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Discussion:
The sponsor has provided information to support calling riociguat a “soluble 
guanylate cyclase stimulator”. They assert that there are at least two modes of 
action for increasing the activity of soluble guanylate cyclase (i.e., heme-
dependent and heme-independent) and that these two modes are known by the 
terms soluble guanylate cyclase stimulator and soluble guanylate cyclase 
activator, respectively. Both modes of action result in an increase in the 
conversion of GTP to cGMP by soluble guanylate cyclase. The two modes of 
action may be expected to have a similar therapeutic effect although some of the 
biological or toxic effects may differ. Therefore, there may be some value in 
differentiating these modes of action. If the term stimulator is considered 
sufficiently clinically meaningful to distinguish from the other term activator, then 
an appropriate established pharmacologic class for riociguat could be “soluble 
guanylate cyclase (sGC) stimulator”.

Riociguat was tested in 2 year carcinogenicity studies in rats and mice using the 
dietary route of administration. Both studies were found to be acceptable by the 
executive carcinogenicity assessment committee. No drug-related neoplasms 
were noted in either study.

Adverse findings in embryofetal development studies in rats and rabbits raised 
concern about the use of riociguat in pregnant women. Riociguat produced a 
significant increase in cardiac malformations such as ventricular septal defects in 
rats. Post implantation loss and resorptions were increased at high doses in both 
rats and rabbits. Evidence of incomplete ossification was also noted in rats. The 
teratogenic effects of riociguat appeared to occur at exposures that were within 
an order of magnitude of the anticipated human exposure.

The pharmacology toxicology review noted that the nonclinical studies
suggested adverse bone effects from riociguat. The bone effects were suggested 
in the embryofetal studies and from standard toxicology studies. Effects on bone 
metabolism by riociguat appears to be consistent with published information 
suggesting that sGC modulates osteoclast/osteoblast balance. The reviewer 
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noted that this may raise some concern about the use of riociguat in pediatric 
subjects. This concern is being considered by the division as possible future 
pediatric trials are discussed.

Conclusions:
The pharmacology/toxicology reviewer conducted a thorough evaluation of the 
nonclinical information submitted in support of this NDA. I agree that this NDA 
may be approved for the above indication. Contraindicating use of riociguat in 
pregnant women appears appropriate given the effects observed on fetal 
development. It appears that no additional nonclinical studies are needed at this 
time but that it may be appropriate to include precautions and monitoring for 
potential adverse bone effects in any future pediatric clinical trial. I have provided 
comments on labeling to the division separately.
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The current material was submitted in response to a question pertaining to section 13.1 
Carcinogenicity of the label. The reviewer calculated the human to animal exposure 
margins based on total drug in the plasma, with no correction for protein binding.  The 
sponsor calculated the exposure margins based on free (unbound) drug in the plasma. The 
sponsor’s correction for protein binding resulted in  larger exposure margin between 
animals and humans than the reviewer’s use of total drug. The following information 
request was therefore sent: 
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Using the numbers provided in the response, the reviewer calculated the exposures  for 
the carcinogenicity studies, summarized in the table below.  
 
 
Human exposure  module 2.7.2, section 2.6.2  
AUC(0-24) 
µg.hr/l 

Percent  
free 

Unbound 
exposure 

CDER Margin 
of Exposure 

Sponsor’s 
margin of ex. 

4161 4.97% 207   
     
Mouse  maximum exposure Ratio of mouse to human 
AUC 6622 20.1% 1331 6.4  
     
Rat maximum exposure Ratio of rat to human 
9099 15.7% 1428 6.9  
 
The reviewer’s calculations match the numbers in the sponsor’s table immediately below.  
What doesn’t match is the exposure ratios that the sponsor has put in the label. The label 
paragraph is on the next page. The highlighted numbers are those that should be in the 
label since we are accepting the premise of correcting for protein binding.  
 
 

Table 10-10: Overview on systemic exposure of riociguat at steady state in the 
carcinogenicity studies and margins of exposure compared to human exposure  

Total exposure  Unbound exposure Daily 
dose 

Sex 
Cmax AUC(0-24)  Cmax, u AUC(0-24) u 

  [µg/L]  MoE [µg·h/L] MoE  [µg/L] MoE [µg·h/L] MoE 
[ ppm] Carcinogenicity study in mice (Module 4.2.3.4.1, PH-36818) 

50 M 58 0.3 917 0.2   11.7 1.2 184 0.9 
100 M 157 0.8 2324 0.6  31.6 3.1 467 2.3 
200 M 320 1.6 4308 1.0  64.3 6.4 866 4.2 
50 F 69 0.3 1223 0.3   13.9 1.4 246 1.2 

100 F 172 0.8 2925 0.7  34.6 3.4 588 2.8 
200 F 416 2.0 6622 1.6   83.6 8.3 1331 6.4 

 
[mg/kg] Carcinogenicity study in rats (Module 4.2.3.4.1, PH-36817) 

5 M 92 0.5 1526 0.4   14.5 1.4 240 1.2 
10 M 155 0.8 2812 0.7  24.3 2.4 441 2.1 
20 M 325 1.6 5923 1.4  51.0 5.1 930 4.5 
5 F 104 0.5 1967 0.5   16.3 1.6 309 1.5 

10 F 303 1.5 4999 1.2  47.6 4.7 785 3.8 
20 F 515 2.5 9099 2.2   80.9 8.0 1429 6.9 

 
Human exposure (Module 2.7.2, Section 2.6.2) 

7.5 mga  203  4161   10.1  206.8  
MoE = margins of exposure (when compared to the human plasma levels at 7.5 mg/day) 
a 7.5 mg riociguat/day corresponding to 0.125 mg/kg in a 60 kg patient 
fu mouse = 20.1 %, fu rat = 15.7 %, fu human = 4.97 % (see Module 2.6.4, Section 4.1) 
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Sponsor’s proposed exposure ratios: 
 

13 NONCLINICAL TOXICOLOGY 

 
 
 
CDER proposed exposure ratios: 
 

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Fertility 

Carcinogenesis: Carcinogenicity studies of riociguat were conducted in mice and rats. In 
mice, oral administration of riociguat (up to 25 mg/kg/day in males and 32 mg/kg/day in 
females) for up to two years did not reveal evidence of carcinogenic potential. Plasma 
riociguat exposure (AUC) of unbound drug at the highest dose was 6 times the human’s 
exposure at the maximum recommended dose of 2.5 mg, t.i.d. 
In rats, oral administration of riociguat ( up to 20 mg/kg/day) for up to two years did not 
reveal evidence of carcinogenic potential. Plasma riociguat exposure (AUC) of unbound 
drug at the highest dose was 7 times the human exposure. 
 
 
 
RECOMMENDATIONS:  The difference in exposure ratios using the sponsor’s 
numbers has been communicated to the sponsor for resolution. 
 
No further action required at this time. 
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1 Executive Summary 
The material in this submission was provided by the sponsor as part of the reply to the 
Information Request of May 10, 2013, in particular, the Division’s request for an assessment of 
the bone findings from a veterinary pathologist with expertise in bone histopathology.  The 
reviewing pathologist, Dr. Philip Long, assessed the bone findings from the repeat dose 
toxicology studies from rats and the dog 4 week, 13-week and 26 week studies.   
 
Dr. Long noted that the alterations in the bones varied based on age, confirming this reviewer’s 
assessment, made from the reviews of study reports. It was further noted that the changes 
indicated an increase in bone turnover with a bias towards osteoblast activity and a resulting net 
increase in bone. Due to the lack of apparent changes in the 2 year rat carcinogenicity study, it 
was suggested that the bone effects are reversible. Dr. Long also provided additional detail for 
two rats who demonstrated unscheduled mortality during the rat repeat dose mechanistic study. 
One rat was reported to have died due to septicemia and demonstrated bone changes consistent 
with that. This is in contrast to the original study report that stated only that the lesions were 
thought to be associated with a metabolic condition that remained undefined and undescribed. 
The second unscheduled mortality was a rat who was euthanized due to a gavage error that 
caused a perforated esophagus. Inflammation secondary to the traumatic injury was associated 
with changes in the sternum. This additional information and explanation about these two 
animals supports the sponsor’s statements that these lesions were unlikely to be drug-related.     
  
 

2 Background 
 
Riociguat is a soluble guanylate cyclase (sGC) stimulator.  Soluble guanylate cyclase catalyzes 
the generation of cyclic guanosine monophosphate (cGMP) from guanosine triphosphate (GTP). 
Riociguat is proposed to stabilize NO-sGC binding and directly stimulate sGC via a different 
binding site, independently of NO.   One of the subsequent effects is smooth muscle relaxation. 
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The signaling molecule cGMP is also involved in cellular proliferation, fibrosis and 
inflammation.  A sGC activator acts earlier in the biochemical pathway than does a 
phosphodiesterase inhibitor. Because PDE inhibitors increase cGMP levels by decreasing the 
hydrolysis of cGMP, the efficacy of the inhibitor may be limited by insufficient production of 
cGMP or compensation by other, non-inhibited, PDE isoforms. The sponsor proposes that the 
advantage of sGC activators for pulmonary hypertension is increased activity when NO 
production is limited.   
 
 

2.1 Regulatory History 

 
Adverse bone effects were reported in the original IND submission for riociguat and have been 
the subject of ongoing discussions with the sponsor. Both nonclinical and clinical aspects have 
been discussed and recorded in Minutes available in DARRTS. These communications are listed 
in the table below.  
 
 
 
 
Reviewer’s Summary of Official Communication Records During IND Phase 
Date of communication Filed in DARRTS 
March 27, 2007. Teleconference with sponsor regarding questions from 30-day 
safety meeting, including bone 

March 27, 2007 

Internal meeting May 19, 2008. Preliminary responses, EOP2 meeting. 
Concerns for bone and endocrine effects noted. 

May 22, 2008 

EOP2 Meeting minutes May 29, 2008. Concerns for bone and endocrine 
effects noted.  

June 14, 2008 

Internal meeting October 2, 2009. Preliminary responses for Type C meeting: 
Clinical bone metabolism study discussed with recommendations for clinical 
monitoring. 

October 8, 2009 

Meeting with sponsor. October 9, 2009. Clinical bone study and nonclinical 
bone data discussed. 

October 19, 2009 

December 4, 2009. Email to sponsor. Clinical bone monitoring discussed. December 4, 2009 
June 14, 2011 telecon with sponsor regarding the nonclinical bone findings and 
implications for an osteoporotic population.  

June 20, 2011 

Advice/information email to sponsor. Necessity of juvenile animal studies 
prior to pursuing pediatric studies. 

December 14, 2011 

 
 
During the NDA review (April 18, 2013), photomicrographs were requested of the sponsor for 
purposes of showing the review team the age-related changes produced by the drug. The 
photomicrographs were shared with Luann Mckinney, DVM, DACVP, a Pharmacologist in 
CDER/DNP and a veterinary pathologist with expertise in bone. Her analysis of the images 
prompted several more questions that were provided to the sponsor in the April 24 information 
request.  
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3 Studies Submitted 
 Riociguat-related bone alterations 
 
 Documentation of morphological lesions 
 

4 Study Reports 

4.1 Anatomic Pathology Expert Review: Riociguat-related bone alterations 

 
The author of the pathology expert review states that reports and bone slides from the following 
studies were examined (see sponsor’s table below). In addition, bone and soft tissue from one 
moribund animal and one found dead in the Mechanistic Study on Bone Findings in Rats (report 
A43289) were also re-examined.  
 

 
 
 
The report concluded that administration of riociguat to rats caused an accelerated bone turnover 
with a net increase in bone. The bone alterations varied in location as a function of age and the 
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severity of bone alterations was greater in males than females. These observations were noted as 
important for demonstrating that regional as well as sex-related differences in bone 
growth/cellular activity and biomechanical stress modulate riociguat bone effects.  The age-
related differences in lesions is summarized in the reviewer’s table below. 
 
 
Reviewer’s Summary of Age-Related Bone Alterations 
Study(ies) Bone-region 

primarily affected 
Pathologist’s Comments 

2-week juvenile  epiphysis increased steoclasis, increased numbers of 
osteoclasts, and increased bone formation. 
Hematopoietic cells and fat cells in marrow 
displaced by stromal cells (osteoblast 
precursors) recruited to support accelerated 
bone turnover. 

4-week  Metaphysis and 
physis 

Metaphyseal bone spicules often lacked 
cartilage cores due to prior 
reorption/turnover and replacement, 
resulting in a net increase in bone. 
Intertrabecular regions contained prominent 
stromal cells (osteoblast precursors), which 
as in the epiphysis discussed above, were 
being recruited to support the accelerated 
bone turnover. 

13- and 26-week  Cortical bone, 
posterior aspect 
more affected than 
anterior 

increased remodeling within cortical bone 
seen as expansion of vascular channels 
within cortex and replacement of mature 
lamellar bone with woven bone. 

 
 
Cortical perivascular cellularity and the amount of woven bone within the cortex were 
diminished in the 26 week study compared to the 13-week study, suggesting partial 
normalization. Animals in the 2-year study surviving to the end of the dosing phase had no 
detectable test article-related bone alterations, suggesting complete remodeling.  
 
The reviewing pathologist makes a statement pertaining to osteoporosis. Referring to the 13-
week rat study, Dr. Long notes that “Increased bone resorption was especially noticeable around 
vascular channels within cortical bone…Although bone resorption was increased, it is important 
that this not be mistaken for osteoporosis and to recognize that bone resorption was 
counterbalanced by a concurrent and disproportionate increase in new bone formation. The 
amount of new bone was so substantial that the cortical staining changed from predominantly 
eosinophilic to predominantly basophilic and the cortical thickness was noticeably increased. In 
contrast, in osteoporosis there is an uncoupling of bone formation and bone resorption in which 
resorption is increased and formation is decreased, resulting in net bone loss. “ 
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A brief discussion was also given to two unscheduled mortalities from the mechanistic bone 
study (report A43289). Animal #221 was euthanized moribund due to a suspected dosing error. 
The patellar and bone lesions were consistent with secondary septicemia/infection and 
characterized by inflammation, marrow necrosis with intralesional bacteria.   This is a somewhat 
different characterization than the original report which suggested a “metabolic disease” without 
further detail or explanation.  Animal  #225 who died on study due to a gavage accident was 
found to have esophageal perforation and subsequent inflammation of the sternum.  The 
additional detail provided for these two animals appears to support the earlier statements that the 
bone lesions were not consistent with those associated with riociguat treatment.   
 
 
Overall pathology conclusion: Administration of riociguat to rats caused acceleration of bone 
turnover with a net increase in bone. The observations that the bone alterations varied in location 
as a function of age and that the severity of bone alterations was greater in males than in females 
are important and indicate that regional as well as sex-related differences in bone growth/cellular 
activity and biomechanical stress modulate riociguat bone effects. This is consistent with reports 
that NO is involved as a second messenger in mechanical and stress-induced bone formation and 
that it mediates the osteogenic effects of sex-steroid hormones.  
  
Pathologist’s Listed Conclusions 
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4.2 Documentation of Morphological Bone Lesions 

 
In this report, the pathologist provided photomicrographs of control versus riociguat-treated 
animals. The photomicrographs compare the birefringent collagen fiber distribution patterns.  
The comparisons of the 13 week study are shown below as a representative example.  
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The photomicrographs for the 26 week study were similar to those shown above. The 
photomicrographs for the 2-year carcinogenicity study are shown below due to the variation in 
the birefringent pattern in the bone from the drug-treated rat.  
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It is a subjective observation of this untrained eye that there appears to be a difference in the 
birefringence pattern of the two examples from the 2-year study that might be described as a 
pattern of birefringence that appears to fall between normal controls and that seen in the drug-
treated rat from the 13-week study. 
 
