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Abstract

 Objective—To observe the effect on total liver volume (TLV) on and off therapy in selected 

symptomatic patients with autosomal dominant polycystic kidney disease (ADPKD) or autosomal 

dominant polycystic liver disease (PLD) who received octreotide long-acting release (OctLAR) for 

up to 4 years.

 Patients and Methods—Twenty-eight of 42 participants in a prospective 2-year clinical trial 

of OctLAR (40 mg monthly) consisting of double-blind, randomized (year 1) and open-label 

treatment (year 2) phases reenrolled in a 2-year open-label extension (OLE) study after being off 

OctLAR a mean of 8.3 months (original study: July 1, 2007, through June 30, 2013). Participants 

underwent magnetic resonance imaging at baseline, years 1 and 2, reenrollment, and study 

completion. Primary end point: change in TLV; secondary end points: changes in total kidney 

volume, glomerular filtration rate, quality of life (QoL), safety, vital signs, and laboratory 

parameters.

 Results—Twenty-five participants (59.5%) completed the OLE. Off therapy, TLVs increased a 

mean ± SD of 3.4%±8.2% per year; after resuming therapy, TLVs decreased a mean ± SD of 

−4.7%±6.1% per year. Despite regrowth off treatment, overall reductions were observed, with a 

median (interquartile range) TLV of 4047 mL (3107–7402 mL) at baseline and 3477 (2653–7131 

mL) at study completion (−13.2%; P<.001) and with improved health-related QoL. Total kidney 

volumes increased, and glomerular filtration rates declined from 58.2 mL/min to 54.5 mL/min 

(n=16) in patients with ADPKD on therapy from baseline to study completion.

 Conclusion—Therapy with OctLAR over 4 years in selected patients with symptomatic PLD 

arrested PLD progression, alleviating symptoms and improving health-related QoL. 

Discontinuation led to organ regrowth.
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Trial Registration: clinicaltrials.gov Identifier: NCT00426153.

Autosomal dominant polycystic kidney disease (ADPKD) is the most common hereditary 

kidney disease and is characterized by the development of kidney cysts and progressive 

kidney function loss, often leading to end-stage renal disease. The liver is the most common 

extrarenal site of involvement. Mutations in 1 of 2 genes, PKD1 and PKD2, can lead to this 

disease. Another disease, autosomal dominant polycystic liver disease (PLD), leads to a 

similar liver cystic phenotype and no renal failure. There are currently no Food and Drug 

Administration–approved treatments for either disease capable of attenuating the rate of cyst 

formation. However, several clinical trials with somatostatin analogs have shown short-term 

benefit in the symptomatic PLD associated with these disorders.– We previously completed a 

double-blind, randomized, placebo-controlled clinical trial using octreotide long-acting 

release depot (OctLAR) (Novartis Pharmaceuticals Corporation) over 2 years in 42 patients 

with severe PLD due to autosomal dominant PLD or ADPKD., A relatively small, 

prospective, randomized clinical trial with 3 years of follow-up in patients with ADPKD 

focused on the renal but not the hepatic manifestations of the disease. Two other prospective 

clinical trials have shown similar positive effects of somatostatin analogs in autosomal 

dominant PLD and ADPKD.–, One of these, a 12-month trial of somatostatin analog therapy, 

extended follow-up another 6 months in an open-label extension (OLE) study. A few other 

published reports relating to the use of somatostatin analogs further substantiate these 

observations.,,

To evaluate whether long-term therapy retards liver growth beyond 2 years, the protocol 

design included a further 2-year OLE with OctLAR. Herein, we report the effects of 

OctLAR in patients treated for up to 4 years who were randomized in the original study and 

the effects of therapy discontinuation after the first 1 to 2 years of treatment.

 PATIENTS AND METHODS

This is a 2-year OLE study of patients with severe PLD who had completed a clinical trial 

consisting of a 1-year, randomized, placebo-controlled, double-blind study of OctLAR with 

2:1 randomization and a second-year open-label treatment study of all participants with 

OctLAR. The rationale, design, eligibility criteria, and implementation of the original trial 

have been described elsewhere., The Mayo Clinic Institutional Review Board approved this 

study, and it was conducted in adherence with the Declaration of Helsinki. All the authors 

had access to the study data and reviewed and approved the final manuscript.

