) 4(0.19) 4(0.19) 1.1 (4.54) 0.64
Bilirubin, wmol/L 0.6 (0.26) 6(0.24) 17 5 61.72) 0(1.52) 7 (0.40) —3.7(34.09) 0.98
Alkaline phosphatase, U/L 92.5 (47.78) 99 0 (49.21) 8 (24.38) 107 5(55.91) 101 4 (36.20) - 0(14 91) 0.29
Prothrombin time, INR 9.6 (0.71) 10.4 (0.66) 5(4.98) 10.9 (5.22) 10.5 (1.59) 8 (15.61) 0.83
Sodium, mEg/L 139.0 (3.05) 138 0(3.30) —0 7 2.67) 139 2 (2.58) 139 2 (2.08) 0(1.86) 0.12
Potassium, mEq/L 4.5(0.46) 4 (0.35) —1.5(8.61) 3(0.44) 4(0.43) 2 (15.85) 0.48
Blood glucose, mg/dl 93.4(11.22) 102 4 (11.54) 10 2 11.25) 93 6(7.81) 95 3(8.01) 0(7.10) 0.02°
BUN, mg/dl 19.0 (7.23) 19.0 (7.37) 5(19.72) 18.5 (7.66) 22.1(10.50) 18 2 (21.40) 0.03°
Hemoglobin, g/dl 12.8 (1.24) 12.6 (1.38) 71 1(5.31) 12.9 (0.97) 12.7 (1.14) 71 .4(5.84) 0.74
Liver volume, ml 5907.7 (2915.0)  5557.1 (2659.4) —5.0(6.77) 5373.9 (3565.4) 5360.6 (3330.9) 9 (8.33) 0.048°
Kidney volume, ml? 1142.9 (826.9) 1128.5 (796.0) 0.25 (7.53) 803.0 (269.1) 873.5(306.2) 8. 61 (10.07) 0.045°

Data shown as mean (SD). BUN, blood urea nitrogen.

#Kidney volume/GFR: four transplant patients, eight ADPLD patients, and one patient with missing values were removed from this analysis.

PP < 0.05 octreotide versus placebo group.

ments for a chronic disease, such as ADPKD or ADPLD. For
example, blocking the effect of vasopressin on the Gs protein-
coupled receptor V2 in the kidney, thereby decreasing cAMP
levels, inhibits renal cyst and kidney enlargement and im-
proves renal function in four different genetic models of PKD,
and clinical trials of vasopressin V2 receptor antagonists are in
progress.2>-26 V2 receptor antagonists have no effect on PLD
because V2 receptors are not expressed in the liver.
Somatostatin analogs acting on Gi protein-coupled re-
ceptors provide an alternative path to inhibit cAMP signal-
ing in cholangiocytes, as well as in tubular epithelial cells,
thus potentially improving PLD in addition to PKD. We
have recently shown that octreotide significantly reduces
cAMP levels and rates of cyst expansion in freshly isolated
bile ducts from PCK rats grown in 3D culture.’® Further-
more, intraperitoneal injection of octreotide to PCK rats for
4 to 16 weeks lowered cAMP levels in serum and freshly
isolated bile ducts and decreased liver and kidney weights
and cystic and fibrosis scores. These effects were deemed to
be mediated by Gi protein-coupled SST2 receptors in
cholangiocytes, as well as in the distal nephron and collect-
ing duct. Somatostatin is also known to blunt secretin-in-
duced cAMP accumulation and fluid secretion in cholan-
giocytes,''-13  arginine  vasopressin-induced = cAMP
accumulation and water permeability in collecting ducts
and toad urinary bladder,'#-'7 and secretin release.'® Al-
though vasopressin is the major adenylyl cyclase agonist in
renal collecting ducts and distal nephron, secretin is the
major adenylyl cyclase agonist in cholangiocytes. Secretin
contributes to adenylyl cyclase-dependent urinary concen-
tration along with vasopressin. Somatostatin also sup-
presses the expression of IGF-1, vascular endothelial growth
factor, and other cystogenic growth factors and downstream
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signaling from their receptors.'® Therefore, somatostatin
analogs may reduce cAMP accumulation and cyst growth by
multiple mechanisms.