The remainder of the expert report pertains to comparison of growth plate closure in the dog 
studies. This is primarily photomicrographs of head of the femur of control versus riociguat-
treated dogs in the 13-week, 26-week and 52-week dog studies. There was very little text with 
the photos and I am unclear as to the overall direction and goal of this section. 
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1 Executive Summary 

1.1 Introduction (and Clinical Rationale) 

Riociguat is a soluble guanylate cyclase (sGC) stimulator.  Soluble guanylate cyclase catalyzes 
the generation of cyclic guanosine monophosphate (cGMP) from guanosine triphosphate (GTP). 
Riociguat is proposed to stabilize the NO-sGC binding and directly stimulate sGC via a different 
binding site, independently of NO.   One of the subsequent effects is smooth muscle relaxation. 
The signaling molecule cGMP is also involved in cellular proliferation, fibrosis and 
inflammation.  A sGC activator acts earlier in the biochemical pathway than do a 
phosphodiesterase inhibitors. Because PDE inhibitors increase cGMP levels by decreasing the 
hydrolysis of cGMP, the efficacy of the inhibitor may be limited by insufficient production of 
cGMP or compensation by other, non-inhibited, PDE isoforms. For treating pulmonary 
hypertension, PDE5 is important due to the selectivity of the approved drugs for this isoform.  
PDE3 is involved in control of cardiac contractility and PDE6 is found in the retina, which is 
involved in the phototransduction pathway. The sponsor proposes that the advantage to sGC 
activators is activity when NO production is limited.   
 

1.2 Brief Discussion of Nonclinical Findings 

 
Riociguat has been demonstrated to be negative in the standard battery of genotoxicity assays, 
the rodent two-year carcinogenicity studies and in special studies of phototoxicity and 
immunotoxicity. The toxicities for riociguat include teratogenicity, effects on bone metabolism, 
potential renal effects, and variable effects on serum glucose, thyroid hormones and the liver. 
The effects on serum glucose, liver and thyroid may be individual phenomena or collectively 
may be a manifestation of decreased gastrointestinal efficiency secondary to smooth muscle 
relaxation. Some inhibition of platelet aggregation has been demonstrated and may be considered 
either adverse or beneficial.  With the available data, it is not possible to assess whether a 
parathyroid effect also exists.  
 
Studies submitted for the active metabolite (M1 or BAY60-4552) indicate similar pharmacologic 
activity with approximately 10 fold lower potency. The sponsor attributes adverse renal effects to 
the metabolite. Neurologic effects are apparent with direct dosing of BAY60-4552 that are not 
apparent following administration of riociguat.   
 
Interpretation of the nonclinical findings is complicated by the pharmacology of smooth muscle 
relaxation and decreased blood pressure. For effects on the renal, cardiovascular, and endocrine 
systems, it is unclear what, if anything, is due to a primary effect, and what may be due to 
decreased perfusion of a given organ.  
 
The bone toxicity is incompletely described with minimal examination of bones other than the 
sternum, femur and tibia in the standard approaches used for animal safety assessment studies. 
There are a number of safety assessment studies with apparent changes in serum calcium and 
phosphorous levels. Whether this is spurious, within normal variability, secondary to bone 
effects or involves a parathyroid effect, cannot be determined from the data in hand.  
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Use of <Tradename>is contraindicated in females who are or may become pregnant. While there 
are no adequate and well-controlled studies in pregnant females, animal studies show that 
riociguat may cause fetal harm when administered during pregnancy. In rats administered 
riociguat orally (1, 5, 25 mg/kg/day) throughout organogenesis, an increased rate of cardiac 
ventricular-septal defect was observed at the highest dose tested, which represents an exposure 
approximately 2.5 times that in humans at the MRHD of 2.5 mg three times a day based on AUC 
comparison. This dose also produced evidence of maternal toxicity (reduced body weight). 
Incomplete ossification of the 4th sacral vertebrae was apparent from the lowest dose of 1 
mg/kg/day, or an exposure approximately 0.15 that in humans, without evidence of maternal 
toxicity. Post-implantation loss was statistically significantly increased from the mid-dose of 
5mg/kg/day.  In rabbits given doses of 0.5, 1.5 and 5 mg/kg/day, an increase in spontaneous 
abortions was seen starting at the middle dose of 1.5 mg/kg and an increase in resorptions was 
seen at 5 mg/kg/day, a dose which represents an exposure approximately 15 times that in humans 
at the MRHD.  The highest dose tested also produced evidence of maternal toxicity (reduced 
body weight). 

 

Oral administration of riociguat (1.5, 5 and 15 mg/kg/day) to rats throughout organogenesis and 
lactation did not cause any significant effects. The lowest dose tested was four times the exposure 
for humans taking riociguat  at the MRHD based on body surface area.  

The sponsor proposes the following: 
12.1 Mechanism of Action 

Riociguat is a stimulator of soluble guanylate cyclase (sGC), an enzyme in the cardiopulmonary 
system and the receptor for nitric oxide (NO). 

When NO binds to sGC, the enzyme catalyzes synthesis of the signaling molecule cyclic 
guanosine monophosphate (cGMP). Intracellular cGMP plays an important role in regulating 
processes that influence vascular tone, proliferation, fibrosis and inflammation. 

Pulmonary hypertension is associated with endothelial dysfunction, impaired synthesis of nitric 
oxide and insufficient stimulation of the NO-sGC-cGMP pathway. 

Riociguat has a dual mode of action. It sensitizes sGC to endogenous NO by stabilizing the NO-
sGC binding. Riociguat also directly stimulates sGC via a different binding site, independently of 
NO. 

 

 
 
 
 
This is acceptable with removal of the last sentence and should thus read: 
12.1 Mechanism of Action 

Riociguat is a stimulator of soluble guanylate cyclase (sGC), an enzyme in the cardiopulmonary 
system and the receptor for nitric oxide (NO). 

When NO binds to sGC, the enzyme catalyzes synthesis of the signaling molecule cyclic 
guanosine monophosphate (cGMP). Intracellular cGMP plays an important role in regulating 
processes that influence vascular tone, proliferation, fibrosis and inflammation. 

Pulmonary hypertension is associated with endothelial dysfunction, impaired synthesis of nitric 
oxide and insufficient stimulation of the NO-sGC-cGMP pathway. 
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Mutagenesis 
Riociguat and its active metabolite did not show genotoxic potential in the in vitro 
bacterial reverse mutation (Ames) assay, the in vitro chromosomal aberration assay in 
human peripheral blood lymphocytes, or the in vivo micronucleus assay in the rat.  
 
 
Impairment of Fertility 
In male and female rats, oral administration of riociguat (3, 10, 30 mg/kg/day) prior to 
and throughout the mating period had no effect on fertility. The highest dose of 30 
mg/kg/day is 117 times the MRHD based on a mg/m2 comparison. 
 

 
 
 
 
 
 

2 Drug Information 

2.1 Drug 

CAS Registry Number 
 625115-55-1 
 
Generic Name   
 Riociguat 
 
Code Name 
 BAY63-2521, BAY63-2521 micronized 
 
Chemical Name 
 

 
 
 
Molecular Formula/Molecular Weight 
 

C20H19FN8O2/ 422.42 
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2.6 Proposed Clinical Population and Dosing Regimen 

Persistent/recurrent chronic thromboembolic pulmonary hypertension (CTEPH) (WHO Group 4) 
after surgical treatment or inoperable CTEPH to improve exercise capacity and WHO functional 
class. Pulmonary arterial hypertension (PAH) (WHO Group 1) to improve exercise capacity, 
improve exercise capacity, improve WHO functional class and to delay clinical worsening.  
The sponsor recommends that treatment be initiated at 1 mg three times daily (t.i.d.), 6 to 8 hours 
apart, with or without food. The dosage is increased by 0.5 mg increments in approximately 2-
week intervals.   

2.7 Regulatory Background 

 IND75629 was presented to the Division February 20, 2007. At that time, the drug had 
already been tested in four clinical pharmacology studies in Europe. The nonclinical studies 
suggested adverse bone and cardiac effects from riociguat. The bone effects were reported for 
pre-natal rats (teratology) and young rats in standard toxicology studies. This is consistent with 
published information suggesting that sGC modulates osteoclast/osteoblast  balance.  Cardiac 
effects were also noted in teratology studies and in the adult animal toxicology studies. The adult 
effects included both QTc prolongation and apparent cardiac morphologic damage. The above-
mentioned points were discussed with the sponsor in a telecon March 27, 2007 (minutes filed in 
DARRTS March 27, 2007).   
 
The effects on bone were addressed further in submissions 98, 121 and 130 (review for these 
three submissions in DARRTS, entry date May 25, 2011).This material included a pilot study in 
neonatal rats, pre- and post-natal (Segment III) developmental study and a time course study in 
mature rats. A second neonatal rat study was submitted with the NDA.  A teleconference was 
held between the sponsor, the medical officer, the pharm/tox reviewer and the respective team 
leaders to discuss the possible bone effects of BAY63-2521 noted in the neonatal pilot study 
(minutes available in DARRTS, filed June 20, 2011). In response to this telecom, the sponsor 
provided: 

1. data on the interaction of riociguat with the natriuretic peptides and the natriuretic peptide 
receptors. 

2. summary of bone-related findings from the 2-year carcinogenicity studies  
3. update on enrollment in the Phase III development program and rationale behind the 

current entry criteria in clinical studies as it relates to the inclusion of patients with a 
history of osteoporosis or bone fractures 

4. life-time risk of osteoprosis in the target populations 
5. rationale behind the current approach for monitoring for potential bone effects and 

specifically for using carboxy-terminal cross-linking of telopeptide of type I collagen 
(CTX) measurements to assess for effects in humans.  

 
An exploratory renal effects study was provided in sequence number 132 (review in DARRTS, 
filed July 5, 2011). This study examined several biomarkers of renal damage in conjunction with 
the main metabolite, M1 (BAY 60-4552) treatment.  
 
The BAY60-4552, is also pharmacologically active and was in development as a separate entitity 
for biventricular heart failure. Based upon a face to face meeting held October 9, 2009 (minutes 
filed in DARRTS October 19, 2009) and a request from the sponsor (correspondence dated 
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November 13, 2009) for clarification of several items discussed at the October 9th meeting, the 
Division requested that Bayer HealthCare “…submit all clinical information and additional 
preclinical information not previously submitted since April 30, 2008 that is available for 
BAY60-4552.” This request is available in DARRTS (Advice/Information Request, filed 
December 4, 2009 in DARRTS). The sponsor has provided almost an entire development 
package, more information than is typically available for an active metabolite. 
 
Photomicrographs of the bone lesions were requested of the sponsor for purposes of illustration 
to the review team. The reviewer requested photomicrographs from studies T2072968 (4 weeks 
dosing, 2 weeeks recovery), T4076731 (13 weeks dosing), T0081434 (pilot juvenile animal 
study, 14 days of dosing). The sponsor provided this information in SDN008. In consultation 
with L. McKinney, DVM, DACVP, currently a reviewer in the Division of Neurologic Products, 
the photomicropgraphs of the lesions raised additional questions. These have been posed to the 
sponsor and answered in SDN 0016. 
 
The communications with the sponsor pertaining to the bone issue or in which it was discussed 
during the IND stage are summarized in the reviewer’s table below. 
 
Reviewer’s Summary of Official Communication Records 
Date of communication Filed in DARRTS 
March 27, 2007. Teleconference with sponsor regarding questions from 30-day 
safety meeting, including bone 

March 27, 2007 

Internal meeting May 19, 2008. Preliminary responses, EOP2 meeting. 
Concerns for bone and endocrine effects noted. 

May 22, 2008 

EOP2 Meeting minutes May 29, 2008. Concerns for bone and endocrine 
effects noted.  

June 14, 2008 

Internal meeting October 2, 2009. Preliminary responses for Type C meeting: 
Clinical bone metabolism study discussed with recommendations for clinical 
monitoring. 

October 8, 2009 

Meeting with sponsor. October 9, 2009. Clinical bone study and nonclinical 
bone data discussed. 

October 19, 2009 

December 4, 2009. Email to sponsor. Clinical bone monitoring discussed. December 4, 2009 
June 14, 2011 telecon with sponsor regarding the nonclinical bone findings and 
implications for an osteoporotic population.  

June 20, 2011 

Advice/information email to sponsor. Necessity of juvenile animal studies 
prior to pursuing pediatric studies. 

December 14, 2011 

 
 
 
To understand the reported bone effects, Study A43289, a 26 week mechanistic study in rats was 
re-examined. This re-reading of the report prompted the questions that were sent to the sponsor 
May 10 2013. 
 
The nonclinical information requests sent to the sponsor during the NDA pertaining to the bone 
issue are summarized in the reviewer’s table below.   
 
The communications to the sponsor pertaining to the bone issue during the NDA stage are 
summarized in the reviewer’s table below. 
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of pathology when the elevated pulmonary arterial pressure, vascular remodeling and right heart 
hypertrophy were established.   Mice subjected to chronic hypoxia showed changes in the heart 
suggestive of pulmonary hypertension.  Administration of riociguat decreased right ventricular 
hypertrophy, and structural remodeling of the lung vasculature when compared to untreated 
controls.  The sponsor’s graph is shown below 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
Rabbits with PAH induced by U46619 (undefined) showed decreased pulmonary arterial  
pressure after treatment with riociguat, sildenafil or the combination of the two drugs. The 
sponsor’s graph of this is shown below. 
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Monocrotaline-induced pulmonary 
hypertension in rats was treated with 10 
mg/kg riociguat daily for 14 days.  
Right ventricular systolic pressure 
(RVSP) was significantly decreased 
compared to vehicle treated rats. Total 
pulmonary resistance was also 
decreased but systemic arterial pressure 

did not change in response to treatment. (Schermuly et al 2008).   
 
Combined exposure to the vascular endothelial growth factor receptor antagonist SU5416 and 
hypoxia (10% O2) (SUHx) caused a severe  PAH in rats. Administration of riociguat 
significantly decreased right ventricular hypertrophy, increased cardiac output and decreased 
total pulmonary resistance compared with vehicle treated animals.  The studies using models of 
PAH were submitted as journal publications rather than study reports.   
 
 

4.1 Primary Pharmacology 

 
BAY63-2521 
 A CHO cell line over-expressing sGC was used to characterize different activators of sGC. 
BAY63-2521 stimulated the reporter cell line with a minimal effective concentration of 100 nM 
(0.1M).  In a second study, BAY63-2521 dose-dependently stimulated the recombinant reporter 
CHO cell line with an EC50 of 180 nM.  Addition of the NO-donor SIN-1 to BAY63-2521-
treated cells caused a potentiation of the EC50 values.  A standard receptor screen showed no 
significant levels of affinity, defined as ≥50% inhibition or displacement, of the test article for 
any of the receptors tested 
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Vascular rings were used in vitro to demonstrate vaso-relaxant properties of riociguat. Glycerol 
trinitrate inhibited phenylephrine-induced contraction with IC50 of 13 nM in control vessels and 
IC50 of 65 nM in nitrate tolerant vessels.  Riociguat inhibited the phenylephrine –induced 
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A radioligand binding screen showed no significant interaction, defined as ≥50% inhibition or 
displacement, of the test article with any of the tested receptors or enzymes (reviewed in 
050.doc, available in DARRTS).  The M1 metabolite was also tested for interaction with human 
phosphodiesterase enzymes 11A, 9A, 8A, 7B, 4B, 3B, 2A and 5 and against bovine PDE6 and 1. 
The IC50 values were >10-4 M for the isoforms evaluated, suggesting little affinity. 
 