Severe PLD was defined as a liver volume greater than 4000 mL or symptomatic disease due 

to mass effects from hepatic cysts.

All participants who completed the original 2-year clinical trial were offered participation in 

the 2-year OLE except those who had reached advanced stage 4 or 5 chronic kidney disease. 

After completion of the original clinical trial, participants were off therapy for a mean of 8.3 

months (mean, 249 days; median, 306 days; range, 0–442 days) before starting the OLE. 

Original trial enrollment took place from January 1, 2007, through May 19, 2008, and 

patients reenrolled in the 2-year OLE from January 1 through July 31, 2010. All patients 

enrolling in the 2-year OLE signed an informed consent form and were evaluated by the 
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principal investigator (M.C.H.) or a co-investigator (V.E.T.) every 6 months during the OLE. 

Evaluations included physical examination, vital signs, and laboratory parameters (aspartate 

aminotransferase, alanine aminotransferase, alkaline phosphatase, bilirubin, electrolytes, 

blood urea nitrogen, creatinine, fasting glucose, complete blood cell count, activated partial 

thromboplastin time, and prothrombin time). On reenrollment, all women of childbearing 

age had a pregnancy test, and all patients were required to use contraception or were 

postmenopausal. Magnetic resonance imaging (MRI) or computed tomography (CT) of the 

liver and kidneys was performed at reenrollment in the OLE (OLEbaseline) and at the end of 

year 4 (OLEend). Three monthly telephone follow-up monitoring visits were made by a 

study coordinator or as needed when there were adverse events. If drug adverse effects were 

identified during a telephone visit, a decision was made by the study team to reduce the next 

injection dose by 10 or 20 mg. The OctLAR was dispensed at 4-month intervals by the 

Mayo Research Pharmacy during the OLE.

The main goal of the OLE study was to analyze the change in total liver volume (TLV). 

Additional goals were to assess the effects of OctLAR on total kidney volume (TKV), 

glomerular filtration rate (GFR) as measured by iothalamate clearance, and quality of life 

(QoL), as well as its safety and toxicity. Liver volume was measured by MRI (or CT in 2 

patients) at OLEbaseline and OLEend (eg, after up to 4 years of treatment) and was compared 

with the baseline, 12-month, and 24-month measurements of the original trial. The TKV, 

estimated GFR (eGFR), QoL as measured by the 36-item Short-Form Health Survey Version 

2.0, safety as ascertained by reported adverse events, vital signs, and laboratory tests were 

measured at the same time points. Adverse effects were classified by Common Terminology 

Criteria for Adverse Events version 3. The study coordinator confirmed monthly drug and 

dose administration.

Acquisition of MRIs and CT scan at OLEbaseline and OLEend was performed using the 

protocol as described in the previous clinical trial., The TLVs and TKVs were measured 

blindly (M.V.I.) in the Imaging Core of the Mayo PKD Translational Center as previously 

described., The comparability of volumetric measurements from MRI and CT and the low 

interobserver variability have been previously established. Absolute TLV and TKV at 

OLEbaseline and OLEend were compared with baseline, year 1, and year 2 measurements, and 

percentage changes were calculated on a per-patient basis.

The TLVs and TKVs are expressed as means, medians, and interquartile ranges (IQRs). X2 

and 2-sample t tests were used for group comparisons. Because time spent off OctLAR 

between the end of the clinical trial and the beginning of the OLE was variable, annualized 

rate of change was calculated for TLV and TKV. Percentage changes were calculated on a 

per-patient basis, and then these values were analyzed using standard methods. The 1-

sample t test was used to determine the significance of the annualized rate in each period, 

and the Wilcoxon signed rank test was used between on and off drug periods. A statistical 

software program (SAS version 9.2; SAS Institute Inc) was used for all analyses. A P<.05 

was considered statistically significant.
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 RESULTS

Twenty-eight of the 42 patients who completed the original trial opted to participate in the 

OLE (Figure 1). Fourteen patients decided not to continue: 1 with steatorrhea after the first 

year; 2 with continued liver growth who chose to undergo liver transplant or liver resection; 

2 reached stage 5 chronic kidney disease, a contraindication to enrollment; 4 mainly owing 

to lack of effect on liver growth; and 5 owing to the expense of travel to the study site.