We initiated a clinical trial of octreotide in patients with
severe PLD encouraged by the results of our preclinical studies,
our anecdotal clinical experiences, and the pilot study con-
ducted by Ruggenenti et al.2! The results of the clinical trial
reported here show that administration of octreotide LAR for 1
year induced a moderate but significant reduction in liver vol-
ume, inhibited the growth of polycystic kidneys, and improved
quality of life in patients with ADPKD and/or ADPLD, with
low toxicity and few side effects. These results, in a group of
genetically well-characterized patients with more severe PLD,
treated for a more extended period of time, and with a positive
outcome on quality of life, expand observations in two previ-
ous randomized, placebo-controlled trials. A crossover study
of octreotide LAR (40 mg intramuscularly every 4 weeks) for 6
months in 12 ADPKD patients with advanced renal disease
(mean total kidney volume 2435 ml, mean serum creatinine
1.9 mg/dl) showed that kidney volume increased by 2.2% =
3.7% during active treatment compared with 5.9% * 5.4%
(P < 0.01) while on placebo.?! A parallel-arm, double-blind
trial of lanreotide (120 mg subcutaneously every 4 weeks) for 6
months in 54 patients with PLD (32 ADPKD and 22 ADPLD)
showed that liver volume decreased 2.9%, from 4606 to 4471
ml, in the lanreotide group, whereas it increased 1.6%, from
4689 to 4895 ml, in the placebo group (P < 0.01).27 In the 32
patients with ADPKD, total kidney volume decreased 1.5%,
from 1000 to 983 ml in the lanreotide group, whereas it in-
creased 3.4%, from 1115 to 1165 ml, in the placebo group (P <
0.02). A single subdomain score of the HRQoL questionnaire
(SE-36), current health perception, improved significantly in
patients treated with lanreotide (P < 0.01). The dose of lan-
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Table 3. Patient reported outcomes using mean health-
related quality of life scores

SF-36 Octreotide Placebo

Physical functioning

time O 74.8 (21.96) 80.4 (23.73)

12 mo 77.0 (21.32) 82.1(18.58)

P 0.4013 0.5668
Physical role

time O 59.8 (42.13) 76.8 (39.79)

12 mo 74.1 (35.00) 75.0 (41.60)

P 0.03812 0.8555
Bodily pain

time 0 67.8(15.29) 65.5 (24.25)

12 mo 75.7 (19.02) 68.7 (25.51)

P 0.0158? 0.4653
General health

time 0 55.9(21.29) 58.0 (23.63)

12 mo 53.5(17.32) 63.4 (23.96)

P 0.5265 0.1975
Vitality

time O 49.6 (21.81) 53.9 (25.9¢)

12 mo 54.4 (24.23) 54.6 (27.91)

P 0.2414 0.7801
Social functioning

time 0 79.0 (19.56) 75.0 (27.30)

12 mo 82.9 (19.35) 81.3(21.79)

P 0.2653 0.1309
Role emotional

time O 82.1 (32.05) 73.8 (37.39)

12 mo 91.4 (23.74) 81.0 (38.60)

P 0.2557 0.4874
Mental health

time O 76.0(14.12) 75.4 (18.75)

12 mo 76.9 (16.54) 80.7 (18.76)

P 0.8734 0.2030
Standardized physical component

scale

time O 42.6 (9.73) 46.0 (10.16)

12 mo 44.7 (10.00) 46.1(9.51)

P 0.0563 0.9235
Standardized mental component

scale

time 0 50.8 (7.74) 48.4 (10.96)

12 mo 52.2(8.03) 51.3(11.15)

P 0.5049 0.0738

Data are mean (SD). Scored on a range of 0 to 100 (0 = worst imaginable,
100 = best imaginable). P (paired t test).
2P < 0.05 within group.

reotide used in this study is equivalent to 60 mg of octreotide
(compared with 40 mg used in our study), but lanreotide has a
lower affinity for the SST2 receptor than octreotide.