BAY 1077251 (M4) 
 
Metabolite M4 is the N-glucuronide of BAY60-4552.  It has been demonstrated as lacking in 
biological activity against isolated sGC up to concentrations of 10 µM and on phenylephrine-
induced contractions of rabbit aortic rings. 
 
Soluble and Particulate Guanylate Cyclases 
 
The distinction between the soluble and particulate guanylyl cyclases was part of the 
characterization of riociguat’s effects on bone. A comparison of the different forms of the 
guanylyl cyclases may be found in the review filed May 25, 2011.  In response to a request from 
the Division, the sponsor investigated the specificity of BAY63-2521 for particulate GC 
receptors.  Chinese hamster ovary cells stably expressing aequorin were co-transfected for cyclic 
nucleotide gated cation channel (CNGA2) followed by rat guanyl cyclase A (specific for atrial 
natriuretic peptide) or guanyl cyclase B ( specific for C natriuretic peptide). 
 
Under the conditions used, BAY63-2521 did not appreciably stimulate either the GC-A or the 
GC-B reporter cell line. As a positive control, ANP stimulated the GC-A cell line with an EC50 

value of 1.9 X 10-10 M.  The positive control for the GC-B reporter cell line, CNP, was reported 
to have an EC50 value of 2.8 x10-10M in the appropriate test system. Under the conditions of the 
experiments, riociguat has little affinity for the particulate guanylyl cyclases.  

 

4.2 Secondary Pharmacology 

PH34507  The sGC isoforms are found in platelets in relatively high concentration. By formation 
of cGMP as a second messenger, sGC plays a role in platelet aggregation and adhesion. 
Vasodilator–stimulated phosphoprotein (VASP) is a cGMP-dependent protein kinase (PKG) 
substrate and has been characterized as an important substrate of both cAMP-dependent protein 
kinase (PKA) and PKG in human platelets. In vitro, riociguat increased both VASP 
phosphorylation and cGMP levels as did sodium nitroprusside (SNP) and DEA/NO. Riociguat in 
combination with SNP or DEA/NO produced synergistic effects on both measured parameters. 
The levels of cAMP were not significantly altered.  
 
The levels of cAMP did not change either with BAY60-4552 alone or in combination with 
sodium nitroprusside (SNP) or DEA. In combination with  DEA/NO at ≥3µM, BAY60-4552 
(0.1µM) caused a slight increase in cAMP.   
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4.3.1 Riociguat Safety Pharmacology 

 
Effects consistent with the pharmacology of riociguat were seen on blood pressure, cardiac 
output and gastrointestinal transit time, following single oral doses. In addition, effects were seen 
for renal function that may be extensions of the pharmacology.  
  
Vasodilation in anesthetized Beagles occurred after single intraduodenal administration of 0.1 
mg/kg riociguat. Total peripheral resistance was decreased by up to 44% at the high dose of 0.3 
mg/kg with accompanying decrease in LVEDp.  Dp/dt (mm Hg/s) was decreased in a dose-
dependent manner from 0-0.1 mg/kg and increased at the highest dose.  Cardiac output was 
increased at 0.1 mg/kg. The PQ interval was decreased at the 2 highest doses and QRS intervals 
were decreased at all doses.   QTc was prolonged at the high dose only when calculated by 
Bazett’s and in the two highest doses when calculated by Fridericia’s. A transient increase in 
QTc was seen at 5 or 10 minutes in most animals including the vehicle controls.  The high dose 
showed increases in QTc from ~20-45 minutes after dosing reaching a maximum of 22 msec (the 
individual animals showed maximum increases of 20, 22 and 9 msec).  
 
Decreased gastrointestinal transit was determined in rats with no NOEL identified. The high dose 
of 3 mg/kg, caused approximately a 30% decrease (p<0.05) in mean distance traveled relative to 
control.  
 
A single oral dose study in rats identified effects of riociguat on renal function, serum glucose, 
thrombin time and circulating lipids. Urine volume was significantly decreased (~30%, p<0.05) 
at the high dose of 3 mg/kg, but electrolyte excretion was not affected. Dose-related decreases in 
hematocrit (up to 12%), RBC ( up to -11%) and hemoglobin were reported. It was stated that 
hemolysis was not present.  The anemia reported here is repeated throughout the nonclinical 
studies for this drug. Decreased blood pressure, as demonstrated in other studies, may account 
for the change in urine volume and the apparent anemia. Serum glucose was increased in both 
fed and fasted rats. At the highest dose of 3 mg/kg, fasted rats showed increases of 14% of mean 
baseline (p<0.05) and fed rats showed 2% increase (p<0.05) over baseline. There were no 
significant effects found on either triglycerides or total cholesterol.    
 
Effects upon hemostasis were varied. Thrombin time showed a statistically significant decrease 
but the magnitude of change was small and probably biologically insignificant. A separate study 
examined the effect of 0, 0.3, 1 and 3 mg/kg BAY63-2551 on transected tail bleeding time in 
male rats.  At the HD, there was a 24% increase (n.s.) in bleeding time compared to the control 
group.  Both riociguat and BAY60-4552 have been shown to inhibit platelet aggregation with 
IC50 values in the micromolar range.  
 
The CNS safety pharmacology assessment of BAY63-2521 did not suggest overt neurological 
effects. A dose-related, statistically significant increase in time to respond to a painful stimulus 
(nocifensive) was reported with no No Observed Effect Level (NOEL) identified. At 0.3 mg/kg, 
a 25% increase (n.s.) compared to control was reported. At the highest dose of 3 mg/kg, the 
mean reaction time was essentially doubled (p<0.05) relative to the control group.  
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The presence of major human metabolites in the nonclinical species is important for accurate 
hazard characterization of the drug. The sponsor has noted that there is some variability in the 
level of M1 exposure in humans, possibly due to genetic variations in CYP1A1.  The sponsor’s 
comparison of parent drug, M1 and M4 (glucuronide of M1) is shown below.  

 
 
The sponsor’s proposed overall metabolic schema is shown below: 
 
 

 
 
 
 
Protein Binding 
The parent drug and active metabolite are highly protein bound in humans and only moderately 
protein bound in the nonclinical species. The sponsor’s summary table is shown below. 
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6 General Toxicology 

 

6.1 Single-Dose Toxicity 

 
Single dose toxicity studies were conducted in mice, by oral and intravenous routes, and rats, by 
the oral route only.  The highest non-lethal oral dose in both species was 300 mg/kg. The lowest 
lethal oral dose in both species was 2000 mg/kg. The lowest lethal intravenous dose in mice was 
30 mg/kg.  The signs were described as “nonspecific.” 

 

6.2 Repeat-Dose Toxicity 

 
Repeat dose toxicity studies included daily administration of parent drug (riociguat) or 
metabolite (BAY60-4552) to rats for up to 6 months or dogs for up to 12 months. The dog was 
sensitive to the pharmacologic effect of the parent drug with a steep dose-response curve for the 
limiting toxicities. This prevented the use of doses that might have produced toxicologically 
significant findings.  
 
Gastrointestinal effects were reported across species and studies. These effects included 
decreased gastrointestinal transit (bloating, distension), secondary gastrointestinal 
irritation/inflammation, and diarrhea and may reasonably be attributed to the extended 
pharmacology of smooth muscle relaxation. Similarly, cardiovascular effects of decreased total 
peripheral resistance were also apparent across species and may similarly be considered extended 
pharmacology.  
 
The target organs of toxicity appear to be the heart, bone, kidney, liver, endocrine and 
reproductive systems for both parent drug and metabolite. The sponsor did several ancillary 
studies to investigate bone (parent drug) and renal (metabolite) effects.  
 
 

 

 

6.2.1 PH-35002 Chronic oral toxicity study in rats (26-weeks administration by gavage) 

Report number: PH-35002 
Study number: T5076778  
Study initiated: May 26, 2006 
GLP: statement included 
QA: yes 
Study location: Wupperthal, Germany 
Test article: BX028BL, 97.3% pure 
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BAY63-2521 was administered by oral gavage to 20 male and 20 female Wistar (HsdCpb:WU) 
rats per dose group at daily doses of 0, 2.5, 10 or 40 mg/kg body weight for a period of 187-188 
days. The drug was administered as a suspension in 0.5% aqueous tylose. 
 
Observations 
 
Morbidity/mortality: 2x/day, 1x on weekends, holidays 
Open field observation: weekly 
Determination of : 
 Body weights weekly 
 Food consumption: weekly 
 Water consumption: weekly 
Ophthalmoscopic exam: pre-tx(all groups), end of study(control and high dose) 
Clinical laboratory: 
 Hematology: week 13 and 26 (first 10 living animals) 
 Clinical chemistry: week 13 and 26 ( first 10 living animals) 
 Urinalysis: week 12 and 25 first 10 living animals 
 
Necropsy: week 27/28 
Determination of liver enzymes and substrate content: liver sampling during necropsies (first 10 
animals) 
Toxicokinetics: days 1, 28 and 182 
  0.5, 1,2,4 and 7 hours after dosing 
  3 animals per time point 
 
 

Results 
 
 Signs: Reddening of ears and extremities were seen in all treated animals (2.5 mg/kg). 
Males with penis erections were dose-dependent 10 mg/kg (6/20 MD and 17/20 HD) from day 
11 to day 60. 
Increased girth in females (4/20) at 40 mg/kg: the cecum was found to be dilated but histological 
correlates were not seen. The reason for the observation was hypothesized to be a functional 
effect.    
 
 
Ophthalmoscopy: no treatment related effects reported.  
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Body weights 
 
The male LD and MD groups gained more weight than the controls while the HD group gained 
at a lower rate. All of the female drug-treated groups gained weight at a greater rate than the 
control group.  
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When normalized for body weight, food intake was increased in the drug-treated groups.  
 

 
 

 
 
Water consumption was also increased in both sexes.  
 

 
 
 

Hematology 
 
There were some minor changes in the hematology that could either be normal variability or very 
minimal effects consistent with a mild regenerative anemia. There were no findings of 
toxicological significance in the WBC material.  
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Organ Weights 
 
Normalized adrenal weight was increased at the MD and HD of both sexes. The normalized 
brain weight was decreased in both sexes. Liver, spleen and kidney weight was also increased in 
both sexes.  
 

 
 
 
The normalized weight of epididymides (-11%, p<0.05), seminal vesicles (-16%, p<0.05) and 
prostate (-15%, p<0.05) were decreased in the drug treated groups compared to the control 
group. 
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Blood pressure measurements: direct measurement from the femoral artery 
Hematology and clinical chemistry samples: collected prestudy and weeks 6, 13, and 26 of the 
study 
 
Sponsor’s List of  Hematology Parameters Measured 

 
Also measured: ESR-1/2: Erythrocyte 
sedimentation rate 
PTT: Partial Thromboplastin Time – kaolin-
activated test  
PT; Thromboplastin Time 
 
 
 
 
 
 
 
 

 
 
Clinical Chemistry Parameters Measured: ALT, Albumin, alkaline phosphatase, AST, total 
bilrubin, cholesterol, creatine kinase, GGT, glutamate dehydrogenase, glucose, lactate 
dehydrogenase,  magnesium, inorganic phosphate, total protein, triglycerides, urea, calcium, 
potassium, sodium, chloride, triiodothyronine (T3), thyroxine (T4). 
 
Urinalysis: pre-study, weeks 6, 13 and 26.  Animals were placed individually in metabolism 
cages for a 6 hour period. Parameters measured: specific gravity, volume, creatinine, MultiStix 
evaluations of bilirubin, blood, glucose, ketone bodies, pH, protein, and urobilinogen.  Urinary 
sediment was examined by microscopy.  
 
Toxicokinetics: Day and week 25, plasma was collected before and 0.5, 1, 2, 4, 7 and 24 hours 
after administration. 
 
Liver determinations: N-demethylase (NDEM), O-demethylase (ODEM), CYP450, and 
triglycerides. 
 
Tissues collected at necropsy The report does not contain a simple declarative statement as to 
which animals were subject to histological examination.  From the histologic summary tables, it 
appears that all main study animals were examined.   
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Results 
 
Clinical signs of soft feces were seen in all dose groups but at much higher frequency in the HD 
group. Salivation was also reported at high frequency in the HD group. 
 
Unscheduled mortality was reported. One HD female was found dead in week 6. There was a 
generalized lymphoid condition in that the thymus and other lymphoid organs were described as 
atrophied. The sponsor attributed this to an overall deterioration of condition unrelated to 
treatment. No other cause for deteriorating condition was offered.  
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There were no consistent body weight findings. 

 
 
 
 
 

 

 
 

 
------------------------------------------------------------------------------------------------------------ 
Absolute difference from Week1              2.57                3.03                 2.20             2.72 
 
 
 
 
 
Body Weight continued 
 
Females also showed no apparent drug-related changes in body weight. 
 
 

 

 

 

 
Absolute difference from Week1        2.45               2.27                  2.97                2.47 
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Food consumption :  was not reported in a way that it could be examined for effects. 
 
Reflex testing, body temperature, ophthalmoscopy: No effects were noted. 
 
Hematology: There was a  possible signal in the erythrocyte sedimentation rate, an indicator of 
systemic inflammation. 
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Clinical Chemistry 
 
There were no findings of apparent toxicological significance in the data as presented.  
 
A summary table in an appendix presented the liver enzyme data in a different format, making it 
apparent that there was a small, statistically insignificant, decrease in enzymatic activity at the 
highest dose.  
 
Sponsor’s Table 
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Sponsor’s Table 

 
 
 
Urinalysis 
There were no apparent findings of toxicological significance. 
 
 
Blood Pressure and ECG 
 
The effects on blood pressure apparent at week 13, 2 hours after dosing, not indicated as 
significant, were also apparent at week 26, 2 hours after dosing.  
 
Sponsor’s Table 
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In HD  females, there was a striking decrease from concurrent control in the weight of the 
reproductive tract. The  uterus/cervix/oviduct and ovarian weights, normalized to body weight, 
were decreased by 71% (n.s.) and 61% (n.s.) respectively compared to control.  
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Histopathology 
 
 
Hyperplasia of the adrenal zona glomerulosa was identified in both sexes.  
 

 
 
 
 
 
 

 
 

 

 
 
 
 
 
Toxicokinetics  
 
The sponsor found no sex-related differences in the toxicokinetic data.  At steady state, the 
trough plasma values were 2-7% of the Cmax values.  
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Sponsor’s Table 

 
 
The sensitivity of the dog to riociguat’s pharmacology limits the doses that can be used in the 
toxicology studies.  There were few findings of obvious toxicological significance. The slight 
changes in normalized organ weights may be primary or secondary to alterations in blood flow 
and perfusion. 
 