Of the 28 patients who enrolled in the study (Figure 1), 2 did not complete the OLE study 

protocol (1 decided to have a combined liver resection/fenestration and 1 was lost to follow-

up). Five other patients who underwent liver cyst aspiration at the completion of the 2-year 

study were also excluded from the TLV analysis, leaving 21 patients for the final 4-year 

analysis at OLEend: 13 from the original OctLAR group and 8 from the original placebo 

group. The baseline characteristics, previous allocation to receive OctLAR or placebo, and 

absolute change in TLV during the first 2 years in the 21 enrolled patients vs the 20 patients 

who declined participation (or underwent procedures that precluded data analysis) were not 

different except for their responsiveness to OctLAR therapy in the first 2 years (reflected in 

mean ± SD percentage change in TLV: −2.5%±8.7% in those who declined OLE 

participation vs −9.6%±8% in OLE enrollees; P=.02, 2-sample t test).

 Liver Volumes

During the first year of the original trial, the mean TLV of these 21 patients decreased from 

5863 mL (IQR, 3107–7402 mL) to 5617 mL (IQR, 2867–8743 mL) (Table 1). After the 

second year, the TLV of the 21 patients increased from 5304 mL (IQR, 2595–7698 mL) to 

5368 mL (IQR, 2799–7318 mL; mean ± SD, 3.4%±8.2%; P=.11) (Figure 2, A and Table 2) 

during a mean of 8.3 months off therapy. The difference in the rate of change in TLV on 

drug year 1 to year 2 (−5.6%) vs that occurring in the off-drug period from year 2 to 

OLEbaseline (3.4%) was significant (P<.001) (Table 2). On resumption of drug during the 

OLE, the mean TLV dropped from 5368 mL (IQR, 2799–7318 mL) to 5138 mL (IQR, 

2653–7131 mL) (P=.002), at a rate of −4.7%±6.1% per year (Figure 2, B and Table 2). 

Despite the increase in TLV while off OctLAR, the mean TLV decreased from 5863 mL 

(IQR, 3107–7402 mL) at (the original) baseline to 5138 mL (IQR, 2653–7131 mL) at 

OLEend (−11.75%; P=.006) over nearly 4 years of OctLAR therapy (Figure 3).

 Kidney Volumes

Sixteen patients with ADPKD completed the OLE; 15 had complete TKV data for 4 years 

(Supplemental Table 1, available online at http://www.mayoclinicproceedings.org). During 

the original clinical trial, the mean TKV of these 15 patients increased from 777 mL (IQR, 

443–1053 mL) to 792 mL (IQR, 437–1265 mL). During year 2, when all the patients 

received OctLAR, the mean ± SD annualized percentage change in TKV was 4.0%±6.8% 

(P=.05). After completion of the 2-year trial, mean TKVs increased from 819 mL (IQR, 

469–1302 mL) to 862 mL (IQR, 471–1421 mL) (mean ± SD annualized rate: +5.5%±7.7%; 

P=.02) during a mean of 8.3 months off OctLAR. During the OLE, the mean annualized rate 

of growth increased from 862 mL (IQR, 471–1421 mL) to 879 mL (IQR, 474–1398 mL), or 

a mean ± SD of 0.7%±13.6% per annum (P=.85).
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 Renal Function

In the 21 patients in the OLE, the eGFR was estimated at baseline, year 2, and OLEend for 

the 16 patients with ADPKD with native kidneys. Overall, the mean ± SD eGFR dropped 

from 58.2±18.8 mL/min at baseline to 54.5±20.6 mL/min by OLEend. The total 4-year mean 

± SD change was −3.7±11.2 mL/min, and the mean ± SD percentage change was −7.2%

±20% (P=.12). When we compared the absolute change in the eGFR in those receiving 

placebo in year 1 (a drop of −10.6 mL/min per annum) compared with the group receiving 

OctLAR in year 1 (a drop of 0.5 mL/min per annum), there were no significant differences 

between the 2 groups (P=.10). When we examined percentage change in GFR, again no 

differences between the 2 groups were observed (−2% vs −18.8% per annum; P=.12).

