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Introductory Comments: The pharm/tox reviewer and supervisor concluded 
that the nonclinical data support approval of pasireotide for the indication listed 
above. 
 
Pasireotide is a somatostain analog. It has somewhat different receptor 
selectivity than other somatostatin analogs. However, it is still appropriate for its 
Established Pharmacologic Class to be "Somatostatin Analog". 
 
Pasireotide was evaluated in a two-year rat carcinogenicity study and a six-
month carcinogenicity study in transgenic (Tg.RasH2) mice. The rat study was 
considered adequate by the Executive Carcinogenicity Assessment Committee.  
The Committee concluded that there were no drug-related neoplasms in rats. 
The Committee noted that the transgenic mouse study had been conducted 
without prior concurrence with the protocol or dose selection. In addition, not all 
animals were examined microscopically in the low and mid doses. Examination 
of these dose groups is considered standard for transgenic mouse studies. In 
spite of the study design being suboptimal, the Committee did not recommend 
additional carcinogenicity studies and concluded that there were no drug-related 
neoplasms in the mouse study as conducted. 
 
Pasireotide did not induce embryofetal effects in rats at doses that produced 
exposures as high as 4-times the maximum therapeutic exposure. Rabbit fetuses 
showed an increased incidence of skeletal malformations (fused, misaligned, 
absent, misshapened ribs, vertebrae, thoracic centrum) in the absence of 
maternal toxicity at a dose of 0.05 mg/kg/day, which produced exposures less 
than the maximum therapeutic exposure.  
 
Conclusions: 
I agree with the division pharm/tox conclusion that pasireotide can be approved 
from the pharm/tox perspective. No additional nonclinical studies are 
recommended. The draft labeling available at the time I wrote this appeared 
acceptable from a pharmacology/toxicology perspective. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES   
Food and Drug Administration  
 

Memorandum 
 
Date: November 8 , 2012  
From:  Karen Davis-Bruno PhD; Pharmacology Supervisor; DMEP  
Subject:  Supervisory Pharmacology/Toxicology Memo 

  To:  NDA 200-677 Signifor (Pasireotide)/Novartis 
 
Reference is made to the Pharmacology/Toxicology review of NDA 200-677 
which recommends approval.  I am in agreement with that recommendation. 
 
Pharmacology: The established pharmacologic activity and selectivity of 
Pasireotide serves as the basis for its clinical efficacy for the indication of 
Cushing’s disease.   
 
Pasireotide (SOM23) is a somatostatin analogue (SSA) which exerts its 
pharmacologic activity by binding to somatostatin receptors (sst).  Somatostatin 
is known as growth hormone inhibiting hormone (GHIH) or somatotropin release 
inhibiting factor (SRIF).   Under physiological conditions, expression of the five 
human somatostatin receptor types varies with the tissue.  However in 
neuroendocrine tumors where hormones are secreted in excess (e.g. ACTH in 
Cushing’s disease), somatostatin analogues activate the somatostatin receptors 
(sst) with different potencies resulting in reduced cellular activity and inhibition of 
hormone secretion.  SSA currently approved for marketing include octreotide and 
lanreotide for acromegaly.  Both have a high affinity for the sst2 subtype receptor 
with moderate to no activity for the other somatostatin receptor subtypes.  The 
efficacy seen with pasireotide in treatment of Cushing’s disease is attributed to 
the higher affinity of this analogue for the somatostatin receptor subtypes found 
in pituitary adenomas associated with this disease e.g. sst5 compared to sst2 
receptors.  The subtype receptors sst2 on corticotroph cells are down regulated 
in the presence of glucocorticoids.  Therefore, patients with Cushings’ disease 
with high circulating cortisol are likely to present limited sst2 binding sites 
available rendering the currently available sst2 somatostatin analogues 
(octreotide, lanreotide) of minimal efficacy.  Additionally, sst5 expression is 
unaffected by cortisol suggesting a possible role of this receptor subtype in the 
modulation of ACTH secretion.  Pasireotide exhibits a binding affinity which is up 
to 40-times higher for human sst1 and sst5 and 5-times higher for sst3 but is 2.5-
times lower affinity for sst2 compared to octreotide.  In rats, pasireotide inhibited 
the secretion of ACTH as well as corticosterone whereas octreotide did not inhibit 
CRH-induced corticosterone secretion and was less efficacious at inhibition of 
ACTH release. 
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Hyperglycemia and hepatic adverse events are among the clinical safety 
concerns with pasireotide use for this indication.  Available animal data provides 
a limited insight into these clinical observations.  Pasireotide as well as SSAs 
increase blood glucose secondary to alterations in insulin and glucagon levels.  
Transient increases in plasma glucose were seen in rats given pasireotide but 
not following chronic administration.  In monkeys the glucose effects were even 
less severe than in rats. This is likely a result of drug treatment in healthy animal 
in the absence of disease.  
 
 
Adverse event related hepatic signals were observed in the clinical trials.  Overt 
hepatic toxicity was not observed in treated healthy animals.  However the ability 
of pasireotide to interact with membrane transporters may provide some insight 
in this regard. Somatostatin decreases bile flow and intestinal secretion and 
inhibits smooth muscle contractions in the GI.  Inhibition of biliary flow can result 
in cholethiasis, although this was not observed in monkeys or rats given 
pasireotide.   
 
Pasireotide inhibits MRP2 and BSEP bile transporters with an IC50~10 uM.  The 
sponsor suggests that the human Cmax at steady state won't reach this level but 
it is possible that there's something different about the subjects who experienced 
the liver toxicity.  Troglitazone (PPAR gamma) was associated with idiosyncratic 
liver toxicity  and was subsequently removed from the market. Several 
publications since then have explored mechanisms to explain this observeration1.   
Like pasireotide, troglitazone inhibits these bile transporters.  Histological findings 
of troglitazone induced liver injury in man included hepatocyte necrosis, bile duct 
proliferation and cholestatic hepatitis.  The initiating events for the hepatotoxicity 
remain essentially unknown while the nonclinical tox profile was relatively benign 
with little hepatotoxicity.  Publications suggest that proinflammatory cytokines 
differentially activate signaling pathways in rat versus human hepatocytes2.  
BSEP and MRP2 are localized on the canalicular membrane of hepatocytes and 
are responsible for the elimination of conjugated bilirubin and bile acids.  
Consequently, functional disruption of MRP2 and BSEP may result in drug 
induced liver injury.  Pharmacokinetic studies support this. 
 
A drug interaction study with cyclosporine A (10 mg/kg oral) and pasireotide (3 
ug/kg/h via osmotic pump) or sandostatin (1, 3, 10 ug/kg/h) was explored in the 
dog.  Cyclosporine delayed the absorption of sandostatin and pasireotide 
reducing their circulating plasma levels and suppressed IGF-1 levels in a dose 
                     
1 Foster JR et al Differential Effect of Troglitazone on the Human Bile Acid Transporters, MRP2 
and BSEP, in the PXB Hepatic Chimeric Mouse.  6 June 2012, Tox Path 00:1-11 published online 
http://tpx.safepub.com/content/early/2012/06/05/0192623312447542 
 
 
2 Diao L et al Regulation of MRP2/ABCC2 and BSEP/ABCB11 Expression in Sandwich Cultred 
Human and Rat Hepatocytes Exposed to Inflammatory Cytokines TNF-α, IL-6 and IL-1β JBC: 
285(41): 31185-31192 Oct 8 2010 
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dependent manner.  When combined with pasireotide, cyclosporine plasma 
levels were reduced to a level equivalent to 10 ug/kg/h sandostatin but IGF-1 
levels were reduced >3X, indicating that pasireotide was more potent than 
sandostatin in this regard.   Cyclosporine is a known BSEP and MRP2 inhibitor.     
 
 
Toxicology:  A complete battery of toxicology studies have been performed with 
pasireotide in mice, rats, rabbits and monkeys.  In general the toxicities observed 
with pasireotide are extensions of the pharmacologic activity in drug treated, 
healthy animals.  Dogs are considered the most sensitive species for SSA 
because of the severity of the GI toxicity observed. Monkeys experienced mild 
distention of the large intestine and the presence of proteinaceous material in the 
crypts of the mucosa of the cecum and colon.  The majority of observations are 
consistent across species and are considered related to the pharmacology of 
pasireotide as a somatostatin analogue affecting somatostatin receptors as well 
as neuroendocrine effects, an inhibitory effect on the pituitary hypophysis 
resulting in lower pituitary weights and decreased size of somatotrophs in rats or 
increased eosinophilia of the pituitary in monkeys.  A consequence of the 
pituitary changes were the reduced body weight and growth in the epiphyseal 
plate of long bonesin rats.  Rats unlike primates undergo continuous bone growth 
and remodeling.  The down regulation of the GH-IGF-1 axis is attributed to the 
lower liver weight in rodents and changes in liver enzymes, albumin, cholesterol 
and PT/APTT in rat.  Monkeys exposed to higher pasireotide concentrations did 
not exhibit coagulation changes.  The prolonged estrus in rat is attributed to 
reduced IGF-1 levels.  IGF-1 is necessary for the priming action of estradiol in 
the female neuroendocrine reproductive axis prior to ovulation.  Male fertility was 
unaffected by pasireotide exposure which is attributed to sexually dimorphic 
differences in regulation of growth hormone and somatostatin in rats. 
 
In the chronic 6-month rat tox study the NOAEL =0.008 mg/kg/day (19.4 ng h/ml) 
for females is established based on decreased corpora lutea, vaginal mucosal 
hyperplasia and hypertrophy at the next  highest dose of 0.024 mg/kg/day and in 
males the NOAEL was lower but not established based on reduced lymphoid and 
hematopoetic cellularity in the spleen and hypocellularity of bone marrow at 
0.008 mg/kg/day the lowest dose tested in this study.  The effects on the female 
reproductive tract are likely association with reduced IGF-1 and prolonged estrus.  
The male bone marrow effects are consistent with SSA pharmacologic activity.  
The reduced lymphoid and hematopoietic cellularity in spleen is less clear but 
involves 1/10 male rats which was apparently recoverable with treatment 
discontinuation. In addition there was a similar incidence of increased 
hematopoietic cellularity of the spleen in 1/20 males.  This suggests that while 
histopathology findings were present they do not represent a significant 
functional effect, and would be unlikely to have clinical significance in the 
treatment population.  Based on AUC comparisons these findings in the chronic 
rat occur at or below the maximum therapeutic exposure.  While the NOAEL in 
the chronic rat study (26 weeks) does not provide a safety margin (<1X based on 
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AUC comparison at the 900 ug BID clinical dose) the toxicities observed in the 
rat at clinical exposures are consistent with established somatostatin 
pharmacologic activities (inhibition of IGF-1 and GH).   
 
In the chronic monkey study the NOAEL<0.4 mg/kg/day (3707 ng h/ml) was 
established based on increased acidophilia in the pars distalis and minimal-slight 
small follicles with decreased thyroid weights.  The thyroid findings are 
attributable to the somatostatin effect on TSH inhibition and the pituitary findings 
are likely related to a similar effect on growth hormone inhibition. These findings 
following chronic dosing in the monkey occur at 12-times higher exposure based 
on AUC than the maximum therapeutic exposures. 
 
Reduced hematopoietic organ cellularity (bone marrow (monkey, rat) , thymus 
(monkey), spleen (rat) is attributed to binding to sst receptors on lymphocytes, 
monocytes, and CD34+ hematopoietic stem cells resulting in inhibition of cell 
proliferation and decreased stimulation of erythropoiesis by IGF-1.   
 
Pasireotide related decreases in total lymphocyte counts, absolute helper and 
cytotoxic T-, NK, B-cells in rats given 0.24 mg/kg/day suggests the possibility of 
immunosuppression.  A minimal to slight effect on bone marrow hematopoietic 
hypocellularity was seen as well as minimal hypocellularity of spleen, thymus and 
selected lymph nodes.  A NOAEL of 0.08 mg/kg/day was established. 
 
Anti-drug antibodies (ADA) were detected in repeat dose rats and monkeys, 
however these do not appear to be neutralizing to pasireotide.  ADA in the 
chronic monkey tox study was not analyzed because detectable pasireotide was 
present in samples collected at the end of the 4-week recovery period. 
 
The majority of findings observed in the toxicity studies could be attributed to the 
pharmacologic effect of pasireotide in normal animals.  This includes the:  
reduced cellularity in hematopoietic tissues, estrus prolongation, decreased 
eosinophilia of pituitary somatrotrophs, minimal or slight small follicles in thyroid, 
proteinaceous deposition in the mucosal crypts of the large intestine and injection 
site inflammation in rats and monkeys. 
 
As discussed above, the pharmacologic activity of pasireotide in inhibiting IGF-1 
would be anticipated to result in reproductive perturbations in rodents.  
Pasireotide showed some distribution into the testis and fetus, however exposure 
did not lead to a significant effect on male fertility.  Many of the fetal effects 
observed in rat and rabbit developmental studies are considered a consequence 
of maternal toxicity.  The transfer of radiolabeled drug into milk was observed in 
rats with a milk:plasma AUC ratio of 0.28 consistent with the reductions in body 
weight gain in pups during lactation in contrast to weight normalization after 
weaning.  Decreased female fertility was characterized by abnormal estrus 
cycles and reduced litter sizes in rats.  In rats, malrotated limbs, resorptions, and 
decreased fetal weights were attributed to maternal toxicity as were the abortions 
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1 Executive Summary 

1.1 Introduction 
Pasireotide (SOM230) is a novel somatostatin analog.  It is in solution for injection 
which contains pasireotide diaspartate as the active drug substance.  Pasireotide 
diaspartate is formulated as 0.3 mg/ml, 0.6 mg/ml, and 0.9 mg/ml solution for injection.  
It is an immediate release dosage form for sc administration to treat Cushing’s disease.  
Cushing’s disease is a rare disease that is caused by an adrenocorticotropic hormone 
(ACTH)-secreting pituitary adenoma, most commonly affecting adult females.  The 
elevated levels of ACTH secreted by these tumors can stimulate the adrenal glands to 
produce excess cortisol, resulting in the development of the clinical symptoms of 
hypercortisolism (i.e. changes in body habitus due to increased fat accumulation, 
hirsutism, skin changes with easy bruising, fatigue, menstrual disorders, and etc). 
 
Several drugs are available in managing patients with Cushing’s disease.  Ketoconazole 
(anti-fungal agent) inhibits the cortisol synthesis.  Metyrapone (pyridine) inhibits 
aldosterone biosynthesis.  Mitotane has been used to treat adrenocortical carcinomas 
with its adrenolytic action.  Mifepristone inhibits glucocorticoid receptor activation.  
Cabergoline (dopamine receptor agonist) is considered because of the dopamine 
receptor expression in some corticotrophin pituitary adenomas.  However, these agents 
have prospectively studied in multicenter and randomized trials and often being used 
off-label despite the associated risks. 
 
There are other somatostatin analogs (i.e octreotide and lanreotide) that have been 
approved for treating acromegaly.  These analogs can inhibit corticotropin-releasing 
hormone (CRH)-induced ACTH release, GH, IGF, glucagon and insulin secretion.  They 
have a high affinity to the sst subtype 2 (sst2) with moderate or no affinity to the 
remaining subtypes (sst1, sst3, sst4, and sst5).  On the other hand, pasireotide 
(SOM23) has higher receptor affinities to the sst1, sst2, sst3, and sst5 receptors when 
compared to those currently approved somatostatin analogues.  Since sst5 is highly 
expressed in pituitary adenomas in Cushing’s patients, the use of preferential sst2 
somatostatin analogues such as octreotide and lanreotide in treating Cushing’s disease 
have been rather unsuccessful.  In addition, it has been known that binding of sst 1, 
sst2, sst5 could inhibit GH secretion whereas binding of sst 2 and sst5 could inhibit 
glucagon and insulin secretion.  Recent publications also indicate that sst5 receptor 
modulates sst2 thereby inhibiting the intracellular internalization of calcium regulated by 
sst2.  Therefore, pasireotide, which is a more potent somatostatin agonist at sst1, sst2, 
sst3, and sst5 receptors than octreotide, could be a better candidate for treating 
Cushing’s disease.  
 
The clinical development program for pasireotide has focused on endocrine-related 
pathologies (i.e. Cushing’s disease, acromegaly, gastroenteropancreatic 
neuroendocrine tumors).  Two formulations have been used in the clinical setting: 
immediate release formulation for SC injection and long acting release (LAR) 
formulation for IM injection. 
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1.2 Brief Discussion of Nonclinical Findings 
Pasireotide (SOM230) was developed to treat Cushing’s disease.  The in vitro (mouse 
AtT20 cell line or primary corticotroph tumor cells) and in vivo (rat) PD studies have 
demonstrated several key findings:  1) this somatostatin analog had the highest binding 
affinity to sst5 receptors (which are highly expressed in pituitary tumors from Cushing’s 
patients) and simultaneously a high affinity to sst2, sst3, and sst1, 2) pasireotide had a 
stronger inhibitory effect on ACTH secretion, membrane binding, GTPγS activation 
and/or cAMP production when compared to octreotide, which acts predominately via 
sst2, 3) pasireotide also had an inhibitory effect on proliferation, 4) Pasireotide had an 
inhibitory effect on GH/IGF-1 secretion observed in animals, which was the basis for 
treating acromegaly as well as having potential side effect in Cushing’s patients, and 5) 
pasireotide had an inhibitory effect on insulin vs. glucagon secretion in rats but not in 
monkeys, leading to transient hyperglycemia. 
 
A series of safety pharmacology studies showed that pasireotide did not have adverse 
effects on respiratory function in rats and cardiac function in monkeys but have some 
adverse effects on CNS in mice (i.e. decreased locomotor activity, hypothermia, 
decreased grip strength, and loss of righting reflex at greater than clinical exposure).  
This is inconsistent with drug distribution studies indicating a limited ability to penetrate 
the CNS, suggesting a toxicity rather than an off-target effect on CNS receptors. Even 
though there were no pasireotide-related findings on blood pressure or 
electrocardiogram in animals, other somatostatin analog, lanreotide and octeotride, and 
pasireotide itself have been shown to cause bradycardia in patients and/or healthy 
volunteers.   
 
The ADME studies demonstrated several key findings:  1) pasireotide was well 
absorbed, 2) it had moderate plasma protein binding, 3) it was somewhat well 
distributed to tissues such as kidney, lymph nodes, spleen, liver, injection site, small 
intestinal wall (with some distribution to reproductive system and minimal distribution to 
CNS), 4) it was presence in the milk and could be absorbed into the fetus (milk and 
plasma AUC ratio in rats ~ 0.28), 5) it was metabolized by CYP3A4 (formation of P24) 
and CYP3A5 (formation of P30 or M27, an oxidative product) with low turnover rate, 6) it 
remained mostly unchanged in the plasma, 7) it was excreted (mainly the parent drug) 
via feces and urine, and 7) it would have minimal drug and drug interactions with its co-
medications based on a series of enzyme inhibition and induction (i.e. weak inhibitions 
on CYP2B6 and UGT1A1), and transporters studies (i.e. no inhibition on hepatic uptake 
transporters OATP1B1/OATP1B3 and inhibition on bile transporters MRP2/hBSEP).   
 
The toxicology studies were done in mice, rats, rabbits, dogs (most sensitive due to 
severe GI effects), and monkeys.  Repeat-dose toxicity studies (up to 6 months in rats 
and 9 months in monkeys), target organs included pituitary, liver (rat), bone marrow, 
spleen, pancreas, thyroid, large intestine (monkey), injection site, ovary/uterine/vagina 
(rat), and bone (rat).  Most of these organ-specific findings were related to the 
pharmacology of pasireotide and recordable.  Genotoxicity/carcinogenicity studies 
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showed that pasireotide was not a mutagenic, clastogenic, or carcinogenic agent.  
Reproductive toxicity studies showed that even though pasireotide affected maternal 
fertility, it was not a teratogen based on that fetal adverse findings were attributed to 
maternal toxicity at all doses tested.  The PK rat studies showed that 28% pasireotide in 
plasma could be excreted into milk.  In addition, pasireotide was neither an eye/skin 
irritant nor a phototoxicant.  Pasireotide seemed to cause some immunosuppression 
(i.e. deceased T/B/NK lymphocytes) at 2-times clinical exposure based on AUC in male 
rats, however clinical signs of immunosuppression were not observed in animals.  
Lastly, 11 impurities were identified and there were within acceptable limits.  A series of 
impurity genotoxicity studies were conducted to show that pasireotide with impurities 

 was not genotoxic. 
 
Overall, there were no unexpected findings identified with pasireotide.  Based on 
NOAELs established in 26 week rat and 39 week monkey studies, there were 0.06x and 
12x fold exposure multiple compared to the human therapeutic dose of 900 μg b.i.d. in 
clinic.  Since the tox profile of pasireotide is consistent with other somatostatin 
analogues, there is no safety concern with regards to the absence of a safety margin 
established between the rat NOAEL (lowest dose tested based on evidence of IGF/GH 
inhibition) and the human therapeutic dose of 900 μg BID. 
 

1.3 Recommendations 

1.3.1 Approvability 
Pharm/tox recommends approval. 
1.3.2 Additional Non Clinical Recommendations 
No additional nonclinical study is requested. 
1.3.3 Labeling 
Proposed labeling by the sponsor 
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Suggested labeling by DMEP 
 
8  USE IN SPECIFIC POPULATIONS 
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2.7 Regulatory Background 
 Nov 2003 – IND 68635 submission (Note:  26 week rat and 39 week dog studies were 

reviewer by Dr. Dalyn Yao and his review is in DARRTS) 
 June 2006 – EOP2 meeting 
 Jan 2011 – pre-NDA meeting 
 June 2011 – NDA submission (Note:  no nonclinical issue was raised.) 
 Sept 2011 – NDA withdrawal (Note:  due to CMC issues: manufacturing issues with its stability 
testing program) 

3 Studies Submitted 

3.1 Studies Reviewed  
 PD and safety pharmacology studies:  primary PD, secondary PD, and 9 safety 
pharm 

 PK studies:  absorption, distribution, metabolism, excretion, and drug interaction 
 Toxicology studies:  single dose, repeat dose, genotox, carci, reprotox, local tox, and 
special tox (i.e. immunotox/impurities/others) 

3.2 Studies Not Reviewed  
n/a 

3.3 Previous Reviews Referenced 
There are several pharm/tox reviews (i.e. pivotal repeat dose tox studies), memo, and 
meeting minutes (i.e. EOP2 and pre-NDA mtgs) under IND 68635 and they can be 
found in DARRTS. 

4 Pharmacology 

4.1 Primary Pharmacology 

rd-2001-01227: binding affinity study 01 
SOM230: Binding characteristics and its inhibitory effect on the GHRH-induced 
GH release in vitro 
 
This study determined the biniding affinities of SRIF-14, SMS 201-995 (octreotide, 
Sandostatin®) and SOM230 for the human SRIF (somatostatin) receptor subtypes 1-5.  
The inhibitory effect of SOM230 on the GH release from primary cultures of rat pituitary 
cells was also studied. 
 
Findings:  

 SOM230 bound to 4 of the 5 human SRIF receptor subtypes (sst1, sst2, sst3, and 
sst5) with high affinity.   

 When compared with SMS201-995, SOM230 showed a 30-40x higher affinity for 
sst1 and sst5 and a 5x higher affinity for sst3, and the affinity for sst2 was similar. 
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 In primary cultures of rat pituitary cells, SOM230 inhibited the GH release with an 
IC50 of 0.4±0.1x10-9 mol/L (n=5). 

 

Table 2 Binding affinity to sst receptors. 

 

 
 

 

 
 
rd-2003-03734: binding affinity (+functional assay) study 02 
Functional activity of SOM230 and octreotide at human recombinant somatostatin 
receptor subtypes 
 
This study studied the effect of SOM230 at sst1-5 receptors and compared those of 
somatostatin (SRIF-14) and octreotide.  The functional readout was inhibition of 
forskolin-stimulated cAMP accumulation in cells expressing human recombinant 
receptor subtypes. 
 
Findings: 

 SOM230 acted as a full agonist at sst1, sst2, sst3, and sst5 receptor subtypes. 
 In terms of potency, SOM230 had a greater potency over octreotide at sst1, sst3, 
and ss5 subtypes (in agreement with radioligand binding data).  SOM230 was 
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particularly potent at sst5 which involved in the regulation of secretion of several 
hormones.   
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rd-2003-04383: binding affinity (+functional assays )study 03 
Radiologand binding and functional activity of SOM230 and octreotide at native 
somatostatin receptors in mouse pituitary AtT-20 cells 
 
This study investigated the binding affinity and the functional activity of SOM230 at 
native somatostatin receptors in mouse AtT-20 corticotroph cells. 
 
Findings: 

 SOM230 had high affinity for native somatostatin receptors in mouse AtT-20 pituitary 
cells. 

 SOM230 acted as potent agonist at these receptors, using various functional assays 
(stimulation of [35S]GTPγS, inhibition of forskolin-stimulated cAMP accumulation, 
inhibition of inctracellular free Ca2+ concentration). 

 

Table 3 The effect of pasireotide on functional activites in AtT-23=0 cells. 
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rd-2009-01253: the effect of SOM230 on ACTH secretion in rats 
Regulation of CRH-induced ACTH and corticosterone secretion by SOM230 
 
This study determined the inhibitory effect of the multireceptor ligand SOM230, 
compared to the sst2-prefering agonist octreotide, on CRH (corticotrophin-releasing 
hormone)-stimulated secretion of ACTH and corticosterone in rats. 
 
Findings: 

 Secretion of ACTH and corticosterone was induced by iv application of CRH (0.5 
μg/kg) in rats pretreated 1 hr before by iv application of SOM230 (1, 3, 10 μg/kg), 
octreotide (10 μg/kg) or NaCl 0.9%. 

 SOM230 inhibited CRH-induced ACTH release by 45±5% and 27±16% respectively. 
 Octreotide tended to be less potent at inhibiting ACTH release (34±6% inhibition) 
and did not alter the secretion of corticosterone. 
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rd-2009-01370: sst receptor expression 
Somatostatin receptor expression in AtT-20 mouse pituitary cells measured by 
quantitative real-time RT-PCR 
 
This study determined the relative mRNA expression levels of the 5 somatostatin 
receptor in AtT-20 cells by RT-PCR.in comparison to mouse total brain, known to 
express all 5 receptors. 
 
Findings: 

 AtT-20 cells did not express any sstr1 and sstr4 mRNA and very little sstr3 mRNA 
but did abundantly express sstr2 and sstr5 mRNA (10x higher than in total mouse 
brain). 

 The measured lower Ct values for sstr5 in AtT-20 cells could indicated a 2.5x higher 
mRNA expression level of sstr5 compared to sstr2 in these cells. 
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4.2 Secondary Pharmacology 

rd-2001-01123: the effect of SOM230 on endocrine profile in monkeys 
Endocrine profile of SOM230 vs SMS201-995 in cynomolgus monkeys (0.3 and 1 
μg/kg/hr) 
 
This study compared SOM230 and SMS201-995 in a chromic study in monkey (at 0.3 
and 1.0 μg/kg/h; continuous infusion by sc) with regards to their effects on the 
endocrine, blood chemistry, and hematological profiles. 
 
Findings: 

 SOM230 produced a dose-dependent suppression of basal GH plasma levels which 
persisted after treatment stopped.  SMS201-995 had more transient and less 
marked suppression of GH than SOM230.  However, they were not significantly 
different. 
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 1 μg/kg/h SOM230 induced a suppression of basal IGF-1 levels which SMS201-995 
did not. 

 Insulin and glucagon levels were not affected by the treatments with either SOM230 
or SMS.  There was also no increase in serum glucose levels over baseline values 
in either SOM230 or SMS group. 

 Exposure was lower for SMS than for SOM230 after sc administration. 
 
rd-2001-01124: the effects of lanreotide and octreotide on GH suppression in rats 
Inhibition of GH in the rat by SMS201-995 and lanreotide 
 
The somatostatin analog (BIM23014 – lanreotide) was given by sc injection in the rat.  
The blood samples were collected at 1 and 6 hrs after injection to determine GH levels.   
 
Findings: 

 BIM23014 was less potent than SMS201-995 (Sandostain®) at inhibiting the basal 
GH secretion in rats. 

 At 1 hr after injection, the ID50 values were 1.8 μg/kg for BIM23014 and 0.13 μg/kg 
for SMS201-995. 

 The duration of action (increased ID50 between 1 and 6 hrs) was similar for 
SMS201-995 and BIM23014. 

 

 

 
 
rd-2001-01157: the effect of SDZ 227-230 on IGF1 levels in rats 
Effects of SDZ 227-230 on IGF-1 plasma levels in rats during constant s.c. 
infusion: comparison with SMS 201-995 
 
This study studied the inhibitory effects of SMS201-995 and SDZ 227-230 on IGF-1 
levels in rats.  These compounds (1, 10, and 50 μg/kg/h) were continuously infused sc 
during 7 or 14 days and blood samples were collected before and at different time 
points after implantation of the osmotic pumps.  IGF-1 plasma levels were monitored.   
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Findings: 

 These two compounds decreased IGF-1 plasma levels in a dose dependent manner. 
 SDZ 227-230 was more active with the longer duration of action compared to SMS 
201-995, leading to more pronounced inhibitory effect on body weight gain. 

 

 

 
 

 

 
 
rd-2001-01158: the effect of SDZ 227-230 on endocrine profile in monkeys 
Effect of SDZ 227-230 on different endocrine parameters in the Rhesus monkey: 
comparison with SMS 201-995 
 
SDZ 227-230 was characterized in the monkeys using sc administration at 0.1, 1.0, 10 
μg/kg in a volume of 0.1 mg/kg by measuring its effect on the basal plasma levels of 
GH, glucagon, insulin and glucose. 
 
Findings: 

 SDZ 227-230 had similar initial (30 min – 2 hrs) inhibitory activity on GH secretion as 
SMS 201-995 but had a longer duration of action (more pronounced inhibitory effect 
5-6 hrs after treatment). 

 SDZ 227-230-induced inhibition of insulin and glucagon was less than that of SMS 
201-995, suggesting a more GH selective response. 

 At 1 μg/kg, SDZ 227-230 was totally inactive at inhibiting these pancreatic 
hormones, while SMS 227-230 had potent inhibitory effects. 
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 Rat vs monkey: there was a reasonable correlation of the antisecretory activities of 
SDZ 227-230 on GH and glucagon.  However, there was a pronounced difference 
regarding insulin (rat: insulin secretion stimulation; monkey: basal insulin). 