 
 
 
 

6.2.3 Systemic Toxicity Study in Male and Female Dogs with Daily Intragastric Administration 
for 52 Weeks 

 
Report: A45725 
Study Number: TXST20070080 (T1077502) 
Study Location:  
Study Initiation: June 4, 2007 
GLP: statement included 
QA: yes 
Test Article: BAY63-2521, batch BX028BL, purity 97.1% 
Formulation: microcrytstalline suspension in 0.5% tylose 
 
Beagles, 10 months of age, 4/sex/group, were administered BAY63-2521 at doses of 0, 0.3, 1 
and 2 mg/kg/day for 52 weeks. The HD animals initially received 3 mg/kg for 9 days.  Because 
the general condition of the animals was significantly impaired, treatment was stopped for 14 
days (day 10 to 23). Dosing was restarted at 1 mg/kg for 7 days and subsequently increased to 2 
mg/kg/day from day 31 until the end of the study.   
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Observations 
 

 Mortality and clinical signs : 2X per day 
 Food consumption : recorded daily 
 Body weight: weekly 
 Body temperature: pre-study and days 39, 86, 178, 268 and 362 
 Ophthalmoscopy:  pre-study, 38, 85, 176, 267 and 361 
 Blood pressure: direct measurement pre study and during the study, prior to dosing and 2 

hours after dosing (Tmax) on days 36, 87, 176, 269 and 358.  
 ECG: pre study and during the study, prior to dosing and 2 hours after dosing (Tmax) on 

days 36, 87, 176, 269 and 358. Lead II was the only lead evaluated. QT correction by 
Bazett’s, Fridericia and van de Water’s formula.  

 Nervous system function: observational studies on days 39, 86, 178, 268 and 362. 
 Hematology and Clinical Chemistry: serum samples were collected pre-study and days 9, 

40, 89, 180. 271 and 362 
o Hematology: rbc, wbc, Hb, PCV, MCH, MCHC, MCV, platelet count, 

differential, reticulocytes 
o Clinical chemistry: AST, ALT, ALP, GGT, GLDH, LDH, CK, total cholesterol, 

glucose, urea nitrogen, creatinine, sodium, potassium, calcium, chloride, total 
protein and protein electrophoresis, total bilirubin, triglycerides, magnesium, 
inorganic phosphate, iron and albumin, cardiac troponin T (cTnT) and cardiac 
troponin I (cTnI). 

 Coagulation parameters: determined from citrated plasma pre-study and days 9, 40, 89, 
271 and 362 thrombin time, thromboplastin time, activated partial thromboplastin time 
and fibrinogen 

 Thyroid hormones: pre study and days 40, 89, 180, 271 and 362. T3, T4 and TSH 
 Urinalysis: collected over 18-20 hours from all animals per group pre study, and days 37, 

86, 178, 268 and 362. 
 Toxicokinetics: The concentrations of BAY63-2521 and BAY60-4552 (metabolite M1) 

were determined in serum samples taken before and 0.5, 1, 2, 4 ,7 and 24 hours after 
intragastric administration on study days 1/2, 9/10 and in weeks 26 and 50. For animals 
of the HD group only, serum concentration profiles were determined on day 24/25 and 
31/32. LC/MS/MS methodology was used.   

 Necropsy: the sponsor’s summary table is shown below. There was no statement as to the 
animals examined. From the summary tables, it appears that all animals in all groups 
were examined histologically. 
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Sponsor’s Summary of Organs Weighed and Tissues Collected for Histopathology 
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Results 
 
Mortality  
One HD male died on day 279 after showing signs of decreased food consumption and 
accompanying weight loss, frequent diarrhea, vomiting, apathy, and general debilitation from the 
start of the study. The necropsy showed myocardial degeneration.  
 
Signs 
 
No signs were reported for 0.3 mg/kg BAY63-2521. 
 
At doses ≥1mg/kg, the following drug related findings were noted with dose-dependent 
incidence:  sialorrhea, vomiting and diarrhea. Emaciation was noted in one male at 1 mg/kg/day. 
 
At 2 mg/kg/day, the following compound related effects were reported: apathy, sedation, 
decreased activity, emaciation, transient exsiccosis, foul smelling breath. 
 
At 3 mg/kg, muscle tremor was reported sporadically between day 4 and 9. 
This is not consistent with the 26 week dog study where no neurologic signs were reported.  
 
 
Food consumption  
 
In the first 9 days of the study, food consumption in the HD group was depressed to 
approximately ¼ that of the control group (p<0.01). Consumption increased to control levels as 
soon as the HD group was given a drug-free period starting day 10. When dosing was resumed at 
2 mg/kg, the food consumption gradually decreased until Day 39. 
The time allowed for this group to consume food was extended from 2 to 6 hours and 
consumption generally increased although there were some sporadic episodes of decrease. Some 
individual animals were offered additional “wet” (canned?) food.  
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Sponsor’s tables:  blood pressure for males and females combined 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
Heart Rate and ECG 
 
The only consistent effect was reflex tachycardia, apparent in both sexes at 2 hours after dosing.  
There were occasional statistically significant findings that were without time or dose 
dependence and therefore of questionable, if any, biological significance.  
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Assessment of nervous system function 
 
This was a very limited evaluation that included pupillary light reflexes, corneal reflex, extensor 
postural thrust reaction, and patellar reflex. No deviations from normal reflexes were noted.  
 
 
Ophthalmoscopy 
 
No deviations from normal were noted.  
 
Hematology 
 
By day 180, an anemia was apparent in both sexes of drug treated animals.  While the 
reticulocyte count was not apparently affected in the males, a dose-related decrease was seen in 
the females. This was significant at the HD.  However, this relative anemia did not persist.  
 
Sponsor’s Table 
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Sponsor’s Table 
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The sponsor provided this succinct summary of the study: 
 

 
 

 
 
 

7      Genetic Toxicology 

There was no evidence of genetic toxicology for riociguat in the reverse mutation bacterial 
(Ames) assay, cytogenetic assay (Chinese hamster V79 cells), in vitro chromosome aberration 
(Chinese hamster V79 cells), the in vivo mouse micronucleus assay or a cytogenetic assay in 
mice. The metabolite, BAY60-4552, was tested in the bacterial reverse mutation assay, the in 
vitro chromosome aberration assay (Chinese hamster V79 cells), and the in vivo mouse 
micronucleus study. There was no apparent genetic toxicology for the active metabolite.  
 

7.1 In Vitro 

7.1.1.Ames-Test Screening 

Key findings:  Increase in revertants not seen under the conditions of the assay.  
Study no.:  T2071789 
Volume #, and page #:  vol15,p 1. 
Conducting laboratory and location: Mol and Gen Tox, Bayer HealthCare, Wuppertal, 
Germany   
Date of study initiation:  August 30, 2002 
GLP compliance: no  
QA reports:  yes (  )  no ( x ) 
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Drug, lot #, and % purity:  BAY63-2521 in DMSO  There were no batch numbers listed and no 
purity listed with the comment “not indicated by sponsor”. 
 
 
Methods   

Plate incorporation method used.  
S9: from Sprague-Dawley rats 

Strains: Salmonella typhimurium TA1535,TA100,TA1537,TA98,TA102 
Concentrations : 0, 16, 50, 160, 500, 1600, 5000 g per plate. 

Positive controls: sodium azide, nitrofurantoin, 4-nitro1,2-phenylene diaminemitomycin C, 
cumene hydroperoxide, 2-aminoanthracene  
Criteria for assay acceptance and positive results cited.  
Precipitation : concentrations 1600 g per plate 
Bacteriotoxic >500 g per plate 
 
Results: no increase in revertants under the conditions of the assay. 
 

 

7.1.2 Cytogenetic screening with Chinese hamster V79 cells  

Key findings:  No increase in clastogenicity in this limited exploratory study.  
Study no.:  T 4071790 
Volume #, and page #: vol 15, p.51  
Conducting laboratory and location: Mol Gen Tox, Bayer, Wuppertal, Germany 
Date of study initiation:  September 22, 2002 
GLP compliance: no  
Drug, lot #, and % purity:  batch WSF1026-12 
There is a statement in the report under the chemical analysis (4.1 Test Substances) that the  
content “not indicated by sponsor”, suggesting that the study was performed at a contract facility, 
other than at Bayer. 

 
 
 
 
 
 
 
 
 

 
 
Methods 
Chinese hamster V79  cells were exposed S9 for 4 hours to concentrations up to 810 g/ml 
BAY63-2521. Cultures of all concentrations were harvested 18 hours after the beginning of the 
treatment. Concentrations for analysis of metaphases were selected based on cytotoxicity. 
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Colcemid was added to each flask 2 hours prior to the end of the incubation period. At least two 
slides were generated per culture. Mitotic indices and numbers of surviving cells (survival index) 
were used to indicate cytotoxicity.  
 
Concentrations tested S9: 0, 450, 540, 630, 720, 810. 
Cytotoxicity seen at concentrations 450 g/ml –S9 

          100 g/ml +S9. 
Precipitation of test article in the medium 450 g/ml. 
 
Chromosomes of approximately 100 metaphases per concentration, 50 metaphases from each of 
two parallel cultures were examined. The sponsor states that in most cases at least 100 assessable 
metaphases were present on one slide prepared from an individual culture. However, the sponsor 
goes on to state on page 69 that when 50 assessable metaphases could not be found on the first 
slide of a culture, the back up slides were evaluated until a total of 50 metaphases was reached. 
This is below the guidance recommendations for number of metaphases to be analyzed.   
 
The sponsor analyzed slides for only 1 concentration. It was also the lowest concentration tested. 
The background for the vehicle control was very low.  
The sponsor states the criteria for a positive response as a relevant and statistically significant 
increase in the aberration ratio.  If one only examines one concentration, can such a finding be 
identified?  
 
Based on the limited data available there seems to be insufficient support for lack of 
clastogenicity. The data that is available suggests the opposite.  Reviewer’s note: while 
reviewing study T0072920 I found the statement that the current report was for the exploratory 
study, something not noted within this report.  
 
 

 

7.1.3 Salmonella/Microsome test: plate incorporation and preincubation method 

 
Key findings:  No increase in revertants under the conditions of the assay.  
Study no.:  T1072921 
Volume #, and page #:  vol 15, p.88 
Conducting laboratory and location:  Mol and Gen Tox of Bayer, Wuppertal, Germany 
Date of study initiation:  July 20, 2003 
GLP compliance:  statement included 
QA reports:  yes ( x )  no (  ) 
Drug, lot #, and % purity:  batch # BX01AD8 
 
Methods 
Strains: S. typhimurium TA1535, TA100,  TA1537, TA98, TA102   S9 
Positive controls : sodium azide, nitrofurantoin, 4-nitro-1,2-phenylene diamine, mitomycin C, 
cumene hydroperoxide, 2-aminoanthracene. 
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Concentrations tested : 0, 16, 50, 158, 500, 1581, 5000 g/plate 
 
Results 
 Sponsor reported that there was no inhibition of growth and that only a weak, strain-specific 
bacteriotoxic effect was observed at higher concentrations.  
There was no apparent change in revertants with different concentrations. Under the conditions 
of the assay there was no increase in mutagenic activity. 
 
 

7.1.4  In vitro chromosome aberration test with Chinese hamster V79 cells 

 
Key findings:  Slight increase in aberrations that is within the historical ranges. 
 
Study no.: T0072920/PH33094  
   
Conducting laboratory and location:  Mol. And Gen.Tox Unit of Health Care Toxicology, 
Bayer, Wuppertal, Germany 
Date of study initiation:  August 8, 2003 
GLP compliance:  statement included 
QA reports:  yes ( x )  no (  ) 
Drug, lot #, and % purity:  BX01AD8, 93% dissolved in DMSO 
Positive controls: Mitomycin C and cyclophosphamide 
 
Methods Chinese hamster V79 cells were exposed S9 for 4 hours to concentrations of 125, 
250, 450, 500 and 550 g/ml of BAY63-2521.  Cultures of all concentrations were harvested 18 
hours after the beginning of treatment. In addition, cells treated with 450, 500 and 550 g/ml 
were harvested 30 hours after the beginning of treatment. Without S9, an additional experiment 
was performed using continuous treatment for 18 hours, harvest at the end of the treatment 
period and BAY63-2521 concentrations of 15, 30, 60, 90 and 120 g/ml. Based on cytotoxicity 
determined at 8 hours after the beginning of treatment, concentrations were selected for reading 
metaphases.  Colcemid was added 2 hours prior to the end of incubation to arrest cells in 
metaphase.  
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Chromosomal aberrations: 30 hr harvest time 
 

  
 
 
 

7.2 In Vivo 

 

7.2.1 Micronucleus test on the male mouse 

 
Key findings:  1) Intraperitoneal dosing was used instead of oral dosing, possibly to ensure 
exposure;  2) Only males were used.  This is also the second genetox study were there is a 
borderline effect based upon historical control ranges.  
 
 
Study no.:  T8072919 and T1073218 
   
Conducting laboratory and location:   
Date of study initiation: December 8, 2003  
GLP compliance:  statement included 
QA reports:  yes ( x )  no (  ) 
Drug, lot #, and % purity:  BX01AD8, 93.3% 
Positive control: cyclophosphamide 
Animals: male mice, strain Hsd/Win:NMRI   5 mice/dose 
 
Methods 
T8072919: Male mice received 2 intraperitoneal injections of 200, 400 and 800 mg/kg 24 hours 
apart. The femoral bone marrow was prepared 24 hours after the last administration.  The 
sponsor reported signs of systemic toxicity at all doses. All males survived to the scheduled 
euthanasia.  
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7.2.2 In vivo bone marrow cytogenetic study in the male mouse  

  
Key findings:  Under the conditions of the assay there was no apparent increase in chromosome 
aberrations. 
 
Study no.:  T9073225 
 
Conducting laboratory and location:  Bayer, Molecular and Genetic Toxicology, Wuppertal, 
Germany 
Date of study initiation:  February 5, 2004 
GLP compliance: statement included  
QA reports:  yes ( x )  no (  ) 
Drug, lot #, and % purity:  Batch # BX01AD8, 92%, suspended in a vehicle of 0.5% aqueous 
Cremophor. 
 
Methods: Male NMRI mice received a single intraperitoneal injection of either BAY63-2521 or 
cyclophosphamide.  Doses of BAY63-2521 were 200, 400 and 800 mg/kg. Femoral marrow was 
prepared 24 hours after administration. For the 800 mg/kg dose a sample was also prepared 48 
hours after administration according to the abstract.  The summary does not list a 48 hour time 
point.  Positive control animals were euthanized 24 hours after dosing.  Negative control animals 
were euthanized 24 and 48 hours after dosing.  
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There was exposure of the mice to the test article at each dose in the in vivo gene tox studies.  
 
 
 
 

8 Carcinogenicity 

8.1 Carcinogenicity Study in Wistar Rats 

  
Conducting laboratory and location:  Bayer Pharma AG, Wuppertal, Germany 
Study number(s):  T9078248 
Date of study initiation:  October 31, 2007 
Drug lot/batch number: a) BX028BL, purity 96.9%    b) BX02RKK, 98.4% 

Analyses done prior to study: 
The test item concentration for all doses and homogeneity of the high and low doses were 
analyzed before the start of the study.  
 
Analyses done during in-life phase: 
The test item concentration for all doses and the homogeneity of the low and high dose 
preparations were checked at beginning and termination of the study and every three 
months in between.  

Validation studies for these analyses were referenced. The homogeneity, stability and 
concentration were reported to be within the prespecified limits of acceptance.  
 