The administration of octreotide or lanreotide has been gen-
erally well tolerated, with mostly mild, predictable, and dose-de-
pendent gastrointestinal side effects. A single patient in our study
had pre-existing gallstones, and another with gallbladder sludge
remained stable on octreotide therapy. Patients undergoing long-
term octreotide treatment should be monitored for cholelithiasis
symptoms or signs because this is a known complication.?8-30
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One patient experienced alopecia and another symptomatic bra-
dycardia, both of which are known adverse events associated with
this treatment.>'-3¢ One patient developed steatorrhea and weight
loss, also a recognized side effect.”-3 A drawback of these treat-
ments is the pain and granuloma formation associated with the
injections. No significant fluctuations in cyclosporin levels were
observed in the three renal transplant recipients taking octreotide
with this medication.>

In summary, three independent randomized, placebo-con-
trolled trials have had encouraging outcomes. Nevertheless,
conclusions regarding safety and efficacy are limited by their
short duration (6 to 12 months) and small number of subjects.
Longer and larger clinical trials will be necessary to establish
the long-term safety and efficacy of somatostatin analogs for
ADPKD and/or ADPLD. Finally, combination therapies, in-
cluding somatostatin analogs and other promising treatments,
may in the future improve the efficacy and reduce the toxicity
of emerging therapies for ADPKD and/or ADPLD.

CONCISE METHODS

Study Design
This was a single-center (Mayo Clinic, Rochester, MN), placebo-con-

trolled, double-blind trial with a 2:1 randomization. It conformed to the
principles of the Declaration of Helsinki and was approved by the Mayo
Clinic Institutional Review Board. Patients were randomly assigned to
receive octreotide or placebo and followed for 1 year. The primary end
point (percent change in liver volume from baseline) as measured by
magnetic resonance imaging (MRI) (or computed tomography [CT] in
three patients, see below) at 12 months, and secondary end points were
changes in total kidney volume, GFR, quality of life (QOL SF-36v2TM),
and safety ascertained by reported adverse events, vital signs, and clinical
laboratory tests. Novartis USA partially funded the study and supplied
octreotide. The sponsor was not involved in the study design, in the en-
rollment of patients, or in the collection, analysis, data interpretation, or
preparation of the manuscript. The manuscript was prepared by the au-
thors and reviewed by the sponsor. The CONSORT guidelines were ad-
hered to for all aspects of the conduct and manuscript writing of this
clinical trial (www.consort-statement.org).

Eligibility

Men and women 18 years or older with a diagnosis of ADPKD or AD-
PLD, severe PLD defined as a liver volume >4000 ml or symptomatic
disease due to mass effects from hepatic cysts, and who were not candi-
dates or declining surgical intervention were eligible. Criteria for exclu-
sion were inability to provide informed consent, women of childbearing
potential unwilling to employ adequate contraception, serum creatinine
concentration >3 mg/dl or dialysis dependency, symptomatic gallstones
or biliary sludge, uncontrolled hypertension (SBP >160 mmHg; DBP
>100 mmHg) or diabetes mellitus, cancer or major systemic diseases that
could prevent completion of the planned follow-up or interfere with data
collection or interpretation, and current or prior use of somatostatin
analog within 6 months of enrollment or history of significant adverse
reaction from a somatostatin analog.