 

 
 
rd-2001-02406: the effect of SDZ 227-230 on endocrine profile in rats/mice 
In vivo characterization of SDZ 227-230 (rat, mouse) 
 
This study evaluated the endocrine profile of SDZ 227-230 (SOM230) in rat and mouse 
compared to SMS201-995 and natural somatostatin receptor ligand (SRIF-14).  Male 
rats were given SOM230 or SMS201-995 sc in a volume of 5 ml/kg in rats and of 25 
ml/kg in mice.  Blood samples were collected for GH, gastrin, insulin, glucagon 1 hr or 6 
hr after dosing. 
 
Findings: 
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 At 1 hr post dosing in rats, SOM230 was found to be approx 1) 2x less active when 
compared to SMS201-995 in inhibiting the basal GH secretion in the rat, 2) 44x and 
37x less active in inhibiting the insulin-stimulated glucagon and cimetidine-stimulated 
gastrin secretion, respectively, and 3) 100x more active in inhibiting the glucose-
stimulated insulin secretion. 

 At 6 hr post dosing in rats, SOM230 was more active compared to SMS201-995 in 
inhibiting GH secretion, indicating a much longer duration of action. 

 In mice, increased inhibitory activity of SOM230 on gallbladder contractions were 
seen when compared to SMS201-995. 
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rd-2003-01656: the acute effect of SOM230 on GH and glucose in rats 01 
Effect of SOM230 and SMS 201-995 on plasma growth hormone and glucose 
concentrations in rats 
 
This study compared the acute effect of SOM230 (at 0.01, 0.1, 1, and 10 μg/kg) and 
SMS201-995 on basal glucose and GH levels in non-fasted male rats 1 hr and 6 hr after 
injection. 
 
Findings: 

 At 10 μg/kg, SOM230 caused a marked increase in glucose levels I 1h after dosing 
(and returned to control values after 6 hrs).  At lower dose of SOM230, there was no 
effect on glucose levels.   

 SMS201-995 did not affect glucose levels at any time point at ≤ 1 μg/kg.   
 SOM230 and SMS201-995 caused a marked decrease in GH levels 1 hr after 
dosing.  However due to high variability of the baseline values, such decrease did 
not reach significance. 
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rd-2003-03428: the acute effect of SOM230 on GH and glucose in rats 02 
Acute effects of SOM230 and SMS 201-995 on plasma glucose and GH in rats 
 
This study compared the acute effect of SOM230 and SMS201-995 on basal glucose 
and GH levels in rats.  In acute experiment on fasted rats, SOM230 or SMS201-995 
was given at 10 μg/kg by sc injection in a volume of 1 ml/kg.  Blood samples were taken 
1 and 6 hrs after dosing.  In repeated dose experiment on rats, SOM230 or SMS201-
995 was given at 10 by sc injection.  Blood samples were taken 1 hr and 6 hr after each 
dosing.  Identical applications were made at time 0, and after 6, 24, and 30 hr.  The last 
blood sample was taken 31 hr after the first application.  In acute experiment using high 
dose, SOM230 or SMS201-995 was given at 500 μg/kg by sc injection in a volume of 1 
ml/kg.  Blood samples were taken at 30 min, 1, 3, 6, and 24 hr after dosing.   
 
Findings: 

 A single sc injection of SOM230 (10 μg/kg) lead to a transient hyperglycemia and a 
complete inhibition of GH secretion. 
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 The acute hyperglycemic response was similar after the first injection in free feeding 
rats but tended to decrease after repeated (2x2) sc injections of SOM230 (10 μg/kg) 
on 2 consecutive days. 
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 At 500 μg/kg, SOM230 increased glucose levels starting at 30 min after dosing and 
lasted for more than 6 hrs.  SMS201-995 did not increase glucose level. 
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 Strong inhibitory effect of SOM230 on insulin secretion and weaker inhibitory effect 
on glucagon secretion (when compared with SMS201-995) might be attributed to 
such transient hyperglycemia. 

 There was a longer t ½ for SOM230 (8.5 hr vs. 0.7 hr with SMS201-995). 
 

4.3 Safety Pharmacology 

r0120051: in vitro hERG assay 
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Effect of SOM230 on hERG currents recorded from stably tranfected HEK293 cells  
(by  DITU1020) 
 
This study assessed the effect of SOM230 (batch no 0121001) on hERG current in 
HEK293 cells trasfected with HERG cDNA.  There are three treatment groups: 1) 
vehicle (0.09% DMF/0.01% HCl 5N), 2) reference item (100 nM E-4031), and 3) 
SOM230 (10 μg;ml).  Cells were transfected and the whole cell patch-clamp 
configuration was established.  Currents were evoked by stepping the membrane 
potential to +2- mV (to activate hERG current) and then to -50 mV (to measure tail 
current). 
 
Findings: 

 The vehicle treated cells, approx 15 min exposure produced a residual tail current of 
87.7±6.5% compared to control values.  This equated to a decrease in tail current of 
12.3%. 

 The test article treated cells, approx 15 min exposure at 10 μg/ml SOM230 produced 
a residual tail current of 87.1±5.4% compared to control values.  This equated to a 
decrease in tail current of 12.9%. 

 There was no significant difference between the vehicle and SOM230 treated 
groups. 

 The reference item inhibited hERG tail current by 93.8%.   
 This study showed that SOM230 did not produce any inhibition of HERG current. 

 
 

 

 
 
r0170076: CV study in monkeys 
Telemetry study of cardiovascular effects in male monkeys after subcutaneous 
administration 
 
This dose-escalating study investigated the CV effect of SOM230 (batch no 0121001) 
when administered to monkeys via sc injection at 0, 0.5, 1, and 2 mg/kg on Days 1, 4, 8, 
and 11 respectively.  Clinical signs and body weights were recorded.  CV data (mean 
arterial, systolic and diastolic blood pressure, heart rate, and ECG) and body 
temperature were collected using the implanted transmitters at 30 min, 1, 2, 6, 8, 12, 24, 
36, 40, and 48 hrs after dose. 
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Findings: 

 There was no test article related changes seen in clinical signs, body weight, food 
consumption, or body temperature. 

 There was also no test article related changes on blood pressure or ECG. 
 SOM230 did not affect CV function as measured by telemetry in male monkeys at 
doses up to 2 mg/kg. 

 
r0170077: CNS study in mice 
A single subcutaneous dose general and neurobehavioral activity study in mice 
 
This study was to identify any unwanted CNS effect of SOM230 in mice after a single sc 
administration.  SOM230 (batch no 0121001) was given to male mice at a single dose 
of 0.5, 1.5, 5, or 15 mg/kg or the vehicle at a dosing volume of 5 ml/kg.  Animals were 
observed for general and neurobehavioral activities at approx 15 min, 1, 2, 6, and 24 
hrs postdose.  Body temperature was also recorded in pre-test and during treatment 
phase when needed.  Clinical signs, body weights, and gross pathology were 
performed. 
 

 

 
 
Findings: 

 No mortality was seen in this study. 
 There were test-article related changes in general and neurobehavioral activities at 
15 mg/kg (i.e. ataxia and slightly decreased locomotor activity, decreased grip 
strength, hyposensitivity to sound, ptosis, loss of righting reflex, recumbency).  All 
these appeared within 15 min postdose but subsided by the 6 hr post dose. 

 There was a slight decrease (9%) in mean body temperature at one animal at 15 
mg/kg approx 1 hr after dose. 

 No macroscopic finding was noted. 
 This study showed that single sc administration of SOM230 resulted in changes in 
general and neurobehavioral activities and slight hypothermia in mice at 15 mg/kg. 

 The NOAEL was 5 mg/kg for this study. 
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r0180096: respiratory study in rats 
A pharmacological assessment of the effect of SOM230 on the respiratory system 
of the male albino rat (by  study no. 57149) 
 
This study evaluated the effect of SOM230 (batch no) at 0, 1, 2, or 5, mg/kg/day in a 
dose volume of 2.5 mg/kg on the respiratory system following administration in male 
rats.  Clinical signs and mortality were measured.  Ventilatory parameters (tidal volume, 
respiratory rate, and derived minute volume) were also measured for 15 min periods at 
pre dose, 1, 2, and 4 hrs post dose. 
 

 
 
Findings: 

 SOM230 produced several clinical signs (swollen muzzle and limbs). 
 There were no test article related effects on respiratory functions. 
 This study showed that a single sc administration of SOM230 to male rats at doses 
of 1, 2, and 5 mg/kg/day did not produce any changes on respiratory functions. 
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r0419101: in vitro action potential in rabbit purkinje fibers 
Safety pharmacology electrophysiology test with rabbit purkinje fibers 
 
This study tested the in vitro electrophysiological effect of SOM230 on cardiac action 
potentials recorded from rabbit Purkinje fibers.  Tissues were incubated with SOM230 at 
1.04, 3.13, 10.47, 31.42, and 104.74 μg/ml (1, 3, 10, 30, and 100 μM) in 8 independent 
experiments.  Resting membrane potential (RMP), maximum rate of depolarization, 
(Vmax), action potential amplitude (APA), action potential duration (APD – 50% and 
90% of repolarization) were measured. 
 
Findings:   

 At the stimulation rate of 1 Hz, SOM230 did not exert any electrophysiological 
effects on rabbit purkinje fibers up to 30 μM.  At 100 μM, SOM230 significantly 
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reduced Vmax by -13.6±4.7% vs. control.  The other parameters were not altered by 
SOM230 up to 100 μM.  Due to cytotoxic effects, one of these experiments was 
terminated at 100 μM. 

 At the stimulation rate of 0.2 Hz, the tissue preparations were more sensitive to 
SOM230.  1/8 fibers at 30 μM and 6/8 fibers at 100 μM showed signs of cytotoxicity 
(phase 4 slop and depolarization).  These experiments were terminated before the 
end of experimental protocol. 

 However HPLC analysis showed that there was a loss of test material by 65.94 and 
27.4% at 1 μM and 100 μM concentration baths respectively.  The 30 μM bath was 
not analyzed.  This suggested a strong adsorption of the test compound to the 
perfusion system. 

 This study showed that SOM230 did not exert any selective ion channel blocking 
effect in rabbit purkinje fibers up to 30 μM.  At 100 μM, there was a significant 
depression on Vmax at 1 Hz and generated cytotoxic effect. 
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r1070019: in vitro hERG assay 
Effects of SOM230 on cloned hERG potassium channels expressed in human 
embryonic kidney cells (by ) 
 
This study examined the in vitro effect of SOM230 (up to 30 μM) on hERG channel 
current (a surrogate for Ikr, the rapidly activating delayed rectifier cardiac potassium 
current) at nearly physiological temperature.  hERG potassium channels were 
expressed in a human embryonic kidney (HEK293) cell line.  60 nM terfenadine was 
used as a positive control. 
 
Findings: 

 SOM230 inhibited hERG current by 8.2±1.1% at 10 μM and 16.8±1.4% at 30 μM (vs. 
0.5±0.3% in control).  The positive control inhibited hERG by 81.4±3.7%. 
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 At 100 μM, this concentration disrupted membrane integrity therefore no data was 
obtained. 

 The IC50 for the inhibitory effect of SOM230 on hERG potassium current was not 
calculated but estimated to be > 30 μM. 

 

 

 
 

 

 
 
rd-2009-20831: in vitro off target binding activity assays 
PKF227-230: in vitro safety pharmacology profile 
 
SOM230 was assessed for its off-target activity in a panel of 69 GPCRs, transporters, 
and ion channels. 
 
Findings: 

 Ki values of < 10 μM were found on 16/69 targets tested (23%).  Four targets had Ki 
values of < 1 μM: opiate kappa (0.041 μM), ghrelin (0.15 μM), 5HT1A (0.31 μM), and 
opiate mu (0.42 μM).   

 However, the importance of these activities on these targets would depend on the 
therapeutic index compared to maximum or total circulating or local concentrations 
(Cmax and AUC) at the therapeutic dose.  The relative importance of these activities 
would depend on whether the compound acts as an agonist, antagonist, activator or 
inhibitor.  Since all assays reported here were non cellular binding assays, they 
could not provide such information. 
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rd-2010-50370: in vitro effect of SOM230 on cardiac Na+ and Ca++ channels 
Effects of PKF227-230-AK-1 on the Nav1.5 and Cav1.2 ion channels measured 
with the Quattro IonWorks planar patch-clamp system 
 
This study assessed the effects of SOM230 on the cardiac sodium (Nav1.5) and L-type 
calcium channels (Cav1.2) using IonWorks Quattro (automated patch-clamp recording 
platform).  This allowed recordings of whole-cell currents from human ion channels 
heterologously expressed in HEK and CHO cells respectively.  The test article effect 
was tested by the change of peak currents at 7 different concentrations 0.1, 0.3, 1, 3, 
10, 30, and 50 μM. 
 
Findings: 

 SOM230 showed no significant inhibition of both the Nav1.5 (22.7% inhibition at 50 
μM) and Cav1.2 (27% increase at 50 μM) channels. 
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rd-2010-50430: in vitro effect of SOM230 on K+ channel 
Study of the effects of PKF227-230-AK-1 on the hKCNQ1/mink potassium channel 
 
This study assessed the effect of SOM230 on hKCNQ1/min K channel heterologously 
expressed in CHO cell line, using a functional cell-based assay on the IonWork Quattro 
automated patch clamp system.  Eight concentrations (0.2-30 μM) were tested. 
 
Findings: 

 SOM230 did not produce significant inhibition of the hKCNQ1/mink current at any 
concentration tested and IC50 was approx > 30 μM. 
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5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

ABSORPTION 
 
dmpk-r00-2234: salt selection for SOM230 formulations in rats 
Salt selection study after iv (0.05 mg/kg) and sc (0.1 mg/kg) administration of 
SOM230 as aspartate, pamoate and diacetate salt 
 
This study tested three different salt forms for their systemic availability to male rats (IV: 
0.5 mg/kg SOM-diacetate and SC: 0.1 mg/kg SOM-diacetate, -aspartate, or -pamoate).  
Blood was collected at 0.08 (Iv only), 0.25 (sc only), 0.5, 1, 2, 4, 8, 24 hr after dosing.   
 
Findings: 

 After SC administration, there were not marked differences among salt forms 
regarding to Cmax and AUClast.  However the Tmax was shorter for the diacetate 
(Tmax = 0.75 hr) form when compared to the other two salt forms (Tmax = 2 hr).   

 With all salts, the systemic bioavailability was complete as compared to the iv 
administration of the diacetate salt. 
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 Based on this study, the salt selection maybe based primarily on the technical 
feasibility since none of the three salt forms differed in systemic exposure. 

 

 

 
 

 

 
 
dmpk-r01-0388:SOM230 disposition in rats 01 
Disposition in the rat after subcutaneous administration of [14C]SOM230 (1 mg/kg) 
 
This study assessed the metabolism and excretion of radiolabeled SOM230-asparate 
after sc administration of 1 mg/kg in 9 rats.  After dosing, the animals were housed 
individually in standard cages (n=6) or in metabolism cages (n=3).  Blood samples were 
collected as indicated below.  Samples from plasma, urine, feces, liver and kidney were 
collected for metabolic analyses (by HPLC and LC-MS).   
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Findings: 

 The total radioactivity in plasma was ~ 2x higher than the corresponding blood 
levels, suggesting that SOM230 and its metabolites were mainly stayed in the 
plasma compartment. 
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 The total radioactivity in kidney was ~ 5x higher than in the liver.  The elimination of 
total radioactivity from those tissues was slow with estimated t ½ of 95 hr (liver) and 
162 hr (kidney). 

 
 

 
 

 SoM230 and its metabolites were predominately excreted via bile into feces 72 hr 
after dosing.  The mass balance was almost complete.  Approx. 8.3% of the 
administered radioactivity was seen in rats at 72 hr after dosing, corresponding to 
unchanged SOM230 in liver and kidney.  Also, unchanged SOM230 was the main 
radioactive compound in plasma detectable up to 72 hr after dosing. 
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 The feces extract contained mostly unchanged SOM230 and two small radioactive 
byproducts, P1 and P3.  The P1 was also detected in plasma, urine and kidney 
extracts, suggesting that P1 was mainly due to the co-administered impurity of 
SOM230 and was probably not a real SOM230 metabolite.   
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dmpk-r0101556: PK profile in monkeys 01 
PK Study: Comparison of SOM230 and SMS201-995 in the cynomolgus monkey 
following a single high dose subcutaneous injection [Determination and 
pharmacokinetics of SOM230 in plasma] 
 
This study measured plasma SOM230 levels after a single sc administration of 1 mg/kg 
in 3 monkeys.  Plasma samples were collected at 0, 0.5, 1, 2, 4, 8, 24, 32, 48, 72, and 
96 hrs after dosing and analyzed by ELISA. 
 
Findings: 

 One monkey No 357 was underexposed when compared to two other monkeys Nos 
317 and 492. 

 SOM230 was detectable until 96 hrs in 2 out of 3 monkeys tested. 
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dmpk-r0900554: PK profile in monkeys 02 
Absorption, metabolism, and excretion following a single subcutaneous dose of 
[14C]SOM230 in monkeys 
 
This study measured SOM230 levels in plasma and urine/feces samples after a single 
sc administration of 0.6 mg/kg (free base in saline) in 3 monkeys.  Plasma samples 
were collected up to 168 hrs after dosing whereas urine/feces samples were collected in 
24 hr intervals up to 96 hr after dosing.  They were analyzed by RIA (for plasma) and 
LC/MS when feasible (for structural characterization and metabolite profile). 
 
Findings: 

 After a 0.6 mg/kg sc dose, SOM230 was rapidly (tmax = 0.75 hr) and completely 
absorbed in the monkeys with an estimated bioavailability of 100%. 

 The Cmax of SOM230 in the plasma was attained at 0.92 hr and the apparent t ½ in 
plasma was 56 hr.   

 The elimination of SOM230 from monkey plasma was biphasic.  The plasma 
clearance (CL/F = 0.28 L/h/kg) was low and Vd (Vss/F = 1.1 L/kg) was moderate. 

 The primary route of excretion was in the feces which accounted for ~ 95% of the 
dose.  Renal excretion was minor which accounted for ~ 6% of the dose.  The 
recovery was complete at 168 hr after dosing. 

 Total artifacts from A25.5, A26.9, and A28 were about 8% of the dose whereas M27 
was negligible. 
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DISTRIBUTION 
 
dmpk-r99-2082: plasma protein binding 
In vitro blood distribution and plasma protein binding of 14C-labeled SOM230 
 
This study investigated the in vitro blood distribution and the plasma protein binding of 
SOm230 for the species rat, dog, and human.  Pooled blood and plasma samples (≥ 3 
for animals and =3 for human) were collected for analysis by centrifugation or 
ultrafiltration. 
 
Findings:  
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 This distribution of SOM230 between blood and plasma was concentration 
independent in rats, dogs, and humans over the concentration range of 100-10000 
ng/ml. 

 SOM230 was mostly located in the plasma compartment, the fraction of radiolabeled 
SOM230 in plasma was approx. 99, 87 and 91% in rats, dogs, and humans 
respectively. 

 Plasma protein binding of SOM230 was also independent of the concentrations in 
rats, dogs, and humans.  The protein bound fraction of radiolabeled SOM230 was 
approx. 94, 93, and 88% in rats, dogs, and humans respectively.  However these 
values might be overestimated since approx. 30% of the added compound stuck to 
the filter device. 

 

 
 

 
 
dmpk-r99-2095: tissue distribution of SOM230 (iv) in rats 
Quantitative Whole-body Autoradioluminography in pigmented rats after a 2 
mg/kg iv dose of [14C]SOM230 
 
This study investigated the tissue distribution of SOM230 and/or its metabolites after 2 
mg/kg iv dose in rats.  The blood samples were collected at 0,08, 1, 4, 24, 72, 168 hr, 3 
and 14 week after dosing. 
 
Findings:   

 Radioactivity blood levels:  The blood levels of radiolabeled SOM230 were 6.7, 2.4, 
0.35, and 0.06 nmol/g at 0.08, 1, 4, and 24 hrs after dosing, respectively.  Trace 
amounts (0.03-0.06 nmol/g) was detected at 72 and 168 hrs whereas levels fell 
under detection limit (< 0.03 nmol/g) at 3 and 14 weeks after dosing. 

 Radioactivity tissue levels:  Mesenteric lymph nodes, adrenal cortex, blood vessel 
wall, and spleen red pulp had higher radioactivity tissue levels 14 week after dosing 
(0.7-1.3 nmol/g), whereas brain, spinal chord, testis, epididymis, seminal gland, lens, 
white fat, muscle, bone mineral had much lower radioactivity tissue levels 168 hrs 
after dosing (<0.07 nmol/g). 

 Radioactivity in blood vs. tissues: The data suggested that SOM230 was moderately 
and rather slowly distributed into the extravascular compartment as most tissue 
radioactivity concentrations were lower than those of blood and the maximal 
radioactivity concentrations were observed as late as at 1 hr postdose. 

 Residual radioactivity:  There was approx. 29% radioactive dose present in the 
carcass at 72 and 168 hrs postdose and 14% and 2% at 3 and 14 weeks postdose.  
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At 14 weeks postdose, radioactivity was observed in adrenal, blood vessel wall, 
bone marrow, cartilage, kidney, liver, lung, intestinal wall, spleen, lymph nodes, 
indicating that SOM230 was eliminated slowly. 

 There was no specific uptake of radioactive SOM230 into melanin containing 
tissues. 
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***dmpk-r0201643: placental transfer in pregnant rats*** 
Embryo-fetal transfer in pregnant rats after a single 10 mg/kg subcutaneous dose 
of [14C]SOM230 (12.5 mg/kg of [14C]SOM230 bis-aspartate) 
 
Pregnant rats on GD 13 or GD18 (at 1, 2, 8, 24 hr postdose) were given 12.5 mg/kg btw 
of radiolabeled SOM230 aspartate (corresponding to the high dose of the rat embryo-
fetal development study given sc in the neck region at 0.4 mg/kg btw in 0.9% NaCl.  
Distributions in the maternal, placental, and embryo-fetal transfer were measured on 
Day 13 (by liquid scintillation counting) and Day 18 (by QWBAL 
autoradioluminography). 
 
Findings: 
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 Maternal tissues on GD13:  The highest SOM230 concentrations were found in the 
kidney, liver, spleen, adrenal, skin, intestinal wall, lung, lymph nodes, bone marrow, 
and ovary.  Cmax was attained in most tissues at 24 hr postdose. 

 Maternal tissues on GD18:  The highest SOM230 levels were found in the 
application site, kidney, liver, spinal nerves, cartilage, blood vessel wall, spleen red 
pulp, adrenal cortex, and lymph notes.  The placental level was slightly higher than 
that of blood and amnion.  Cmax was attained in most tissues at 24 hr postdose. 

 Placental and embryo-fetal on Day 13:  Limited fraction of SOM230 in the blood was 
transferred into the placenta but all SOM230 in placenta was transferred into the 
fetuses.   

 Placental and embryo-fetal on GD18:  Majority of SOM230 in the blood was 
transferred into the placenta but no radioactivity was detected in the fetuses and 
amnion fluid. 

 Based on the data above, the extend of transfer from maternal blood into embryo-
fetal compartment was low on GD13 and marginal on GD18, indicating that the 
overall exposure of the embryos and fetuses to the compound was low and 
dependant on the stage of gestation. 

 Brain uptake:  SOM230 was slightly taken up into the brain (11-27% that in blood) on 
GD13 but no significant uptake seen on GD18. 

 

 

 
 

Figure 1 Radioactivity in fetuses/placenta/maternal tissues 
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Figure 2 AUC values in fetuses/placenta/maternal tissues 
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dmpk-r0500319: tissue distribution of SOM230 (sc) in rats 
Tissue distribution following a subcutaneous dose of [14C]SOM230 in the rat 
 
LEH pigmented rats (n=8) and Wistar non-pigmented rat (n=1) were given a single sc 
SOM230 di-aspartate at 1 mg/kg (as free base).  Blood samples were collected at 0.25, 
1, 3, 5, 8, 24, 48, 72, 168 hrs, and 14 days.  LEH rats (n=1 per time point) were 
terminated at 0.25, 1, 3, 5, 8, 24, 48, 72, 168 hr, and 14 days and Wistar rat (n=1) was 
terminated at 168 hr. 
 
Findings: 

 SOM230 was rapidly and widely distributed to tissues after 1 mg/kg sc SOM230 
injection. 

 Between 1-3 hr postdose, blood and most tissue radioactivity concentrations 
reached a plateau.  The radioactivity in most tissues was still higher than LOQ at 14 
days postdose whereas the radioactivity in blood was already below LOD at 24 hr 
postdose. 

 The elimination in tissues was much slower than blood (t ½ = ~100 hr vs. 11 hr). 
 The Cmax tissue-to-blood ratio for most tissues was < 1.  Based on the tissue Cmax 
values, the highest tissue-to-blood concentration ratios were seen in dosing site, 
brown fat, kidney cortex, blood vessel wall, liver, and small intestinal wall. 

 The AUC ratios for tissue-to-blood were much higher (as the result of slower 
elimination of radioactivity in tissues).  The highest tissue-to-blood AUC ratios were 
seen in dosing site, adrenal cortex, kidney cortex, bone marrow, and blood vessel 
wall. 

 There was no SOM230-related radioactivity that showed specific affinity to melanin 
in either skin or uveal tract. 
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 There were some distribution to the reproductive system (testis) with tissue Cmax-
to-blood ratio of 0.11 and minimal distribution to the CNS (brain and spinal cord) with 
tissue-to-blood ratio < 0.03. 

 

 

 
 
METABOLISM 
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dmpk-r01-389: metabolism in vitro 01 
In vitro biotransformation of SOM230: Species comparison using liver fractions 
from rat, cynomolgus monkey and man 
 
This study compared the in vitro biotransformation of SOM230 in liver fractions from rat, 
monkey, and human and in human kidney microsomes.  Liver microsomes or 
hepatocytes (only rat), kidney microsomes were incubated with 1.0 μmol/L 
[14C]SOM230 for up to 2 hrs (using microsomes) and up to 4 hrs (using hepatocytes).  
Total radioactivity was measured by LSC.  Unchanged [14C]SOM230 and metabolites 
were determined by HPLC with online radiodetection. 
 
Findings: 

 SOM230 was stable in incubations with rat and human liver microsomes and with 
human kidney microsomes but was slightly degraded in monkey liver microsomes 
(yielding a minor NADPH dependent metabolite P2). 

 HPLC analysis revealed a purity of approx. 90%.  A radioactive by product P1, a 
debenzylated derivative of [14C]SOM230 (3-4%), was detected (originating from the 
used batch) whereas an additional dispersed radioactivity (6%) was detected. 

 SOM230 was also stable in incubation with rat hepatocytes against liver enzymes up 
to 4 hrs. 

 This study suggested that there was low metabolizing activity in human liver 
microsomes (as well as rat liver microsomes) which was consistent with the 
long t ½ of SOM230 in humans and rats in vivo, as well as SOM230 being a 
major circulating component in rats). 
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dmpk-r0400850: metabolism in vitro 02 
[14C]SOM230: Metabolic profile in human liver microsomes and identification of 
cytochrome P450s involved in the metabolism 
 
This study was 1) to examine the metabolism of SOM230 in human liver microsomes 
using higher concentrations of SOM230 and microsomal proteins to determine if 
metabolism could be observed under these conditions and 2) to identify any P450 
enzymes involved in the metabolism (i.e. oxidative metabolites).  Metabolites were 
furthered characterized by HPLC and LC/MS/MS analyses.   
 
Findings: 

 Two major metabolites, P24 and P30, were identified.  Metabolite P24 (metabolized 
by CYP3A4) was formed via mono oxidation on the phenylglycine moiety of 
SOM230 whereas metabolite P30 (metabolized by CYP3A5) was formed via 
deamination on the lysine moiety of SOM230.   

 There was low turnover of SOM230 seen with human liver microsomes and the 
linearity observed in the activity of the two concentrations tested, indicating that Km 
for the metabolism was high (≥ 49 μM). 

 There is a potential that inhibitors of CYP3A4 and CYP3A5 could affect the hepatic 
oxidative clearance of SOM230 (but will depend upon the contributions of other 
SOM230 clearance pathways in humans). 
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EXCRETION 
 

***dmpk-r0900555: placental transfer in pregnant rats *** 
Excretion in milk after a single subcutaneous dose of [14C]SOM230 in the rat 
 
This study examined the extent to which total radioactivity passed into breast milk after 
a single sc dose of SOM230 at 1 mg/kg to 15 lactating rats (on day 7 or 8 post 
parturition).  Radioactivity concentrations in milk and plasma samples were measured 
by LSC analysis.  Metabolites in pooled plasma and milk samples were identified by 
HPLC and LC-MS analyses.   
 
Findings: 

 There was a transfer of parent drug and its metabolites into milk.  The overall milk: 
plasma exposure ratio of total radioactivity was approx. 0.28, based on AUC values. 

 It is estimated the max amount of SOM230 and its metabolites that a breast-fed 
infant could be exposed to by ingesting 1L of milk daily is 0.18% of up to 1200 μg bid 
adult dose. 

 Metabolite profiles in plasma and milk were similar.  Unchanged SOM230 was 
detected at lower concentration in milk compared to that observed in plasma.  There 
were no metabolites identified in plasma and milk.  While the major component was 
unchanged SOM230, there were 3 minor peaks (A22.7, A23.5 and A23.9) identified 
which seemed to be the result of ex vivo processing effects (artifacts due to non 
metabolic processes). 
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Table 4 Radioactivity concentrations in plasma/milk. 

 

 

Table 5 Concentrations of SOM230 in plasma/milk. 
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DRUG INTERACTIONS 
 
dmpk-r99-2281: transporters in Caco-2 cells 
Mechanistic transport studies across Caco-2 cell monolayers 
 
This study studied the kinetic of an efflux system in transporting SOM230 across the 
intestinal barrier.  SOM230 at 0.2, 10, and 50 μM and Caco-2 cells (apical ⇔ 
basolateral) were used in the study.  For SOM230 at 0.2 μM, all apical to basolateral 
transport experiments were repeated in the presence of the potent Pgp inhibitor CsA 
(10 μM) and Pgp/MRP inhibitor Verapamil (100 μM) respectively. 
 
Findings: 

 Role of efflux and saturability:  SOM230 transport through Caco-2 cells was 
dependent on the transport direction (apical to basolateral transport was lower than 
basolateral to apical transport).  SOM230 was transported in a concentration 
dependent manner across Caco-2 cells.  At higher SOM230 concentrations, the 
permeability values in both transport directions were similar, indicating that 100% 
transporter saturation was achieved at 50 μM.  Adding the Pgp inhibitor CsA and the 
Pgp/MRP inhibitor Verapamil increased apical to basolateral SOM230 permeation.  
This data suggested that the efflux system involved in SOM230 transport was most 
likely Pgp. 