 Safety

A few serious adverse events occurred during the OLE but were probably not related to 

OctLAR. Three patients were hospitalized for abdominal hernia repair surgery. One patient 

was hospitalized for what was thought to be an infected liver cyst, and another with chest 

pain. Liver cyst infection was considered when there was right upper quadrant pain, fever 

(temperature >38°C) for 3 days, increased C-reactive protein levels (>4.7 nmol/L and the 

absence of CT evidence of recent intracystic bleeding. One patient developed radiologic 

evidence of gallstones but did not require surgical intervention.

 Tolerability

The most common adverse effects were injection site pain, bruising, and granuloma 

formation (9 patients). Occasional needle-clogging events were reported by 1 patient. Most 

participants tolerated 40-mg monthly dosing, but because of frequent loose stools or 

flatulence, 2 participants required dose reduction from 40 to 30 mg, and a third was reduced 

to 20 mg, permitting continued gastrointestinal tolerability. A fourth patient was reduced to 

30 mg for 6 months, then to 20 mg for 6 months, and then completed the study on 30 mg.

 Laboratory Parameters

Prothrombin time (mean ± SD: 13.1±3.9 seconds) was prolonged at the end of year 4 but 

without any clinically significant hemorrhagic consequences. Glucose levels increased from 

year 1 to year 2 by a mean ± SD of 2.6%±10.2% per annum compared with a mean ± SD 

decrease of 4.5%±12.3% per annum while off OctLAR. Glucose levels increased again by a 

mean ± SD of 4.7%±8.0% while on OctLAR by OLEend; however, no patient developed 

diabetes.

 Quality of Life

From baseline to the end of year 4 (OLEend), mean 36-item Short-Form Health Survey sub-

domain scores increased significantly for social functioning (from a mean of 77 to 85; P=.

04), mental health (from a mean of 76 to 81; P=.03), and standardized mental health (from a 

mean of 50 to 53; P=.01) (Supplemental Table 2, available online at http://

www.mayoclinicproceedings.org). Although the bodily pain index improved from a mean of 

65 to 71, this change was not significant (P=.13).
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 DISCUSSION

This study suggests that long-acting somatostatin analogs—specifically OctLAR—are 

effective in controlling PLD over 4 years in a selected cohort of symptomatic patients. We 

previously reported positive effects of OctLAR in a 2-year, randomized, crossover clinical 

trial in reducing the rate of increase in TLV and possibly the rate of increase in TKV., After 

interruption of therapy, TLVs increased a mean ± SD of 3.4%±8.2% per year; observation on 

OctLAR for another 2 years in an OLE saw further reduction in TLV growth (mean ± SD: 

−4.7%±6.1% per annum) in individuals who chose to be treated for up to 4 years. Mean ± 

SD liver regrowth (3.4%±8.2% per year) seen after the discontinuation of OctLAR in this 

study was similar to that observed after discontinuation of lanreotide (4%) in another study.

During the OLE, these patients experienced lower mean ± SD rates of kidney growth (0.7%

±13.6%; P=.46) vs 5.5%±7.7% (n=15) while off therapy, but the small number of patients 

limits interpretation. These results compare favorably with mean ± SD observed growth 

rates of 5.27%±3.92% in the Consortium for Radiologic Imaging Studies in Polycystic 

Kidney Disease (CRISP) (n=241) and 5.5% per year in the Tolvaptan Phase 3 Efficacy and 

Safety Study in ADPKD (TEMPO) (placebo group n=464) studies and correspond with the 

findings from the Somatostatin in Polycystic Kidney: a Long-term Three Year Follow up 

Study (ALADIN) with OctLAR.,, The GFR declined over the 4 years; however, this decline 

was small (only a −2% total change), and interpretation is limited because of the small 

sample size (n=11), although lower than the GFR declines seen in the CRISP and the Study 

of Heart and Renal Protection (SHARP) (−3.8%±2.5%) cohort studies., These rates of GFR 

decline were similar to those reported in the ALADIN trial, where percentage GFR 

reductions compared with baseline values were numerically smaller in the OctLAR group 

than in the placebo group from 1 year onward.