GLP compliance:  Yes 
QA statement:  Yes 
 
Methods  
Harlan Wistar rats (Hsd Cpb:WU) were administered BAY63-2551 as an admixture in the diet. 
The ppm concentrations of the diet were adjusted weekly up to week 26 to reach the scheduled 
effective dose. Thereafter the concentrations were adjusted only when there was a 10% 
difference in weight between current and most recent past measurement.  
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Sponsor’s summary of study design 

 
 
 
 
The observations made are summarized in the sponsor’s table below. 
 

 
 
Hematological parameters analyzed in peripheral blood: erythrocyte count, hemoglobin 
concentration, hematocrit, mean corpuscular hemoglobin, mean corpuscular hemoglobin 
concentration, mean corpuscular volume, reticulocyte count, erythrocyte morphology, 
thrombocyte count, thromboplastin time, leucocyte count, differential count. Differential 
determination was performed only on the blood smears of the following: 
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 All animals euthanized moribund 
 All main group control and high dose animals alive near the end of the study 

 
Clinical chemistry parameters analyzed: alanine aminotransferase, alkaline phosphatase, 
aspartate aminotransferase, glutamate dehydogenase, gamma glutamyl transferase, glucose, 
cholesterol, triglyceride, creatinine, potassium, urea, total bilrubin, total protein, albumin, 
chloride, calcium, inorganic phosphate, sodium.  
 
Urinalysis parameters determined: density, volume, protein concentration, creatinine 
concentration, protein excretion, creatinine excretion, protein/creatinine ratio, pH, blood, 
bilirubin, glucose, ketone bodies, urobilinogen, microscopy of sediment 
 
Necropsy: Included gross observations, organ weights, histopathology. In case that 
histopathological examination was not possible in a main group animal, it was replaced by a 
corresponding satellite group member. Organs weighed and sampled are summarized in the 
sponsor’s table shown below. 
 
Sponsor’s Summary of Organs Weighed and Collected 
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Toxicokinetic sampling: The days and times of blood sampling are summarized in the sponsor’s 
table below. 
 
 

 
 
 
 
 
 
 
 
Results 
 [Note: the CDER statistical review for the mouse and rat carcinogenicity studies is on file in 
DARRTs, filing date April 22, 2013] 
 
 
 
 
 
 
 
 

Reference ID: 3328122





NDA/BLA # 204819                                                               Reviewer E.A. Hausner, D.V.M. 
 

73 

 
 
 
Clinical signs in the  10 mg/kg and 20 mg/kg  group males included emaciation, accelerated and 
labored breathing. The incidences are summarized in the sponsor’s table below.  
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Exposure to Test Item 
 
There were no significant differences in mean food intake between the groups. The sponsor’s 
summary of mean effective doses are shown below.  Both sexes consumed sufficient food to 
achieve within ±10% of the nominal dosages. 
 

 
 
 
 
 
Plasma level determination of drug and active metabolite demonstrated exposure in all dose 
groups.  
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There were no findings of toxicological significance in the differential data for either sex.  
There were no findings of toxicological significance in the clinical chemistry for either sex 
 
 
Urinalysis 
Increased urine protein excretion was reported for both sexes of drug-treated animals, but more 
pronounced in the males.  The effect in the males also appears earlier in the study and in all 
groups of the drug-treated animals compared to the females.  
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The pathologist summarized the most common causes of premature mortality as follows: 
 

 
 
 
And added these comments as well: 
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From The CDER Statistical Review 

 
 
The study was adequate as the Exec CAC gave prior concurrence to the doses used and there was 
neither increased mortality nor new toxicities evidenced in the study.  
 

8.2 Carcinogenicity Study in Mice 

 
Conducting laboratory and location:  Bayer Pharma AG, Wuppertal, Germany 
Study number(s):  T0078366 
Date of study initiation:  October 17, 2007 
Drug lot/batch number:  BAY63-2521, batch number BX028BL (purity 96.9%),  BX02RKK 
(purity 98.4%) 
 Before the start of treatment the suitability of the formulation was confirmed by the  
 analysis of concentration, homogeneity and stability of dosage forms prepared in the  
 same way as it was done in the study.  Analyses were carried out before the start of the  
 study.  The sponsor references F5011508. 
  

Homogeneity: Dosage forms including the highest and lowest concentration were  
  prepared. Three samples were taken from different places of the mixture and  
  analyzed for concentration of the test material.  Homogeneity of formulations was  
  also checked eleven times during the study for the low and high dose groups.  
 Stability: the dosage forms prepared for homogeneity analysis were analyzed shortly after 
  preparation and 15 days thereafter. The analysis revealed that the test item was  
  stable over this period within the pre-defined limits. 
 Content checks: concentrations of samples of control and each test item dosage form 
  prepared were determined eleven times during the study. 
The homogeneity, stability and concentration were reported to be within the prespecified limits 
of acceptance.  

 
Tumor Types with P-Values ≤ 0.05 for Dose Response Relationship or Pairwise 

Comparisons 
of Treated Groups and Control in Rats 

 

 

                                                                                ______________P_Value_______________ 

Sex      Organ Name       Tumor Name                 Cont   Low     Med   High  Dose Resp  C vs. L   C vs. M   C vs. H 

ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ 

Male     ADRENAL GLANDS   Tumor medullary benign,     15     22     17     22    0.0540     0.1116    0.4112    0.0387 

 
Based on the criteria of adjustment for multiple testing discussed above, none of the observed 
tumors was considered to have statistically significant dose response relationship in either sex. 
The pairwise comparison also did not show statistically significant increased incidence in any 
observed tumor type in any treated group in either sex compared to their respective control. 
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GLP compliance:  Yes  
QA statement:  Yes 
 
BAY63-2521 was administered in the diet to 50 male and 50 female Cr:CD-1(ICR)BR mice per 
dose group in concentrations of 0, 50, 100 or 200 ppm for a period of 2 years until one day 
before scheduled euthanasia, until spontaneous death,  or moribund euthanasia.  
Dose selection was based on a maximally tolerated dose from a 13-week dose-ranging study.  An 
additional 20 mice per sex per dose group received the same doses for the same period of time. 
The satellite animals were used for toxicokinetics and hematological investigation. At the end of 
the treatment period, the satellite animals were also subject to gross pathological observation and 
selected organs were weighed. The sponsor’s summary of study design is shown below. 
 
 

 
 
 
The sponsor’s summary of observations is provided below: 
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Hematology parameters determined from peripheral blood: differential blood count, erythrocyte 
morphology, erythrocyte count, mean corpuscular hemoglobin, mean corpuscular hemoglobin 
concentration, hematocrit, leucocyte count, reticulocyte count, thrombocyte count.  
 
Blood was collected from animals dying ahead of scheduled euthanasia. Blood smears were 
prepared and differential blood counts performed.  
 
 
Sponsor’s Necropsy Procedures Summary 
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Blood samples were collected for toxicokinetics. The days and timepoints of sampling are 
summarized in the sponsor’s table below. 

 
 
 
Results 
 
[Note: the CDER statistical review for the mouse and rat carcinogenicity studies is on file in  
DARRTs, filing date April 22, 2013] 
 
Survival was affected in the male mice.  The high dose male mice showed an increased mortality 
relative to all other dose groups. This was apparent early in the study. The CDER statistical 
reviewer confirmed that the effect was statistically significant.   The sponsor proposed the 
increased  gastrointestinal inflammation and secondary consequences as the cause of the 
increased mortality.  
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An early increase in mortality was also apparent for the high dose females.  
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Food Consumption and Test Article Exposure 
 
Food consumption did not differ significantly between the groups. In both sexes, the food 
consumption in the drug-treated groups was no greater than the consumption of the control 
animals.  
 
Food and test substance exposure 
There were no significant differences in food consumption between the groups. This is 
interesting in light of the body weight effects.  
 

 
 
The food administration resulted in the following mean test substance intake of 6, 12, and 25 
mg/kg in males and 8, 16 and 32 mg/kg in females.  
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In mice, the lymphocyte is usually the predominant circulating white blood cell.  This is apparent 
in the differential results shown below.  
 
 

 
 
 
Organ weights 
 
Spleen weight normalized to body weight was increased in both sexes at the high dose. In high 
dose males, normalized spleen weight was approximately doubled (p<0.05) relative to control. In 
high dose females, spleen weight was increased by approximately 46% (n.s.) over control 
weight. 
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Neoplastic Findings 
 
 
The pathologist’s report indicated increased incidences of gastrointestinal inflammation and 
attributed the increased mortality in the drug-treated animals to these findings. 

 

 

 
 
 
The sponsor also speculates that the decrease in tumors in the male high dose group is due to the 
excessive mortality. 
 

Reference ID: 3328122







NDA/BLA # 204819                                                               Reviewer E.A. Hausner, D.V.M. 
 

101 

 
 
The study was adequate. Despite somewhat increased mortality in the high dose groups, there 
was adequate survival for interpretation of results with no demonstration of new toxicities. The 
nonneoplastic toxicities reported are consistent with previous studies.  The tables of neoplastic 
findings suggest background lesions with little indication of a superimposed drug-effect.   
Testicular Leydig cell tumors were also reported in rats with attendant Leydig cell hyperplasia, 
something not reported in the mice.  While the incidence of Leydig cell tumors is not statistically 
significant by the sponsor’s analysis of the Exact Fisher test, it is greater than both historical and 
concurrent control levels although without an apparent dose-response. 

 

 
 
 

9. Reproductive and Developmental Toxicology   

9.1 FERTILITY AND EARLY EMBRYONIC DEVELOPMENT 

 

9.1.1 Study title:  Study of fertility and early embryonic development tin rats after oral 
administration 

 
Key study findings: Riociguat was administered in doses that caused overt effects. There was no 
substantive examination of the male reproductive tract or reasonable analysis of female cyclicity.   
This was discussed with the sponsor in a telecom at the time of submission.   
 
Males lost weight ( up to 43% vs control)  in the pre-mating period while females gained 
significant, dose-related amounts (up to 10x more than the controls).  There  was a dose-related 
increase in mean time to insemination (1.7 days for control vs 3.9days for HD).  It is not clear if 
this is secondary to decreased blood pressure or a primary effect. There were no obvious 
detrimental effects on fertility or early embryonic development.  
 
Study no.:  T8062956 
 
Conducting laboratory and location:   
Date of study initiation:  August 26, 2003 
GLP compliance: statement included  
QA reports:  yes ( x ) no (  )  
Drug, lot #, and % purity:  Batch BX01BEP, 97.6% in a vehicle of 0.5% aqueous Tylopur  
(methylhydroxyethylcellulose). 
 
Methods 
 BAY63-2521 was given by oral gavage to Wistar rats at 0, 3, 10 and 30 mg/kg/day in a 
vehicle of 0.5% aqueous tylopur (methylhydroxyethylcellulose). Male rats were treated for 4 
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weeks prior to mating and during the subsequent mating period up to the time of euthanasia. 
Female rats were treated for 2 weeks prior to mating, during the subsequent mating period and 
up to day 7 of gestation.  Cesarean sections were performed on days 14 and 16 post-coitus. 
Animals were paired one-to-one. If females were not inseminated by the end of the two-week 
mating period they were then paired with a proven breeder.  
 
Evaluated for:  

 signs, mortality- daily 
 body weight- twice a week 
 food consumption- weekly  
 water consumption-daily visual inspection of water bottles 
 gross necropsy 
 Organs collected: testes, epididymides, prostate, seminal vesicles+coagulation glands,       

o uterus, vagina, ovaries, pituitary gland. Davidson’s solution was used for testes    
o and epididymides. Formalin was used for all other organs. 

 Testicular weight 
 

 Female cyclicity, # of corpora lutea, # of implantation sites, # live embryos in right and 
left uterine horns, # of resorptions, weight of ovaries.  

 
 
Results 
 
Mortality:  1 HD male was euthanized after it was given a pulmonary dose of drug.  
1 control male was euthanized for broken upper incisors and deteriorating condition.  
  
Clinical signs:  reddening of the auricular pinnae was seen in both sexes at all doses. Salivation 
was seen in both sexes at HD and in MD males. Piloerection occurred transiently in MD males 
and HD males.  
 
Food consumption:  Mean food consumption was decreased in HD males in the first week and 
then recovered to the same levels as the other groups. HD females ate less in the first week than 
the other groups. Thereafter, the drug-treated females ate more than did the control group. 
 

 
 
Body weight: Despite the resumption of normal levels of food consumption, weight gain was 
depressed in all the drug-treated males during the first, second and last weeks of determination.   
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Using the absolute numbers for the overall period of time, a dose-related decrease in weight gain 
becomes apparent. 
 
Mean body weight changes in males during premating (grams) 
 0mg/kg 3mg/kg 10mg/kg 30mg/kg 
Day 1-29 6716 6319 (-6%) 5914 (-12%) 38**16  (-43%) 
**p<0.01 by Dunnett’s test.  Numbers in parentheses are the percent difference from the control.  
 
 
While the females ate more than the males, the weight gain did not show any consistent pattern 
in the sponsor’s summary table.  
 

 
 
However, if one looks at the weight changes over the entire pre-mating period, more of a pattern 
is apparent. 
 
Mean body weight changes in females during premating (grams) 
 0 mg/kg 3 mg/kg 10 mg/kg 30 mg/kg 
Day 1 to 15 0.8 7 7.7**9 7.5*6 9.3**9 
Mean body weight change during gestation (grams) 
Day 0-14 588 598 579 529 
*p<0.05, **p<0.01 by Dunnett’s test 
 
 
When corrected for differences in body weight, there were no significant differences in testicular 
weight.  
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All females were inseminated.  There was no decrease in fertility index associated with drug 
treatment. Gestation index (viable embryos) was also unaffected.  
 
The presentation of female cyclicity data was uninformative. The only value given was mean 
number of estruses without an explanation of what this signifies.  There was no breakdown as to 
other phases of the cycle or duration of phases.  
 

 
 
 
 
Mean time to insemination showed a dose-related increase with increasing dose. 
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There was one re-mated female in both the MD and HD groups. 
 
Toxicokinetics:  not found 
 
Necropsy:  gross observations only. There are no apparent drug-related findings.  
  
 
 

9.2 EMBRYOFETAL DEVELOPMENT 

 

9.2.1Developmental toxicity study in rats after oral administration 

 
Key study findings: Riociguat was given to the point of overt toxicity in the dams. The signs 
were more severe than in non-gravid animals. Postimplantation loss was significantly increased 
at doses of 5 mg/kg and early resorptions were increased at the high dose of 25 mg/kg. The 
incidence of ventricular septal defect was significantly increased at 25 mg/kg. The drug treated 
litters showed increases in incomplete ossification of several bones albeit non-dose related in 
most cases.  While this may be a generalized developmental effect due to alterations in maternal 
nutrition, the combination of wavy ribs and incomplete ossification of sacral vertebral arches 
may indicate a drug-specific effect. 
 
 
Study no.:  T0073280 
Conducting laboratory and location:  Bayer, Wuppertal, Germany 
Date of study initiation:  February 20, 2004 
GLP compliance: statement included  
QA reports:  yes ( x ) no (  )  
Drug, lot #, and % purity:  batch BX01BEP, 98.4%, 0.5% tylose 
 
Methods 
 Twenty-two inseminated Wistar rats were treated from GD6 to GD17 with daily oral 
gavage of BAY63-2521 at doses of 0,1,5, and 25 mg/kg/day. Five additional females per group 
were treated with doses of 1, 5 and 25 mg/kg/day from gd6 to gd17 for plasma level 
determination of test article. The satellite females were euthanized GD18 after the last blood 
sampling. In the main group, fetuses were delivered by Cesarean on GD20.  
 