 SOM230 was identified as a low permeable compound (intrinsic permeability < 
20%), being additionally a substrate for the prominent efflux system Pgp. 

 However, the quantitative influence of SOM230 efflux on passive intrinsic diffusion 
was limited (ΔF <5%).  Note:  ΔF (efflux capacity) = Fm (intrinsic absorption) – Fapp 
(apparent absorption) 

 To achieve complete inhibition of the efflux system, low SOM230 concentration were 
needed (10 μM < saturation concentration (Cs) < 50 μM), suggesting SOM230 was 
a moderate competitive inhibitor. 
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 This study estimated that SOM230 absorption in vivo would not be highly affected by 
efflux activity, where higher Pgp saturation concentration of SOM230 would be 
achieved in the GI tract.   

 

 

 
 

 

 
 
dmpk-r0300356: inhibitor on CYP450 w/ human liver microsomes 
In vitro assessment of cytochrome P450 enzyme inhibition by NVP-SOM230 
 
This study looked into the potential of SOM230 to inhibit CYP450 activity using pooled 
human liver microsomes.  To determine the effect of SOM230 on the in vitro metabolism 
of CYP probe substrates, liver microsomes were incubated with SOM230 and probe 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

66 

substrates at 37 °C between 10-30 min.  LC-MS/MS analysis was used to identify 
substrate metabolism and any specific metabolite formulation. 
 

 

 
 

 

 
 
Findings: 

 SOM230 was found to be a weak inhibitor of CYP1A2, 2C8, 2C19, 2E1 and 
CYP3A4/5 with IC50 values ranging from 10- > 100 μM.   

 SOM230 was found to be a somewhat more potent inhibitor of CYP2C9 and 
CYP2D6 with IC50 values of approx. 5 μM. 
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 Based on the low anticipated therapeutic SOM230 plasma concentration 
(Cmax of 15.5 ng/ml with a single 600 μg sc dose), it would be unlikely for CYP 
enzymes to inhibit SOM230 metabolism. 

 

 
 
dmpk-r0600583: inhibitor on Pgp-mediated efflux of Rho123 in cells 
The potential of SOM230 to inhibit P-glycoprotein in cells determined by flow 
cytometry 
 
This study assessed the potential for SOM230 up to 10 μM to inhibit P-glycoprotein 
(Pgp, MDR1, ABCB1)-mediated efflux of Rhodamine123 (Rho123 at 0.1 μM) in cells 
which over-expressed Pgp (MDA435 T0.3).  During an accumulation phase, various 
concentrations of SOM230 were incubated cells in the presence or absence of Rho123 
for 90 min.  During efflux phase, the cells were incubated with the same concentration 
of SOM230 in the absence of Rho123 for 30 min.  The levels of Rho123 fluorescence 
was analyzed by flow cytometry.  Cyclosporine A (CsA) at 10 μM was used as a 
reference in this study. 
 
Findings: 

 SOM230 up to 10 μM did not inhibit Pgp-mediated efflux of Rho123 in vitro.   
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dmpk-r0800722: inducer on CYP450/transporters in human hepatocytes  
Evaluation of SOM230 as an inducer of drug metabolizing enzymes and 
transporters in primary human hepatocytes 
 
The study examined the potential of SOM230 to induce CYP450 enzymes and UDP-
glucuronosyltransferase (UGT) 1A1 mRNA activities, as well as Pgp mRNA activities 
(ABCB1) and MRP2 transporters (multidrug resistance-associated protein-2, ABCC2) in 
primary human hepatocytes obtained from 3 donors after 48 hr of SOM230 treatment.  
Real time PCR was used to measure mRNA induction and LC-MS/MS was used to 
assess the changes in enzyme activities, by measuring enzyme-selective probe 
substrate metabolism.  Human hepatocytes were treated with SOM230 ranging from 
0.005-1 μM (which was > 10x above the mean highest serum concentration of SOM230 
seen in clinic at 1200 μg).  Rifampicin (RIF), Phenobarbital (PB), β-napthoflavone (BNF) 
were used as positive controls in this study.  When mRNA level or activities of these 
CYP enzymes or transporters increased less than 2X with respect to vehicle control 
and/or < 40% of the maximal positive control responses, SOM230 would be classified 
as a non-inducer. 
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Findings:   

 SOM230 did not induce the mRNA levels or activities of CYP1A2, CYP2B6, 
CYP2C8, CYP2C19 and CYP3A in all 3 livers 

 SOM230 did not induce the mRNA levels of CYP1A1, CYP1B1, CYP2J2, Pgp or 
MRP2. 

 SOM230 induced the CYP2C9 mRNA levels in 1 out of 3 livers (2.81-4.97x at 0.005 
to 0.1μM) but did not induce its activities in any of the livers. 

 SOM230 induced UGT1A1 activities in 1 out of 3 livers (2.15x at 0.1 μM) but did not 
induce its mRNA levels in any of these livers. 

 This data suggested that SOM230 would be unlikely to increase the clearance 
of co-administrated compounds by an induction mechanism.  

 
dmpk-r1000572: inhibitor on transporters in HEK cells/hepatic SOM230 uptake 
Assessment of SOM230 uptake into primary human hepatocytes and as an 
inhibitor of the hepatic organic anion transport polypeptide transporters, 
OATP1B1 and OATP1B3 
 
This study examined the activity of SOM230 uptake in cryopreserved pooled human 
hepatocytes.  In addition to measure [14C]SOM230 bis aspartate (at 1.0 μM) uptake, 
OATP substrate and COT1 substrate uptakes were also measured to verify the 
presence of transport activity.  The potential for SOM230 to inhibit the activity of the 
hepatic uptake transporters OATP1B1 and OATP1B3 (human organic anion 
transporting polypeptide transport proteins) were also examined using HEK293 cells 
(human embryonic kidney #293) that stably expressed these transporters.  Several 
inhibitors were used as references in this study. 
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Findings:   

 In the absence of transport protein inhibitors, human hepatocytes accumulated 
118±19 pmol/mg protein of SOM230.  The level of accumulation was not significantly 
different in the presence of inhibitors of major hepatic uptake transporters including 
OCT1, OATP1B1, OATP1B3, and OATP2B1 (112±11 pmol/mg). 

 The uptake of OATP1B1 substrate was 5.9x higher in HEK-OATP1B1 cells 
compared to control HEK cells.  SOM230 did not inhibit this activity when tested up 
to 1 μM. 

 The uptake of OATP1B3 substrate was 1.9x higher in HEK-OATP1B3 cells 
compared to control HEK cells.  SOM230 did inhibit this activity by 7.7% at 1 μM. 

 This data suggested that there was no active uptake of SOM230 into human 
hepatocytes and SOM230 up to 1 μM did not inhibit OATP1B1 or OATP1B3 
mediated transport in HEK cells.  [note: 1 μM SOM230 tested in this study was 
approx > 10 x above the mean highest serum concentration of SOM230 observed in 
human at 1200  μg b.i.d. (0.07  μM)] 
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dmpk-r1000737: permeability/transport in Caco-2 and MDCK/mBCRP cells 
[14C]SOM230: In vitro permeability and potential interaction with breast cancer 
resistance protein (BCRP) of across Caco-2 and MDCK/mBCRP cell monolayers 
 
This study examined the permeability and transporter interaction potential of SOM230 
across Caco-2 monolayers and mBCRP (murine breast cancer resistance protein) 
expressing MDCK cell lines.  The BCRP inhibitor, Ko143, was used to assess if 
SOM230 was a substrate of BCRP.  Permeability estimates of SOM230 across Caco-2 
monolayers in the Ap→Bl and the Bl→Ap direction were obtained using two working 
solutions (substrates and inhibitor). 
 
Findings: 

 At 2.1 μM or 12 μM SOM230, the Papp (apparent permeability) values for SOM230 
across Caco-2 cells in the Ap→Bl direction were approx 1.8x lower than those in the 
Bl→Ap direction.  This suggested that SOm230 had a poor permeability when 
compared to mannitol or propranolol.   

 In the presence of BCRP inhibitor Ko143, SOM230 flux in either direction across 
Caco-2 monolayers did not altered.  This suggested that BCRP was not likely to be 
responsible for the apparent apical efflux of SOM230 across the Caco-2 cell 
monolayers. 

 The efflux ratio of the BCRP substrate [3H]E3S was reduced from 7.4 (with no 
Ko143) to 0.81 (with Ko143). 
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 At 2.4 or 13 μM, SOM230 flux across MDCK/mBCRP was slightly higher in the 
Bl→Ap direction compared to that in the Ap→Bl direction. 

 In the presence of the BCRP inhibitor Ko143, SOm230 flux values in either direction 
were not changed.  This suggested that SOM230 was not likely to be transported by 
mBCRP. 

 The efflux ratio of the BCRP substrate [3H]E3S was reduced from 1.8 (with no 
Ko143) to 0.94 (with Ko143), demonstrating that the presence of an active mBCRP 
transport activity in MDCK/mBCRP cells. 

 

 

 
 

 This data showed that SOM230 had passive permeability across Caco-2 monolayers 
and was not likely to be a BCRP substrate in MDCK cell line. 

 
dmpk-r1100187: inhibitor on CYP2B6 in human liver microsomes 
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In vitro assessment of cytochrome P450 2B6 enzyme inhibition by SOM230 
 
This study assessed the effect on SOM230 (0-100 μM) on CYP2B6 inhibition in pooled 
human liver microsomes.  Various concentrations of SOM230 and probe substrate 
buropion (CYP2B6 enzyme-selective) were used in this study.  The Km value and probe 
substrate metabolism was assessed by LC-MS/MS. 
 

 

 
 

 

 
 
Findings: 

 In the absence of SOM230, the % of turnover (% metabolite formation) was low. 
 SOM230 was a very weak CYP2B6 inhibitor in human liver microsomes (IC50 ~ 80 
μM). 
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dmpk-r1100482: inhibitor on hMRP2 and hBSEP in vitro 
Assessment of SOM230 as an inhibitor of human multidrug resistance-associated 
protein 2 (MRP2) and bile salt export pump (BSEP)  
 
This study examined if SOM230 (up to 10 μM) could inhibit hMRP2 and BSEP activities 
using inside out membrane vesicles containing expressed hMRP2 or hBSEP.  The 
potential inhibitory effect of SOM230 was tested based on the accumulation of 
radiolabeled BSEP or MRP2 substrate in the membrane vesicles.  Cyclosporine A or 
MK571 were used as positive controls.  The IC50 values for inhibition of transport was 
determined by scintillation and luminescence counter. 
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Findings: 

 In the absence of transport inhibitors, the ATP-dependent [3H]E217βG or [3H]TC 
accumulation in MPR2 or BSEP vesicles was 376 or 1.78 pmol/mg protein/min 
respectively.   

 The level of accumulation in MRP2 or BSEp vesicles was reduced by 84% and 83% 
by inhibitor MK571 (200 μM) and CsA (40 μM) respectively. 

 SOM230 at 10 μM reduced the ATP-dependent accumulation in MRP2 or BSEP 
vesicles by 50% and 48.4% respectively.  The IC50 value was approx. 10 μM for 
both transporters.  This data suggested that SOM230 could inhibit MRP2 and BSEP 
in vitro. 

 

 

 
 

 

 
 
dmpk-r1100760: inhibitor on UGT1A1 in human liver microsomes 
In vitro assessment of UGT1A1 enzyme inhibition by SOM230  
 
This study assessed the effect on SOM230 (0-100 μM) on UGTA1 (UDP-
glucuronosyltransferase) inhibition in pooled human liver microsomes.  Various 
concentrations of SOM230 and probe substrate 3β-glucuronidation (UGT1A enzyme 
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selective) were used in this study.  The Km value and probe substrate metabolism was 
assessed by LC-MS/MS.  Genistein was used as a positive control. 
 

 

 
 

 

 
 
Findings: 

 In the absence of SOM230, the % of turnover (% metabolite formation) was low. 
 SOM230 was a very weak UGT1A1 inhibitor in human liver microsomes (IC50 > 100 
in human liver microsomes and IC50 ~ 59 μM in recombinant UGT1A1), indicating 
that SOM230 would not likely to inhibit the metabolic clearance of co-medications 
metabolized by UGT1A1 in vivo. 
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rd-2001-01165: PK interaction between Neoral and SOM230 in dogs 
Pharmacokinetic interaction of ciclosporin A (Neoral®) and SMS 201-995 
(Sandostatin®) or SOM230 in the dog 
 
In this study, ciclosporin A at 10 mg/kg p.o. was combined with SMS 201-995 (1, 3, 10 
μg/kg/h) or SOM230 (3 μg/kg/h).  In 6 male beagle dogs, SMS 201-995 and SOM230 
were administered via sc infusion by an osmotic Alzet pump, implanted 3-4 days before 
a single p.o. CsA administration.  Blood samples were collected at different time points 
(0.25, 0.5, 1, 2, 4, 8, and 24 hrs after dosing) for measuring CsA, IGF-1, and SMS 201-
995 plasma concentrations. 
 
Findings: 

 When CsA alone, the peak level Cmax was found 1 hr after dosing.  A constant 
decrease of CsA blood levels were measured between 4-24 hrs.   

 When CsA was combined with SMS 201-995, SOM201-995 delayed the absorption 
of CsA (lower AUC) in a dose dependent manner.   It also suppressed IGF-1 plasma 
levels in a dose dependent manner.   

 When CsA was combined with SOM230, SOM230 at 3 μg/kg/h lowered CsA levels 
to similar degree as SMS 201-995 at 10 μg/kg/h.  SOM230 had similar effect on CsA 
reduction but was >3X more active at lowering plasma IGF-1 levels when compared 
to SMS 201-995, indicating that SOM230 exhibited an inhibitory activity on IGF1 
which was more potent than that of SMS 201-995. 

 When CsA was combined with SMS201-995, an increase in the SMS 201-995 
plasma levels and a slower decrease over time was measured, suggesting that CsA 
could lead to an increase of the steady state plasma level of SMS 201-995. 
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5.2 Toxicokinetics  
(If not included in toxicity studies) 
 

6 General Toxicology 
Note:  Somatostatin decreases IFG-1 and GH so expected particular target organ 
toxicities include pituitary (mice/rats/monkeys), bone (mice/rats), liver (mice/rats), 
coagulation (rats), female reproductive tract (mice/rats), bone marrow 
(rats/monkeys), , spleen (rats), thyroid (monkeys), and GI (monkeys/dogs), and 
injection sites (mice/rats/monkeys).  Most of these exaggerated pharmacological 
effects of SOM230 were consistent across species.  A few rat findings (i.e. CV 
effects of edema and hyperemia or ↑ AST/ALT) were noted in shorter duration 
studies (i.e. < 4 weeks) but not in the 26 week study.  Few monkey findings (i.e. in 
GI and thyroid glands) were not seen in mice/rats, whereas few rat findings (i.e. in 
bone, ovary/uterine, liver, and coagulation factors) were not seen in monkeys.  
Despite some species differences with SOM230, the toxicological profile of 
SOM230 was similar to other somatostatin analogues. 

6.1 Single-Dose Toxicity 

r0220024: acute study in mice 
Study title:  Acute subcutaneous toxicity study in mice 
(CRO:  , study no. 842284) 
Study design:  This GLP study was to assess the acute sc toxicity of SOM230 (batch no 
Y067 0701; at 15 mg/kg: 3 females or 30 mg/kg: 3 males/3 females) and its placebo 
(batch no Y042 0501) in mice when administered by single sc injection into the neck 
followed by 14 day observation period.  All animals were examined for clinical signs at 
1, 2, 3, and 5 hrs after treatment on Day 1 and once daily during Days 2-15.  Mortality 
was recorded twice daily on Days 1-15 and body weights were recorded on Days 1, 8, 
and 15.  All animals were terminated and examined macroscopically. 
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Findings: 
 No mortality was found in this study. 
 No clinical signs were observed (except one female treated with 30 mg/kg SOm230 
had crusts on the neck on Day 8). 

 No changes in body weight and macroscopic observations. 
 The maximum tolerable dosage was 30 mg/kg in this study. 

 
r0220025: acute study in rats 
Study title:  Acute subcutaneous toxicity study in rats 
(CRO:  study no. 842285) 
Study design:  This GLP study was to assess the acute sc toxicity of SOM230 (batch no 
Y067 0701; at 15 mg/kg: 3 females or 30 mg/kg: 3 males/3 females) and its placebo 
(batch no Y042 0501) in rats when administered by single sc injection into the neck 
followed by 14 day observation period.  All animals were examined for clinical signs at 
1, 2, 3, and 5 hrs after treatment on Day 1 and once daily during Days 2-15.  Mortality 
was recorded twice daily on Days 1-15 and body weights were recorded on Days 1, 8, 
and 15.  All animals were terminated and examined macroscopically. 
Findings: 

 No mortality was found in this study. 
 Sores were observed at injection sites of all females treated with 15 mg/kg SOM230 
from Days 5-15 and all males and females treated with 30 mg/kg SOM230 from 
Days 4 or 5 to 15. 

 Loss of body weight was seen during the 1st week of observation period (except one 
female at 30 mg/kg).   

 No macroscopic findings were noted. 
 The maximum tolerable dosage was 30 mg/kg in this study. 

6.2 Repeat-Dose Toxicity 

RAT 

017039: 2 wk (b.i.d.) toxicity rat sc study w/ 4 wk recovery 
Study title:  2-week subcutaneous (b.i.d.) toxicity study in rats with a 4-week 
recovery period (by Novartis) 
 
Study design:  This GLP study was to establish the toxicological effects of SOM230 in 
rats with estimated TK profile and potential for reversal of any toxic effects within a 4 
week recovery period.  The rats were given SOM230 (batch no 0121001) twice daily via 
sc injection at 0, 0.05, 0.5, and 5 mg/kg/day (or 0.04, 0.4, and 4 mg/kg/day SOM230 
base) for 2 weeks.  Parameters:  clinical signs, body weight, food consumption, 
ophthalmoscopic exam (control and high dose groups during wk 2), clinical 
pathology/hormone analyses (i.e. growth hormone, IGF-1, insulin, and glucagon), organ 
weight, macro- and microscopic exams, and TK analyses (on Days 1/2 and 14/15). 
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Findings: 

 No SOM230 related mortalities were found.  There were SOM230-related clinical 
signs including swollen muzzle, red ears, red feet, and red tails but only at 5 
mg/kg/day.  There clinical signs were not noted after approx Day 10.  Since 
somatostatin acts as a vasodilator, the reddening noted for the ears, feet and tail, 
and the swollen ears, muzzle and feet are likely to be the result of SOM230-induced 
vasodilatation. 

 There were SOM230-related decreases in body weight and body weight gain in 
males at ≥ 0.05 mg/kg/day and in females at ≥ 0.5 mg/kg/day, compared to 
concurrent controls, in a dose-dependent manner.  The mean body weight at 5 
mg/kg/day was approx 14% less in males and 9% less in females at the end of 2-
week dosing phase, and approx 15% less in males and 9% less in females at the 
end of 4-week recovery phase. 

 SOM230 had no effects on food consumption, ocular changes, macroscopic 
findings, hematological and urinalysis analyses. 

 SOM230 changed several clinical chemistry parameters at ≥ 0.05 mg/kg/day (i.e. 
increased AST/ALT activities, decreased total protein and albumin/globulin 
concentrations, increased chloride, decreased calcium, and increased cholesterol 
levels).  Some were reversible at the end of recovery period (except increased ALT 
at 5 mg/kg/day males and changes in AST, total protein, globulin levels at 5 
mg/kg/day males and females). 

 There were test-article related decreases in insulin (males at 5 mg/kg/day; 
recoverable), GH (males at 5 mg/kg/day; not recoverable), and IGF-1 (males at ≥ 
0.05 mg/kg/day; females at 5 mg/kg/day; not recoverable at 5 mg/kg/day in both 
females and males) levels. 

 There were also test article related decreases in pituitary (at 5 mg/kg/day), liver (≥ 
0.05 mg/kg/day), thymus (males at ≥ 0.05 mg/kg/day and females at 5 mg/kg/day), 
and spleen (males at 5 mg/kg/day) weights.  At the end of recovery, decreased liver 
and pituitary weights remained in females whereas decreased thymus weight 
remained in males. 

 Microscopic findings were seen in the pituitary (i.e. decreased acidophilia, pars 
distalis at ≥ 0.05 mg/kg/day), spleen (i.e. lymphoid depletion at 5 mg/kg/day, 
reduced splenic extramedullary hematopoiesis in males at ≥ 0.05 mg/kg/day and in 
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females at 5 mg/kg/day), injection site (adjacent skeletal muscle degeneration), bone 
marrow (reduced cellularity in the hematopoietic component in males at ≥ 0.05 
mg/kg/day).  In addition, females at 5 mg/kg/day had prolonged estrus cycle with no 
other microscopic findings.  At the end of recovery, bone marrow and pituitary in 
males and prolonged estrus cycle in females remained. 

 In this study, females were less exposed compared to males (a tendency to dose 
under-proportionality).  SOM230 was slowly eliminated.   

 NOAEL was not established in this study due to test article related effects on body 
weight, selected hormone concentrations, clinical chemistry, organ weight, and 
microscopic findings at doses ≥ 0.05 mg/kg/day.  At the end of the recovery, some 
effects and the detection of SOM230 in plasma, indicating those 4 weeks were not 
sufficient time to fully eliminate SOM230 and/or restore homeostasis. 

 
r0170115: 4 wk (b.i.d.) rat sc study w/ 8 wk recovery 
Study title:  4-week subcutaneous toxicity study in rats with an 8-week recovery 
period 
 
Study design:  This study was to establish a NOAEL and to estimate the TK profile in 
rats.  The SOM230 (batch no 0121001) was administered by sc injection twice daily at 6 
hrs apart (Groups 2-4) or once daily (Group 5) to rat (n=10/sex/group) at a daily dose of 
0.01, 0.1, 1, or 1 mg/kg/day as salt for 4 weeks.  There were 6 additional rats/sex/group 
included in the control and two high dose groups (Groups 4 and 5) as recovery animals 
for 8 week recovery period.  Parameters included clinical signs, ocular exam, clinical 
pathology (including selected hormone analyses), organ weights, macro- and 
microscopic exams, and TK analyses.   
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Findings: 
 No mortality was observed.  Test-article related clinical signs (i.e. red ear, swollen 
muzzle, and/or dark tail tip) were mostly in Groups 4 and 5 at 1 mg/kg/day (slightly 
increased in severity and incidence in Group 5 – once daily dosing). 

 There was body weight loss in males at ≥ 0.1 mg/kg/day and in females at 1 
mg/kg/day, in a dose dependent manner (10.5%, 21.4%, and 21.5% for males 
Groups 3, 4, and 5; 11.5% and 13.1% for females Groups 4 and 5 respectively).  In 
addition, there was a decrease in food consumption in Groups 4 and 5 males (10.7% 
and 13.8% respectively).  There were recoverable at the end of 8 week recovery 
period. 

 There was no ocular finding. 
 There was minimal effect on hematology parameters in treated males (i.e. minimal 
increases in RBC and hematocrit in Groups 4 and 5 and hemoglobin concentration 
in Group 5). 

 There were also changes in clinical chemistry parameters (i.e. small increase or 
decrease in ALT, AST, ALP, TP, albumin, globulins, ureas, creatinine, Na, Cl, Ca, P, 
cholesterol, triglycerides) in males at ≥ 0.1 mg/kg/day and/or in females at ≥ 0.01 
mg/kg/day.  These were all resolved in recovery animals at recovery phase. 

 No changes were observed in urinalysis parameters. 
 

 

 
 

 Decreased IGF-1 was detected in Groups 3-5 males and Groups 4-5 females.  
There were large variations which might have masked or subdued test article impact 
on the other hormones (insulin, GH, glucagon) that were also measured. 

 Decreased organ weights were seen in males (i.e. adrenal gland at ≥ 0.1 mg/kg/day, 
pituitary at 1 mg/kg/day, liver at 1 mg/kg/day, spleen at ≥ 0.01 mg/kg/day, thymus at 
≥ 0.01 mg/kg/day).  All changes were fully or partially reversible following the 
recovery period.  Decreased organ weights were also seen in females (i.e. adrenal, 
liver, thymus, and ovary at 1 mg/kg/day).  Liver and ovary weights remained 
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decreased in the twice daily dosing group (Group 4) whereas adrenal weights 
remained decreased in the once daily dosing group (Group 5) and thymic weight 
remained decreased in both once or twice dosing groups (Groups 4 and 5 with 
partial reversibility). 

 No macroscopic findings were noted. 
 In males. microscopic changes were noted in bone marrow (reduced cellularity at ≥ 
0.1 mg/kg/day), injection site (i.e. muscle degeneration/regeneration at 1 
mg/kg/day), pancreases (zymogen changes at ≥ 0.01 mg/kg/day), pituitary 
(decreased eosinophilia, pars distalis at ≥ 0.01 mg/kg/day), spleen (lymphoid 
depletion at ≥ 0.01 mg/kg/day; decreased extramedullary hematopoiese at ≥ 0.1 
mg/kg/day), adrenal (cortical single-cell necrosis at ≥ 0.1 mg/kg/day).   

 In females, microscopic findings were seen in adrenal (cortical single-cell necrosis at 
1 mg/kg/day), ovary (interstitial cell hyperplasia at 1 mg/kg/day), injection site 
(muscle de- or re-generation at 1 mg/kg/day), and pancreas (zymogen changes at ≥ 
0.01 mg/kg/day). 

 TK data showed that all treated animals were exposed to SOM230 (more so in 
males than females).  There was no drug accumulation occurred at 0.01 and 0.1 
mg/kg/day.  Slight accumulation was seen at 1 mg/kg/day (in Week 3). 

 NOAEL was not established. 
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r0210056: 26 wk (once daily) rat sc study (PIVOTAL) 
Study title:  26-week subcutaneous toxicity study in rats 
Study no.: r0210056 
Study report location: Novartis (Basel Switzerland) 
Conducting laboratory and location: Novartis 
Date of study initiation: May 15th 2002 
GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: Batch no Y0670701 and 100.3% purity 
 
Key Study Findings 

 SC administration of SOM230 to rats up to 26 weeks (at 0.008, 0.024, 0.08, and 
0.24 mg/kg/day as base) resulted in reduced body weight gain for females at 0.24 
mg/kg/day and for males at all doses, ≥ 0.008 mg/kg/day. 

 Slight decreases in total WBC and lymphocytes were seen in males ≥ 0.024 
mg/kg/day and females at ≥ 0.08 mg/kg/day.  These changes correlated with a 
lymphoid atrophy and reduced hematopoietic cellularity in the spleen and 
hypocellularity in the femoral marrow in males at 0.08->0.24 mg/kg/day.  These 
changes were also seen in 4-week toxicity study and resolved during the recovery 
period. 

 Slight decreases in serum proteins (i.e. globulins, glucose, triglycerides and 
cholesterol) were seen at all doses (without histopath correlates).  These changes 
were also seen in 4-week toxicity study, suggesting impaired liver function and 
metabolic capacity. 

 Increased PT and APTT were also seen in females (likely due to a decreased 
synthesis of coagulation factors by the liver). 

 Slight changes in urinary parameters (i.e. volume and pH) were noted but without 
histopath correlates in the kidneys. 

 Decreased IGF-1 was noted in males at ≥ 0.08 mg/kg/day.  This was consistent with 
the pharmacological effect of SOM230 and correlated with a slight decrease in the 
cytoplasmic mass of acidophile cells of the anterior pituitary in males at ≥ 0.024 
mg/kg/day. 

 Increased IGF-1 and cholesterol were seen in females, accompanied by microscopic 
findings in the ovary (i.e. decreased number of corpora lutea) and uterine (i.e. 
uterine dilation and vaginal mucosal proliferation), suggesting a reduced secretion of 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

86 

gonadotropin and/or the prolongation of the estrous cycle.  However these changes 
were more marked at 0.08 mg/kg/day than at 0.24 nmg/kg/day (lack of dose 
response). 

 There were microscopic findings at the injection sites in all animals (i.e. focal 
hemorrhage, congestion, and inflammation with focal necrosis of subcutaneous fatty 
and connective tissue).  These were no longer evident after the 8-week recovery 
period. 

 The NOAEL was < 0.008 mg/kg/day (males) or < 0.024 mg/kg/day (females) based 
on microscopic findings (i.e. males: reduced lymphoid and hematopoietic cellularity 
in spleen and hypocellularity in bone marrow at ≥ 0.008 mg/kg/day; females: 
decreased number of corpora lutea, vaginal mucosal hyperplasia and hypertrophy at 
≥ 0.024 mg/kg/day.  Note: the sponsor considered the NOAEL was 0.024 mg/kg/day. 

 
Methods 
Doses: 0, 0.008, 0.024, 0.08, and 0.24 mg/kg/day (base)
Frequency of dosing: Once daily 
Route of administration: SC injection 
Dose volume: 1 ml/kg 
Formulation/Vehicle: An aqueous solution of Mannitol and acetate (pH 

4.5); formulated as a mixture of D-mannitol (44 
mg/ml), sodium acetate trihydrate (1 mg/ml) and 
acetic acid (1 mg/ml) 

Species/Strain: Crl:WI (GLX/BRL/HAN) IGS BR 
Number/Sex/Group: 20/sex/group 
Age: 8 weeks 
Weight: 139-264 g 
Satellite groups: Recovery (10/sex/group) 
Unique study design: n/a 
Deviation from study protocol: Minor deviations 
 

 

 
 
Observations and Results 
Mortality (once daily) 
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 There were two unscheduled deaths (i.e. 1 Group 5 female – focal hemorrhage in 
the cerebellum in Week 5 and 1 Group 1 male – husbandry accident in Week 6). 
These deaths were not associated with SOM230. 

 
Clinical Signs (once daily) 

 No SOM23—related clinical signs were noted.  Some transient findings were seen 
(9.e. scabbing, erythema or sores), attributed to sc administration procedure. 

 
Body Weights (weekly) 

 Decreased body weight gain was noted in females at 0.24 mg/kg/day (significant for 
HD females from Week 2) and in males at ≥ 0.008 mg/kg/day (significant for HD 
males from Week 4; LD males from Week 13).  This effect was reversible during the 
recovery period. 

 
Feed Consumption (weekly) 

 No effect was noted. 
 
Ophthalmoscopy (Weeks 13 and 26) 

 No effect was noted. 
 
ECG (n/a) 
 
Hematology (Weeks 14 and 25) 

 Changes in hematology parameters in Weeks 14 and 25 were generally slight and 
they were resolved during the recovery period. 