Also note that individuals who chose to continue participation in this OLE seemed to self-

select based on therapy responsiveness as reflected by the higher mean percentage change in 

TLV from the original study, where the group that decided to enroll in the OLE had a mean 

± SD response of −9.6%±8.0% vs −2.5%±8.7% in the group that decided not to enroll.

Overall, the safety profile of OctLAR in this study was similar to that seen where the therapy 

is used for other indications and as reported in the prescribing information. We monitored 

glucose levels, coagulation studies, and for gallstones (2 patients developed gallstones 

during the study period; 1 required cholecystectomy at the end of the 2-year study and 

decided not to reenroll in the OLE)., Patients receiving long-term OctLAR should be 

monitored for cholelithiasis symptoms or signs because this is a known complication.– We 

discontinued 1 patient from therapy after 1 year owing to steatorrhea and weight loss.

Another concern with intramuscular OctLAR injections is the potential for increased risk of 

liver cyst infections, but we observed only 3 cases (1 definite, 2 possible) over the 4 years of 

OctLAR therapy.,,,– No patients had diagnostic hepatic cyst aspiration confirming 

neutrophils and bacteria.

Hogan et al. Page 6

Mayo Clin Proc. Author manuscript; available in PMC 2016 June 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



 CONCLUSION

In summary, the results of the present study suggest that long-term administration of a 

somatostatin analog provides a substantial benefit to a selected group of patients with severe 

PLD, achieving a sustained and continued reduction in TLV for up to 4 years with relative 

safety. Whether somatostatin analogs have a similar beneficial effect on the progression of 

PKD is less clear. Longer and larger studies are required to confirm their beneficial effect on 

the progression of PLD and to better ascertain their effect on the progression of PKD.

 Supplementary Material
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 Abbreviations and Acronyms

ADPKD autosomal dominant polycystic kidney disease

ALADIN Somatostatin in Polycystic Kidney: a Long-term Three 

Year Follow up Study

CRISP Consortium for Radiologic Imaging Studies in Polycystic 

Kidney Disease

CT computed tomography

eGFR estimated glomerular filtration rate

GFR glomerular filtration rate

IQR interquartile range

MRI magnetic resonance imaging

OctLAR octreotide long-acting release

OLE open-label extension

OLEbaseline reenrollment in open-label extension

OLEend open-label extension study completion

PLD polycystic liver disease

QoL quality of life
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SHARP Study of Heart and Renal Protection

TEMPO Tolvaptan Phase 3 Efficacy and Safety Study in ADPKD

TKV total kidney volume

TLV total liver volume
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FIGURE 1. 
Study flowchart. CKD5 = chronic kidney disease stage 5; OctLAR = octreotide long-acting 

release.
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FIGURE 2. 
A, The original octreotide long-acting release (OctLAR) and placebo groups experienced 

increases in total liver volume (TLV) while off OctLAR from year 2 to reenrollment in a 2-

year open-label extension study (OLEbaseline). B, The original OctLAR and placebo groups 

showed reductions in TLV while on OctLAR during the 2 years from OLEbaseline to open-

label extension study completion (OctLAR n=1, placebo n=8). The boxes extend from the 

25th to the 75th percentile and are bisected by the median; the whiskers extend to the most 
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extreme value within 1.5 of the interquartile range; values beyond that and the mean are 

denoted by symbols. These data are censored for patients who underwent cyst aspiration.
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FIGURE 3. 
Comparison of serial coronal liver magnetic resonance imaging studies in three participants, 

including additional liver volume data after their 2-year open-label extension period. 

Adapted from Nephrol Dial Transplant, with permission.
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