Results 
Maternal signs @25 mg/kg: 
 Intermittent reddish vaginal discharge 
 Piloerection 
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 Decreased feed consumption followed by increased feed intake after cessation of 
treatment 
 Increased water consumption/increased urination (PD/PU) 
 
Maternal signs @ 5 mg/kg: 
 Transient decrease in feed intake at start of treatment 
 Some increase in feed intake at end of treatment 
 PU 
 
Mortality (dams):  no unscheduled mortality. 
 
Body weight (dams):   
Corrected body weight= after the uterine weight has been subtracted.  

 
 
The percentage difference  in weight gain compared to control from days 6-17 is : 3% (LD), 15% 
(MD), 43% (HD) 
 
Food consumption (dams):  Mean consumption decreased dose-dependently for the first 3 days 
then returned to control levels in the LD and MD groups but stayed depressed in the HD group 
until the end of the dosing phase. Feed consumption then increased in a dose-related manner in 
all drug-treated groups.   
 
Toxicokinetics:  blood collected day 17 after 12 daily doses at 1, 3, 7 and 24 hours after 
administration.  
 
Terminal and necroscopic evaluations: C-section data (implantation sites, pre- and post-
implantation loss, etc.):   
There were greater numbers of post-implantation losses and early resorptions in the drug-treated 
groups. 
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 Weight of live fetuses also showed a dose-related decrease. Both sexes of fetuses were affected.  

 
 
 
 

Reference ID: 3328122





NDA/BLA # 204819                                                               Reviewer E.A. Hausner, D.V.M. 
 

109 

 

 
 
* p<0.05, **p<0.01 by f= Fisher’s exact   Numbers in parentheses ( ) indicate litter incidence.   
 
 
Toxicokinetics summary of results 
 

 
 
 
 
 

9.2.2 T1073920 Developmental Toxicity Study in Rabbits after oral administration 

 
Key study findings: The rabbits were very sensitive to the pharmacology and extended 
pharmacology of the drug. While all females mated, incidence of abortions increased with 
increased dose.  Postimplantation loss and late resorptions were significantly (p<0.01) increased 
in the HD group. Placental weight was significantly increased at the HD( 22% greater than 
control, p<0.05). There was no clear signal for any kind of increase in variations or terata. 
 
Report number: PH-34628 
Study location:  
GLP: statement included 
QA: yes 
Study initiated: March 15, 2004 
Test substance: Bay63-2521 batch BX01BEP, 98.4% 
 
Twenty female Himalayan rabbits per group were treated with daily oral dosing of BAY63-2521 
(micronized) in 0.5% methylhydroxyethylcellulose.   

 Doses: 0. 0.5, 1.5, 5 mg/kg body weight per day. 
 Dosing period: GD6 to GD20 
 Three additional females per group were added to each group for the toxicokinetic 

analysis (1, 2, 4, 7 and 24 hours after administration on GD6 and GD20).   
 Females were delivered by Caesarean section on GD29.  
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Summary of gestation and intrauterine development parameters 
 0 mg/kg 0.5 mg/kg 1.5 mg/kg 5 mg/kg 
Fertility index(females w/ 
implantations) 

95% 
19 

100 
19 

95 
19 

19 
95 

Gestation index (females w/ viable 
fetuses) 

100  
19 

100 
19 

84 
16 

32 
6** 

Implantations: % corpora lutea 97.0 90.5 95.3 87.9 
Postimplantation loss: % of 
implantations 

50 4.61.0 2.51.00 31.40.00** 

Late resorptions: % of 
implantations 

50 4.61.0 2.51.00 31.40.00** 

Preimplantation loss:% of corpora 
lutea 

3.0 9.5 4.7 12.1 

Placental weight in g 4.16 4.28 4.79* 5.09* 
*p<0.05  , **p<0.01  compared to control 
 
Despite the toxicity and overt clinical signs seen in each dose group, there was no strong signal 
for teratogenicity. The sponsor’s summary is shown below.  

 

 

Toxicokinetics 

Plasma concentrations of BAY63-2521 and of the metabolite M-1 (BAY60-4552) were 
determined. On GD6 and GD20 blood samples were collected at predose, 1, 2, 4, 7, and 24 hours 
after administration.  
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9.3 POST-NATAL DEVELOPMENT 

9.3.1 Pre- and Post-Natal Development Study in Rats 

 
Report number: PH36162 
Study number: T0076755 
Study location: Bayer Schering Pharma Ag, Wuppertal, Germany 
GLP: statement included 
QA: yes 
Experimental start date: February 5, 2008 
Animals: Wistar rats (Hsd Cpb:WU) 
Test article: BAY 63-2521, batch BX028BL, purity 96.9% 
Before the start of treatment, the stability of the formulations were confirmed by the analysis of 
concentration, homogeneity and stability of the dosage forms.  
 
Stability in the vehicle was confirmed before the start of the study. Analyses during the study 
verified that the test item content was within  ±10 % of the nominal concentration. Homogeneity 
(low and high dose investigated, only) was within ±5% of the nominal value. 
 
Vehicle: 0.5% methylhydroxycellulose (Tylose®) 
 
The doses were selected based on a dose-ranging study that examined doses of 16 and 25 
mg/kg/day.  At both doses, the females showed poor clinical condition and decreased body 
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Females without implantation sites or without viable litters were excluded from statistical 
evaluation, except for fertility index, delivery and litter data and prenatal loss.  
 
Differences between the control and BAY 63-2521-treated groups were considered significant 
when p < 0.05. Significant differences from the control are indicated with * for p < 0.05, ** for p 
< 0.01. 
 
Results 
 
No treatment related signs were reported. 
However, in both sexes, at doses ≥ 5 mg/kg, light colored feces were reported with increasing 
frequency with increasing dose.  
 
Body weight gain: F0 
 
A dose-related decrease in weight gain was apparent from day 0-7. The HD group gained on 
average 32% less than the control group. Weight gain was also depressed in the drug treated 
groups from days 7-21. In the last 2 days of the study the drug-treated animals lost weight. The 
HD group is reported to have lost on average 12% (p<0.01) of the Day 21 weight.   
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Feed intake was somewhat depressed in the dug-treated groups during the gestation period, 
consistent with decreased rate of gain.  
 

 
 
 
The HD group gained on average ~3% more than the control group during the lactation period.  
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There were no apparent effects in the F0 fertility and gestation indices.  
 

 
 
Increased numbers of stillborn pups were seen in the MD and HD groups. Duration of gestation 
was statistically significantly increased in the LD and HD groups, a not unexpected effect of the 
pharmacology of a drug that causes smooth muscle cell relaxation and decreased blood pressure.  
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There were no findings of toxicological significance in the natural delivery and litter summary 
data.  
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There were no apparent effects in pup weight up to day 7.  
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There were non-significant decreases in pup weights of both sexes: 4% in HD male pups and 6% 
in HD female pups relative to the control groups.  
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Pinnae detachment occurred statistically earlier in LD and HD pups. Incisor eruption and 
development of fur also occurred slightly earlier than in the control group.The lack of dose 
dependence suggests normal variability.   
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Balanopreputial separation and vaginal opening occurred at the same time across groups. 
However, the mean weight of the drug-treated groups was less than that of the control groups at 
the time of reaching the developmental landmark.  
 

 
 
 
There were no apparent significant findings on the summary of reflexes and hearing ability.  
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There were no obvious trends in the summary of horizontal activity for the male pups. 
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There were no obvious trends in the summary of horizontal activity for the female pups. 
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There were no obvious trends in the total distance traveled by males.  
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There were no obvious trends in the total distance traveled by females. 
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There were no obvious trends in the movement time for male pups.  
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There were no obvious trends in the movement time for female pups.  
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Increased vertical activity was apparent in the HD males at some but not all points of 
determination.  
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Increased vertical activity was seen in the female HD points at some points of determination.  
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There were no apparent trends in the watermaze data for the combined male and female data.  
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There were no findings of toxicological significance in the pup necropsy observations.  
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There were no significant findings in the pup necropsy observations.  
 
 

 
 
 
 

A dose-related decrease in body weight gain was observed by week 6 of life. The HD males 
showed 6% (p<0.05) less mean body weight than the control group. By week 21 no significant 
differences were apparent. Is not clear when the differences resolved, but by week 10, it appears 
that the weekly rate of body weight gain in the HD group exceeded that of the control group 
(sponsor’s summary table shown next page).  
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The MD group showed a lower rate of weight gain than the other groups. The lack of dose 
response suggests that this is normal variability.  
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The female HD groups weighed on average 5% (n.s.) less than the control group.  
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The HD females gained approximately 4% (n.s.) less than the control group during gestation.  
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There were no significant trends in the necropsy observations for either sex of the F1 generation.  

 
 
 

There were no significant differences in time to insemination for the F1 animals used in the 
mating study. 
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As seen in the previous generation, there was an increase in the number of litters with stillborn 
pups.  
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There was a slight, approximately 4% (n.s.) increase in the HD pup body weight relative to the 
control group.   
 

 
 
Fetal drug exposure (i.e., toxicokinetics) was not assessed. Therefore, it is not clear if absence of 
significant effects was due to lack of toxicity or lack of fetal exposure to drug. 
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9.3.2 T0081434 Pilot study in neonatal rats 

Report number: PH36257 
Study number: T0081434 
Study location:  Bayer Schering Pharma AG, Wuppertal, Germany 
Experimental start date: February 2, 2010 
GLP: statement included 
QA: yes 
 
Test article: BAY63-2521, batch BX02RKK, purity 98.4% . Before the start of dosing, the 
stability and homogeneity of the formulations in the dose range and volume were analytically 
confirmed.  Concentrations were within ±5% of nominal. 
 
Formulation: suspension in 0.5% tylose 
Animals: Wistar (Hsd Cpb:WU) 
 
BAY 63-2521 was administered daily by gavage to 5 male and 5 female Wistar rats per group at 
doses of 0, 3, 10 or 30 mg/kg per day in 0.5% aqueous Tylose starting at postnatal day (PND) 6 
over a treatment period of 14 days (main groups 1-4). By PND 19, animals were necropsied. 
Organs were weighed and/or fixed. Histopathology was done in the femur and tibia only.  
 
 
In addition, 6 male and 6 female animals per group (kinetic I groups 9-12) were treated once and 
euthanized PND 6 after blood sampling for toxicokinetics. Another 12 male and 12 female 
animals, per group (kinetic II groups 5-8) were treated for 14 days and then euthanized after 
blood sampling for toxicokinetics at presumed steady state (PND 19). Three males and three 
females were run as control kinetic groups I and II. 
 
Doses were chosen based on the adult toxicology studies where doses of 30 mg/kg correspond to 
approximately 10 fold the clinical AUC. 
 
F0 dams were allowed to deliver their pups. On PND 5, litters were reduced randomly, albeit, as 
follows:  
 Litters with more males than females were taken for the male study groups and litters 
with more females then males were used for the female study groups as far as possible.  
 Eight litters reduced to 5 male or 5 female pups were used as main groups.  
 For treated kinetic groups I and II each twelve litters were reduced to 6 male and twelve 
litters to 6 female pups. Two litters were reduced to 3 male and 3 female pups and used for 
kinetic control groups I and II.  
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Organ weights (prior to fixation) : brain, heart, liver, spleen, kidneys 
 
Histology: right femur and tibia. Gross observation only for all other organs.  
 
Tissues collected in 10% formalin: abnormalities, adrenals, brain, femur, heart, 1/3 right kidney, 
liver, lungs, ovaries, pituitary, prostate, spleen, thymus, uterus/cervix and vagina. 
 
Tissues collected in Davidson’s solution: eyes, testes, left and 2/3 of the right kidney. 
 

 
 
 
 
 
Results 
 
Two males in the HD toxicokinetic group died on PND17 (study day 12) with no reported 
clinical signs. Necropsy was not performed and a cause of death was not determined.  
 
 
No clinical signs were reported for the animals surviving to scheduled necropsy.  
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The histopathology of the femur showed changes including disorganization of the epiphyseal 
bone and marrow cavity with thickening of the trabecular bone and resultant decrease in the 
marrow cavity and marrow cells.  Activated (undefined) osteoblasts  and multinucleated 
osteoclasts were detectable.   Hyperostosis and remodeling were noted in the metaphyseal and 
diaphyseal bone in both sexes.  I do not agree with the sponsor’s interpretation that the bone 
effects begin at 10 mg/kg, because some effects were noted at the low dose of 3 mg/kg. No 
NOAEL was identified in this study.  For facilitated understanding of the histology, several 
representative photomicrographs of normal histology are provided in Appendix I. 
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Toxicokinetics 
 
Plasma level exposure to both parent drug and active metabolite was confirmed. 
The increase in AUC was relatively linear from LD to MD but less than proportional from MD 
to HD.  

 

 

 

 

 

 

 

 

 

 

 
 

 

9.3.3 Juvenile Animal Study: Repeat Dose Systemic Toxicity Study in Neonatal Rats Followed 
by a Drug-Free Recovery Period 

 
Report number: PH36659 
Study numbers: T6081458, T8082404, T4082428 
Study location:  Bayer Pharma AG, Wuppertal, Germany 
GLP: yes 
QA: yes 
Test article: BAY63-2521, batch BX02RKK, purity 98.4% by HPLC analysis. Formulated in a 
vehicle of 0.5% aqueous tylose.  Samples of the dosing preparations were analyzed for 
concentration. Homogeneity and stability data covering the concentration range used were 
generated prior to the start of the study, referenced study F1011973. The concentration analysis 
showed that the formulations were within ±10% of the nominal concentrations.  In addition, the 
report states that test item concentration and homogeneity were checked three (T6081458) or 
four (T8082404/T4082428) times at the beginning, during the course of the study and near 
termination.  
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The length of the right femur and humerus was determined in the first 10 living animals per 
group and sex in each study.   
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Results 
 
There was no unscheduled mortality in studies T6081458 and T4082428. In study T8082404, 
one male at 0 mg/kg died (dosing day 5) and one female at 3 mg/kg died on day 5 of dosing. 
 

  
 
No other clinical signs were reported for any of the groups.   
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Body Weights 
 
Relative body weight changes did not consistently indicate dose-related patterns across the three 
studies. In T6081458, the control group gained on average the most of the different groups. The 
drug-treated males gained less than the control group, but without a dose response.  The drug-
treated females gained on average more than the control group, but without apparent dose 
response.   
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In T8082404, the drug-treated males also gained on average less than the control group, and the 
low dose and mid-dose females gained more than the control group, similar to T6081458.  The 
high dose females gained less than the control group, different than the previous study.  
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
The weight curve for the 
high dose males suggests a 
lower rate of gain than the 
control group.  
 
 
 
 
 
 
 
 
There is no obvious dose-
relationship in the weight 
gain data for the females. 
The lines are parallel with 
variability becoming more 
apparent (spreading of the 
lines) over the course of the 
study.  
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The study with the shortest dosing period, T4082428, showed the same weight effects in males 
as the preceeding two studies. The drug-treated males gained on average less than the control 
group. The results in drug-treated females were similar to T8082404 in that two groups gained 
on average more than the controls and 1 group gained less. 