Table 6 26 wk rat study: hematology findings. 

 

 
 
Clinical Chemistry (Weeks 14 and 25) 

 Changes in clinical chemistry parameters in Weeks 14 and 25 were minimal to slight 
and generally apparent for both sexes at all dosage levels.  These changes were 
resolved or partially resolved during the recovery period. 
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Table 7 26 wk rat study: clinical chemistry findings. 

 

 
 
Urinalysis (Weeks 14 and 25) 

 Changes in urinary parameters in Weeks 14 and 25 were slight and generally 
resolved during the recovery period. 

 Slight changes were seen at all dose levels (i.e. increased volume in males and 
increased pH in females at 0.25 mg/kg/day on Week 14, decreased specific gravity, 
creatinine and creatinine clearance). 

 
Gross Pathology (scheduled sacrifice) 

 There were findings in females (i.e. fluid in the uterine horns, uterus dilation at ≥ 0.08 
mg/kg/day). 

 Other finding (i.e. subcutaneous reddening at the injection site) was noted in all 
control and treated animals (more in males than females). 

 
Organ Weights (scheduled sacrifice) 

 Decreased organ weights were noted in pituitary (slight), spleen, and liver (minimal) 
in HD males. 

 Decreased organ weights were noted in ovary (minimal at 0.024 mg/kg/day and 
slight at ≥ 0.08 mg/kg/day).  In HD females, decreased ovary weight was also 
accompanied by a slight to moderate increase in uterus weights.  A minimal 
decrease in ovary weight was still observed in HD females. 

 There were histological correlates found in the pituitary, spleen, ovary, and uterus 
weight changes. 

 
Histopathology (scheduled sacrifice) 
Adequate Battery:  Yes 
Peer Review:  Yes 
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 Microscopic findings were noted in the pituitary, spleen, and femoral bone marrow in 
males and in the genital tract in females.  All these changes were fully or almost fully 
resolved at the end of the recovery period. 

 Injection sites:  focal hemorrhage and congestion, inflammatory cell infiltration, focal 
necrosis of the sc fatty/connective tissue were noted in both control and treated 
animals (reversible). 

 Pituitary:  slight decrease in the cytoplasmic mass in the acidophile cells in males at 
0.08->0.24 mg/kg/day and in 2/20 males at 0.024 mg/kg/day (reversible). 

 Spleen:  minimal lymphoid atrophy and/or a higher incidence of decreased (minimal) 
hematopoietic cellularity were noted in males at 0.8->0.24 mg/kg/day (reversible). 

 Bone marrow:  minimal hypocellularity of the femoral marrow in males at 0.08->0.24 
mg/kg/day (recoverable). 

 Female genital tract:  decreased number of corpora lutea in the ovary (more 
pronounced at ≥ 0.08 mg/kg/day than 0.024 mg/kg/day), estrous cycle-related 
dilatation of the uterine horns (more marked at 0.24 mg/kg/day), minimal to 
moderate mucosal hyperplasia or hypertrophy in the vagina (at ≥ 0.08 mg/kg/day) 
(mostly or fully recoverable). 

 Other target organs associated with somatostatin, such as pancreas (↑ zymogen), 
vascular-edema/hyperemia, bone (↓ bone growth), and liver (↑ AST/ALT), were not 
seen here but in shorter duration studies (i.e. ≤ 4 weeks).   

Table 8 26 wk rat study: microscopic finding summary. 

 

 
 

 
Note: Group 2 was actually the low dose MALE at 0.008 mg/kg/day 
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Special Evaluation 

 Bone marrow evaluation:  No abnormalities in hematopoietic cell maturation and 
morphology were noted with SOM230. 

 
Toxicokinetics (Weeks 4 and 22) 
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 Males were generally more exposed than females.  No accumulation was noted 
during the study. 

Table 9 26 wk rat study: TK data. 

 

 
 
Dosing Solution Analysis (Weeks 1, 22, 14, and 26) 

 Concentrations of SOM230 were generally in the range of -15 to +10% and were 
within acceptable limits of deviation. 

Table 10 26 wk rat study: histopath tables provided by the applicant . 
SUMMARY TABLES FOR HISTOPATH FINDINGS 
MALES 
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FEMALES 
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RECOVERY MALES 
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RECOVERY FEMALES 
 

 
 
r0410037: 2 wk (once daily) rat iv study 
Study title:  2-week intravenous toxicity study in rats including sighting phase (by 

) 
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Study design:  This study had two phases: the sighting and main study phases.  For the 
sighting phase, SOM230 (batch no Y210 1103) was given once daily via iv injection at 
0, 0.05, 0.15, 0.3, 0.5, 1.5, and 4.5 mg/kg/day for 1 to 4 consecutive days.  For the main 
study phase, SOM230 was given once daily once daily via iv injection at 0, 0.015, 0.05, 
or 0.15 mg/kg/day for 17-18 days.  Parameters included mortality, clinical signs, body 
weight, food consumption, hematology, clinical biochemistry, urinalysis, TK analysis, 
organ weights, macroscopic and microscopic exams.   
 

 

 
 

 

 
 
Findings:   

 Sighting phase:  One death at 4.5 mg/kg/day.  Clinical signs included 
local/generalized cyanosis, hypoactivity, and swelling of snout or limbs (Days 204 at 
0.15 and 0.3 mg/kg/day), in a dose dependent manner.  No effects were noted on 
body weight or food consumption, and histopathology. 

 Main study phase:  There was no unscheduled death.  At 0.15 mg/kg/day, there 
were clinical signs (i.e. local/generalized cyanosis, dyspnea, hypoactivity, erythema 
of the eye, swelling of snout, erythema of ear during Wk 1 and/or Wk 2).  At 0.05 
mg/kg/day, there was tail cyanosis in some animals during Wk 2.  No clinical sign 
was noted at 0.015 mg/kg/day. 

 Main study phase (continued):  SOM230 had effects on hematology parameters (i.e. 
decreased reticulocyte counts in males at ≥ 0.05 mg/kg/day and in females at ≥ 
0.015 mg/kg/day) and clinical chemistry parameters (i.e. decreased in urea with or 
without decreased total protein, albumin and total bilirubin, increased cholesterol and 
triglycerides at ≥ 0.05 mg/kg/day). 
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 Main study phase (continued):  There were organ weight changes (i.e. decreased 
thymus weights in males and increased uterus weights in females at 0.15 
mg/kg/day) and microscopic changes (i.e. decreased cytoplasmic mass of the 
pituitary acidophilic cells, minimal to slight thymus atrophy, reduced hematopoietic 
activity in the spleen in males only, and minimal hypocellularity of the sternal and 
femoral marrow in males, estrus cycle-related dilatation of the uterine horns with 
mucosal hyperplasia/hypertrophy in the vagina in females). 

 All treated animals were exposed to SOM230.  Maximum plasma concentrations 
were observed at 5 min in all dose groups.  There was a gender difference (females 
had lower Cmax and AUC0-24h values. 

 NOAEL was < 0.015 mg/kg/day the lowest dose tested in this study. 
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r0410111: 1 wk (once daily) rat oral DRF study 
Study title:  Modified oral dose range findings study in rats (by Novartis) 
Study design:  SOM230 (batch no 0424005) was given to rats at 20 and 100 mg/kg/day 
once daily for 7 days.  A dose of 300 mg/kg/day was given for 2 days and were 
terminated due to sever clinical findings.  Endpoints:  mortality, clinical signs, body 
weight, food consumption, TK analyses, and macroscopic exam. 
 

 

 
 
Findings: 

 No mortality occurred at 30 and 100 mg/kg/day.  Animals had to be terminated after 
2 daily doses of 300 mg/kg/day. 

 Clinical signs (i.e. recumbency and reduced motor activiey) were observed at the 
end of the 100 mg/kg/day treatment period and at the beginning of the 300 
mg/kg/day. 

 Incipient effects on body weight and food consumption were noted at the end of the 
100 mg/kg/day treatment period. 

 Tmax was 30 min for 30 and 100 mg/kg/day and 1 hr post dose for 300 mg/kg/day in 
both sexes.  Due to huge inter-animal variability between 100 and 300 mg/kg/day, 
dose dependence and gender difference of SOM230 plasma concentrations for 
those two doses could not be determined. 

 An oral dose of 100 mg/kg/day was recommended as a high dose for subsequent 
longer term studies in rats. 

 
r0520005: 4 wk (once daily) rat oral study w/ 4 wk recovery 
Study title:  4-Week Oral Toxicity Study in Rats Including Safety Pharmacology 
(Nervous and Respiratory System) with a 4-Week Recovery Period (by  
study no. 665776) 
Study design:  This study was to determine oral toxicity of SOM230 (batch no 0424006) 
and to aid in the selection of appropriate dose levels for subsequent longer term toxicity 
studies in animals.  SOM230 was given once daily via oral gavage for 28 days at 0, 10, 
30, and 80 mg/kg/day, with 4 week recovery period.  Endpoints:  clinical signs, body 
weight, food consumption, clinical pathology, histopathology, TK analysis, and vital 
functions (nervous and respiratory systems). 
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Findings: 

 Safety pharmacology (CNS and respiratory parameters) did not show an adverse 
response to test article. 

 There were few deaths in this study (2 HD animals on Days 2 and 9, 1 control 
animal on Day 4).  These deaths were attributed to a partial lung administration on 
the day (for 2 HD) or a ruptured oesophaqus (for 1 control).  Clinical signs (i.e. 
sporadic episodes of swollen muzzles) in HD animals were noted. 

 Reduced body weight gain was noted at all dose levels by Day 7 which progressed 
and persisted until Day 28 (but recoverable). 

 Reduced food consumption was seen in HD males (but recoverable). 
 Increased Cl level was noted in HD animals (recoverable). 
 Reduced spleen weight (along with dose-related reduction in reticulocytes at all dose 
groups in males and reduction in haemopoesis in the spleen at termination) was 
noted (but recoverable). 

 Animals in general were more exposed to SOM 230 on Day 29 when compared to 
Day 1, indicating slight accumulation.  Tmax was 0.5 hr on Day 1 and 1 hr on Day 
29.  AUC and Cmax were roughly dose-proportional within the 10 or 30-80 mg/kg 
range, regardless the gender. 

 NOAEL was not established. 
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MONKEY 

r0170060: 2 wk (b.i.d.) monkey sc study w/ 4 wk recovery 
Study title:  Rising dose/2-week subcutaneous (b.i.d.) dose range finding study in 
monkeys with a 4-week recovery period (by Novartis; NOTE: only 8-page summary was 
provided.) 
 
Study design:  This study was to investigate the toxicity of SOM230 in monkeys.  Phase 
I study:  The monkeys (1M + 1F) were given SOM230 (batch no 0121001) at total doses 
of 0.05, 1, 2, 5, mg/kg/day (or 0.025, 0.5, 1, and 2.5 mg/kg b.i.d.) on Days 1, 3, 5, and 
12, respectively.  Phase II study:  The monkeys were given SOM230 at total doses of 
0.05, 1, and 2 mg/kg/day (or 0.025, 0.5, 1 mg/kg b.i.d.) twice daily (approx 6 hrs apart) 
via sc injection for 2 weeks.  Parameters included clinical signs, body weight, food 
consumption, ocular exam, ECG, clinical chemistry, hematology, urinalysis, organ 
weights, macroscopic and microscopic assessments, and TK analyses.   
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r0170114: 4 wk (b.i.d.) monkey sc study w/ 8 wk recovery 
Study title:  A 4-week subcutaneous (b.i.d.) toxicity study in monkeys with at least 
an 8-week recovery period (by Novartis) 
 
Study design:  SOM230 (batch no 0121001) was administered sc twice daily (b.i.d.) 
approx. 6 hrs apart to monkeys (3/sex/group) at total daily doses of 0.5, 1, and 2 
mg/kg/day for 4 weeks.  Two additional monkeys were included in the control and high 
dose groups as recovery animals.  Parameters included clinical signs, body weight, food 
consumption, hematology, clinical chemistry (including selected hormone assessments) 
and urinalysis, ECG, ophthalmologic exam, organ weights, macroscopic and 
microscopic exams, and TK analyses. 
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Findings: 

 No mortality or clinical signs were noted. 
 No effects on body weight, food consumption, ECG, ocular change, clinical 
pathology, organ weights, or macroscopic pathology were observed. 

 There were microscopic findings (i.e. sc skeletal muscle degeneration and/or 
regeneration at the injection site in males at ≥ 1 mg/kg/day and in females at ≥ 0.5 
mg/kg/day with slight increase in the severity of inflammation at ≥ 1 mg/kg/day in 
both sexes).  These changes were no longer present by the end of the recovery 
period. 

 Exposures were greater than proportional within the dose range of 0.5-2 mg/kg/day.  
No obvious gender difference was noted during the study. 

 
 

 
 
r0270087: 4 wk (once daily) monkey sc study w/ 4 wk recovery 
Study title:  Repeat 4-week subcutaneous (once daily) toxicity study in monkeys 
with a 4-week recovery period (by Novartis) 
 
Study design:  SOM230 (batch no 0121001) was given to monkey once daily via sc 
injection at 0 (acetate buffer as control), 2, 4, and 8 mg/kg/day as salt for 4 weeks.  Two 
additional monkeys were included in the control and high dose groups as recovery 
animals for a 4 week recovery period.  Parameters included clinical signs, body weight, 
food consumption, clinical pathology (including selected hormones – GH, insulin, IGF-1, 
glucagon), ECG, and TK analyses.   
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Findings:   

 No mortality was observed and clinical signs were limited to skin lesions (i.e. 
swelling, redness, scabs and/or thickened skin at injection sites), in a dose 
dependent manner. 

 No effects were seen on body weight, food consumption, ophthalmology, and ECG 
exams, and clinical pathology. 

 Decreased GH levels (recoverable) were seen at ≥ 2 mg/kg/day and decreased 
glucagon levels (not recoverable) were seen at 8 mg/kg/day. 

 Microscopic findings were noted at injection sites (i.e. inflammation, fibrosis, 
hemorrhage, and granulation tissue correlated with the macroscopic findings (i.e. 
thickening and red discoloration), GI (i.e. large intestine distention – proteinaceous 
materials in the cryts of the mucosa in the cecum and colon with occasional 
infiltrates of eosinophils and lymphocytes; recoverable), thyroid glands (i.e. 
attenuated follicular epithelium and small follicles with foamy cytoplasm; reduced 
thyroid weights in males at ≥ 2 mg/kg/day and in females at ≥ 4 mg/kg/day), bone 
marrow (i.e. reduced cellularity; recoverable), and pituitary (i.e. increased acidophilia 
in the pars distalis; recoverable only in females). 

 Rapid absorption was noted (tmax = 0,5-1 hr).  All animals treated with SOM230 
were exposed to SOM230.  Mean AUC and Cmax values were comparable between 
Days ½ and Weeks 4/5 in both sexes for all dose groups. 

 NOAEL was not established. 
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r0270130: 39 wk (once daily) sc study in monkeys (PIVOTAL) 
Study title:  39-week subcutaneous toxicity study in monkeys with a 4-week 
recovery period 
Study no.: r0270130 
Study report location: Novartis (East Hanover, NJ) 
Conducting laboratory and location: Novartis 
Date of study initiation: July 23rd 2002 (protocol signed) 
GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: Batch no 0121001with 99.6% purity 
 
Key Study Findings 
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 SC administration of SOM230 to monkeys once daily at 0, 0.4, 1.6, and 3.2 
mg/kg/day (as base) for 39 weeks resulted in no mortality and injection site findings 
(i.e. swelling, redness, scabs and/or thickened skin and mostly noted in HD group – 
recoverable). 

 There were no SOM230 related effects on body weight, food consumption, ocular, 
ECG, and clinical chemistry parameters. 

 Due to huge inter and intra animal variation, the SOM230-related effect on GH and 
IGF-1 were not detected. 

 There were macroscopic findings in the pituitary, thyroid, large intestine (i.e. 
distention of the large intestine with firm fecal materials in 1-4 of the treated 
monkeys in all groups), and injection sites (i.e. thickening/discoloration).  These 
findings were similar to those seen in the 4 week monkey study). 

 There were microscopic findings noted: Injection site:  edema, inflammation, fibrosis, 
and hemorrhage, GI disturbance: proteinaceous material present in the crypts of the 
mucosa in the cecum and colon of a few animals (recoverable), Pituitary:  increased 
acidophilia in the pars distalis of the pituitary in both males and females at ≥ 0.4 
mg/kg/day (with vacuolar change with proteinaceous materlas in MD/HD females; 
recoverable), and Thyroid:  minimal or slight small follicles (decreased thyroid 
weights) in males at ≥ 1.6 mg/kg/day and in females at ≥ 0.4 mg/kg/day (Note: 
Somatostatin is known to inhibit TSH). 

 All treated animals were exposed to SOM230.  Tmax was 0.5-2 hr after dosing.  
Mean AUC and Cmax values were comparable between Days ½ and Weeks 4 in 
both sexes for all dose groups.  SOM230 was still measurable in the recovery 
animals on Recovery day 28, ranging 5.9-52 ng/ml. 

 NOAEL was < 0.4 mg/kg/day based on microscopic findings in pituitary and thyroid 
glands. (Note: the sponsor established the NOAEL at 1.6 mg/kg/day). 

 
Methods 
Doses: 0, 0.4, 1.6, and 3.2 mg/kg/day as base 

[0, 0.5, 2, and 4, mg/kg/day as salt] 
Frequency of dosing: Once daily 
Route of administration: SC injection 
Dose volume: 0.5 mgl/kg 
Formulation/Vehicle: Acetate buffered solution (sodium acetate 

trihydrate 1234 mg/L, acetic acid 956.6 mg/L, 
mannitol 43.5 g/L, sterile water for injection) 

Species/Strain: Cynomolgus monkey 
Number/Sex/Group: 4/sex/group 
Age: 2-3.5 yr 
Weight: 2.1-3.8 kg (males) and 2.1-2.6 kg (females) 
Satellite groups: Recovery (2/sex/group – control vs HD only) 
Unique study design: n/a 
Deviation from study protocol: Minor deviations 
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Observations and Results 
Mortality (twice daily) 

 No mortality was found during the study.  One control male was sacrificed on Day 36 
due to an injury (i.e. complete fracture of distal humerus). 

 
Clinical Signs (once or twice daily) 

 Clinical signs were limited to injection sites (i.e. swelling, redness, scab(s) and/or 
thickened skin), mostly noted in HD animals.  These were occasionally presented in 
a few LD and MD animals with much less frequency and duration.  No signs were 
seen in recovery animals. 

 
Body Weights (weekly) 

 No changes were noted. 
 
Feed Consumption (daily) 

 No changes were noted. 
 
Ophthalmoscopy (Weeks 26 and 39) 

 No ocular toxicity was noted. 
 
ECG (Weeks 26 and 39) 

 No ECG findings were noted.  In the safety pharmacology monkey study (study no 
r0170076), there were no changes in BP or HR. 

 
Hematology (Weeks13, 26 and 39; Week 4 recovery) 

 No hematological changes were observed. 
 
Clinical Chemistry (Weeks13, 26 and 39; Week 4 recovery) 

 Minimal decrease in serum album was seen in females at ≥ 0.5 mg/kg/day and in 
males (1 MD and 1 HD).  Albumin levels for the 2 HD recovery females remained 
suppressed at the end of recovery. 

 
Urinalysis (Weeks13, 26 and 39; Week 4 recovery) 
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 No effect was noted. 
 
Gross Pathology (scheduled sacrifice) 

 There were injection site findings seen in both control and treated animals. 
 GI finding (i.e. distention of the large intestine with firm fecal material) was noted in 
most of male and females at ≥ 2 mg/kg/day and 1 female at 0.5 mg/kg/day.  This 
finding was still present in ¾ recovery animals. 

 Small testes, seminal vesicles and prostates were seen in most control and treated 
males (attributed to immaturity of these organs). 

 
Organ Weights (scheduled sacrifice) 

 Slight decrease in thyroid weight in males and females at ≥ 0.5 mg/kg/day (histopath 
correlate: small follicles).  This change was reversible. 

 
Histopathology (scheduled sacrifice) 
Adequate Battery:  Yes 
Peer Review:  Yes 

 Injection site:  edema, fibrosis, inflammation, hemorrhage (macroscopic correlates: 
thickening and discolorations).  These were more severe in treated than control 
animals and were partially recovered after 4 week recovery period. 

 Pituitary:  increased acidophilia in the pars distalis of the pituitary in both males and 
females at ≥ 0.5 mg/kg/day.  There was also vacuolar change with proteinaceous 
material observed in the pars distalis of several females.  These changes were 
reversible. 

 Thyroid glands:  minimal and slight changes were noted (i.e. small follicle).  They 
were recovered in males (but not females). 

 GI findings:  proteinaceous material was observed in the crypts of the mucosa in the 
cecum and/or colon of a few animals (macroscopic correlate: distention with firm 
fecal material).  This was resolved after 4 week recovery. 

 Other target organs associated with somatostatin in rats, such as pancreas, bone, 
liver, and ovary/uterine were not seen in monkeys.   

Table 11 39 wk monkey study: histopath tables provided by the applicant. 
HISTOSUMMARY (MAIN STUDY) 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

116 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

117 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

118 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

119 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

120 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

121 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

122 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

123 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

124 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

125 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

126 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

127 

 
 
HISTOPATH SUMMARY (RECOVERY) 
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Special Evaluation 

 Hormone analysis (Weeks 13, 26, and 39; Week 4 recovery):  Due to huge intra and 
inter animal variation in GH and IGF-1 values, no effect was detected. 
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Toxicokinetics (Weeks 4, 22 and 25) 
 All animals tested with SOM230 were exposed to SOM230. 
 There was a proportional increase for males and females within the study dose 
range.  In general, females were slightly more exposed than males. 

 AUC and Cmax increased from Days ½ to Weeks 22 for all dose groups for both 
sexes.  However, a constant exposure was seen between Weeks 22 and 35. 

 Tmax was between 0.5-2 hr after dosing. 
 The SOM230 concentration was still measurable in recovery groups after 4 weeks, 
ranging from 5.9-52.0 ng/ml.  Therefore, the detection for anti-SOM230 antibody 
formation could not be performed. 

Table 12 39 wk monkey study: TK data. 

 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

131 

 
 

 
 

 

 
 
Dosing Solution Analysis (Weeks 1, 13, 26, and 39 

 Concentrations were 96 to 107% of target concentrations. 
 
r0580074: monkey rising-dose iv study  
Study title:  SOM230: An intravenous rising dose toxicity study in cynomolgus 
monkeys (by  study no. ) 
 
Study design:  This study was to aid the dose selection for potential subsequent toxicity 
studies.  There were two phases in this study: Phase I (rising dose phase, 7 days) and 
Phase II (consecutive dose phase, 5 days).  In Phase I, SOM230 (batch no 0424005) 
was given to monkeys as a single dose of 0.019, 0.038, 0.135, and0.376 mg/kg on 
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Days 1, 3, 5, and 7 respectively.  In Phase II, SOM230 were given 0 and 0.135 
mg/kg/day for 5 days.  Endpoints:  clinical signs, body weight, food consumption, clinical 
pathology, and macroscopic/microscopic exams. 
 

 

 
 
Findings: 

 No mortality was observed in this study.  There were no effects on body weight and 
food consumption.  No macroscopic findings were noted. 

 In the rising dose phase, female at 0.376 mg/kg had a red face during dosing and 
showed abnormal breathing after dosing whereas male at 0.376 mg/kg had 
abnormal breathing immediately after dosing and became slightly red in the face 
(transient effect).  The dose of 0.135 was chosen for the consecutive dose phase. 

 In the consecutive dose phase, clinical signs (i.e. facial redness) were noted at 
0.135 mg/kg.  Reduced body weight was noted on the day of necropsy (Day 6).  A 
slight increase in triglycerides was seen in 0.135 mg/kg/day male on Day 2 but 
returned to slightly below pre-dose level by Day 6.  Slight increase in P and 
decrease in creatinine clearance was noted in 0.135 mg/kg/day female on Day 6.    
In addition, fibroplasia in the subcutis was observed in the injection site of the 
female. 

 In the consecutive dose phase, apparent Tmax was 0.5 hr on the first day.  Based 
on dose normalized Cmax and AUC0.5-24h, male had a higher values than the 
female. 

 NOAEL was not established in this study. 
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r0580076: 2 wk (once daily) monkey iv study 
Study title:  SOM230: An intravenous 2-week toxicity study in cynomolgus 
monkeys (by  study no.  
 
Study design:  This study was to support absolute bioavailability studies in men.  
SOM230 (batch no 0424005) was given to monkeys at 0, 0.015, 0.075, and 0.150 
mg/kg/day for 14 days.  Endpoints:  clinical signs, body weight, food consumption, ECG, 
ocular exam, hematology and serum chemistry, urinalysis, organ weight, 
macroscopic/microscopic exams, and TK analyses.   
 

 

 
 
Findings: 

 No mortality was noted in this study.  Clinical signs were observed in HD animals 
(i.e. facial redness, recumbency, dilated pupils, and labored breating). 

 Reduced food consumption and body weight gain were observed in 1/3 HD females. 
 A downward trend in creatinine was noted in 2 HD females. 
 No macroscopic and microscopic findings were noted.  There was a decrease in 
thyroids/parathyroids in HD females. 
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 After a single administration, apparent Tmax was 0.083 hr on Days 1 and 13 
regardless the dose.  In general, systemic exposure to SOM230 had no distinct 
gender difference and no accumulation after 2 weeks of daily dosing. 

 The MTD was considered 0.150 mg/kg/day.  The NOAEL was established at 0.075 
mg/kg/day in this study. 
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r0580075: 2 wk (once daily) monkey oral DRF study 
Study title:  SOM230: A 2-Week Oral (Gavage) Dose Range-Finding Toxicity Study 
in Cynomolgus Monkeys (by  study no.  
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Study design:  This study was to aid the dose selection in potential subsequent GLP 
toxicity studies.  SOM230 (batch no 0424005) was given to monkeys at 0, 10, 30, and 
100 mg/kg/day for 14 days.  Endpoints:  clinical signs, body weight, food consumption, 
hematology and serum chemistry, organ weight, macroscopic/microscopic exams, and 
TK analyses.   
 

 

 
 
Findings: 

 There were no test-article related changes in all parameters up to 100 mg/kg/day. 
 All treated animals were exposed to the test article.  Slight accumulation was noted. 
 NOAEL was 100 mg/kg/day for both genders in this study. 

 
 

 
 
DOG 

r0110034: 2 wk (b.i.d.) dog sc study 
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Study title:  2-week subcutaneous dose selection study in dogs (by Novartis; NOTE: 
only 4-page summary was provided.) 
 
Study design:  This non GLP study was to define the dose levels of SOM230 (batch no 
0121001) in dogs for future nonclinical studies.  SOM230 was administered in the 
sighting study to groups of 1 male and 1 female dogs (b.i.d. sc injection of 0.07, 0.1. 1, 
and 5 mg/kg/day; 12 hours interval in between).  Three different vehicles were tested: 
acetic acid (local intolerability), 2.5% glycerol, or mannitol.   
 

 
 
Findings: 

 1M at 5 mg/kg/day and 1 M at 1 mg/kg/day were sacrificed on Days 7 and 3 
respectively, due to poor health conditions. 

 All dose levels caused clinical signs (i.e. severe vomiting, diarrhea, body weight 
loss) and further treatment was stopped. 

 The drug plasma level was approx 3 to 16 ng/ml at 0.07 and 0.1 mg/kg/day.  Seven 
days after stopping treatment, the drug plasma levels were 44 ng/ml (7 days after 5 
mg/kg/day) and 4 ng/ml (3 days after 1 mg/kg/day).  This could explain why those 
animals did not recover from clinical signs.   

 There were GI findings (i.e. focal erosion in the pylorus of the female dog at 1 
mg/kg/day, multifocal erosion of the distal esophageal mucosa/moderate ulceration 
of the pyloric region of the stomach in male dog at 4 mg/kg/day, multifocal 
mineralization of the superficial gastric mucosa in male at 1 mg/kg/day and female at 
5 mg/kg/day).  This is likely related to an increase in sensitivity that is species 
related as plasma concentrations 2-3-fold higher did not show GI toxicity in 
other species. 

 There were also injection site findings (i.e. postnecrotic cavities formation and 
fibroplasia in the sc fatty tissue in the female at 5 mg/kg/day). 

 These findings were likely attributed to exaggerated pharmacological effect of 
SOM230 and were observed even at the lowest dose tested (0.07 mg/kg/day with 
very low safety margin to the highest intended clinical dose). 

 
MOUSE 

r0220072: 2 wk (once daily) mouse sc study  
Study title:  14-day toxicity study (subcutaneous) in mice (by  study no. 
845627) 
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Study design:  This study was to assess the SOM230 toxicity when administered via sc 
injection to mice for 14 days.  SOM230 (batch no Y0670701) was given once daily via 
sc injection at 0.2, 1, 5, or 10 mg/kg/day (Groups 2-5) for 14 days.  Group 1 received a 
similar dose volume (10 mg/kg) of the vehicle (sodium acetate trihydrate, mannitol, 
glacial acetic acid, water for injection).  Parameters included clinical signs, food 
consumption, body weights, food consumption, and TK analysis. 
 

 

 
 
Findings:   

 No mortality, clinical signs, and food consumption were noted.  There was a 
decrease in body weight gain in all treated animals, in a dose dependent manner 
and reaching statistical significance at 5 and 10 mg/kg/day. 

 No macroscopic findings were noted.  There was slight to moderate irritation (i.e. 
chronic and partially active dermatitis, epidermal and dermal necrosis, fibrotic 
changes) at the injection site for all treated animals, in a dose dependent manner.   

 Exposure in males was greater than in females in all treatment groups. 
 NOAEL was not established. 

 
r0470037: 4 wk (once daily) tg-mouse (wild type) sc DRF study 
Study title:  4-week dose range-finding (subcutaneous) toxicity study in 
CB6F1/Jic-TgrasH2@Tac mice (by Novartis) 
 
Study design:  This study was to establish the NOAEL and to provide data for dose 
selection for a 26 week carcinogenicity study in the transgenic mice.  SOM230 (batch 
no 0322002) was given via sc injection to CB6F1/Jic-TgrasH2@Tac wild type mice at 0 
(acetate buffer), 1, 2.5, 5, and 10 mg/kg/day as base for 4 week with dose volume of 10 
ml/kg.  There were satellite animals for TK analysis.  Endpoints:  clinical signs, body 
weight, food consumption, ocular exam, clinical pathology, macroscopic and 
microscopic exams, organ weight, and TK analysis. 
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Findings: 

 Body weight losses were in all treated animals after the first week of dosing. 
 Changes in serum chemistry parameters were noted (i.e. increased AST in all 
groups, increased ALT in males at ≥ 2.5 mg/kg/day, decreased total protein and 
globulin limited to males at ≥ 5 mg/kg/day).  No gross or histological lesions were 
identified. 