J Am Soc Nephrol 21: 1052-1061, 2010



Enrollment, Randomization, and Study Protocol
Enrollment took place from January 1, 2007, to May 19, 2008. Random-

ization (2:1) was performed to ensure that two-thirds of patients received
Sandostatin LAR® (along-acting depot form of octreotide that is admin-
istered intramuscularly once every 4 weeks) and one-third received pla-
cebo. Randomization assignment to octreotide or matching placebo
treatment was independently managed by the research pharmacy. After
verification of baseline eligibility data by the principal investigator and
signature of written informed consent and consent for genotyping for
PKD1I and PKD2 (and PKRSCH or SEC63), all women of childbearing
age had a pregnancy test, and all patients were given a subcutaneous test
dose of 100 ug of short-acting octreotide (Sandostatin®) and observed
(vital signs) over a 4-hour period. The next day, after confirming tolera-
bility of the test dose, they were given 40 mg of octreotide LAR in two
20-mg intramuscular injections (one in each buttock by nursing staff in
the Center for Translational Science Activities [CTSA]) or placebo. Oct-
reotide or placebo was continued at a dose of 40 mg by intramuscular
injection every 28 * 5 days. If needed because of side effects, the dose
could be reduced to 30 or 20 mg. Patients returned for follow-up visits at
1, 4, 8, and 12 months for safety assessments, which included vital signs
and physical examination and clinical laboratory parameters. MR or CT
imaging of liver and kidneys was obtained at the baseline and 12-month
Visits.

Evaluation of Outcomes
Liver and kidney volumes were measured by MR or CT imaging. GFR

was measured by clearance of iothalamate using a nonisotopic capil-
lary electrophoresis-based method with monitoring of bladder emp-
tying using ultrasound.4°

Quality of life was assessed with the study form 36 SF-36 question-
naire administered at baseline and every 4 months thereafter. The
SF-36 comprises nine minor domains (physical functioning, social
functioning, physical role functioning, emotional role functioning,
mental health, vitality, bodily pain, change in health perception, and
general health perception), which are summarized into a physical and
mental component. Safety laboratory studies were performed on all
patients at baseline, week 4, and then at 4-month intervals thereafter.
All adverse events occurring during the study were recorded accord-
ing to National Cancer Institute Common Toxicity Criteria http://
ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.
htm (version 3.0).4!

MRI Scans and Volumetric Measurements
MRI was performed using a 1.5-T magnet on a single scanner using a

torso phased-array surface coil. No intravenous gadolinium was used.
MRI protocols included single-shot fast spin-echo (SSESE), steady-state
free precession (SSFP), and 3D fat-saturated spoiled gradient echo (3D
SPGR) sequences. 3D SPGR sequences were the most suitable for volume
analysis in the majority of patients. All images were acquired in coronal
planes. The protocol was modified specifically to include patients with
very large liver or kidneys, which often extended into the pelvis. Field of
view ranged between 35 and 48 cm, and slice thickness was 4 mm with
0-mm gap. All sequences covered from dome of diaphragm to the low-
ermost portion of the kidneys. All sequences were obtained during breath
holds. If the entire liver and kidney(s) could not be covered during one
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breath hold, more than one set of images, with neighboring image sets
overlapped by one slice, were acquired. Depending on liver/kidney sizes
and patient’s breath-holding capability, up to six sets of images were
obtained for SSFSE and SSFP sequences, and up to two sets were obtained
for 3D SPGR sequences.

In three patients, noncontrast CT was used for the analyses be-
cause MRI could not be performed: one claustrophobic individual,
one oversized patient, and a third individual with a metallic ocular
foreign body. Both initial and 1-year follow-up CTs were performed
on a multi detector CT scanner using 5-mm thickness slices.

Image Analysis
Liver volumes (the primary end point) and total kidney volumes were

measured at enrollment and at 1 year. The volumes of transplanted
kidney and atrophic native kidneys were excluded from measurement
in a total of four patients who underwent renal transplantation (three
octreotide, one placebo). Eight patients with ADPLD (five on oct-
reotide, three placebo) were excluded from the GFR and kidney vol-
ume analyses. One other ADPKD patient was excluded from the kid-
ney volume analysis because of incomplete imaging coverage where
kidney cysts extended deep into her pelvis.