 
 

 
 
The weight curves 
indicate similar rates 
of gain between the 
groups. 
 
 
 
 
 
 
 
 
 
 
The weight curves 
suggest similar rates 
of gain between the 
groups.  
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During the dosing phase, serum glucose decreased in males by 12% (p<0.01) but was unaffected 
in females.  During the recovery period, serum glucose increased in males to above the levels of 
the control group. Serum creatinine decreased in males by 16% (p<0.01) relative to controls 
during the dosing phase and to -6% (p<0.05) during the recovery period.  Creatinine was also 
decreased in females during the dosing period, -5% (p<0.05) relative to control.   Total bilirubin 
was increased in both sexes during the dosing period, suggesting either an alteration in liver 
function or mild hemolysis.   
 
 

 
The slight increase in AL(A)T 
was not repeated in the other 
studies.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
The sponsor notes the changes in serum electrolytes present in both sexes and attributes those 
changes to the pharmacology of the drug without further explanation.   Possible explanations 
include the pharmacologic effect on the bone or effects on renal tubular absorption, the 
parathyroids or muscle.  
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Urinalysis 
 
At the end of the dosing period and the end of the recovery period, drug-treated animals excreted 
less urea.  This was statistically significant in the high dose males at the end of recovery. 
 

 

 
 
 
 
Learning and Memory Test in Weanlings (Watermaze evaluation) T6081458: There were no 
obvious effects in the data as presented.   
 
Functional Observational Battery: The results showed no  biologically significant differences 
between any of the groups for any parameter for either sex.  
 
 
Motor Activity: The summary tables provided in the appendix did not show discernible patterns 

or trends for locomotor activity.  There was an inconsistent tendency to greater activity in 
the drug treated animals, but without statistical significance. 

 
The other studies also showed inconsistent levels of motor and locomotor activity. There was a 
tendency for greater activity in the drug-treated versus control groups, but without dose 
dependence or statistical significance.   One summary table is shown below as an example.  
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Developmental Milestones: There were no apparent effects on developmental milestones for 
females. There was a 1.5 day delay in balanopreputial separation.  
 

 
 
 
Necropsy 
 
Study T6081458 
 
The control and high dose groups of each sex were examined. Atrophy of the testes and 
epididymides and aspermia of both organs were each listed for 1 HD male.  
 
Several males in the mid- dose and high dose groups showed swollen (0-0-2-1) and enlarged (0-
0-2-3) livers.  The sponsor reported that there was no corresponding histopathology. 
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Because of bone effects seen prior to this, the histopathology of the bones examined is included 
here.  No effects are noted. 
 

 

 
 
 
 
Study T8082404 
 
The two animals who died ahead of schedule are noted in this pathology report. The high dose 
rat was reported to have severe bronchopneumonia and also hypoplasia/atrophy of the thymus 
gland with overall poor general condition. The cause of death of the control animal was uncertain 
due to autolysis of the tissues.  The findings were regarded as “incidental and spontaneous.”  
 
This study collected the femorotibial joint, skull and nasal cavity, and sternum. Very few 
findings are listed. The bones were not mentioned at all.  
 
 
As in study T6081458, there was an increase in the dilated spaces in mesenteric vessel walls 
(“plexiform change”) in males with an incidence of 2-3-2-4. The sponsor notes that because this 
has been seen in several studies it can’t be excluded as treatment related.  
 
 
Study T4082428 
 
T4082428: the femorotibial joint was collected, along with the skull and nasal cavity, and 
sternum. The pathologist’s summary specifically states “no treatment-related findings in the 
region of the femur and the sternum.” One high dose animal (male) was reported to have 
erythroid hypoplasia of the bone marrow. This result was found in the individual animal data.  
No findings of toxicological significance were reported in the summary tables.  
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Femur and Humerus Length 
 
There were no significant differences in length of femur or humerus during the dosing period in 
either sex in either study.  
 

 
 
 

 
 
Gross Observations and Organ Weights 
 
T6081458 
 
 
The gross observations for T6081458 noted:  

 
 
Femur, sternum, skull and nasal cavity were the bony tissues collected. 
Both high dose males and females had increased liver weight as a percentage of body weight 
compared to the control groups: males (+11%, p<0.01) and females (+5%, n.s.). Normalized 
kidney weight was increased in high dose males (+7%, n.s.) and decreased in mid-dose and high 
dose females (-6%, p<0.05). There was no apparent effect on spleen weight, thus not supporting 
the suggestion of hemolysis.  The weight of the testes showed statistically non-significant 
increases over the control group, reaching a maximum of 17%. 
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In T8082404, the recovery animals showed increased normalized spleen weight: +6% (n.s.) in 
males and +10% (n.s.) in females. The testes showed a dose-related (+19%, p<0.01) increase as 
did the epididymides (+17%, p<0.05). 
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In T4082428, the drug-treated females showed increased liver weight (+13%, p<0.01) and spleen 
weight (+27%, p<0.01). The testes showed a non-dose related increase (12%, p≤0.01) while the 
weight of epididymides were decreased at the high dose (15%, p≤0.05).   
  

 
 
The end of the recovery period also reported increases in testes weight (16%, p≤0.01) while the 
epididymides showed a 9% (ns) increase.  
 

 
 
 
 
Looking across the three studies at the organ weight data, there is some consistency in effects on 
the testes and epididymides, but not necessarily a dose-relatedness. The spleen, liver and kidney 
weights were inconsistently affected. With the available data set, it is not possible to determine if 
the organ weight effects are due to normal variability or age specific drug effects. 
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10 Special Toxicology Studies 

Potential phototoxicity was investigated  because riociguat showed some absorption of light in 
the range between 290 nm and 720 nm wavelength. Under the conditions of the studies minimal 
phototoxic potential was demonstrated.  
 
Potential immunotoxicity was investigated in mice (LLNA/IMDS), a 4 week rat study 
(PH33408), and 13-week rat study (PH34674).  The investigations included :  

 determination of splenic cell counts; FACScan analyses on a per animal basis to 
determine subpopulations of the spleen cells 

 determination on a per animal basis of serum antibody (IgG, IgM, IgA) titers using a 
sandwich ELISA 

 plaque cell forming assay (PCFA) using spleens of satellite animals  
Under the conditions of the studies, immunotoxicity was not apparent. 

11 Integrated Summary and Safety Evaluation 

 
BAY63-2521 is an activator of soluble guanylate cyclase, catalyzing the formation of the 
signaling molecule cGMP. Cyclic GMP is a critical factor in the regulation of cellular functions 
such as vascular tone, cellular proliferation, fibrosis and inflammation. Soluble guanylate cyclase 
is ubiquitously expressed and may also be found in platelets and cells of bone marrow lineage 
such as osteoblasts. 
 
Guanylyl cyclases (GC) exist as soluble (cytosolic) or particulate (membrane associated) 
enzymes in the same cell, and catalyze the conversion of GTP to cGMP (Waldman and Murad, 
1987). Several forms of the membrane-associated enzymes have been identified. (Tremblay et al, 
2002). Natriuretic peptides activate several isoforms of membrane bound guanylyl cyclases, 
while nitric oxide is the only physiologically occurring activator of the soluble isoforms known 
to date. The designations for the particulate guanylyl cyclases, e.g. GC-B for the type B guanylyl 
cyclase, appear to be interchangeable with natriuretic peptide receptor, e.g. natriuretic receptor B 
(NPR-B).  The degree of structural similarity between cytosolic and transmembrane GCs is of 
some interest as an indicator of possible secondary pharmacologic or toxicologic off-target 
effects. 
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From Koesling and Friebe, 1999.  
 
 
In vitro, riociguat has been shown to cause smooth muscle relaxation of arteries, coronary 
arteries, veins, and corpus cavernosum. This effect has also been demonstrated in arteries taken 
from nitrate tolerant rabbits. In a Langendorff heart preparation, riociguat decreased coronary 
perfusion pressure. 
 
In vivo studies have been conducted in anesthetized, normotensive rats, conscious spontaneously 
hypertensive and normotensive rats and anesthetized and conscious dogs. In these studies, 
riociguat produced a dose-related decrease in blood pressure. Sensitization or tachyphylaxis was 
not apparent. In the dog studies, coronary vasodilation was not measured per se. However, 
coronary blood flow was assessed and the data suggested an increase with riociguat 
administration.  
 
The testing in models of pulmonary hypertension was unique in that the drug was not 
administered concurrent with the development of the lung pathology. Rather, hypoxia-induced 
pulmonary hypertension in mice and monocrotaline-induced pulmonary hypertension in rats was 
allowed to develop prior to administration of drug.  
 
Riociguat was evaluated for secondary affinities in a battery of radioligand binding assays.  
Interaction with PDE isoforms was also examined as were particulate guanylate cyclase assays.  
 
The safety pharmacology studies indicated that a single oral dose of riociguat produced a 
decrease in blood pressure accompanied by a decrease in excreted urine volume and sodium, 
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Carcinogenicity 
 
Two year carcinogenicity studies were conducted in rats and mice. The protocols for both studies 
were submitted to the Executive Carcinogenicity Assessment Committee (Exec CAC) for 
comments prior to commencement.  
 
The Exec CAC concurred with the proposed doses of 50, 100 and 200 ppm dietary 
administration in mice, based on a maximally tolerated dose (mortality occurred 400 ppm with 
only mild effects at 200 ppm).  The final study was adequate as there was neither increased 
mortality nor evidence of new toxicities. The Exec CAC determined that there was no signal for 
carcinogenic potential in the mouse study. In mice, all doses of BAY63-2521 produced 
measurable plasma levels of parent drug.  The highest dose tested in mice produced plasma 
levels of BAY63-2521 from 1-1.6X the mean AUC reported for pulmonary hypertension patients 
receiving the maximally recommended dose of 2.5 mg t.i.d.    
 
The Exec CAC also concurred with the proposed doses of 5, 10 and 20 mg/kg for the rat study. 
These doses were also based on maximally tolerated dose as demonstrated by decreased body 
weight gain. The final study was adequate as there was neither increased mortality nor evidence 
of new toxicities. The Exec CAC determined that there was no signal for carcinogenic potential 
in the rat study. 
 
In rats, all doses of BAY63-2521 produced measurable plasma levels of parent drug.  The 
highest dose tested in rats produced plasma levels of BAY63-2521 from 1.4-2.2X the mean AUC 
reported for pulmonary hypertension patients receiving the maximally recommended dose of 2.5 
mg t.i.d.  
 
 
 
 
Reproductive and Developmental Toxicity 
 
BAY63-2521 
 
Fertility and Early Embryonic Development in Rats:  A dose-related prolongation of time to 
insemination was reported, possibly due to muscle relaxation and decreased blood pressure.   No 
other effect on fertility in either sex was apparent in the reported data. 
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Bone Effects 
 
The bone effects were identified by histopathological analysis and reported in mice and rats only. 
There were no clear effects on bone length or quality of movement. There were variable reports 
of changes in the quantity of movement. The full reviews of the studies where these effects are 
reported are filed in DARRTS as listed in the table of contents of this review. 
 
The different study reports provided different degrees of detail for the histologic lesions. The 
report for the 4 week oral gavage study in rats provided one of the most detailed descriptions.  In 
males given riociguat at 15 mg/kg/day or more, the articular cartilage showed a distinct 
thickening of the hypertrophic zone of the femoral/tibial growth plates (physis) with irregular 
resorption zone and an increased thickness of the trabeculae of the primary spongiosa. In two 15 
mg/kg and 1 recovery male, a minimal and focal thickening of the chondral part of the growth 
plate without distal involvement of the bone trabeculae was reported. The pathologist’s report 
notes that : 

Based on the literature, the lesions are considered to be related to the mode of 
action of the compound class. Increased intracellular cGMP levels are known as a 
strong stimulus for osteoblast activation.  

 
The sponsor’s cited reference: Mancini L, Moradi-Bidhendi, Brandi ML, 
MacIntyre I. Nitric oxide superoxide and peroxynitrite modulate osteoclast 
activity. Biochem Biophys Res Commun. 1998 Feb 24;243(3):785-90.   

 
Longer duration studies, ending when the rats were older, did not report effects on the articular 
cartilage.  The 13-week oral gavage study in rats showed slight increases in serum calcium with 
a corresponding increase in phosphorus (P) levels (a change suggestive of osteolysis). The 
histopathology showed an increased ratio of hematopoietic bone marrow to fat in femoral 
epiphysis in both sexes 3 mg/kg. This was also present in sternal marrow.  No other changes in 
bone morphology were noted.  However, the 26 week oral gavage study in rats reported 
hyperostosis of the femur in males at doses ≥10 mg/kg (AUC 2283 µg.hr/l) and in females at the 
high dose of 40 mg/kg (AUC 13927µg.hr/l). 
 
To examine the effects of riociguat on post-natal bone development, the sponsor conducted the 
standard late-gestation through weaning study (Segment III), a pilot juvenile animal study and a 
definitive juvenile animal study. 
 
The Segment III, post-natal development study, using the standard indirect drug administration, 
did not show any bone effects.  No histopathology was done. Toxicokinetic analysis for the pups 
was not conducted.  
 
Rat pups in the pilot juvenile animal study were given oral doses of riociguat starting on post-
natal day 6, administered daily for 14 days. The animals were euthanized on post-natal day 19. 
Histology of the femur and tibia showed disorganization of epiphyseal bone and marrow cavity 
with thickening of the trabecular bone and resultant decrease in the marrow cavity and marrow 
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cells. “Activated osteoblasts” and multinucleated osteoclasts were detectable. Hyperostosis and 
remodeling were reported for metaphyseal and diaphyseal bone in both sexes. These effects were 
reported for doses of BAY63-2521 greater than or equal to 3 mg/kg in males and ≥10 mg/kg in 
females. 
 
The definitive juvenile animal study used doses of 0, 0.3, 1 and 3 mg/kg/day and was conducted 
in several sub-studies. The results of the sub-studies were combined into one report.  Dosing was 
initiated at post-natal day 6 and continued for either 

 4 weeks with a 4 week drug-free recovery period,  
 14 weeks with no drug-free recovery, or 
 13 weeks with an 8 week drug-free recovery phase 

The highest dose used in this study was at or below the LOAEL from the pilot study.  While no 
histomorphological effects were reported for bone, there were increases in circulating K+ and  
Ca2+ and a slight decrease in P during the dosing phases in both sexes of animals.  Serum 
albumin concentrations did not change appreciably. This study is also noteworthy  for the 
marked decrease in riociguat AUC from the beginning to the end of the dosing phase. 
 
To characterize the bone effects in mature rats, the sponsor conducted a toxicology study with 40 
male rats per dose (0, 10, and 50 mg/kg subsequently reduced to 25 mg/kg), aged 17 weeks  at 
the start of dosing. Subgroups consisting of 10 males per group were euthanized after 4, 8, 13 or 
26 weeks to provide time course information. The sponsor examined sternum, femur, humerus, 
vertebrae, and costae. Female rats can naturally develop osteopenia and might have been useful 
to see if there was an exacerbation of a naturally occurring phenomenon. Bone mineral density 
(BMD) was measured at several different locations on the femur using peripheral quantitative 
computed tomography (pQCT). The BMD cortical (diaphysis) showed a dose-related increase at 
4 weeks (p<0.0006), 8,13, and 26 weeks (p<0.0001 at each). At study day 183, alkaline 
phosphate was increased 21% relative to control (n.s.) and serum phosphorus was decreased 17% 
(n.s.). The isoform of alkaline phosphatase measured was not clarified.  
 