 Skin damages were noted at ≥ 5 mg/kg/day (i.e. inflammation, regeneration of the 
panniculus carnosus, and the thin layer of skeletal muscle in skin) as well as in the 
control animals. 

 Changes in amount or volume of pituitary acidophil cells and pancreatic zymogen 
were noted (previously been reported in 4 week toxicity study in rats). 

 All treated animals were exposed to SOM230.  Tmax was observed between 0.5-1 
hr after dosing.  At 10 mg/kg/day, a trend for an apparent higher exposure than on 
Days 1 and 2 was noted.   

 NOAEL was established at 1 mg/kg/day due to injection site findings at ≥ 5 
mg/kg/day. 

 A high dose for a 26 week carcinogenicity study was recommended at < 5 
mg/kg/day. 
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r0570087: 4 wk (once daily) tg-mouse (wild type) sc DFR study 
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Study title:  A 4-week dose range-finding (subcutaneous) toxicity study in 
CB6F1/TgrasH2-wild-type mice (by Novartis) 
 
Study design:  This study was to establish a MTD and to aid for dose selection in a 
future 26-week carcinogenicity study in CB6F1/TgrasH2 wild type mice.  SOM230 
(batch no 0322002) was given to mice once daily via sc injection at 0 (acetate buffered 
solution as control), 10, 20, and 30 mg/kg/day as base for 4 weeks.  Additional satellite 
animals were included for TK analysis.  Endpoints:  clinical signs, body weight, food 
consumption, ocular exam, clinical pathology, macroscopic and microscopic exams, 
organ weight, and TK analyses.   
 

 

 
 
Findings: 

 No death was found in this study.  Clinical signs were the skin lesions at the injection 
sites including hairloss and scab, in a dose dependent manner. 

 Decreased mean body weight and food consumption (except HD males) noted in all 
dose groups. 

 There were changes in clinical pathology parameters (i.e. mild to moderate 
decreases in the RBC count, hemoglobin level and/or hematocrit at 30 mg/kg/day, 
mild increase in the AST and ALT at ≥ 20 mg/kg/day, mild increased in serum urea, 
creatinine, P levels in 2 females at ≥ 20 mg/kg/day). 

 Organ weight changes were noted in thymus, heart, kidney (decreased) in males 
and in adrenal gland (slightly decreased) in females at ≥ 10 mg/kg/day.  Decreased 
ovary and uterus weight were also noted at ≥ 10 mg/kg/day. 

 Macroscopic findings of scab and alopecia were noted at the injection sites, 
correlating with the microscopic findings of ulceration, fibrosis, and necrosis 
(increased frequency at 30 mg/kg/day). 

 The microscopic lesions were noted in the skin (i.e. inflammation, fibrosis, edema, 
necrosis), pituitary (i.e. decreased eosinophilia of the acidophil cells of the pars 
distalis), and pancreas (i.e. increased zymogen) at ≥ 10 mg/kg/day.  These findings 
were observed in pervious study no 0470037. 
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 There was minimal decrease in primary spongiosa in the metaphysic below the 
growth plate of the tibia and femur in males and females at ≥ 10 mg/kg/day.  
Reduced size and numbers of corpora lutea were seen at ≥ 20 mg/kg/day, 
correlating with decreased ovary weights.  Uterine atrophy was noted at ≥ 20 
mg/kg/day, correlating with decreased uterine weights.  Several animals had minimal 
to moderate mineralization and regeneration of skeletal muscle myofibers at the 
injection sites in all treated groups. 

 All treated animals were exposed to SOM230.  Tmax was between 0.5-1 hr after 
dosing.  Exposure was not dose proportional at the given dose range.  Males had 
slightly higher exposures than females. 

 The MTD for this study in these transgenic mice with SOM230 was < 10 mg/kg/day. 
 

 

 
 

7 Genetic Toxicology 

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

r0112017: Ames assays 
Study Title:  Mutagenicity test using salmonella typhimurium 
Study no.: r0112017 
Study report location: Novartis Pharma AG (Basel Switzerland) 
Conducting laboratory and location: Novartis Pharma AG (Basel Switzerland) 
Date of study initiation: June 19th 2001 
GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: SOM230 di-aspartate (Batch no 0121001) 

and content of drug was 72.6% purity 
(Vehicle: DMF) 

 
Key Study Findings 

 Under plate incorporation conditions, SOM230 did not precipitate on the tester 
plates.  The toxicity was found at ≥ 400 μg/plate. 
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 Under pre-incubation conditions, precipitation was observed in TA98 (w/ S9 in 2nd 
experiment), TA97a (w/ S9 in 3rd experiment) at 2000 μg/plate.  The toxicity was 
already found in one case at ≥ 62.5 μg/plate. 

 SOM230 treatment did not increase the revertant numbers of any of the tester 
strains used, suggesting SOM230 had no mutagenic potential under the 
experimental conditions. 

 
Methods 
Strains: TA1535, TA97a, TA98, TA100, and TA102 
Concentrations in definitive study:  1st experiment (plate incorporation): 3.2, 

16, 80, 400, 2000 μg/plate 
 2nd experiment (pre incubation): 31.25, 
62.5, 125, 250, 500 μg/plate (TA1535 
w/o S9, TA100 w/o S9); 62.5, 125, 250, 
500, 1000 μg/plate (TA1535 w/ S9, 
TA97a w/ S9, TA100 w/ S9, TA102 w/o 
S9), or 125, 250, 500, 1000, 2000 
μg/plate (TA97a w/o S9, TA98 w/ and 
w/o S9, TA102 w/ S9). 

 3rd experiment was done because no 
toxicity was seen in TA97a w/ S9 at 500, 
1000, 2000 μg/plate. 

Basis of concentration selection: Criteria for a dose selection: 
 Highest concentration should be slightly 
toxic. 

 The absence or the change in 
appearance of the background lawn of 
growth was taken as evidence of a toxic 
effect. 

 A decrease below the negative control 
level in the number of colonies per plate 
(≤ 60%) was also taken as an indication 
of toxicity. 

 Limited solubility in the test compatible 
vehicles and/or precipitation on the agar 
could prevent testing a cytotoxic 
concentration.  Therefore, 
concentrations ≥ 5 mg/plate were not 
used. 

Negative control: DMF 
Positive control: All positive controls were dissolved in 

DMSO: 2-aminoanthracene , 
benzo(a)pyrene, sodium azide, 9-
aminoacridine, 2-nitrofluorene, mitomycin 
C. 

Formulation/Vehicle: DMF 
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Incubation & sampling time: 1st experiment: without pre-incubation 
2nd and 3rd experiments: 20 min at 37 °C 

 
Study Validity 

 The results were valid if the negative control data lied within the range of the 
historical control data obtained in the laboratory and if the positive controls induced a 
positive effect as defined by the criteria set by the laboratory. 

 

 
 

 The sterility tests of the test item solutions, the vehicle, the phosphate buffer, and 
the S9-mix used should provide acceptable results. 

 CRITERIA:  1) A test item was mutagenic in the plate test if it produced, in at least 
one concentration and one strain, a response equal to twice (or more) the negative 
control incidence (except TA102 with relatively high spontaneous revertant number – 
1.5x above the negative control level as an indication of a mutagenic effect).  2) 
Negative and positive findings had to be reproducible in at least 2 independent 
experiments.  3) If a clear decision was not possible after 2 experiments, further 
tests were needed using only the critical strains and test item concentrations lying 
close to the critical range previously identified.  4) The results had greater 
significance if a concentration-related increase in the number of revertant colonies 
was observed.  With higher concentrations, mutagenicity may either increase up to a 
plateau, or decrease due to toxicity.   

 
Results 

 Solubility on the plates:  The item precipitation was observed at the following 
concentrations (values in μg/plate). 

 

 
 

 Toxicity:  Signs of toxicity were found at the following concentrations (values in 
μg/plate). 
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 Mutagenicity:  The mean mutant numbers of negative control plates lay within the 
range of acceptable negative control values.  The positive control data showed the 
mutagenicity pattern.  SOM230 did not notably increase the numbers of revertant 
colonies about the negative control values under study condition (< 2x control).   

7.2 In Vitro Assays in Mammalian Cells 

r0112206: Chromosome aberration assays 
Study Title:  Chromosome aberration test with cultured human peripheral 
blood lympocytes 
Study no.: r0112206 
Study report location: Novartis Pharma AG (Basel, Switzerland) 
Conducting laboratory and location: Novartis Pharma AG (Basel, Switzerland) 
Date of study initiation: May 22nd 2001 
GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: SOM230 di-aspartate (Batch no 0121001) 

with purity (titration) 115.8% 
 
Key Study Findings 

 In the solubility experiment, SOM230 was soluble at 1389 μg/ml. 
 In the chromosome aberration experiment, precipitation occurred at lower 
concentrations.  SOM230 induced a decrease in mitotic index after 3 hr treatment 
with or without S9 in the non-precipitating concentration range.  No clear effect on 
the mitotic index up to precipitating concentrations was seen after 20 hr treatment 
without S9.  The concentrations for chromosome aberration analysis were based on 
mitotic index data and precipitation of the test item. 

 All values for chromosome aberrations of the treated cultures were within the 
historical control range.  Historical negative control data for the medium control was 
1.2 % aberrant cells for the S9 control was 1.1% aberrant cells. 

 SOM230 was not found to be clastogenic in the chromosome aberration test with 
human lymphocytes under the test conditions used. 

 
Methods 
Cell line: Human peripheral lymphocytes 
Concentrations in definitive study: Experiment 1 (w/ or w/o S9):  80, 108.9, 
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148.1, 201.6, 274.3, 373.3, 508.0, 619.2, 
940.6, 1280 μg/ml 
Experiment 2 (w/o S9):  200.0, 245.8, 
302.1, 371.3, 456.4, 560.9, 689.4, 847.3, 
1041.4, 1280 μg/ml 

Basis of concentration selection:  The highest concentration group 
selected for chromosome analysis 
induced a mitotic index in the range of 
30-50% of the corresponding vehicle 
control group.  Two lower concentration 
groups were chosen for microscopic 
analysis. 

 In experiment 2, a total of 5 treatment 
groups were analyzed due to non-
concentration-related effect of the test 
item in the precipitating range. 

Negative control: 89.9% dimethyl formamide (DMF) / 11.1% 
5N HCl 

Positive control: Ethyl methanesulfonate (lot 11130TS – 7.7 
or 12.1 mM w/o S9) and cyclophosphamide 
(lot 9N024A – 60 μM w/ S9) 

Formulation/Vehicle: 1% DMF/HCl 
Incubation & sampling time:  Treatment w/o S9:  the 1st experiment 

was 20 hr continuous treatment without 
recovery and the 2nd experiment was 3 
hr treatment followed by a recovery time 
of 17 hrs. 

 Treatment w/ S9:  the 1st experiment 
was a 3 hr treatment followed by a 17 hr 
recovery period.   

 

 
 
Study Validity 

 Results were considered to be acceptable if at least 160 analyzable metaphases 
were found on slide at each concentration selected for metaphase analysis (except 
for positive controls where 50-100 metaphases were accepted). 

 The test item would have been considered as clastogenic if: 1) statistically significant 
increases in the frequency of metaphases with aberrant chromosomes were seen at 
one or more concentrations, 2) the increases exceed the historical negative control 
range of the laboratory, 3) the increases were reproducible between replicate 
cultures and between tests, 4) the increases were not associated with significant 
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changes in pH or osmolarity of the treatment medium or extreme toxicity, 5) 
evidence of dose-response relationship, or increases in both sampling times would 
be considered to support the conclusion. 

 The test item would have been considered as negative if no reproducible statistically 
significant increase in the number of aberrant cells above concurrent control 
frequencies were seen at any concentrations. 

 
Results 

 Solubility:  SOM230 was dissolved in DMF/HCl.  The test item was soluble up to 
1389 μg/ml in RPMI/DMF (1%).  However, SOM230 precipitated at lower 
concentrations. 

 Mitotic index:  SOM230 induced a decrease of the mitotic index after 3 hr treatment 
with or without S9 in the non-precipitating concentration range, in a dose-dependent 
manner.  The mitotic index at precipitating concentrations was higher than at the 
highest soluble concentration.  No clear effect on the mitotic index up to precipitating 
concentration was seen after 20 hr treatment without S9. 

 Concentrations analyzed:  Without S9, Experiment 1 (20 hr treatment): 201.6, 274.3, 
373.3* μg/ml and Experiment 2 (3 hr treatment and 17 hr recovery): 200.0, 302.1, 
371.3, 560.9*, 689.4* μg/ml.  With S9, Experiment 1 (3 hr treatment and 17 hr 
recovery): 274.3, 373.3, 508.0* μg/ml.  [*precipitating concentration] 

 Chromosome aberration assays:  All values were within the historical control range.  
The sensitivity of the test system was shown by the increased numbers of cells with 
chromosome aberrations after treatment with the positive controls 
cyclophosphamide (with S9) or ethyl methanesulfonate (without S9). 
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7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

r412410: micronucleus assays 
Study title:  Subcutaneous bone marrow micronucleus test in rats 
Study no: r412410 
Study report location: Novartis Pharma AG (Basel, Switzerland) 
Conducting laboratory and location: Novartis Pharma AG (Basel, Switzerland) 
Date of study initiation: Oct 12th 2004 
GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: SOM230-BTA.001 (Batch no 0323004) 

with 97.9% purity 
 
Key Study Findings 
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 In vivo rat bone marrow micronucleus assay by sc administration of SOM230 did not 
induce micronuclei in bone marrow cells of rats up to 50 mg/kg/day (highest dose 
tested). 

 SOM230 was no clastogenic in vivo under the test conditions used. 
 
Methods 
Doses in definitive study: 0, 5, 16, and 50 mg/kg/day 
Frequency of dosing: Twice with an interval of approx. 24 hrs 
Route of administration: SC injection 
Dose volume: 10 ml/kg 
Formulation/Vehicle: Liquid in ampoule (“Placebo”) 
Species/Strain: CRL: WI (GLX/BRL/HAN)IGS BR rats 
Number/Sex/Group: 7 males/group (1 reserve animal – given highest 

dose) 
Satellite groups: n/a 
Basis of dose selection: DRF experiment (50 mg/kg led to various clinical 

symptoms including reduced motor activity, 
hunched posture, sofe feces, decreased in body 
weight after the 1st and 2nd application, and etc) 

Negative control: Vehicle for SOM230 
Positive control: Cyclophophamide (CP) 10 ml/kg given orally  

 

 
 
Study Validity 

 A test item was classified as mutagenic in the rat micronucleus assay if it induced a 
micronucleus frequency which was statistically significantly above the control level.   

 
Results 

 The percentages of polychromatic erythrocytes (PCE) were 52.5±3.8% in vehicle 
control group, 45.6±11.0%, 43.9±10.8%, 36.6±7.9% in the treated groups (5, 16, and 
50 mg/kg respectively).  There was a significant difference in the percentages of 
PCE between the highest dose group (50 mg/kg) and control animals. 

 The percentage of PCE in the positive control group (10 mg/kg cyclophosphamide) 
was 44.7±3.8%. 
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 The mean values of micronucleated polychromatic erythrocytes (MPE) were 
0.16±0.05%, 0.24±0.07% and 0.22±0.08% at doses of 5, 16, and 50 mg/kg, 
respectively.  The negative control had a value of 0.23±0.1% and positive control 
had a value of 3.00±0.65%,   

 In the in vivo rat bone marrow micronucleus assay by the sc route, SOM230 did not 
induce micronuclei in bone marrow cells of rats up to 50 mg/kg, suggesting SOM230 
had no clastogenic potential in vivo under the test conditions used. 

 
 

 

 

7.4 Other Genetic Toxicity Studies 
n/a 

8 Carcinogenicity 
r570065: 6- month carci tg-mouse study (terminated) 
Study title:  A 26-week subcutaneous carcinogenicity study in B6F1/TgrasH2 
hemizygous and wild-type mice 
This study was terminated before dosing due to questionable genotype of these 
transgenic animals (notified by the vendor). 
 
r470111: 6- month carci tg-mouse study 
Study Title:  26-week subcutaneous carcinogenicity study in 
CB6F1/TgrasH2 hemizygous and wild-type mice 
Study no.: r470111 
Study report location: eCTD Module 4.2.3.4.1 r0470111 with 

1102 pages 
Conducting laboratory and location: Novartis (East Hanover, NJ) 
Date of study initiation: Nov 8th 2004 (start of pretest) 
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GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: SOM230-BTA.001 with Batch no: 0322002 

and purity of 99.7-100.2% 
CAC concurrence: Yes 
 
Key Study Findings 

 SOM230 was given to CB6F1/TgrasH2 (tg) mice at 0 (vehicle – acetate), 0.5, 1, and 
2.5 mg/kg/day (25/sex/group) daily via sc injection for 26 weeks.  SOM230 was also 
given to CB6F1 wild type (wt) mice at 0 and 2.5 mg/kg/day (25/sex/group) for 26 
week.  MNU (N-methyl-N-nitrosourea) as positive reference was given to 
CB6F1/TgrasH2 mice at 75 mg/kg via a single ip injection on Day 1.  No prior 
ECAC concurrence on the dose selection.   

 TK animals (4 for control and 8 for SOM230/sex/group) were included for blood 
sample collections to confirm the SOM230 exposure on Weeks 4 and 23. 

 No SOM-230 related mortality was noted in both tg and wt mice.  MNU-related 
mortality was seen, correlating with multicentric lymphoma and other tumors as the 
primary cause. 

 No SOM-230 related clinical signs were observed except at injection sites in few 
males at ≥ 1 mg/kg/day. 

 There were significant decreases in mean body weight and/or mean body weight 
gain in SOM230 treated group.  In transgenic mice, the decreases in mean body 
weight were 9.5%, 13%, and 11.2% for males and 6.3%, 6.7%, and 8.7% for 
females at 0.5, 1, 2.5 mg/kg/day when compared to the control group on Day 183.  
In wild type mice, the decreases in mean body weight were 15% for males and 9.1% 
for females at 2.5 mg/kg/day when compared to the control group on Day 183. 

 There were also slight to moderate food consumption decreases in high dose (2.5 
mg/kg/day SOM230) treated groups in both transgenic and wild type mice. 

 In tg (male and female) mice at ≥ 0.5 mg/kg/day, SOM230 decreased heart, kidney, 
and liver weights.  In wt mice at 2.5 mg/kg/day, SOM230 also decreased heart, 
kidney, liver, spleen, and testes weights. 

 There was no SOM230 related neoplastic findings.  There were one or two cases of 
various tumors (i.e. multicentric lymphoma, cutaneous keratocanthoma and 
hemangiosarcoma, harderian gland and kidney tubule adenoma, bronchioalveolar 
adenoma and carcinoma, endometrial stromal polyp, splenic hemangiosarcoma) 
noted within one or both sexes of all groups.  These findings were not dose-related 
and were considered incidental, spontaneous, or within expected range for this 
age/strain of mouse. 

 There was SOM230 related non-neoplastic findings in the pancreas (i.e. increased 
zymogen granules accumulation within the acinar cells in male and female tg mice at 
≥ 0.5 mg/kg/day) and at injection site (i.e. increased incidence of inflammation, 
hemorrhage, fibrosis, and nuclear proliferation in male tg mice ≥ 0.5 mg/kg/day).  
Similar findings were noted in two 4-week DRF studies in transgenic mice. 

 There were satellite TK groups included in this study.  Exposure of SOM230 was 
confirmed in all samples (except 1 sample from Group 3 at 1 mg/kg/day) collected 
from TK animals in Weeks 4 and 23. 
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 All in all, SOM230 up to 2.5 mg/kg/day for 26 weeks was not carcinogenic in both 
CB6F1/TgrasH2 and CB6F1 mice. 

 
Adequacy of Carcinogenicity Study and Appropriateness of Test Models 
 
No prior ECAC concurrence re: dose selection 
 
Evaluation of Tumor Findings 
 
Adequate  
 
Methods 
Doses: TgrasH2 mice:  0, 0.5, 1, and 2.5 mg/kg/day 

SOM23 (Groups 1-4; daily sc injection) and 2.5 
mg/kg/day MNU (positive reference article; 
Group 5; single ip injection) 
 
Wild-type mice:  0 and 2.5 mg/kg/day SOM230 
(Groups 6 and 7) 

Frequency of dosing: Once daily 
Dose volume: 10 ml/kg 
Route of administration: SC injection 
Formulation/Vehicle: SOM230 in acetate buffered solution, pH 4.5 
Basis of dose selection: It was based on results of the 4-week DRF 

transgenic wide type mouse study (study no 
0470037).  Adverse effects (increased AST 
and skin lesions at injection sites) were noted 
at ≥ 2.5 mg/kg/day. 

Species/Strain: CB6F1/Jic-TgrasH2@Tac  
CB6F1 wild-type mice 

Number/Sex/Group: 25/sex/group 
Age: Approx. 8-9 weeks 
Animal housing: ad libitum for food and water consumptions 
Paradigm for dietary restriction: None  
Dual control employed: Yes - control/vehicle and positive reference 

articles 
Interim sacrifice: No 
Satellite groups: TK group: 8/sex/group 
Deviation from study protocol: Some deviations (i.e. clinical observations not 

observed or tissues not collected) were 
documented and were considered to have no 
adverse impact on the study. 
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Observations and Results 
 

 Mortality:  Twice daily on weekdays and once daily on weekends, holidays, and 
plant closing 

 
No SOM230-treatment related mortality was determined based on the survival data at 
the end of study.  Mortality was noted in all control and treated groups.  Only 3 treated 
mice died on study with tumors. 
 
In transgenic mice, there were deaths observed: 4 in Group #1 (control), 15 in Groups 
#2-4 (0.5, 1, and 2.5 mg/kg/day SOM 230), and 36 in Group #5 (MNU positive control). 

 Group 1 (3 M and 1 F): #1008 (found dead on Day 171), #1010 (found dead on Day 
171), #1006 (sac′ed on Day 95, skin wounds), #1513 (sac′ed on Day 190, skin 
wounds) 

 Group 2 (3 M and 4 F): #2020 (sacrificed on Day 123), #2023 (sac′ed on Day 186, 
multicentric lymphoma), #2506 (found dead on Day 55, brain/spinal cord 
hemorrhage), #2507 (found dead on Day 27), #2516 (found dead on Day 169), 
#2519 (sac′ed on Day 164, injury) 

 Group 3 (2 M and 3 F): #3006 (found dead on Day 50), #3011 (Died on Day 120, 
brain hemorrhage), #3505 (sac′ed on Day 54, human reason), #3509 (sac′ed on 
Day 186, humane reason), #3522 (found dead on Day 177, brain/spinal cord 
hemorrhage) 
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 Group 4 (1 M and 2 F): #4013 (sac′ed on Day 166, bronchioalveolar carcinoma), 
#4521 (found dead on Day 190, cutaneous hemangiosarcoma), #4525 (found dead 
on Day 41).   

 Group 5 (16 M and 20 F): Males were found dead on Days 43-169 whereas females 
were found dead or sac′ed on Days 25-182.  Multicentric lymphoma was seen in 9 M 
and 11 F that were found dead (+ 1 F sac′ed).  A variety of other tumors including 
squamous cell carcinoma, small intestinal adenocarcinoma, and bronchioalveolar 
carcinoma were seen in 6 M and 4 F that were found dead.  Marked necrotizing 
hepatitis was seen in 1 F and unknown cause of death was determined in 1M and 1 
F.   

 
In wild-type mice, there were also deaths seen: 2 in Group #6 (control) and 3 in Group 
#7 (2.5 mg/kg/day SOM230).   

 Group 6 (1 M and 1 F): #6024 (sac′ed on Day 145, neck wound), #6501 (found dead 
on Day 79, renal infarction and marked inflammation) 

 Group 7 (2 M and 1 F): #7010 (found dead on Day 174), #7011 (sac′ed on Day 178, 
neck wound), #7503 (sac′ed on Day 95, focal vacuolation with astrocyte 
accumulation in spinal cord) 

 
 

 
 

 Clinical Signs:  Once weekly (2 hrs postdose) 
 
Minor SOM230-treatment related clinical signs noted at injection sites in a few males at 
≥ 1 mg/kg/day.  For animals found dead or moribund, clinical signs included slight to 
severe decreased locomotor activities, impaired righting reflex, labored respiration, and 
increased respiration.  For animals treated with MNU (positive reference), clinical signs 
included thin, dehydration, hunched posture, reduced feces, and visible swelling. 
 

 Body Weights:  Once weekly 
 
There were significant decreases in mean body weight and/or mean body weight gain in 
SOM230-treated transgenic mice (9.5, 13, and 11.2 % decreases in body weight for 
males and 6.3, 6.7, and 8.7 % for females at 0.5, 1, and 2.5 mg/kg/day SOM230 on Day 
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183 when compared to the control).  There was also a decrease in mean body weight in 
SOM-230 treated wide type mice (15% for males and 9.1% for females at 2.5 mg/kg/day 
SOM230 on Day 183 when compared to the control).   
 

 Feed Consumption:  Once weekly 
 
There were decreases in mean food consumption seen at 2.5 mg/kg/day (4.4% for 
males and 6.8% in females in Groups 4 and 22.2% for males and 11.3% in females in 
Group 7 when compared to their respective control groups on Day 183).  There were 
some fluctuations in Groups 2 and 3 but they were generally close to the control group. 
 

 Gross Pathology: 
 
There were no apparent SOM-230-related macroscopic findings. 
 

 Organ Weights:   
 
There were decreases in heart, kidney, and liver weights in males and females treated 
with SOM230 ≥ 0.5 mg/kg/day.  There were no correlates with these weight changes, 
which would likely be associated with decreased body weights and pharmacological 
effect of SOM230. 
 

 Histopathology:  At scheduled necropsy [Peer Review:  Yes] 
 
Neoplastic: 
 
One or two cases of multicentric lymphoma, cutaneous keratoacanthoma, cutaneous 
hemangiosarcoma, endometrial stromal polyp, harderian gland and kidney tubule 
adenoma, and bronchioalveolar adenoma and carcinoma were noted in treated male 
and/or females. 
 
Splenic hemangiosarcoma was noted (in 1 M and 1 F at 0 mg/kg/day, 2 F at 0.5 
mg/kg/day, 3 F at 1 mg/kg/day, and 1 M at 2.5 mg/kg/day SOM230). 
 
These findings were considered incidental, spontaneous, or expected frequency with 
age/strain of transgenic mouse.  Therefore, they were not test-article related. 
 

Table 13 6 mo transgenic mouse study: non-neoplastic histopath summary. 
Tabulated neoplastic histopath summary 
NOTE:  There were no separate histopath summary tables for neoplastic lesions 
provided in the actual study report.  Tabulated summary shown below were 
extracted from module 2 of this NDA submission. 
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Non-neoplastic: 
 
In pancreas, there were increased zymogen granules accumulations within the acinar 
cells in male and female mice ≥ 0.5 mg/kg/day when compared to control. 
 
At injection sites, increased incidence of inflammation (characterized by mixed cell 
subcutaneous inflammation, hemorrhage, fibrosis with regeneration of the panniculus 
muscle, and nuclear proliferation) were noted in male mice ≥ 0.5 mg/kg/day.  However, 
these findings were not dose-dependent. 

Table 14 6 mo transgenic mouse study: neoplastic histopath summary. 
NOTE:  The applicant included neoplastic and non-neoplastic lesions in their 
histopath summary tables. 
Non-neoplastic + neoplastic histopath in all males 
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Non-neoplastic + neoplastic histopath in all females 
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 Toxicokinetics:  Exposure levels of SOM230 were measured.  Blood was collected 
from TK animals (Groups 1 and 6: at 1 hr postdose in Weeks 4 and 23.  Groups 2-4: 
at 1 and 2 hrs postdose in Weeks 4 and 23).   

 
There were no difference between tg and wt mice for the mean SOM230 concentration 
obtained at 1hr and 2 hrs postdose on Weeks 4 and 23 at 2.5 mg/kg/day.  SOM230 was 
not detected in samples from the control Groups 1 and 6, except 1 M in Group 6 at 1 hr 
postdose on Week 4 (approx. 805 ng/ml).  On the other hand, SOM230 was detected in 
most samples except 1 F in Group 3 (1 mg/kg/day) at 1 hr postdose on Week 4 (not 
detectable).  In Week 4 (tg mice), mean SOM230 concentrations were 91, 214, and 
1033 ng/ml for males, and 60, 68, and 340 ng/ml for females at 0.5, 1, and 2.5 
mg/kg/day respectively.  In Week 4 (wt mice), mean SOM230 concentrations were 1235 
ng/ml for males, and 358 ng/ml for females at 2.5 mg/kg/day. 
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 Dosing Solution Analysis:   
 
SOM230 in acetate buffered solution, at pH ≈ 4.5 and 0.05-16 mg/ml, was stable for at 
least 12 days stored at 6 °C and at least 4 hr at room temperature.  Acetate buffered 
solution itself at pH ≈ 4.5 was found stable for at least 23 days stored at  6 °C and at 
least 4 hr at room temperature.  Samples from Weeks 1, 3, 12, 20, and 26 were 
analyzed.  Except Week 1 (out of spec with 82% of target), all other samples were 89-
106% of target. 
 
r0670694: 2-year carci rat study 
Study Title:  A 2-year subcutaneous injection carcinogenicity study of 
SOM230 in the albino rat 
Study no.: r0670694 
Study report location: eCTD Module 4.2.3.4.1 r0470111670694 

with 1919 pages 
Conducting laboratory and location:  
Date of study initiation: Dec 20  2006 (1  dose) 
GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: SOM230-BTA.001 in acetate buffered 

solution, batch no. 0524008, purity of 
98.2% 

CAC concurrence: Yes 
 
Key Study Findings 

 SOM230 was given to Wistar rats at 0 (vehicle – acetate buffered solution), 0.01, 
0.05, 0.3 mg/kg/day (50/sex/group) daily via sc injection for 104 weeks.  Blood 
samples were collected on Weeks 4 and 39 for TK analysis. 

 There was no SOM-230 treated effect on survival.  At the end of 104 weeks, survival 
rates were 72-90% for males and 68-84% for females for all groups.  The mortality 
rate was comparable between all groups for both genders. 

 For clinical signs, males at ≥ 0.5 mg/kg/day had blue mass and/or blue tail were 
seen (with no histopathological correlation) and females had higher incidence of thin 
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body condition at ≥ 0.01 mg/kg/day and red liquid vaginal discharge/flaking of the 
skin generally on the tail at 0.3 mg/kg/day. 