Image analysis was performed by one of three image analysis spe-
cialists using a stereology approach implemented in the Mayo Clinic
Analyze® software program http://www.mayo.edu/bir/Software/
Analyze/Analyze.html.#24> Stereology is a statistical sampling tech-
nique used to estimate shape parameters (such as volume, area, and
surface area) from images.** Three parameters (grid spacing in the x,
y, and z direction) are required to conduct this analysis. To select
appropriate parameters, four patients were selected for full segmen-
tation. The entire liver and kidneys were segmented by hand. Differ-
ent grid sizes with random offsets were systematically applied to the
data, and the stereology-estimated volume was compared with the
fully segmented volume. For liver volume calculation, a grid size of
20 X 20 X 2 voxels was selected, which yielded an average of 0.34%
measurement error. For kidney volume calculation, a grid size of 10 X
10 X 1 voxels was selected, which yielded an average measurement
error of 0.14%.

After completing each patient study, the marked images were ver-
ified by one of two radiologists who are specialized in abdominal MR
imaging (B.F.K. and B.K.). The radiologists were blinded to patient
treatment arm and timing of the scan for each subject (baseline or
1-year follow-up). Intrahepatic and intrarenal major vessels and porta
hepatis vessels were included in all analyses. Kidney and liver volumes
were obtained in one sitting for each individual patient. In some pa-
tients, the organ boundary of the liver and kidneys was difficult to
delineate from that of the stomach, spleen, pancreas, and small and
large bowel. In these patients, careful further correlation was made
with the other sequences, including SSFSE and SSFP. Image analysis
of CT images performed in three patients was similarly done.

Statistical Analysis
Sample size was determined on the basis of prior data in untreated

patients suggesting a rate of kidney cyst growth of 5% * 3% per
year.*> A 2:1 randomization design allowed as many patients as pos-
sible to receive octreotide. The goal was to detect at least a three-

Octreotide in ADPKD and ADPLD 1059



CLINICAL RESEARCH | www.jasn.org

q00% ical Research and Novartis USA. This publica-
0% tion was made possible by grant 1 UL1 RR024150
from the National Center for Research Re-
80% sources, a component of the National Institutes
of Health (NTH), and the NIH Roadmap for
0% Medical Research in a research award to M.C.H.
0% and resources in the Mayo CTSA Center.
g ODose 40
8 50% ODose 30
5 B Dose 20
5 MDos8z8r0 DISCLOSURES
- M.C.H. received partial funding support for
SO this study from Novartis USA. N.F.L. and T.V.M.
are named inventors on pending patent applica-
20% tions filed by Mayo Clinic claiming methods for
— = T 1t T using somatostatin analogs to treat polycystic liver
1% | || disease.
ool ol el SHNE ol -1
0 1 2 3 4 5 6 7 8 9 10 1" 12
Visit REFERENCES

Figure 5. Most participants tolerate 40 mg of octreotide monthly. Dosing for all
individuals assigned to octreotide treatment by dosing period. Blue, 40 mg; yellow, 30

mg; mauve, 20 mg; and violet, dose withheld.

percentage point decrease in the mean liver cyst growth rate when
using octreotide compared with placebo. With 13 placebo and 26
octreotide patients (allowing for an 8% dropout rate: one placebo and
two octreotide patients without end point data), we estimated that the
study would have 82% power (alpha = 0.05, two-sided) to detect a
three-percentage point difference.*®-47 Statistical analyses were per-
formed using paired ¢ test for within-group differences, also Wilcoxon
rank-sum or Mann-Whitney tests were used to compare between-
group differences. All reported P values were two sided, and P values
<0.05 were considered statistically significant. For continuous para-
metric variables, values were reported as mean * SD and range. All
analyses were performed using SAS software, version 9.1 (SAS Insti-
tute, Cary, NC), and PRISM 4 was used for graphical data.

Molecular Characterization of the Study Cohort
Genomic DNA from each of the study cohort probands was extracted,

and both PKDI and PKD2 genes were fully sequenced for each phe-
notypically defined ADPKD proband using previously described pro-
tocols.*34° The ADPLD genes, SEC63 and PRKCSH,>* were fully se-
quenced in study cohort probands with an ADPLD phenotype.
Mutation-negative patients were sequenced for all four genes. Geno-
type was assigned on the basis of the molecular findings, when a likely
pathogenic mutation was found in one of the four genes sequenced, or
on the basis of the clinical findings, when no likely pathogenic muta-
tion was found.
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HORMONE MIMIC REDUCES LIVER DAMAGE CAUSED
BY COMMON GENETIC KIDNEY DISEASE

Octreotide Provides Benefits for Both the Liver and Kidney in Patients with ADPKD

Washington, DC (April 26, 2010) — A hormone mimic called Octreotide may be
effective for treating polycystic liver disease (PLD) caused by ADPKD, according to a
study appearing in an upcoming issue of the Journal of the American Society
Nephrology (JASN). The study is the first clinical trial performed in the United States to
test the effects of this agent in PLD.

In addition to causing kidney failure, ADPKD also often leads to PLD, a condition
characterized by multiple variably-sized cysts in the liver. Octreotide mimics the
somatostatin hormone that regulates the secretion of several other hormones in the
body. Somatostatin exerts its effects by blocking both the formation of the chemical
cyclic AMP and the secretion of fluids by cells, two factors thought to play a role in the
development of kidney and liver cystic diseases.

Marie Hogan, MD, PhD (Mayo Clinic College of Medicine) and her colleagues designed a
clinical trial to examine whether Octreotide could shrink the cyst-filled livers of patients
with PLD. The randomized, double-blind, placebo-controlled trial enrolled 42 patients
with severe PLD caused by ADPKD (34 patients) or autosomal dominant PLD (8
patients). (Autosomal dominant PLD is a genetic form of PLD not caused by ADPKD.)
Patients received Octreotide or placebo, and treatments were administered as monthly
injections.

After one year, liver volume decreased by an average of approximately 5% in patients
taking Octreotide but slightly increased (by approximately 1%) in patients taking
placebo. Octreotide also had an effect on the diseased kidneys of patients with ADPKD.
Among these patients, total kidney volume remained practically unchanged in the
Octreotide group but increased by more than 8% on average in the placebo group.
Kidney function was similar in both groups of patients. Octreotide was well tolerated,
and treated individuals reported an improved perception of bodily pain and physical
activity.

“In summary, Octreotide slowed the progressive increase in liver volume and total
kidney volume, improved health perception among patients with PLD, and had an
acceptable side effect profile,” said Dr. Hogan.



Study co-authors include Tetyana Masyuk, PhD, Linda Page, Vickie Kubly, Eric
Bergstralh, Xujian Li, Bohyun Kim, MD, Bernard King, MD, James Glockner, MD, PhD,
David Holmes lll, PhD, Sandro Rossetti, MD, PhD, Peter Harris, PhD, Nicholas LaRusso,
MD, and Vicente Torres, MD, PhD (Mayo Clinic College of Medicine).

In reviewing the results of Dr. Hogan’s study in an accompanying editorial, Robert
Schrier, MD (University of Colorado Denver) noted that they support the findings of
earlier animal and human studies and give hope that increases in polycystic liver and
kidney volume can be attenuated in patients with ADPKD. He added that additional,
larger studies are needed to verify the results and to demonstrate whether Octreotide
can provide meaningful health benefits to patients.

Disclosures: Funding support for the study was provided by Mayo Foundation for
Medical Education and Research and Novartis USA. Dr. Hogan received partial funding
support for this study from Novartis USA. Dr. LaRusso and Dr, Masyuk are named
inventors on pending patent applications filed by Mayo Clinic claiming methods for using
somatostatin analogs to treat polycystic liver disease. Dr. Schrier, the author of the
editorial, is a consultant for Otsuka Pharmaceuticals.

The article, entitled “Randomized Clinical Trial of Long-Acting Somatostatin for
Autosomal Dominant Polycystic Kidney and Liver Disease,” (doi
10.1681/ASN.2009121291) and accompanying editorial, “Randomized Intervention
Studies in Human Polycystic Kidney and Liver Disease,” (doi 10.1681/ASN.2010030262)
will appear online at http://jasn.asnjournals.org/ on April 29, 2010.
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