 Males at ≥ 0.01 mg/kg/day and females at 0.3 mg/kg/day had significantly lower 
mean body weights compared to control (15-27% for males and 11% for females on 
Week 104).   

 Males at ≥ 0.05 mg/kg/day and females at 0.3 mg/kg/day had significant decreases 
in food consumptions compared to control (10-18% for males and max of 12% for 
females on Week 104).  This was consistent with decreased body weights and the 
expected pharmacological effect of SOM230. 

 There were no SOM230 related neoplastic findings.  There was increased combined 
fibroma (all locations) in males at 0.3 mg/kg/day.  However it was considered a 
common tumor and had no toxicological significant.  Other findings were within the 
range of spontaneous occurrence for age/specie and were generally randomly 
distributed in control/treated groups and/or lack of dose-response. 

 There were SOM230-related non-neoplastic findings.  Increased panniculus muscle 
degeneration at injection site was noted in males and females given ≥ 0.05 
mg/kg/day, which was likely attributed to the secondary local effect by SOM230.  In 
addition, increased retinal atrophy was observed in males (9/50, 8/50, 23/50, and 
8/50 from Groups 1 to 4 respectively) and females (8/50, 15/50, 11/50, and 9/50 
from Groups 1 to 4 respectively) in non dose-dependent manner.  Therefore. This 
finding was determined as incidental. 

 There were no satellite TK groups included in this study.  Exposure to SOM230 was 
confirmed in all samples.  The Tmax was approx. 0.5-1 hr regardless the gender and 
the dose.  The AUC0-24 and Cmax on Weeks 4 and 39 were roughly dose proportional 
regardless of the gender.  However, males at 0.3 mg/kg/day and females at ≥ 0.05 
mg/kg/day had higher values on Week 39 when compared to Week 4. 

 All in all, SOM230 up to 0.3 mg/kg/day for 104 weeks was not carcinogenic in Wistar 
rats. 

 
Adequacy of Carcinogenicity Study and Appropriateness of Test Models:   
 
Adequate (with ECAC concurrence) 
 
Evaluation of Tumor Findings:   
 
Adequate  
 
Methods 
Doses: 0, 0,01, 0.05, and 0.3 mg/kg/day for 104 weeks 
Frequency of dosing: Daily 
Dose volume: 1 mg/kg 
Route of administration: SC injection 
Formulation/Vehicle: Acetate buffered solution (pH 4.5) – sodium 

acetate trihydrate USP (1234 mg/l), acetic acid, 
ACS (956.6 mg/l), mannitol, USP (43.5 g/l), 
and sterile water for injection, USP 
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Basis of dose selection: MTD based on the results of 26 week toxicity 
study in rats 

Species/Strain: Wistar Hannover rats 
Number/Sex/Group: 50/sex/group 
Age: 7 weeks 
Animal housing: Socially housed up to 3 animals of the same 

sex and same dosing group per case 
Paradigm for dietary restriction: No 
Dual control employed: No 
Interim sacrifice: No 
Satellite groups: No 
Deviation from study protocol: Minor deviations (i.e. targeted temperature, 

delayed detailed examinations, size of mass) 
were noted but these had no impact on the 
outcome of the study 

 

 
 
Observations and Results 
 

 Mortality:  twice daily 
 
There were deaths (males: 10/50, 14/50, 10/50, 5/50 and females: 16/50, 12/50, 13/50, 
8/50 in Groups 1, 2, 3, and 4 respectively) prior to the end of the study.  Among these 
unscheduled (pre-terminal) deaths, in both control and treated animals, common 
findings were noted (neoplastic findings: pituitary adenoma/carcinoma, mammary gland 
fibroadenoma/adenocarcinoma, and multicentre sarcomas; non-neoplastic findings: 
obstructive uropathy). 
 

 

 
 

 Clinical Signs:  weekly (detailed exam) and twice daily (general observation) 
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Clinical signs were generally associated with deteriorating condition of rats died prior to 
scheduled sacrifice.  These included abdominal distension, abnormal respiration, 
decreased activity, cold to touch, dehydration, head tilt, generalized skin pallor, and etc.   
 
In males at ≥ 0.05 mg/kg/day, there was higher incidence (7-16/50) of blue/brown skin 
on a mass or tail, compared to controls.  In females, there was higher incidence of thin 
body condition (16-17/50) at ≥ 0.01 mg/kg/day, and of red discharge from the vagina 
(6/50) and flaking of the skin, generally on the tail, (12/50) at 0.3 mg/kg/day.  However, 
these findings had no corresponding gross findings at necropsy.  Other clinical signs 
were seen across all groups and considered unrelated to SOM230. 
 
In addition, observed masses were seen in both control and treated animals.  Group 4 
(0.3 mg/kg/day), however, seemed to have lower incidence of observed masses 
compared to the control animals in Group 1. 
 

 

 
 

 Body Weights:  weekly (through Week 14), once every 4 weeks (Weeks 15-78), 
every second week (Weeks 79 – 104) 

 
Lower body weight was noted in males at ≥ 0.01 mg/kg/day (15-27% decreases at the 
end of 104 weeks, in a dose-dependent manner) and females at 0.3 mg/kg/day (11% 
decreases at the end of 104 weeks) compared to controls. 
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 Feed Consumption:  weekly (through Week 14), once every 4 weeks (Weeks 15-
78), every second week (Weeks 79 – 104) 

 
Decreased food consumption was noted in males at ≥ 0.05 mg/kg/day (10-18% 
decrease at the end of 104 weeks in a dose-dependent manner) and females at 0.3 
mg/kg/day (max. of 14% decrease at the end of 104 weeks) compared to controls. 
 

 Clinical Chemistry:  at necropsy on hematology and clinical biochemistry 
parameters 

 
These parameters were only performed on all health screen animals (Group 5). 
 

 Gross Pathology:  At necropsy 
 
Findings at injection sites (i.e. dark area or foci in the sc tissue and thickening or 
swelling nodule/mass in sc tissue) were comparable between control and treated 
groups. 
 

 Histopathology:  At necropsy, organs/tissues were collected.  [Peer Review:  Yes] 
 
Neoplastic: 
 
There was a significant increase in combined fibroma (all locations) in males at 0.3 
mg/kg/day (0/50, 0/50, 3/50, and 4/50 in Groups 1, 2, 3, and 4 respectively).  By pair-
wise comparison, p value was 0.0431 whereas by trend test, p value was 0.0165.  Since 
fibroma was classified as common tumor, increased incidence would only be significant 
if p value was ≤ 0.01.  Therefore, this increased incidence of combined fibroma was not 
significant. 
 
Other combined neoplastic lesion incidences (i.e. whole body fibromas/fibrosarcomas, 
whole body hemangiomas/hemangiosarcomas, stomach adenoma/carcinoma, or GI 
leiomyoma/leiomyosarcoma) were within the range of spontaneous occurrence.  In 
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addition, the incidences of uterus (stromal polyp + sarcoma) findings in females were 
4/50, 9/50, 3/50, and 7/50 in Groups 1, 2, 3, and 4 respectively.   
There findings were distributed in control and treated groups, and/or lack of dose-
response relationship.  These incidences were considered not significant analyzed by 
pair-wise comparison and trend test. 

Table 15 2yr rat study: neoplastic histopath summary. 
Neoplastic histopath in all males 
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Neoplastic histopath in all females 
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Statistical Analysis:  neoplastic histopath in all males 
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Statistical Analysis:  neoplastic histopath in all females 
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Non-neoplastic: 
 
There was an increased incidence in panniculus muscle degeneration at injection sites 
≥ 0.05 mg/kg/day in both male rats (4, 6, 24, and 40 out of 50 in Groups 1 to 4 
respectively) and female rats (8, 7, 14, and 25 out of 50 in Groups 1 to 4 respectively) 
given SOM230. 
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There was also an increase in retinal atrophy in a non-dose dependent manner across 
all groups (9, 8, 14, and 8 out of 50 in males and 8, 15, 11, and 9 out of 50 in females 
Groups 1 to 4 respectively).   
 

Table 16 2yr rat study: non-neoplastic histopath summary. 
Non-neoplastic histopath in all males 
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Non-neoplastic histopath in all females 
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 Toxicokinetics:  Blood samples were collected from the last 10 surviving 
animals/sex/group during Weeks 4 and 39.  Blood sample were also collected from 2 
animals/sex/group (2 animals/timepoint) at 5 time points (approx. 0.5, 1, 3, 7, and 24 
hrs postdose). 

 
Apparent tmax was 0.5 or 1 hr regardless of the gender or the dose.  AUC0-24 and Cmax 
on Weeks 4 and 39 were roughly dose proportional regardless of the gender.  However, 
males at 0.3 mg/kg/day and females at ≥ 0.05 mg/kg/day had higher AUC0-24 and Cmax 
on Week 39 when compared to those of Week 4. 
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 Dosing Solution Analysis 
 
Controls samples had no SOM230 detected.  SOM230 samples (in vehicle) from Weeks 
1, 9, 24, 39, 54, 69, 72, 84, and 104 had he concentration of 86% (for MD group) and 
100% (for HD group) of targets.  Some SOM230 samples for LD groups were out of 
specification – Weeks 1, 9, and 84 were within spec and Weeks 24, 39, 54, and 72 were 
approx. 41-80%, and Week 69 was 84-86%. 

9 Reproductive and Developmental Toxicology 

9.1 Fertility and Early Embryonic Development 

r047174: Seg I rat study 
Study title:  A subcutaneous fertility and early embryonic development 
study in rats 
Study no.: r047174 
Study report location: eCTD Module 4.2.3.5.1 with 398 pages 
Conducting laboratory and location: Novartis (East Hanover, NJ) 
Date of study initiation: Oct 25th 2004 (1st dosing for males) and 

Nov 8th 2004 (1st dosing for females) 
GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: SOM230-BTA.001 with Batch no: 0322002 

and 99.7% purity 
 
Key Study Findings 

• Rats were given SOM230 daily at 0, 0.1, 1.0, and 10 mg/kg/day prior to mating (≥ 4 
weeks for males and ≈ 2 week for females), during mating, and through GD6 (for 
females). 

• Mortality was observed at 1 mg/kg/day one female each group, suggesting that 1 
mg/kg/day would exceed the MTD. 

• Swollen paws and purple-colored tails were seen in females at ≥ 1.0 mg/kg/day, 
likely attribute to SOM230-induced vasodilation.  Some wounds/cuts/scabs 
(subsequent hair loss) were also noted in males/females ≥ 1.0 mg/kg/day and one 
single female ≥ 0.1 mg/kg/day.  Other signs, including decreased activity, 
piloerection, staining of the fur in one male and ano-gential staining in one female, 
fecal change in several animals at 10 mg/kg/day, were considered treatment-related.  
Two males had macroscopic findings (i.e. skin discoloration) which were reflective of 
the scabs/wounds given at 10 mg/kg/day and treatment related. 
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• Decreases in body weight were noted in both sexes and at all doses.  Concomitant 
decreases in food consumption were noted at all doses in males and ≥ 1.0 
mg/kg/day in females, indicating some degree of toxicity at all doses. 

• There were treatment-related adverse effects on estrus cycle (i.e. prolonged 
cycles/acyclicity at ≥ 1.0 mg/kg/day attributed to SOM230-induced decrease in IGF1 
level) and on female reproductive parameters (i.e. decreased numbers of corpora 
lutea at ≥ 1.0 mg/kg/day and decreased numbers of implantation and viable fetuses 
at all doses).  These findings were expected pharmacological effects of SOM230.  
On the other hand, there were no treatment related effects on mating indices and 
male reproductive parameters. 

• The 0.1 mg/kg/day group dams experienced statistically increased 
implantation loss and decreased viable fetuses at C-sectioning and a non-
statistically significant >2-fold increase in pre-implantation loss relative to 
concurrent controls. 

• The reproductive NOAEL was 0.1 mg/kg/day for males.  (Note:  the applicant 
determined the NOAEL at 10 mg/kg/day.) 

• The reproductive NOAEL was not determined for females. 
 
Methods 
Doses: 0, 0.1, 1.0, and 10 mg/kg/day 
Frequency of dosing: Once daily 
Dose volume: 1.0 mg/kg 
Route of administration: SC injection 
Formulation/Vehicle: Acetate buffered solution 
Species/Strain: Wistar Hannover rats (approx 12 weeks) 
Number/Sex/Group: 25/sex/group 
Satellite groups: None 
Study design: Males were dosed daily for ≥ 28 days prior to 

mating and during the mating period whereas 
females were dosed daily for the two weeks 
prior to mating and during mating through GD6. 

Deviation from study protocol: Minor deviations (i.e. underdosing on study day 
17 in one male) 
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Observations and Results 
 Mortality:  twice daily 

There were no mortalities in this study. 
 

 Clinical Signs:  twice daily during dosing phase and once daily during post-dosing 
phase (GDs 7-13) 

Several SOM230 related sings were noted at 1.0 and 10 mg/kg/day.  These included 
swollen fore/hind paws and/or nose in both sexes and purple colored-tails in females at 
≥ 1.0 mg/kg/day, red ears at in both sexes at 10 mg/kg/day, wounds/scabs at injection 
sites in the majority of males ≥ 1.0 mg/kg/day and females at 10 mg/kg/day (some also 
observed with lower doses, 0.1 and 1 mg/kg/day), decreased/soft or no stool in both 
sexes at 10 mg/kg/day, and decreased activity/staining of the fur in one single male at 
10 mg/kg/day.  There were no SOM230-related clinical signs in males at 0.1 mg/kg/day. 
 

 Body Weight:  twice weekly 
Decreased body weights parameters in males at all doses in a dose-dependent manner 
(significantly on Day 4 for ≥ 1.0 mg/kg/day and Day 8 for 0.1 mg/kg/day) whereas in 
females at ≥ 1.0 mg/kg/day (significantly on premating Day 4 through GD13).   
 

 Feed Consumption:  weekly 
Decreased food consumption was seen in males for all doses (significantly on 
premating intervals 15-22 for 0.1 mg/kg/day, 5-15 for 1.0 mg/kg/day, and 1-8 for 10 
mg/kg/day).  Changes in food consumption were also seen in females at 10 mg/kg/day 
(significantly decreased on premating Days 1-8 and increased on Days 8-15).  No effect 
on food consumption in females at ≤ 1.0 mg/kg/day during gestation. 
 

 Toxicokinetics:  n/a 
 

 Dosing Solution Analysis 
Analyses of the SOM230 solutions prepared for use during Weeks 1 and 5 were 
between 94-104% of the target concentrations.  SOM230 was not detected in any of the 
analyzed controls.   
 

 Necropsy:  following the completion of mating for males and GD13 for females 
The skin discoloration was seen in two males at 10 mg/kg/day which is attributed to 
wounds/scabs observed during the study phase.  Other findings were noted as 
incidental or unrelated to SOM230. 
 

 Fertility Parameters:  on scheduled sacrifice 
Vaginal cytology and mating indices:  increased incidences of abnormal 
(prolonged/acyclic) estrus cycling in females were observed at ≥ 1.0 mg/kg/day 
(significant at 10 mg/kg/day).  Mating indices were not affected by SOM230 treatment. 

Table 17 Seg I rat study: estrous cycle/ reproductive potential. 
ESTROUS CYCLE 
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FEALE REPRODUCTIVE POTENTIAL 

 

 
 
Male reproductive parameters:  No effect on sperm motility or sperm count was 
observed at any dose level.  There were increases in testes and epididymides weights 
at all doses (expressed as % to body weight).  These weight changes were attributed to 
the decreased body weight rather than a direct adverse effect on these organs. 
MALE REPRODUCTIVE POTENTIAL 

 

 
 
Female reproductive parameters:  Decreased numbers of corpora lutea in females at ≥ 
1.0 mg/kg/day and decreased mean numbers of implantation sites and viable fetuses at 
all doses (≥ 0.1 mg/kg/day) were noted.  No effect on other parameters was noted with 
SOM230 treatment. 

Table 18 Seg I rat study: C-section data. 
C-SECTION 
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9.2 Embryonic Fetal Development 

r0370125: Seg II DRF rabbit study 
Study title: A subcutaneous (b.i.d.) embryo-fetal development dose range-finding 
study in rabbits 
Study design:  Pregnant rabbits were given SOM230 twice daily at 0.1, 0.25, 0.5, 1.0, 
5.0, and 10.0 mg/kg/day (in acetate buffer vehicle) from GDs 7-20.  Clinical signs, body 
weight, and food consumption were recorded daily.  Gross necropsy was done after 
they were sacrificed on GD 29.  Reproductive parameters and uterine weights for 
mothers and external abnormalities and body weights for fetuses were also recorded. 
 

 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

231 

 
 
Findings: 

 Clinical signs (i.e. decreased or no stool at ≥ 0.25 mg/kg/day, wounds/scabs at 
injection sites at 10 mg/kg/day) were noted and correlated with skin discoloration. 

 Decreased body weight (2.6%, 16.1%, and 21.2% at doses of 1.0, 5.0, and 10.0 
mg/kg/day respectively) and food consumption were observed at all doses but 
returned to comparable levels to controls after the dosing stopped. 

 There were increased numbers of late and total resorptions at ≥ 5.0 mg/kg/day and 
early resportions at 10 mg/kg/day, resulting in decreased numbers of viable fetuses 
and increased percent post-implantation loss at. ≥ 5.0 mg/kg/day. 

 The NOEL was not established since decreased maternal body weight and food 
consumption were seen in all doses. 

 The NOAEL for reproductive/fetal effects was at ≤ 1.0 mg/kg/day. 
 Based on this study, highest dose less than 10 mg/kg/day should be used for the 
definitive Seg II study in rabbits. 

 
r0370135: Seg II DRF rat study 
Study title:  A subcutaneous (b.i.d.) embryo-fetal development dose range-finding 
study in rats 
Study design:  Pregnant rats were given SOM230 twice daily at 0.5, 1.0, 5.0, and 10.0 
mg/kg/day (in acetate buffer vehicle) from GDs 6-17.  Clinical signs, body weight, and 
food consumption were recorded daily.  Gross necropsy was done after they were 
sacrificed on GD 21.  Reproductive parameters and uterine weights for mothers and 
external abnormalities and body weights for fetuses were also recorded. 
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Findings: 

 Clinical signs (i.e. swollen nose and/or paws at ≥ 0.5 mg/kg/day, injection site 
irritations at 10 mg/kg/day) were noted. 

 Decreased body weights were observed at 5.0 mg/kg/day on GD 6 and 10.0 
mg/kg/day on GD9, resulting in decreased body weight gain over the entire gestation 
period. 

 No SOM230-related adverse effects on food consumption, maternal necropsy 
observations, reproductive parameters, fetal weights, or gross external fetal 
exanimation, were seen at any dose level. 

 SOM230 was well-tolerated in the maternal rats and was not teratogenic to fetus in 
this study.   

 Based on this study, highest dose at least 10 mg/kg/day should be used for the 
definitive Seg II study in rats. 

 
r981436: In vitro assay 
Assessment of embryotoxic and teratogenic potential in vitro using the rat whole 
embryo culture assay 
Study design:  Rat postimplantative whole embryo cultures assay was used to 
determine the teratogenic and/or embryotoxic potential of SDZ 27-230 in 2% gelatine 
solvent (SOM230) at 0, 1, 10, 30, 60, and 100 μg/ml on Days 9.5-11.5.  At the end of 
the experiment, each embryo would be examined for morphological criteria (18 
features), differentiation (morphologic scoring system), and growth parameters (grown-
rump length, head length, yolk sac diameter).   
 
Findings: 

 AT 60 μg/ml, a waved neural tube was seen in 1/8 embryos and visceral yolk-sac 
were observed in two embryos.  However, these findings are within historical control 
range.  On the other hand, morphological score was significantly reduced and 
embryonic development was slightly retarded at 60 μg/ml. 

 At 100 μg/ml, embryos did not develop at all, indicating embryotoxicity. 
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 NOEL was determined at 30 μg/ml for embryonic growth, dysmorphogenesis, and 
differentiation.  These findings seemed to confirm the observations in vivo of 
increased implantation loss, decreased viable fetuses at 0.1 mg/kg/day. 

 
r0470017: Seg II rat study (pivotal)  
Study title:  A subcutaneous embryo-fetal development study in rats 
Study no.: r0470017 
Study report location: eCTD Module 4.2.3.5.2 r0470017 with 202 

pages 
Conducting laboratory and location: Novartis Pharmaceuticals (East Hanover, 

NJ) 
Date of study initiation: Jan 11th 2004 
GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: SOM230-BTA.001 batch no 0322002 with 

99.7% purity 
 
Key Study Findings 

 Time-pregnant female rats were given SOM230 daily at 0, 1, 5, or 10 mg/kg/day via 
sc injection from GDs 6-17. 

 Mortality in one dam is noted at 10 mg/kg/day, suggesting that this dose 
exceeded the MTD for the study. 

 Swollen paws and purple-colored tails were at ≥ 1.0 mg/kg/day, likely attribute to 
SOM230-induced vasodilation.  Some wounds/cuts/scabs (subsequent hair loss) 
were also noted (towards the latter portion of the dosing period).  Decreased activity 
noted in 4 animals at ≥ 5 mg/kg/day, were considered treatment-related and 
attributed to an exaggerated pharmacological effect of SOM230.  In addition, 
decreased/soft stool was observed at ≥ 5 mg/kg/day. 

 Decreases in body weight were noted throughout, starting on GD 9 at all doses.  
However, the body weight interval from GDs 6-9 resulted in such net body weight 
loss, which was accompanied by transient decreases in food consumption during 
that same interval. 

 Skin discoloration was observed at ≥ 5 mg/kg/day during the necropsy examination, 
correlated with wounds/cuts/scabs in most animals. 

 There were treatment-related adverse effects on reproductive parameters (i.e. 
increased absolute numbers of early/total resorptions at ≥ 10 mg/kg/day, led to 
decreased absolute numbers of viable fetuses).  There’s an increase in viable 
males at 10 mg/kg/day which may suggest some gender selection perhaps 
based on pharmacologic activity.   

 Decreased fetal weights were seen in both sexes at 10 mg/kg/day.  Increased post-
implantation loss at 10 mg/kg/day and increased preimplantation loss at 1 mg/kg/day 

 There was treatment-related statistically significant increase in incidence of 
malrotated limbs, supernumerary ribs and in unossified: hindlimb phalanx at 10 
mg/kg/day during fetal external/visceral/skeletal observations. 
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 TK analysis showed exposure to SOM230 increased proportionally with doses in all 
animals treated with SOM230. 

 The maternal NOAEL was not defined based on decreased body weight/food 
consumption and swollen paws at all doses, decreased/soft stool ≥ 5 mg/kg/day, and 
increased early resorptions at 10 mg/kg/day as well as mortality in addition to 
increased preimplantation loss at 1 mg/kg/day.  One dam given 1 mg/kg/day had a 
complete litter resorption at c-sectioning.  

 The fetal NOAEL was 5 mg/kg/day based on malformations noted at 10 mg/kg/day.  
There are also facial malformations noted:  absent eye bulge, lower jaw, mouth and 
malpositioned pinna at 1 mg/kg/day (1/24 litters, 1/200 fetuses). 

 
Methods 
Doses: 0, 1, 5, 10 mg/kg/day (GDs 6-17) 
Frequency of dosing: Once daily 
Dose volume: 1.0 ml/kg/day 
Route of administration: SC injection 
Formulation/Vehicle: SOM230 solution in acetate buffered solution 
Species/Strain: Wistar rat 
Number/Sex/Group: 25/group for main study (Groups 1-4) (approx. 

10-12 weeks) 
Satellite groups: yes n=3 for Group 1 (control) and n=5 for 

Groups 2-4 (SOM230) 
Study design: Pregnant female rats were given SOM230 via 

SC injection daily from GDs 6-17.  The main 
study animals were terminated on GD 21 
whereas the TK animals were terminated on 
GD 18. 

Deviation from study protocol: Minor deviations (i.e. fetuses from control 
animal was not (viscerally) examined.) 

 
Observations 

 Mortality was done twice daily on weekdays and once daily on weekends. 
 Clinical signs were examined twice daily during the dosing phase and once daily 
pre- and post-dosing phases. 

 Body weight and food consumption were measured every three days (GDs 0, 3, 6, 9, 
12, 15, 18, and 21). 

 Gross necropsy examination including placentas was done. 
 Gravid uterine weights and reproductive parameters were recorded at necropsy. 
 All live fetuses were weighted with gross external examination including the palate.  
Visceral, skull, skeletal examinations were performed.   

 TK evaluation was analyzed from serum samples obtained from TK satellite animals. 
 
Results 

 Mortality:  One morality at 10 mg/kg/day on GD 10 was noted, correlated with decreased 
body weight and food consumption.   
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 Clinical Signs (dams):  Swollen paws and/or nose were observed at all doses.  
These were attributed to SOM230-induced vasodilation.  Decreased activity was 
noted in 4 animals ≥ 5 mg/kg/day (1 at 5 mg/kg/day and 3 at 10 mg/kg/day), which 
might be an exaggerated pharmacological effect of SOM230.  
Woulds/cuts/scabs/hairloss at the injection site were noted at latter part of dosing 
phase in all groups, likely due to the result of daily injection.  In addition, 
decreased/soft stool and staining of the fur were observed in 4 animals ≥ 5 
mg/kg/day (2 at 5 mg/kg/day on GDs 8/9 and 2 at 10 mg/kg/day on GDs 8/9 or GDs 
7/12). 

 
 Body Weight (dams):  Decreased body weights were observed starting GD 9 at all 
doses.  On GD18, body weights were 4.7%, 8.7%, and 8.3% less than controls at 1, 
5, and 10 mg/kg/day, respectively.  The body weight loss from GDs 6-9 resulted in 
such a net decrease in body weight. 

 
 Feed Consumption (dams):  Decreased food consumption was accompanied by 
decreased body weight for the same interval. 

 
 Toxicokinetics:  Exposure to SOM230 increased proportionally with doses.  Mean 
AUC0-24h were 4930, 25594, and 42179 ng*h/ml at doses of 1, 5, and 10 mg/kg/day 
respectively. 

Table 19 Seg II rat study: TK analysis. 

 

 
 

 Dosing Solution Analysis:  Analyses of the compound solutions prepared for the 
1st day of dosing were analyzed and were within 86-108% of target concentrations.  
SOME230 was not detected in the control samples analyzed.   

 
 Necropsy 

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.):  
Treatment-related skin discoloration was noted at ≥ 5 mg/kg/day (2 at 5 mg/kg/day and 
6 at 10 mg/kg/day), correlating with clinical observations of wounds/scabs due to 
injections.  At 10 mg/kg/day, significantly increased absolute numbers of early/total 
resportions were seen with a subsequent decrease in the absolute number of viable 
fetuses.  Decreased fetal weights were also noted in both sexes. 
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Table 20 Seg II rat study: necropsy/c-section data. 
NECROSCOPIC EVALUATIONS 

 
C-SECTION 
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Offspring (Malformations, Variations, etc.):  There was an increased incidence of 
malroated limbs (test-article related) noted at 10 mg/kg/day (also seen in control 
fetuses) on a per fetus basis (but not per litter basis).  There was also an increase in 
unossified hindpaw phalanx at 10 mg/kg/day on a per fetus basis (but not per littler 
basis).  This was considered to be secondary to the reduced fetal weights observed at 
this dose level. 

Table 21 Seg II rat study: fetus data. 
FETAL EXTERNAL MALFORMATIONS 
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FETAL VISCERAL VARIATIONS 

 
 

 
 
FETAL SKELETAL MALFORMATIONS 
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r0470018: Seg II rabbit study (pivotal) 
Study title:  A subcutaneous embryo-fetal development study in rabbits 
Study no.: r0470018 
Study report location: eCTD Module 4.2.3.5.2 r0480018 with 240 

pages 
Conducting laboratory and location: Novartis Pharmaceuticals (East Hanover, 

NJ) 
Date of study initiation: Feb 23rd 2004 
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GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: SOM230-BTA.001 batch no 0322002 with 

99.7% purity 
 
Key Study Findings 

 Time-pregnant female rabbits were given SOM230 daily at 0, 0.05, 1.0, or 5.0 
mg/kg/day via sc injection from GDs 7-20. 

 Mortality was seen in 2 pregnant dams on GD15.  There were 16 deaths observed in 
the 5 mg/kg/day group, indicating that the HD tested exceeds the MTD for this 
study. 

 Decreased/mucoid/no stool was observed at ≥ 1.0 mg/kg/day. 
 Decreases in body weights were noted at 5 mg/kg/day, starting on GD 14 and 
remaining decreased through GD 29. 

 Decreases in food consumption were seen throughout the dosing period at ≥ 1.0 
mg/kg/day.  Transient decrease on GDs 7-9 and significant decreases on GDs 8-9 
were noted at 0.5 mg/kg/day.  

 There were treatment-related adverse effects on reproductive parameters (i.e. 
increased early/total resorptions at ≥ 1.0 mg/kg/day as well as increased post-
implantation loss, led to decreased absolute numbers of viable fetuses).  Decreased 
fetal weights were seen in both sexes at ≥ 1.0 mg/kg/day. 

 There were increases in visceral malformation at 1 mg/kg/day with 2.4% fetal 
incidence and 15.9% litter incidence of absent gall bladders which correlated with 
visceral variations seen in the same group of small gall bladders ( 4.9% fetal and 
21.1% litter incidences). 

 There was treatment-related increase in incidence of skeletal malformation (i.e. 
fused, misaligned, absent, misshapened ribs, vertebrae, thoracic centrum at ≥0.05 
mg/kg/day).  Unossified forepaw phalanx at ≥1.0 mg/kg/day, unossified talus and 
fetal skeletal variations at 5.0 mg/kg/day were statistically significant.  These were 
considered secondary to the reduced fetal weights. 

 TK analysis showed exposure to SOM230 increased proportionally with doses in all 
animals treated with SOM230.  The SOM230 level in maternal plasma was 
comparable in general to that of in fetal tissue. 

 The maternal NOAEL was 0.05 mg/kg/day due to decreased body weight/food 
consumption, decreased/soft stool, and increased early resorptions at ≥ 1.0 
mg/kg/day. 

 The fetal NOAEL was < 0.05 mg/kg/day due to various skeletal malformations at the 
0.05 mg/kg/day and visceral malformations at ≥ 1.0 mg/kg/day. 

 
Methods 
Doses: 0, 0.05, 1.0, 5.0 mg/kg/day (GDs 7-20) 
Frequency of dosing: Once daily 
Dose volume: 1.0 ml/kg/day 
Route of administration: SC injection 
Formulation/Vehicle: SOM230 solution in acetate buffered solutio 
Species/Strain: New Zealand White rabbit 
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Number/Sex/Group: 25/group for main study (Groups 1-4) 
Satellite groups: Yes n=3 for Group 1 (control) and n=5 for 

Groups 2-4 (SOM230) 
Study design: Pregnant female rabbits (approx 24-25 weeks 

of age at dosing initiation) were given SOM230 
via SC injection daily from GDs 7-20.  The 
main study animals were terminated on GD 29 
whereas the TK animals were terminated on 
GD 21. 

Deviation from study protocol: Minor deviations (i.e. feed storage 
temperature, individual fetal tissue analysis, 
additional control samples analyzed) 

 
 

 
 
Observations 

 Mortality was done twice daily on weekdays and once daily on weekends.   
 Clinical signs were done twice daily during the dosing phase and once daily per- and 
post-dosing phases.   

 Body weight and food consumption were measured every 2-5 days (GDs 0, 5, 7, 10, 
14, 17, 21, 24, and 29).   

 Gross necropsy examination including placentas was performed.   
 Gravid uterine weights and reproductive parameters were recorded at necropsy.   
 All live fetuses were weighted with gross external examination, including the palate.  
Visceral, skull, and skeletal examinations were also done.   

 TK evaluation was analyzed from serum samples collected from TK satellite 
animals. 

 
Results 

 Mortality (dams):  There were SOM230-related two mortalities at 5.0 mg/kg/day on 
GDs 15 and 16.  Two additional animals at 5.0 mg/kg/day were also aborted and 
sacrificed. 

 
 Clinical Signs (dams):  SOM230-related clinical signs included 
decreased/mucoid/no stool at doses ≥ 1.0 mg/kg/day.  One animal at 5.0 mg/kg/day 
had no urine on GD 18. 
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 Body Weight (dams):  Significantly decreased body weight was seen starting on 
GD 14 at 5 mg/kg/day and remained decreased through GD 29.  Decreased body 
weight was noted at 1 mg/kg/day on GD 21 only. 

 
 Feed Consumption (dams):  Significantly decreased food consumption was 
observed throughout the dosing period at doses ≥ 1.0 mg/kg/day.  Transient 
decrease was noted on GDs 7-9 and significant decrease was noted on GDs 8-9 at 
0.5 mg/kg/day. 

 
 Toxicokinetics:  Exposure to SOM230 increased proportionally with doses in all 
treated animals.  SOM230 concentration in maternal plasma was comparable, in 
general, to that of the fetal tissue.  Mean AUC0-24h were 113, 1906, and 11766 
ng*h/ml at 0.05, 1.0, and 5.0 mg/kg/day respectively. 

Table 22 Seg II rabbit study: TK analysis. 

 

 
 

 Dosing Solution Analysis:  Analyses of the compound solutions prepared for the 
1st day of dosing were analyzed and were within 89-95% of the target 
concentrations. 

 
 Necropsy 

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.):  At 
doses ≥ 1.0 mg/kg/day, increased early and/or total resorptions were noted with 
subsequent decreases in the absolute numbers of viable fetuses at 5.0 mg/kg/day.  
Decreased fetal weights were observed in both sexes at doses ≥ 1.0 mg/kg/day. 

Table 23 Seg II rabbit study: necropsy/c-section data. 
NECROSCOPIC EVALUATION 
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C-SECTION 

 

 
 
Offspring (malformations, variations, etc.):  Significant increases in unossified forepaw 
phalanx at doses ≥ 1.0 mg/kg/day and in unossified talus and absolute number of 
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fetuses with skeletal variations at 5.0 mg/kg/day.  These were considered secondary to 
the reduced fetal weights observed. 

Table 24 Seg II rabbit study: fetus data. 
FETAL EXTERNAL MALFORMATIONS 

 

 
FETAL VISCERAL MALFORMATIONS 
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FETAL SKELETAL MALFORMATIONS 
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9.3 Prenatal and Postnatal Development 

r0670042:  Seg III rat study 
Study title:  SOM230:  A subcutaneous injection pre and postnatal study in 
the rat 
Study no.: r0670042 
Study report location: Novartis Pharmaceuticals (East Hanover, 

NJ) 
Conducting laboratory and location:  
Date of study initiation: Jan 21  2008 (1  dosing) 
GLP compliance: Yes 
QA statement: Yes 
Drug, lot #, and % purity: SOM230-BTA.001 (99.4%) 
 
Key Study Findings 

 SOM230 was given to rats at 0, 2, 5, 10 mg/kg/day SOM230 from GD6 to LD 21, 22, 
or 23.  The effect of SOM230 was investigated in the following parameters: upon 
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gestation, parturition and lactation in the dam and the development of the pups and 
their survival, physical development, and behavior and reproductive performance. 

 F0 generation:  1 MD female was found dead on GD 9 and 3 HD females were pre-
terminally euthanized on GD 9, GD12, and LD 3, respectively.  Dose dependent 
increased incidences of clinical signs (i.e. decreased activity, hunched posture, 
piloerection, thinness, swollen paws, and etc) were seen.  There was also a dose-
dependent increase in thin fur cover, scab formation and lesions at or surrounding 
the injection sites in the SOM230-treated groups.  Females at all dose groups had 
significant loss (as well as lower food intake) from GDs 6-9, resulting in lower body 
weights throughout the gestation and lactation periods).  In addition, there were no 
effects on maternal performance parameters (i.e. gestation index, length of 
gestation, numbers of live and dead pups, numbers of implantation scars, sex ratio, 
and the live birth index).  During necropsy, there were macroscopic findings (i.e. 
scab, thickening and/or ulceration) were seen at all injection sites of the dams ≥ 5 
mg/kg/day (increased severity and incidence noted at 10 mg/kg/day). 

 F1 generation (pups):  Decreased body weights were seen at all doses (significant 
during pre-weaning period).  At weaning, the HD group had lower body weights than 
the other groups.  The slight delay in the development of pinna detachment was 
considered to be related to the lower pup weights.  No other SOM230-related 
macroscopic findings were noted in pups. 

 F1 generation (adults):  No SOM230-related mortality or clinical signs were 
observed.  Post weaning body weights at all doses stayed slightly reduced up to 
Week 7 and became significantly reduced for LD/HD males and LD/MD/HD females 
until Week 8.  However, post-weaning body weight gains were comparable for all 
groups in both sexes.  There were no SOM230-related effects on visual function, 
physical development, and behavioral assessment, macroscopic findings, parental 
performance, and uterine findings.  However, there were findings in the mating of 
F1 generation including decreased fertility (91% vs 95% controls) in the adult 
rats from dams given HD.  This decrease in fertility correlates to the decrease 
in implantation sites and increase in dead embryos.  All F1 adults from drug 
treated litters had statistically significantly increased early resorptions, dead 
embryos and implantation loss (pre- and post-). 

 The NOAEL for maternal toxicity (F0 females) was not determined based on 
mortality at MD/HD groups and adverse clinical signs, decreased bodyweights/food 
consumption, local injection site findings for all treated groups). 

 The NOAEL for F1 generation was also not determined based on lower body 
weights up to weaning at all dose levels, which was correlating with a slight delay of 
pinna detachment.  Such lower body weights were recovered by Week 8 (post 
weaning) and the adverse reproductive findings in adult F1 generation rats. 

 
Methods 
Doses: 0, 2, 5, 10 mg/kg/day 
Frequency of dosing: Once daily 
Dose volume: 1 ml/kg/day 
Route of administration: SC injection 
Formulation/Vehicle: Acetate buffered solution pH 4.5 
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Species/Strain: Wistar rats 
Number/Sex/Group: 24/sex/group 
Satellite groups: n/a 
Study design: Dosing from GD6 to LD 21, 22, or 23 and dose 

selection was based on study no 0470017 (Seg 
II rat study) 

Deviation from study protocol: Minor deviations from the protocol 
 
Observations 
F0 generation 

 Mortality:  twice daily 
 Clinical signs:  days of body weight assessment 
 Body weight:  GDs 0, 3, 6, 9, 12, 15, 18, and 20; LDs 0, 4, 7, 10, 13, 17, and 21. 
 Food consumption:  GDs 3-6, 609, 9-12, 12-15, 15-18, 18-20; LDs 0-4, 4-7, 7-10, 
and 10-14. 

 Gross pathology 
 Reproductive parameters:  dams (F0 generation) and pups (F1 generation) 

F1 (litter) generation 
 Viability and clinical signs 
 Body weights:  LDs 4, 7, 10, 14, and 21 
 Physical development:  pinna unfolding (LDs 1-5), tooth eruption (LD 7), and eye 
opening (LD 12). 

 Relexological development:  righting reflex (LDs 2-4), negative geotaxis (LD 8), 
startle response (LD 12) 

 Weaning on LD 21 – 1 male and 1 female were selected from each litter to provide 
the F1 adult generation. 

F1 (adult) generation 
 Morality and clinical signs:  twice daily 
 Body weight:  weekly during the premating, mating, and post mating; for mated 
females, on GDs 0, 3, 6, 9, and 13. 

 Visual function:  LD 21 for papillary closure and visual placing responses 
 Behavioral development:  motor activity (LDs 35 and 60), auditory startle habituation 
(LD 55), E water maze (between LDs 60-70). 

 Gross pathology 
 Reproductive parameters: mating procedures (LD 85) 

 
Results  
F0 Dams 
Survival: 1 MD female was found dead on GD9 and 3 HD 

females were preterminally euthanized on GDs 9, 
12, and LD 3 respectively (attributed to SOM230 
administration). 

Clinical signs: Decreased activity, muscle tone, hunched posture, 
ptosis, piloerection, staining of fur, thinness, 
swelling of the muzzle/limbs/paws, blue coloration 
of the skin (swollen tissue) in a dose dependent 
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manner, which these were typically noted during the 
1st week of treatment. 
 
Increased incidence of thin fur cover, areas with 
scab formation and lesions of the skin at or 
surrounding at the injection sites in the SOM230 
groups (in a dose dependent manner and not seen 
in the control animals). 

Body weight: Females had significant weight losses at ≥ 2 
mg/kg/day from GDs 6-9.  However, body weight 
gains were generally comparable or slightly above 
controls.   

Feed consumption: LD females had slight lower food intake from GDs 
6-9.  MD/HD groups had a significantly lower food 
intake.  However, the food intake subsequently 
returned to values comparable to controls. 

Uterine content: 83% pregnancy rate for the control group.  92% or 
100% pregnant rate for the SOM230 treated groups.  
There were no effects on the gestation index, length 
of gestation, numbers of live/dead pups, number of 
implantation scars, sex ratio, and the live birth 
index. 

Necropsy observation: Macroscopic findings (scab, thickening, and/or 
ulceration) were seen at injection sites of the dams 
in MD/HD SOM230-treated groups. 
 
Dark areas were also seen at all injections sites of 
all groups (including control), attributable to injection 
procedure.  However, a slight increase of dark 
areas was noted in some injection sites in HD 
group. 

Toxicokinetics: n/a 
Dosing Solution Analysis All samples were within the acceptance criteria of 

±10% 
Other: n/a 

Table 25 Seg III rat study: F0 generation data. 
F0 GENERATION 
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F1 Generation (pups) 
Survival: No mortality was seen. 
Clinical signs: Thin fur cover, suspected broken hindlimbs, and skin 

scabs/lesions/bruises were seen in a few pups in all 
groups. 

Body weight: Reduced pup body weights were observed at ≥ 2 
mg/kg/day (attributable to SOM230 administration to 
F0 dams) 

Feed consumption: n/a 
Physical development: A slight increase in the mean day of pinna unfolding 

development was observed at all dose groups 
(significant for males and total pups at LD and HD 
groups), attributable to the lower pup weights. 
 
The mean day of eye opening and tooth eruption 
developments were similar for all groups. 
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Reflexological 
assessment: 

It was comparable to controls for all groups. 

Necropsy observation: No SOM230-related macroscopic findings were 
observed. 

Other: n/a 

Table 26 Seg III rat study: F1 pup generation data. 
F1 GENERATION (PUPS) – selected tables 
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F1 Generation (adults) 
Survival: 1 vehicle control male (cause: unknown) and 1 HD 

male (macroscopic findings in kidneys (pale 
discoloration, irregular surface, and enlargement), 
thorax (fluid), and thymus (swelling) and heart (pale 
foci)) were pre-terminally euthanized on Days 39 and 
105 respectively.   

Clinical signs: No SOM-23-related clinical signs were observed. 
Body weight: Slightly reduced body weights at ≥ 2 mg/kg/day were 

seen up to Week 7 when compared to the controls 
(significant differences in: LD/HD males on LDs 28 
and 35 and LD females on Day 49, MD females on 
LDs 42 and 49, and HD females on LDs 28, 35, and 
42). 
 
Post weaning body weight gains were comparable 
for all groups. 

Feed consumption: n/a 
Visual function: Pupillary closure and visual placing were comparable 

for all groups. 
Physical development: The mean day of vaginal opening and preputial 

separation developments was similar for all groups. 
Behavioral development: Motor activity:  similar for all dose groups. 

 
Auditory startle habituation:  HD female had 
increased mean level of time of maximum startle 
when compared to controls (attributed to biological 
variation). 
 
E water maze:  LD females had increased time to 
exit the maze when compared to controls (no dose 
dependent effect). 

Reproduction: No effects were seen on the numbers of corpora 
lutea, implantation sites, live embryos, dead 
embryos, early resportions, or pre- and post-
implantation loss for the F1 generation females. 
 
However there were significantly lower numbers of 
resportions and consequently lower post 
implantation loss at LD and MD groups (attributed to 
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biological variation). 
Necropsy observation: No macroscopic findings were observed from the F1 

adult generation. 
Other: n/a 

Table 27 Seg III rat study: F1 adult generation data. 
F1 GENERATION (ADULTS) – selected tables 
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10 Special Toxicology Studies 

Local Tolerance  

r0320041: ocular rabbit study 
Study title:  Acute eye irritation test in rabbits (by  study no. 505867) 
Study design:  Approx. 0.1 ml of SOM230 (batch no 0322002) was instilled into the 
conjunctival sac of the right eye of 3 female rabbits.  The left eye remained untreated as 
a control.  Both eyes were observed for any irritation 1, 24, 48, and 72 hrs after 
instillation.  Observations were extended up to Day 8 to determine the reversibility of 
any reaction. 
 

 
 
Findings: 

 Conjunctival redness was noted in all 3 animals up to 72 hrs after instillation. 
 Chemosis was noted in 2 animals 1 hr after instillation. 
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 Moderate discharge was seen in 1 animal 1 hr after instillation whereas slight 
discharge was noted in 2 animals 1 hr after instillation. 

 No responses were noted in any control eye. 
 SOM230 was not a eye irritant to rabbit eyes under study condition. 

 

 
 
r0320047: dermal rabbit study 
Study title:  Acute dermal irritation test in rabbits (by  study no. 
505872) 
Study design:  Approx. 0.5 g of SOM230 (batch no 0322002) was exposed to 2 female 
rabbits (with water moistened semi-occlusive patch) for 4 hrs.  A control site was 
similarly treated except no test article was applied.  All sites were examined for 
evidence of irritation 1, 24, 48, and 72 hr after patch removal. 
 

 
 
Findings: 

 Very slight erythema was noted in 1 animal up to 24 hr after patch removal. 
 No oedema was noted in animal at any timepoint. 
 SOM230 was not a dermal irritant to rabbit skin under the study condition. 
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Immunotoxicity 

r0680209: 28 day sc rat immunotox study 
Study title:  SOM230: 28-day subcutaneous injection immunotoxicity study in rats 
Study design:  This study was to assess the immunotoxicity effects of SOM230 (batch 
no 0424005) at 0, 0.08/0.10, 0.24/0.30, and 0.8/1.0 mg/kg/day (salt/base ratio for 
SOM230 ~ 1.254) in rats via daily SC injection for 28 days.  Some animals were 
dedicated to the T-cell dependent antibody response (TDAR) and other animals were 
dedicated to the phenotyping.  TK evaluation was done from samples collected from the 
animals dedicated to the phenotyping.  The endpoints included clinical signs, body 
weight, food consumption, blood/spleen/thymus/mesenteric lymph node 
immunophenotyping, T-cell dependent antibody response, TK analysis, organ weights, 
gross pathology, and histopathology. 
 

 

 
 
Findings: 

 No unscheduled mortality was noted. 
 The clinical signs (i.e. head, muzzle, and extremities swelling) were noted in the HD 
group. 

 There were decreases in body weights and food consumption in the MD and HD 
groups when compared to control animals. 

 There were no SOM230-related effects in blood/thymus/mesenteric lymph node 
immunophenotyping, organ weights, gross pathology, and TDAR response (i.e. anti-
KLH IgM and anti-KLH IgG). 

 Spleen immunophenotyping results showed that there were SOM23-related 
decreases in the total lymphocyte counts, absolute counts of total T lymphocytes, 
helper T lymphocytes, cytotoxic T lymphocytes, natural killer lymphocytes and B 
lymphocytes in MD/HD males, suggesting immunosuppression @ 0.24 m/k/day 
in rat with a NOAEL of 0.08 mg/kg/day. 
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 There were microscopic findings (i.e. bone marrow and lymphoid tissues including 
spleen/thymus/selected lymph nodes) were observed.  In bone marrow, minimal to 
slight hematopoietic hypocellularity and increased adipose tissues were seen in HD 
females and in LD/MD/HD males. 

 

 

 
 

 TK data showed that all animals receiving SOM230 were exposed to the test article 
at all doses.  No gender difference was noted.  However, TK parameters could not 
be calculated based on number of time points and high sample variability observed 
at MD/HD groups. 

 The NOAEL was 0.08 mg/kg/day based on decreased body weight/food 
consumption in males and females and decreased total lymphocyte counts and 
absolute counts (all lymphocyte sub-population), in males. 
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Impurity 

r0512013: Ames assay with SOM230 batch 05/2 
Study title:  Mutagenicity test using Salmonella typhimurium (Batch Control) 
Study design:  TOX3/SOM230 (batch 05/2; including impurities of 

 was evaluated for mutagenic activity (Ames assay stains: TA1535, TA97a, 
TA98, TA100, and TA102).  The test was done as plate incorporation at 4.38, 21.9, 110, 
548, 2740 μg/plate. 
 
Findings 

 TOX3/SOM230 precipitated on all plate at 2740 μg/plate. 
 Cytotoxicity was seen in strain TA102 -S9 at ≥ 110 μg/plate and +S9 at 548 μg/plate, 
and in strain TA100 -/+ S9 at ≥ 548 μg/plate. 

 Treatment with TOX3/SOM230 did not increase the revertant numbers in any test 
strains used. 

 TOX3/SOM230 did not have a mutagenic potential under the study conditions and 
criteria. 

 
 

 
 
r0512103: Chrom. Aberr. assay with SOM230 batch 05/2 
Study title:  Chromosome aberration test with cultured human peripheral blood 
lymphocytes 
Study design:  TOX3/SOM230 (batch 05/2; including impurities of 

was evaluated for its clastogenic potential in vitro.  This was done by 
determining the effect of the test article on the frequency of chromosomal aberrations in 
cultured human peripheral blood lymphocytes with or without S9.   
 
Based on a decrease in mitotic index, the following concentrations of TOX3/SOM230 
were selected:  - S9: 108.9, 148.1, 201.6 (20 hr continuous treatment; experiment A) 
and 1.6, 3.3, 58.5, 119.6 μg/ml (3 hr treatment+17 hr recovery; experiment B) and + S9: 
108.9, 148.1, 201.6 μg/ml (3 hr treatment+17 hr recovery; experiment A.) 
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Findings: 

 TOX3/SOM230 produced a decrease in the mitotic index after 20 hrs treatments 
without S9, in a dose dependent manner. 

 Aberration frequencies of cultures treated with TOX3/SOM230 were all within the 
historical control range with or without S9. 

 No relevant increase in the frequencies of polyploidy cells was noted. 
 Sensitivity of the test system was shown by the increased numbers of cells carrying 
chromosomal aberrations after treatment with the positive controls 
cyclophosphamide (+S9) and ethyl methanesulphonate (-S9). 

 TOX3/SOM230 did not show any clastogenic potential under the study conditions. 
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r0520067: 4 wk rat study with SOM230 batch 05/2 
Study title:  4-Week Subcutaneous Toxicity Study of SOM230 with/without 
Impurities in Rats (by  study no. 666041) 
Study design:  This study was to establish the sc toxicity of SOM230 (with impurities: 
batch no 05/2 vs. without impurities: batch no 0423007; sum of related substance by 
HPLC: 12.6% vs. 0.19%) after repeated daily administration.  The rats were given once 
daily of SOM230 at 0, 0.008 (w/ or w/o impurities), 0.08 (w/ or w/o impurities) mg/kg/day 
for 28/29 days via sc injection.  The endpoints included clinical observations, body 
weight, food/water consumption, ophthalmoscopy, hematology (including clotting 
factors), clinical chemistry, gross pathology, organ weights, histopathology, and TK 
analysis. 
 

 

 
 
Findings: 

 SOM230 dose formulations with and without impurities were stable over 24 hr (the 
period of use).  Dose formulation analysis showed that SOM230 with or without 
impurities was sufficiently close to target on Days 1 and 28 (without impurities) and 
on Day 1 (with impurities, assumed to have been close to target throughout). 
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 HD groups (with and without impurities) had body weight loss over the 1st 7 days of 
dosing and remained a suppression of body weight gain until the end of the study. 

 SOM230 treated animals (with and without impurities) had decreased food 
consumption during the last two weeks of dosing. 

 No mortality or clinical signs were noted. 
 Changes in hematology parameters (i.e. decreased fibrinogen and activated partial 
thromboplastin times) were noted at the HD groups (with and without impurities).   

 Altered clinical chemistry (i.e. electrolytes, reduced protein, increased cholesterol) 
and urinary parameters (i.e. reduced urinary volume) were observed at all dose 
levels.  There were no differences in response attributable to the presence or 
absence of impurities. 

 Reduced organ weights (i.e. liver, spleen, ovarian weights) were observed at all 
dose levels with and without impurities. 

 No significant findings were observed at injection sites except few HD animals had 
accumulations of foamy macrophages and minor inflammatory cell 
accumulation/fibrosis.  In Groups 3 (male/female) and 5 (male only), actively growing 
hair follicles were encountered (anagen) in the skin overlying injection sites. 

 

 
 

 There were microscopic findings in small pituitary (i.e. decreased 
eosinophilia/atrophy of cells in the pars distalis), pancreas (i.e. increased zymogen 
granules in the acinar cell), adrenal gland (i.e. increased fine cytoplasmic 
vacuolation), and bone marrow (i.e. increased fat vacuoles), bone (reduced 
metaphysical trabecular bone formation), and spleen (minor lymphoid atrophy) in HD 
animals. 
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Findings: 

 In experiment A (20 hr continuous treatment) and experiment B, with or without S9, 
chromosomal aberration frequencies of cultures treated with SOm230 were within 
the historical negative control range.  In experiment A (3 hr with S9), increased 
chromosomal aberration frequencies (slightly above the historical control range) 
were noted at 125.5 and 179.5 μg/ml. 

 No relevant increase in the frequencies of polyploidy cells was noted. 
 Sensitivity of the test system was shown by the increased numbers of cells carrying 
chromosomal aberrations after treatment with the positive controls 
cyclophosphamide (+S9) and ethyl methanesulphonate (-S9). 

 SOM230 (batch 0001) did not show any clastogenic potential under the study 
conditions. 
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r0870592: Ames assay with SOM230 batch R0001 
Study title:  Mutagenicity test using Salmonella typhimurium (Batch control with 
impurities) 
Study design:  SOM230-BTA/DS 02 (batch R0001 – including 0.35% impurity  
was evaluated for mutagenic activity (Ames assay stains: TA1535, TA97a, TA98, 
TA100, and TA102).  The test was done as plate incorporation at 0.8, 4, 20, 100, 500, 
and 2510 μg/plate. 
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Findings: 

  Clinical signs included swollen nose (nearly all animals at 1.0 mg/kg with both 
batches on single to several days mostly in Weeks 1 and 2 and one female at 0.01 
mg/kg on Days 8 and 9), red ears (1 male at 1.0 mg/kg on Day 2), dark discoloration 
of the tail tip (some animals at 10. mg/kg in Week 1 and 1 male at 0.01 mg/kg on 
Day 9), piloerection (2 males at 1.0 mg/kg on Days 16 or 19, spiked; 1 female 
(reduced motor activity also) at 1.9 mg/kg on Day 27, unspiked), and injection site 
discoloration and scab formation. 

 At 1.0 mg/kg, there was slightly body weight loss at 1 mg/kg during the first 2 weeks 
(both batches) and thereafter generally showed no or only a low body weight gain.  
Slightly reduced food intake was observed mainly in males with both batches and to 
minor extent in females with the unspiked batch.  At 0.01 mg/kg, minimally to slightly 
lower body weight gain was not associated with food intake. 

 Several changes were observed in clinical chemistry (i.e. increases in ALT and AST, 
alkaline phosphatase, and/or cholesterol as well as decreases in triglycerides, 
glucose, and/or albumin at 0.01 and/or 1.0 mg/kg with both batches, and etc), 
hematological parameters (i.e. increases in red blood cell counts, hemoglobin, 
and/or hematocrit and decrease in reticulocytes at 1 mg/kg), and urinary analysis 
(i.e. increases in sodium, chloride, and urea) in both batches. 

 At 1.0 mg/kg, reduced organ weights (i.e. liver, spleen, thymus, adrenals, pituitary in 
both sexes, thyroid in males and heart/uterus weight in females) were observed in 
both batches.  At 0.01 mg/kg, reduced organ weights were also observed (i.e. 
thymus, pituitary, and thyroid in males). 

 There were microscopic findings at both dose levels with both batches in the liver 
(iron-containing pigment in portal macrophages and periportal hepatocytes at 1.0 
mg/kg males and decreased hemopoieses at 0.01/1 mg/kg females), bone marrow 
(hypocellularity with replacement by adipocytes at 1.0 mg/kg and in males at 0.01 
mg/kg), spleen (reduced hemopoiesis, lymphoid depletion at 1.0 mg/kg), thymus 
(lymphoid depletion at 1.0 mg/kg and in males at 0.01 mg/kg), pancreases (retention 
of zymogen granules at 1.0 mg/kg and in females at 0.01 mg/kg), adrenals (cell 
vacuolation in zona glomerulosa at 1.0 mg/kg and in males at 0.01 mg/kg), pituitary 
(decreased cytoplasmic mass of acidophils at 1.0 mg/kg and in males at 0.01 
mg/kg), abdominal skin (scars and loss of anagen hair follicles at 0.01/0.1 mg/kg), 
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injection site (degeneration with myophagia and regeneration of the cutaneous 
muscle at 1.0 mg/kg). 
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 TK data showed that tmax was 0.5 at 0.01 mg/kg and 1 hr at 1.0 mg/kg.  Cmax 
values were consistent across groups whereas AUC values ranged from 19.9-7250 
ng*hr/ml (1.9-2.8x lower at 0.01 mg/kg/ than at 1.0 mg/kg).  No gender difference 
was noted.  The AUC values were slightly higher by 1.38x (males) and 1.52x 
(females) with the spiked batch compared to the unspiked batch at 1.0 mg/kg. 

 
 

 
 

Reference ID: 3199322





NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

290 

 
 
r0970216: Chrom. Aberr. assay with SOM230 batch 09/1 
Study title:  Chromosome aberration test with cultured human peripheral blood 
lymphocytes 
Study design:  TOX4/SOM230 (batch 09/1) was evaluated for its clastogenic potential in 
vitro.  This was done by determining the effect of the test article on the frequency of 
chromosomal aberrations in cultured human peripheral blood lymphocytes with or 
without S9.   
 
Based on a decrease in mitotic index, the following concentrations of SOM230 were 
selected:  1) - S9: 70.0, 100.1, 119.7, 143.1 μg/ml (20 hr continuous treatment; 
experiment A) and 83.7, 119.7, 143.1, 171.2 μg/ml (3 hr treatment+17 hr recovery; 
experiment B) and 2) + S9: 119.7, 143.1, 171.2 μg/ml (3 hr treatment+17 hr recovery; 
experiment A). 
 

 

 
 
Findings: 

 With or without S9, chromosomal aberration frequencies of cultures treated with 
SOm230 were within the historical negative control range. 

 No relevant increase in the frequencies of polyploidy cells was noted. 
 Sensitivity of the test system was shown by the increased numbers of cells carrying 
chromosomal aberrations after treatment with the positive controls 
cyclophosphamide (+S9) and ethyl methanesulphonate (-S9). 

 TOX4/SOM230 (batch 09/1) did not show any clastogenic potential under the study 
conditions. 
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Others 

r0320064: local tolerance rabbit IM study 
Study title:  Intramuscular Toxicokinetic and Local Tolerance Study in Rabbits (by 

 study no. 506331) 
Study design:  A single dose of SOM230 (batch no Y160 0703; free base; 28, 34, or 40 
mg in 2 either 1.0 ml or 0.7 ml) was given to rabbits via IM administration (right and left 
hind limbs).  One animal treated with placebo and the other treated with SOM230 were 
each sacrificed on Days 2, 5, 10, 22, 33, 46, 60, 75, or 92.  The endpoints included 
clinical and injection site observations, body weight, gross pathology, histopathology 
(injection stie), and TK analysis. 
 

 
 

Reference ID: 3199322

(b) (4)



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

293 

 
 
Findings: 

 No adverse clinical signs were noted during the study.  No erythema or oedema was 
seen at the injection site. 

 Body weight loss was observed in all SOM230-treated animals between Days 22-36. 
 Plasma exposure to SOM230 was detected at least 60 days with the highest 
concentration seen on Day 33 (17.36 ng/ml).   

 Gross pathology findings included pale or dark foci at the injection sites of most 
animals. 

 Test article deposition was evident at one or both injection sties in 7 out of 9 animals 
given SOM230 placebo and in all 9 animals given SOM230.  This was accompanied 
by subacute, chronic, or chronic active inflammation.  By Days 75 and 92, no 
histological findings were associated with SOM230 placebo administration.  
However, minimal inflammation was still observed at the injection sites given 
SOM230 at Day 92. 
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 This study indicated that single IM administration of SOM230 (in 2 different sites) to 
rabbits was associated with a minimal or mild reaction surrounding the test item or 
its placebo, suggesting it was locally tolerable.   

 
r0320065: local tolerance rat IM study 
Study title:  Intramuscular Toxicokinetic and Local Tolerance Study in Rats (by 

 study no. 506352) 
Study design:  A single dose of SOM230 (batch no Y160 0703; free base; 5mg in 0.5 
ml) was given to rats via IM administration (right hind limbs).  One animal treated with 
placebo and 2 treated with SOM230 were each sacrificed on Days 2, 5, 10, 22, 33, 46, 
60, 75, or 92.  The endpoints included clinical and injection site observations, body 
weight, gross pathology, histopathology (injection site), and TK analysis. 
 

 
 
Findings: 

 No adverse clinical signs were noted during the study.  No erythema or oedema was 
seen at the injection site. 
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 Body weight loss was observed in 14 of the 18 SOM230-treated animals up to Days 
5. 

 Plasma exposure to SOM230 was detected at least 92 days with the highest 
concentration seen on Day 46 (30.28 and 51.52 ng/ml).   

 Gross pathology findings included pale or dark foci at the injection sites of most 
animals. 

 At the injection site there were vacolated foreign materials in 3 out of 9 SOM230-
placebo treated animals and pigmented foreign materials in 16 out of 18 SOM230 
treated animals.  Test item deposition associated with minimal inflammation was still 
observed at the injection sites given SOM230 at Day 92. 

 
 

 
 

 
 

 This study indicated that single IM administration of SOM230 to rats was associated 
was locally tolerable.   

 
r0470138: 6 mo (once monthly) rat IM study  
Study title:  6-cycle intramuscular (one injection/month) toxicity study in male 
rats with recovery using a new long acting release (LAR) formulation 
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Study designs:  This study was to establish the toxicity of SOM230 when administered 
to male rats as an IM injection for 6 cycles (1 injection per month for 6 months) with a 
long lasting release (LAR) formulation.  SOM230 (batch no 0321003) was administered 
by IM injection as a LAR micro-particle 50/50 polymer mixture.  IM injections of the 
SOM230 formulation were given once every 4 weeks for 6 cycles (Weeks 1, 5, 9, 13, 
17, and 21) to two troups of male rats at 3.125 mg (dose volume of 0.25 ml) and 6.25 
mg (dose volume of 0.5 ml) base per injection.  Two additional groups of rats were 
given either vehicle for microparticles or SOM230 placebo (microparticles) at a dose 
volume of 0.5 ml.  Some animals were designated to sacrifice at the end of the dosing 
period (Week 25) or at the end of 14 or 21 weeks recovery.  The endpoints included 
clinical signs, injection site observations, body weights, food consumption, 
ophthalmoscopic exam, macroscopic and microscopic exams, organ weight, antibody 
analysis and TK analysis. 
 

 

 
 
Findings: 

 No mortality was noted.  A slight increase in erythema in microparticle placebo and 
SOM230-treated animals, attributable to the microparticle formulation.  Most cases 
of erythema resolved within 5 days after injection.  One single HD male had thin 
appearance, hunched posture, staining of the fur, slightly decreased locomotor 
activity, and etc. 

 Slight transit body weight loss was seen in SOM230-treated animals which generally 
coincided with monthly injections.  Significant decreases in mean body weight (36.4 
and 37.3% on Day 168; partially reversible after 21 week recovery period) and food 
consumption (23.6 and 23.1% on Day 168; reversible) were observed in SOM230-
treated animals at 3.125 and 6.25 mg/injection respectively, starting on Day 8 or 15 
(and till the end of dosing period Day 168).  

 Most changes were noted in hematological parameter (i.e. minimal decreases in the 
lymphocyte and platelet counts and plasma fibrinogen levels; recoverable) and 
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clinical chemistry parameter (i.e. minimal decreases in serum globulin, creatinine, 
calcium, and phosphorus levels and minimal increases in cholesterol, chloride and 
urea; increases in sodium, AST and APT – only at 6.25 mg; recoverable) at ≥ 3.125 
mg/injections. 

 
 

 
 

 Microscopic findings were noted in injection sites (i.e. microphages and giant cell 
granulomas all groups), pituitary (i.e. decreased acidophilia; partially reversible), 
pancreas (i.e. increased retention of zymogen; reversible) and, thyroid glands (i.e. 
follicular dilation with attenuation of follicular epithelium at 6.25 mg/injection; 
reversible), bones (i.e. lack of new bone formation beneath the epiphyseal plate of 
the tibia and femur) and bone marrow (i.e. hypocellularity, fatty; partially to fully 
reversible) in SOM-230 treated animals. 

 The release of SOM230 LAR formulation was slow after first injection (Tmax 648 hr).  
For cycles 2-6, the apparent Tmax was 2 hr at first time point collected at 3.125 mg 
(Cmax = 1740 ng/ml and AUC2-168hr = 388000 ng*hr/ml) and 168 hr at 6.25 
mg/injection (Cmax = 2050 ng/ml and AUC2-168hr = 682000 ng*hr/ml).  Exposure 
was generally dose proportional.   After 21 week recovery period, SOM230 can be 
detected in approx. 30% animals for both dose levels. 
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 There was anti-SOM230 antibody detected in 26/59 SOM230-treated animals.  
However, these antibodies did not appear to have neutralizing effect on SOM230. 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

299 

 
 

 NOAEL was < 3.125 mg/injected (applicant’s NOAEL = 3.125 mg/injection based on 
increased AST and ALP at 6.25 mg/injection). 
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r0470162: local tolerance rat IM study 
Study title:  A single dose intramuscular (IM) toxicokinetic and local tolerance 
study in male rats with recovery using a new LAR formulation 
Study design:  This study evaluated the local IM tolerability and TK profile of SOM230 
(batch no Y024 0204) up to 13 weeks after a single IM injection in male rats at 6 
mg/animal in 0.5 ml.  Animal were sacrificed on Days 2, 33, 60, 75, and 92.  The 
endpoints included clinical and injection site observations, body weight, gross 
pathology, histopathology (injection site), and TK analysis. 
 

 

 
 
Findings: 

 No adverse clinical signs were noted during the study.  Clinical signs were limited to 
the injection site (swelling mostly 1 hr postdose, bruising or redness; recoverable).  
Very slight erythema or edema was observed at the injection site, with highest 
incidence of occurrence at the 1 and 24 hr postdose and no finding by 72 hr 
postdose). 

 
 

 
 

 Plasma exposure to SOM230 was detected in all treated animals.  The overall mean 
value for tmax was 33 days, Cmax was 156.7 ng/ml, and AUC0-92d was 8020 
ng/ml. 
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 The initial inflammation was seen following the injection which elicited 
granulomatous inflammation over time.  Such response was still present at the end 
of the 13 week post-treatment period. 
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 This study indicated that single IM administration of SOM230 (6 mg free 
base/animal) to rats resulted in slight injection site changes including slight to very 
slight erythema/edema which were no longer apparent after recovery day 3.  
Histopathological changes were still evident by the end of the recovery and included 
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inflammation due to injection procedure and a local foreign body reaction which over 
time became a granulomatous response. 

 
r0680088: phototoxicity 
Study title:  In vitro 3T3 NRU phototoxicity assay (by study no. 100221) 
Study design:  This study assessed the phototoxic potential of SOM230 (batch no 
0424005) in vitro (Balb/c 3T3 cell line).  Chlorpromazine (CPZ) was used as a positive 
control in this study.  One test group of cells treated with SOM230 was irradiated with 
artificial sunlight for 45 min (1.7±0.1 mW/cm2 UVA) resulted in a radiation dose of 
4.6±0.3 J/xm2 UVA.  The other group of cells treated with SOM230 was kept in the dark 
for 45 min.  With regards to the acceptance critiera, the positive control induced 
phototoxicity and the calculated photo irritation factors of 19.6 and 17.7 were above the 
specified limit of 6.0. 
 

 

 
 
Findings: 

 .The respective EC50 values in the presence of UV irradiation were 200.7 (1st expt) 
and 130.5 μg/ml (2nd expt) and in the absence of UV irradiation was 203.9 μg/ml (2nd 
expt). 
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 The parameters met all acceptance criteria in this study (i.e. radiation sensitivity, the 
viability of negative controls, and the deviation within negative controls. 

 
 

 
 

 

 
 

 SOM230 showed no phototoxicity in 2 independent experiments in this study. 
 
r0770082: 3 mo (once monthly) rat IM study 
Study title:  A 3-cycle (1 injection per month) toxicity study of SOM230 
administered by the intramuscular route to rats with a 21-week recovery phase (by 

 study no. BLA00175) 
Study designs:  This study was to establish the toxicity of SOM230 when administered 
to male rats as an IM injection for 3 cycles (1 injection per month for 3 months) with a 
long lasting release (LAR) formulation.  SOM230 (A: lot 0321003; B: lot C0001) was 
administered by IM injection as a LAR micro-particle 50/50 polymer mixture.  IM 
injections of the SOM230 formulation A were given to one group of rats at 12.5 mg/ml 
(0.66 ml/animal) once every 4 weeks for 3 cycles (Weeks 1, 5, and 9).  IM injections of 
the SOM230 formulation B were given to two other groups at 10.0 mg/ml (0.41 or 0.82 
ml/animal) for the 1st dose and 12.5 mg/ml (0.33 or 0.66 ml/animal) for the 2nd and 3rd 
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Findings: 

 4 females were found dead (1 Group 2 and 2 Group 3 females on Day 86 – blood 
collection procedures, 1 Group 3 recovery female on Day 214 – lung/ovary 
inflammation).   

 
 

 
 

 .Slight erythema was observed in both sexes across all treated groups following 
each monthly dose.  A higher incidence was observed in 6 mg/animal/month-treated 
animals.  Edema and erythema were also noted on a few occasions. 

 Decreases in body weight were seen during the 1st week and decreases in body 
weight gain were noted throughout the dosing period in a dose-dependent manner.  
The reduced body weight gains resulted in absolute body weight differences up to 
35.8%.  Correlating decreases up to 23.8% in mean food consumption were seen.  
After 21 week recovery period, reduced weight gains and food consumption were 
still evident but to a much lesser extent.  Formulation B treated animals had less 
affected than formulation A treated animals. 
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 There were changes in hematological parameters (i.e. decreases in platelets and 
fibrinogen and APTT prolongation) in treated animals at termination (Days 85/86).  
Changes were greater in Formulation B treated animals and recovery was evident 
on Day 232. 

 

 

 
 

 There were changes in clinical chemistry parameter (i.e. differences in mean total 
bilirubin, mean total protein, albumin, globulin, A/G ratio, calcium, and phosphorus) 
in treated animals at termination.  Changes were greater in Formulation B treated 
animals and partial to full recovery was seen on Day 232.   
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 There were also changes in urine parameters (i.e. decreases in urine volume) at 
termination.  No change was noted at recovery termination. 

 Decreased organ weights were observed in adrenal gland, pituitary gland, and 
thyroid gland at termination.  Effects were greater in formulation B treated animals. 
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 Microscopic findings consisted of SOM230-related histopathology findings in 
injection sites (i.e. inflammation and accumulation), pituitary (i.e. atrophy), and, 
thyroid glands (i.e. atrophy), bones (i.e. atrophy of the humerus and sternum) and 
adrenal gland (i.e. atrophy, vacuolation).  These findings were consistent with a 
primary inhibitory effect on the pituitary gland, which lead to a secondary disruption 
of endocrinological stimulation n the adrenal gland, bone, and thyroid gland.  
Injection findings were due to injection procedures.  All findings were resolved 
following the 21 week recovery period except at the injection site. 

 
 

 
 

 TK data showed that all treated animals were exposed to SOM230.   
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 The immune response inhibited by SOM230 was seen in 21 animals of Group 2, 30 
animals of Group 3, and 28 animals of Group 4.  Immunogenicity interfered with the 
TK assay.  Anti-SOM230 antibodies capturating the biotinylated SOM230 would lead 
to an artificially high SOM230 level. 

 NOAEL was not determined in this study. 

11 Integrated Summary and Safety Evaluation 
SOM230 
 
Pasireotide (SOM230) is a somatostatin analogue.  The applicant plans to market in 
three dose strengths – 0.3, 0.6, and 0.9 mg solutions for b.i.d. sc injection to treat 
patients with Cushing’s disease (i.e. excessively secreted andrenocorticotropic 
hormone, ACTH).  Like natural somatostatin and other analogues, it exerts its 
pharmacological activity via binding to somatostatin receptors (sst).  There are 5 known 
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receptors (sst1, sst2, sst3, sst4, and sst5).  Currently approved somatostatin analogues 
(i.e. octreotide) have a high affinity to ss2 but not to remaining sst subtypes.  On the 
other hand, SOM230 has high affinity to 4 of these 5 receptors (sst1, sst2, sst3, and 
sst5).  While octreotide is effective to treat patients with acromegaly, it has been rather 
ineffective to treat patients with Cushing’s disease where several subtypes specially 
sst5 are expressed in pituitary adenomas.  Based on its sst binding profile, pasireotide 
maybe a better therapeutic intervention than octreotide for Cushing’s disease patients. 
 
PD profile of SOM230 
 
Pasireotide on hormone secretion were characterized in a series of in vitro and in vivo 
studies showing the anti-secreotory and anit-proliferative properties of the SOM230.   

 SOM230 had binding affinities to somatostatin receptor subtypes 1, 2, 3, and 5 in 
CHO (sst1-4) and COS (sst5) cell lines.  When compared to other somatostatin 
analogue, SOM230 bound to the sst 1, 3, and 5 receptors with affinities that were 
30x, 5x, and 39x higher than octreotide, and to the sst 2 with an affinity that was 2.5x 
lower than octreotide. 

 Pasireotide also showed approx. 30x, 11x, and 158x higher functional activity (i.e. 
cAMP accumulation) than octreotide on sst1, 3, and 5 respectively and 6.5x lower 
than octreotide on sst2.   

 When compared to octreotide, pasireotide had stronger effects on inhibition of ACTH 
secretion, membrane binding, GTPγS activation, and cAMP production in mouse 
AtT20 cell line expressing sst2 and sst5 receptors, as well as in rats and in 
Cushing’s patients. 

 Several in vivo studies also indicated that pasireotide inhibited GH and IGF-1 
secretion (which is the base for treating patients with acromegaly but potential side 
effects for patients with Cushing’s). 

 Pasireotide had a stronger inhibition on insulin vs. glucagon secretion in rats, which 
might attribute to the transient hyperglycemic effect in rats, whereas octreotide had a 
stronger inhibition on glucagon vs. insulin, which might explain the absence of such 
a hyperglycemia effect in rats. 

 In vitro receptor study showed that there was low binding affinity of pasireotide to 
opiate kappa and mu, ghrelin, 5HT1A receptors, suggesting no off target effects.  
Distribution PK studies also showed that exposure to brain was below the 
quantitation limit, further suggesting low potential of SOM230 exposure to these 
CNS receptor in vivo. 

 In vitro studies showed there was no correlation between antisecretory (ACTH 
secretion) and antiproliferative effects (in vitro and antitumor activity in patients), 
suggesting different MOA for these effects. 

 
PK profile of SOM230 
 
For in vitro and in vivo disposition studies, 14C-pasireotide was prepared with the 14C 
labeling and LSC was used to measure radioactivity.  For the tissue distribution of 
pasireotide, radioactivity was measured by quantitative whole body autoradiography.  
Plasma/tissue concentrations of pasireotide were determined by immunoassays (i.e. 
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ELISA or RIA in animal studies and RIA in human samples).  Pasireotide levels in 
animal and human samples after a single dose of radiolabeled pasireotide were 
determined by HPLC.  Metabolites were characterized and quantified by HPLC and 
identified by LC-MS/MS.   

 Pasireotide was well absorbed after sc dose in animals and human with complete 
bioavailability.  Exposures were generally proportional to the dose in all species.  No 
significant gender difference in exposure was seen in monkeys although males 
seemed slightly more exposed than females in rats and mice.  While there was no 
accumulation seen in rats, there was moderate accumulation (2x) in monkeys. 

 The plasma protein binding was moderate across species including human.   
 Pasireotide and/or its metabolites in tissues were eliminated slowly.  They were 
mainly distributed to the adrenal cortex, kidney cortex, bone marrow, blood vessel 
wall, lymph nodes, spleen, and liver, and little or no distributed to brain and/or 
melanin-rich tissues (i.e. skin)   

 Pasireotide and/or its metabolites showed some passage into the testis and fetus.  
However, exposure did not seem to lead to a local effect in either case.  Fertility was 
not affected in male rats and effects in rats and rabbits in utero seen in repro tox 
studies were considered a maternal toxicity. 

 The transfer of drug-radioactivity into milk was seen in rats (milk to plasma AUC ratio 
- 0.28). 

 Pasireotide was metabolized by CYP3A4 and CYP3A5 but the metabolic turnover of 
pasireotide (metabolite formation) was low in human liver microsomes.  Therefore, 
the potential impact of CYP3A4/5 inhibitor on hepatic oxidative clearance of 
pasireotide would be small.  In addition, pasireotide was excreted in feces and urine 
and the majority was recovered as unchanged pasireotide. 

 Pasireotide was a weak inhibitor for UGT1A1 (IC50 > 59 μM).  It was an inhibitor for 
CYP2C9 and CYP2D6 (IC50 ~ 5 μM).  However based on the low therapeutic levels 
(Cmax < 0.1 μM), no drug-drug interaction between pasireotide and co-medications 
(as CYP450 substrate) would be expected.   

 Pasireotide was also an inhibitor for bile transporters, MRP2 and BSEP, in vitro 
(IC50 ~ 10 μM).  While nonclinical data had very little hepatotoxicity, other drug (i.e. 
troglitazone PPAR gamma, also inhibiting these transporters) was associated with 
idiosyncratic liver toxicity.   

 The potentials of Pgp medicated or transporter mediated drug-drug interaction were 
low between pasireotide and co-medications in vivo. 

 
TOX Profile of SOM230 
 
Most of toxicities seen in these studies were due to exaggerated effects of pasireotide.  
In rats up to 26 weeks of dosing and mice up to 4 weeks of dosing, there were changes 
in clinical chemistry (i.e. increased ALT)/hematological (i.e. RBCs)/coagulation (i.e. 
increased PT and APTT) parameters and microscopic findings in pituitary, spleen, bone 
marrow, bone, ovary, uterine, and injection site.  In monkeys up to 39 weeks of dosing, 
there were microscopic findings in thyroid, pituitary, GI, and injection site.  In dogs up to 
2 weeks of dosing, there was GI intolerability (i.e. severe vomiting and diarrhea).  These 
target organs identified with SOM230 were also seen in other somatostatin analogs (i.e. 
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octreotide), indicating that there were no significant differences or unexpected toxicities 
with SOM230 compared to other somatostatin analogs. 
 
Single dose toxicity studies in mice and rats showed that SOM230 at 30 mg/kg was not 
lethal.  In mice, SOM230 caused crust formation at the injection site in 1 female from 
Days 8-15.  In rats, SOM230 caused sores at injection site in all females at 15 mg/kg 
and all animals at 30 mg/kg from Days 4/5-15.  Body weight loss was observed during 
1st week after treatment. 
 
Repeat dose toxicity studies were done in mice, rats, dogs, and monkeys.  The pivotal 
studies were conducted for up to 26 weeks in rats and up to 39 weeks in monkeys with 
SOM230 administered sc either b.i.d. or once daily.  Majority of SOM-230 related 
findings (i.e. in pituitary, pancreas, spleen, bone marrow, thyroid, ovary/uterine, or bone) 
were exaggerated pharmacological effects of pasireotide. 

 The 26 week rat sc study (0, 0.008, 0.024, 0.08, and 0.24 mg/kg once daily) resulted 
in reduced body weight gain was noted, altered hematological/clotting factor 
parameters (i.e. decreased WBC/lymphocytes and increased PT/APTT), clinical 
chemistry parameters (i.e. decreased serum proteins), and urinary parameters (i.e. 
volume/pH).  Microscopic findings were noted in pituitary (decreased eosinophilia of 
the somatotrophs), pancreas (decreased zymogene granules), spleen (lymphoid and 
hematopoietic cell depletion), bond marrow (hypocellularity), ovary (interstitial cell 
hyperplasia and decreased number of corpora lutea), uterine/vagina (uterine dilation 
and vaginal mucosal proliferation), and injection site (inflammation).  Other shorter 
duration (≤ 26 weeks) rat sc studies also showed that SOM230 had effects on 
vascular system (edema and hyperemia), bone formation (lack of new bone 
formation in ribia/femur), liver wt/functional changes (decreased weight and 
increased ALT).  These organ-specific findings were related to the pharmacology of 
pasireotide and recoverable.  The NOAEL was < 0.008 mg/kg/day (applicant NOAEL 
= 0.024 mg/kg/day based on histopath). 

 The 39 week monkey sc study (0, 0.4, 1.6, and 3.2 mg/kg once daily) resulted in 
injection site findings (swelling, redness, scabs mostly in HD group).  Microscopic 
findings were noted in pituitary (increased acidophilia in the pars distalis, vacuolar 
change with proteinaceous materials), thyroid (minimal or slight small follicles), GI 
(proteinaceous material present in the crypts of the mucosa in the cecum and colon), 
and injection site (edema, inflammation).  The NOAEL was < 0.4 mg/kg/day 
(applicant NOAEL = 1.6 mg/kg/day based on histopath). 

 Cholethiasis and decreased bile flow noted in clinical trials for somatostatin were not 
observed in the chronic rat or monkey.  In the clinical studies, 5% of patients had 
AST/ALT elevations  (3x ULN).  However there were no cases of liver failure.  Three 
healthy volunteers had LEF elevations associated with bilirubin but some were noted 
retrospectively being asymptomatic.  One Cushing patient had the same findings but 
recovered.   

 
Genotoxicity studies showed that SOM230 was not mutagenic (Ames assay) or 
clastogenic (in vitro chromosome aberration assay and bone marrow micronuclei rat 
study). 
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Carcinogenicity studies were done in transgenic mice and rats.  These studies showed 
that SOM230 was not carcinogenic. 

 In 26 week tg-mouse study, SOM230 was given sc at daily doses of 0, 0.5, 1, and 
2.5 mg/kg to tg-mice or 0, 2.5 mg/kg to wt-mice.  MNU by a single ip injection was 
used as a positive control.  There was no neoplastic finding.  However, non-
neoplastic findings were noted in pancreas (increased zymogene granules) and at 
injection site.  Decreased body weight and organ weights (heart, kidney, and liver) 
were noted. 

 In 2 yr rat study, SOM230 was given sc at daily doses of 0, 0.01, 0.05, and 0.3 
mg/kg/day to rats.  MNU by a single ip injection was used as a positive control.  
There was no neoplastic finding.  However, non-neoplastic findings were noted at 
injection site (panniculus muscle degeneration).  Decreased body weights were 
noted. 

 
Reproductive/developmental toxicity studies were done in rats and/or rabbits.  Most 
findings were attributed to an exaggerated effect of pasireotide (decreased maternal 
fertility and fetal adverse effects as a consequence of maternal toxicity).  These studies 
showed that SOM230 was not teratogenic. 

 In Seg I rat study (0, 0.1, 1, 10 mg/kg/day, 2 week before mating till GD 20), 
reproductive effects were seen in females only (prolonged estrus cycles, decreased 
numbers of corpora lutea, implantation sites, and/or viable fetuses).   

 In Seg II rat study (0, 1, 5, 10 mg/kg/day, GDs 6-17), maternal toxicity (i.e. 
decreased body weight, swollen paws, purple-colored tails) was seen at ~ 1 
mg/kg/day.  Mortality was noted in one dam at 10 mg/kg/day (HD exceeds MTD).  
Effects of F1 generation were noted (increased early/total resportions, decreased 
fetal weights at 10 mg/kg/day, increased pre- and post-implantation loss, increased 
incidence of malrotated limbs, supernumerary ribs, etc), attributable to pronounced 
maternal toxicity.  The maternal NOAEL was not determined due to decreased body 
weight/food consumption and swollen paws seen at all doses, decreased/soft stool 
observed at ≥ 5 mg/kg/day, and increased early resorptions seen at 10 mg/kg/day as 
well as mortality in addition to increased preimplantation loss observed at 1 
mg/kg/day.  One dam given 1 mg/kg/day had a complete litter resorption at c-
sectioning.  The fetal NOAEL was determined at 5 mg/kg/day based on 
malformations noted at 10 mg/kg/day.   

 In Seg II rabbit study (0, 0.05, 1, 5 mg/kg/day, GDs 7-20), maternal toxicity (i.e. 
decreased stool at 1 mg/kg/day and decreased body weight at 5 mg/kg/day) was 
observed.  Mortality was seen in 2 pregnant dams and 16 deaths were seen at 5 
mg/kg/day (HD exceeds MTD).  Effects of F1 generation were noted (increased 
resportions and post-implantation losses, decreases in the numbers of viable fetuses 
at ≥ 1.0 mg/kg/day), attributable to pronounced maternal toxicity.  There was also 
increased incidence of skeletal malformation (fused, misaligned, absent, 
misshapened ribs and etc at ≥ 0.05 mg/kg/day).  The maternal NOAEL was 
determined at 0.05 mg/kg/day based on decreased body weight/food consumption, 
decreased/soft stool, and increased early resorptions at ≥ 1.0 mg/kg/day.  The fetal 
NOAEL was determined at < 0.05 mg/kg/day based on various skeletal 
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12 Appendix/Attachments 

Exec meeting minutes August 21st 2012 
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Carcinogenicity: eCAC SPA protocols 

6 month Tg mouse study protocol: not concurred 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

321 

 
 

 
 

Reference ID: 3199322



NDA#:  200677 (pasireotide)                        Reviewer:  Miyun Tsai-Turton 
 

322 

 
 

 
 

 
 

2 year rat study protocol: concurred 
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NDA 202231/Filing   

 1

45 Day Meeting Checklist 
NONCLINICAL PHARMACOLOGY/TOXICOLOGY 

 
NDA 200677:  This NDA is a 505(b)(1) application. 
Submission date:  Feb 17th 2012 
Sponsor:  Novartis 
Drug:  Signifor (pasireotide) injection 
Filing status:  Filable 
 
Drug Product Information 
 

 This NDA 200677 is an electronic 505(b)(1) submission.  This drug was under IND 68635 prior to 
NDA submission. 

 It is a pasireotide for subcutaneous injection to treat patients with Cushing’s disease 
 

 Active ingredient: pasireotide, USP 
    (0.3, 0.6, and 0.9 mg/ml in prefilled syringes for BID sc injection) 
 

 
 The pre-NDA meeting (for IND 68635) was held with DMEP on Jan 2011.  No nonclinical issues were 

raised.   
 This NDA was submitted once before back in June 2010 but was later withdrawn due to CMC issues 

(i.e. manufacturing issues with its stability testing program).  
 [Upon the notification of NDA withdrawal, drafted review is in DARRTS in August 2011.  Carci 

and Seg I/II studies were reviewed.] 
 For nonclinical program of Signifor, the sponsor submitted total of 21 pharmacodynamic studies, 17 

pharmacokinetic studies, and 49 toxicological studies.  
 
Nonclinical development 
 

 Pharmacology/Safety Pharmacology (21) 
 5 primary PD 
 7 secondary PD 
 9 safety pharm studies.   
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FILING CHECKLIST: NDA 200677 (Signifor) 
 

ITEM YES NO COMMENT 
1)   Does this section of the NDA appear to 
be organized (according to 21 CFR 314 and 
current guidelines for format and content) in 
a manner that would allow a substantive 
review to be completed? 
 

x  5 modules in eCTD submission 

2)   Is this section of the NDA indexed and 
paginated in a manner to enable a timely 
and substantive review? 
 

x   

3)   Is this section of the NDA sufficiently 
legible so that a substantive review can be 
done?  Has the data been presented in an 
appropriate manner (consider tables, 
graphs, complete study reports, inclusion of 
individual animal data, appropriate data 
analysis, etc.)? 
 

x   

4)   Are all necessary and appropriate 
studies for this agent, including special 
studies/data requested by the Division 
during pre-submission 
communications/discussions, completed 
and submitted in this NDA?  Please itemize 
the critical studies included and indicate 
any significant studies that were omitted 
from the NDA. (genotox, reprotox, adequate 
duration of chronic tox, carcinogenicity) 

x   EOP2 meeting was held in June 2006. 
 PNDA meeting was held in Jan 2011. 

 
The sponsor provided all PD/PK/Tox studies 
to support the approval of Signifor.  No 
significant studies were omitted. 
 
 
CARCI 

 SPA (6 mo carci tg mouse study): Dec 
2004 

 SPA (2yr carci rat study): Oct 2006 
 
Matthew Jackson (Pharm/Tox stat team of 
the Office of Biostatistics) was assigned for 
carci stat review.  Need to double-check if 
he is still the assigned reviewer to see if the 
datasets for these carci studies were 
included in this submission. 
 
Carci studies were reviewed before NDA 
was withdrawn by the sponsor. 
 
ECAC meeting will be scheduled. 
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ITEM YES NO COMMENT 

5)   Were the studies adequately 
designed (i.e. appropriate number of 
animals, adequate monitoring consistent 
with the proposed clinical use, state-of-
the art protocols, etc.)? 

x   

6)   If the formulation to be marketed is 
not identical to the formulation used in 
the toxicology studies (including the 
impurity profiles), has the sponsor 
clearly defined the differences and 
submitted reviewable supportive data 
(i.e. adequate repeat studies using the 
marketed product and/or adequate 
justification for why such repetition 
would not be necessary)? 
 

x  There are 11 impurities identified by the 
sponsor. 
(See Module 3.2.5.5. for characterization of 
impurities) 
 
Six in vitro studies (i.e. Ames and chromo. 
aberr.) and two in vivo studies (4-week 
subcutaneous rat studies) were conducted 
to address any impurity and degradant 
issues. 
 

7)   Does the route of administration 
used in animal studies appear to be the 
same as the intended human exposure 
route? If not, has the sponsor submitted 
supportive data and/or an adequate 
scientific rationale to justify the 
alternative route? 
 

x  The intended human exposure rote is 
subcutaneous injection.   

8)   Has the proposed draft labeling 
been submitted? Are the appropriate 
sections for the product included and 
generally in accordance with 21 CFR 
201.577? Is information available to 
express human dose multiples in either 
mg/m2 or comparative serum/plasma 
AUC levels? 

x  The proposed nonclinical studies-related 
language can be found under Section 8.1 
Pregnancy (the sponsor is seeking the 
pregnancy  and Section 13 
Nonclinical Toxicology. 

9)   From a pharmacology/toxicology 
perspective, is this NDA fileable? If not, 
please state in item # 10 below why it is 
not. 

x   

10)   Reasons for refusal to file: None. 

 
Reviewing Pharmacologist: Miyun Tsai-Turton 
 
Supervisory Pharmacologist:  Karen Davis-Bruno 
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Impurities 
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