 Histopathology indicated slight (<5%, n.s.) increases in cortical bone mineral density in the 
diaphysis of the femur in the high dose group from week 4 onwards. The sponsor states that the 
bone effects were probably not related to treatment and that one high dose animal with profound 
effects most likely was affected by underlying metabolic disease.  The sponsor did not elaborate 
on the reasoning for this point.  
 
The pathology report for this study contained very minimal, one word descriptions of findings, 
reported in the summary tables for sternum and femoro-tibial bones. These findings include: 
osteoclasis increased and bone resorption increased.  Findings for the humerus, vertebrae and 
costae include: fibrosis, necrosis, osteoclasis increased, and bone resorption increased. The one 
word descriptions found in the summary tables are not sufficient information for risk assessment 
purposes.  An integrated assessment or discussion of the findings was not apparent. The sponsor 
has been asked to provide photomicrographs to illustrate the range of effects and to provide a 
detailed description and assessment of the findings in the vertebrae, costae, and humeri by a 
veterinary pathologist with expertise in bone pathology.  The information was provided in  SDN 
019 (CDER stamp date May 30, 2013). 
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Of interest in the above report, there were 3 unscheduled euthanasias of note from the high dose 
group. These three animals showed bone pathology. In the sponsor’s words: 
 

 
The findings were attributed to metabolic disease.  
 
 
Histomorphological effects were also noted in several studies of BAY60-4552. The high dose 
(100 mg/kg) animals of both sexes given BAY60-4552 orally for 4 weeks  showed 
histomorphological changes to the femur. These changes were reported as thickening of the 
growth plate and disorganized trabecular bone.   A 13-week study also showed changes primarily 
in females (and 1 male) of the high dose group (50 mg/kg). The changes were listed as being in 
the femur and included thickened growth plate, disorganized trabeculae, and diffuse 
hyperostosis. The 1 affected male was reported to have focal hyperostosis of the femur.  
 
Histomorphological effects on bone were not reported for the dog studies. Because the rate of 
bone turnover in dogs is faster than humans but slower than rats, it is not likely that there would 
be effects detectable by light microscopy. Also, the studies were conducted as routine toxicology 
studies. While the sternum, tibia and femur were sampled in the dog studies, there was no 
description of how samples were chosen for histopathology and no indication that other bones 
were examined.  A publication by Chennekatu et al. (1996) describes a three-year study of 
alendronate administration to dogs.  The investigators examined the costochondral junction of 
the ribs, femur, tibia, and vertebral bone. They reported a dose-dependent delay in bone 
remodeling in the ribs of dogs treated with alendronate, but no similar changes in the tibia and no 
changes in the structural properties of femoral or vertebral bone. 
 
 
Some effects on serum electrolyte levels may indicate modulations in bone metabolism. In the 4 
week dog study, the high dose males showed decreased serum calcium relative to controls at 
both 2 weeks (-9%, ns) and 4 weeks (-5%, ns). This decrease was not apparent in the recovery 
period. The serum P levels also decreased; therefore the ratio of Ca:P changed slightly, but 
probably not to a biologically significant degree. Other studies in rats with administration of 
parent drug or BAY60-4552 also showed changes in serum Ca and or serum P levels. This may 
suggest a number of possible explanations: normal variability, renal alterations, bone alterations, 
and parathyroid changes.  The small size of the parathyroid and the proximity to the thyroid 
gland make it difficult to study histopathologically.  The usual diet of laboratory animals is rich 
in calcium and other minerals and in conjunction with the body’s mechanisms for maintaining 
the physiologic ratio of calcium to phosphorous, could make it difficult to see clinical chemistry 
evidence of a metabolic derangement.  
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Section 1. 
 
The sponsor provided this restatement of the mechanistic study and a correction to the stated 
methodology: 
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The Division had requested that the slides be examined by a pathologist with expertise in bone. 
The slides from one animal were re-examined by a bone expert. 
 

 
 

 
 
The sponsor then described the lesions for animal 221. The main lesion was a fracture or rupture 
of the patella from the patellar tendons with intra-articular hemorrhage and thrombosis/necrosis 
of the patellar bone marrow. The sponsor described a moderate mixed cellular infiltration of the 
tendons and surrounding musculature as evidence that this happened in life and not post-mortem. 
 
The sponsor then described bone resorption characterized by numerous osteoclasts and reduced 
bone matrixboccurred especially in the subcartilage zone of the epiphysis of the femur but way 
less in the tibia where they were restricted to the region of the activated synovialis. In contrast to 
the lesions seen after treatment with riociguat, no hyperostosis of cancellous or diaphyseal bone 
was observed. Furthermore, growth plates were normal. 
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Another thrombus was noted, in the humerus: 
 

 
 
 
 

 
 

 
 
Reviewer’s response:  
 
Animal 221 was on a high dose treatment of 50 mg/kg/day for 8 days before unscheduled 
mortality occurred.  There is a greater level of detail in this Information Response than the 
original description.From the report A43289, here is the sponsor’s discussion of animal 221: 
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The patella is noted as having a lesion but “fracture”was not elaborated upon. 
 
 
The sponsor does not dismiss the possibility of a treatment related effect but notes that the 
lesions in animal 221 are somewhat different than those reported in other studies. 
However, thrombi (cardiac) were reported for high dose treated males in the two-year 
carcinogenicity study.  Also, because so few bones were examined in the other toxicology 
studies, it cannot be definitively stated that these lesions are in fact unique to this study and this 
animal.  It seems a unique coincidence to have bone lesions in an  animal treated with the high 
dose of drug known to affect bone metabolism and to have those lesions be unrelated to the drug. 
It is also of some concern that the report has several inconsistencies in methodology. For 
example, the text on page 16 states that  
 

 
 
 
On page 17, several more bones are listed: 
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In the current information amendment, the sponsor states that all bones were examined, not just 
the ones listed. 
 
The methodology of the original report states that the pathology process was subject to a formal 
cross-check with a second pathologist.  In the current Information Response description of the 
lesions, the sponsor states: 
 

 “the reported moderately increased number of osteoclasts, bone resorption and fibrosis 
could not be verified and were restricted to the area of necrosis in the epiphysis. “ 

 
The sponsor does not clarify the statement “could not be verified.” There was no statement of 
how disagreements or unverifiable findings were to be resolved.   
 

 
 
 
 
A final question is how a patellar fracture happened. A traumatic cause (e.g. rough handling) 
would be likely to have a tibial avulsion. In this case, the photomicrograph indicates that the 
tendon lesion is on the femoral side.  
 
Section 2: Range of severity of lesions 
 
The sponsor provided photographic examples of the range of severity of the lesions. In some 
cases, not all grades of lesions were represented. For example, the scales apparently ran from 
grade 1 (minimal) to grade 5(extensive/massive). The pictures for  lesions of the tibial 
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metaphysis showed grade 2(slight) and grade 4 (severe) only. The pictures for  lesions of the 
femur diaphysis showed grades 2(slight), 3(moderate) and 4(severe). 
 
 
Section 3: Range of severity of lesions in adolescent animals 
 
The sponsor provided photographic examples of the range of severity of the lesions noted in the 
adolescent rats.  
 
Section 4: Sponsor’s considerations of human relevance 
 
The sponsor begins with a recapitulation of the species and studies in which changes were seen 
and the various exposure margins based on ratios of unbound drug.  
 
The sponsor proposes that the absence of riociguat-associated bone findings in dogs, mice and 
adult rats, suggests that the drug induces morphological changes only during the phase of bone 
growth and rapid remodeling. In other words, the metabolic pathways are activated to beyond 
physiologic levels only during rapid growth. It was also noted that these changes occur at 
exposure levels close to therapeutic exposure.  
 
 

  
 
 

 
 
 
The sponsor’s interpretation is that the bone findings are to be expected as related to mode of 
action.  This is reasonable s based on the increase in cGMP produced by riociguat and the 
subsequent activation of Protein Kinase G (PKG). The sponsor cites five publications to support 
the involvement of the eNOS-NO-sGC-cGMP-PGK pathway in the regulation of bone 
homeostasis.  
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Sponsor’s References 

 
 
 
I concur with the recapitulation of effects reported in the different species. However, the sponsor 
states that no effects were found in dogs. The studies were conducted as standard toxicology 
studies, examining the femoro-tibial joint and sternum, and not expanded to address a specific 
question of whether or not the bone effect occurred in dogs. The size of the femoro-tibial joint in 
dogs  is much greater than the corresponding joint in rats, but we do not know how the samples 
for sectioning were collected, processed and selected. There was no indication of additional 
bones, e.g vertebrae, nasal turbinates, humerus, ribs, calvarium, examined in the dog studies.  
 
Additionally, bone remodeling in dogs is slower than in  the rat. A treatment period of 9-12 
months is equivalent to 2-3 remodeling periods in the dog (Forwood et al 1995) where the bone 
remodeling period in the rat is proposed to be approximately 6 days (Vignery and Baron, 1980). 
Studies examining bisphosphonate adverse bone effects in dogs used periods of up to 2 years 
(Forwood et al 1995; Grynpas et al, 1994), 3 years (Chennekatu et al 1996) or more (Allen et al. 
2008).  
 
The sponsor’s assertion that the 2-year rat study showed no changes in the spinal column is 
puzzling. The 2-year rat study methodology section does not list vertebral bodies or vertebrae as 
having been collected and/or examined. The methodology in the Pathology Report does not list 
the vertebrae as having been examined.  The summary of  neoplastic and non-neoplastic results 
for the nervous system (sections 3.1.1. and 4.1.1. in Pathology Report) do not list vertebrae. The 
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summaries of neoplastic and non-neoplastic results for the musculoskeletal system (sections 
3.1.11 and 4.1.11 in the Pathology Report) do not discuss vertebrae.  The summary incidence 
tables do not list vertebrae, only femur and sternum. “Knee joint” is listed under femur.  This 
reviewer re-examined SDN 0140 (filed in DARRTS, October 17, 2011). This was a special 
examination of bones from the 2-year carcinogencity. In this special analysis, the sponsor stated 
an examination of sternum, femur and tibia. Therefore, it is unclear when the sponsor examined 
vertebrae.  
 
Summary  
 
I concur with the sponsor that there is published data to support a direct effect modulated via 
sGC and eNOS-NO-sGC-cGMP-PGK pathway. Inhibiting NO synthase (NOS) can potentiate 
ovariectomized bone resorption in rats which suggests a link to the parathyroid axis (Kasten et al 
1994).  
 
Studies in vitro indicate that NO modulates both osteoblasts and osteoclasts. Osteoclastic 
resorption is potentiated during NOS inhibition (Kasten et al 1994). Decreased NO levels 
increase osteoclast recruitment and bone resorption (Collin-Osodby et al, 2000). Receptor 
activator of nuclear factor-κß(NF κß) ligand (RANKL) is up-regulated in response to hormones 
and factors that are known to promote bone resorption, such as PTH and vitamin D. RANKL 
binds to  RANK receptors on osteoclast precursors and stimulates differentiation toward the 
osteoclast lineage. 
 
Multiple physiologic mechanisms exist to regulate extracellular calcium. The processes include 
intestinal Ca2+ absorption, mobilization of bone Ca2+, and excretion of calcium in urine, feces 
and sweat. The overall balance involves interactions between the parathyroids, kidneys, bone, 
blood, and gastrointestinal tract. Understanding the effects of riociguat is clouded by the overall 
decreased blood pressure and the reduced gastrointestinal motility.  The altered organ perfusion 
may affect oxygenation and metabolism of a given organ and the decreased efficiency of the 
gastrointestinal tract may affect the absorption of nutrients such as calcium. Measurement of 
parameters such as vitamin D levels, vitamin D metabolites, parathormone levels, and urinary 
calcium would allow for some assessment of parathyroid involvement. Examination of bones in 
addition to the standard femorotibial joint would perrmit a more complete picture of the skeletal 
effects of riociguat. Also, no evaluations were made of the drug’s effect on bone strength, 
compressability or healing ability. Riociguat therefore is associated with an incompletely 
described effect upon bone metabolism and thus overall calcium metabolism.  

 

Recommendations for bone questions 
 
A well designed animal study that includes examination of bones such as mandible, nasal 
turbinates, calvarium, vertebrae, humerus, femur (including the neck) and tibia and clinical 
chemistry parameters such as levels of vitamin D and metabolites, parathyroid hormones, and 
urinary calcium excretion may help to address the issue of exacerbation of osteoporosis. 
Assessment of the mechanical properties of bone may be prudent. A clinical trial with 
appropriate monitoring and imaging (e.g. high resolution MRI) may also be of value. 
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Metabolic Effects 
 
Several studies suggested drug effects on serum glucose, food consumption, food efficiency, 
hepatic glycogen contents, serum triglyceride and cholesterol, thyroid weights, thyroid hormone 
levels and weights of reproductive organs.  It is not clear if these effects should be viewed as 
separate toxicities or should be considered together. The sponsor did not integrate the various 
findings in the written reports. In this review, discrete phenomena from different toxicology 
studies are organized into separate tables.   
 
The serum glucose/feed efficiency effects for riociguat are variable across studies. No pancreatic 
histopathology was reported to correlate with these findings. In general, animals receiving 
riociguat consumed more food than control animals, but either did not gain additional weight 
relative to the control group, or gained at a lower rate, thus gaining less weight over the duration 
of the study.  
 
Liver-related effects for both riociguat and BAY60-4552 pertained to function with few 
morphologic changes. Decreases were reported for serum cholesterol, triglycerides, and total 
protein. Urea was reported to increase in some studies and decrease in others. The sponsor 
measured hepatic activity of certain enzymes at the end of both rat and dog toxicology studies. 
These enzymes included 7-ethoxycoumarin deethylase (ECOD), 7-ethoxyresorufin deethylase 
(EROD), aldrin epoxidase (ALD), carnitine acetyl transferase (CAT), epoxide hydrolase (EH), 
glutathione-S-transferase (GS-T), UDP-glucuronlytransferase (GLU-T).  In both rat and dog 
studies, various enzymes were reported to have some degree of decreased activity relative to 
control.  There was no consistent pattern of a specific enzyme showing decreased activity across 
studies.  
 
Smooth muscle relaxation of the gastrointestinal tract and decreased or variable efficiency of 
nutrient absorption may cause the variable serum glucose, liver and thyroid effects.  The safety 
pharmacology study indicated slowing of gastrointestinal transport. The majority of toxicology 
studies reported gastrointestinal effects including abdominal distention and/ or diarrhea. 
Decreased perfusion of the liver may also contribute to increased urea, decreased cholesterol or 
triglycerides, through a mechanism of reduced synthesis.  It is possible that the alterations in 
gastrointestinal motility and the distention of the gut, may have caused alterations in various 
gastrointestinal peptides, or activated feedback mechanisms with the thyroid and the liver. These 
possibilities were not explored.  
 
Nutritional deficits can also be marked by changes in circulating thyroid hormones, typically 
with low T3 levels (Mebis et al, 2012). Reduced T3 relative to the control group was reported in 
the rat 26 week study and the dog 52 week study. There were no apparent thyroid effects in 
shorter term dog studies. 
 
Changes in the reproductive or endocrine organs were apparent in several studies. Again, it is 
unclear if this is a primary effect or secondary to decreased perfusion of the listed organs.  There 
is little, if any, other suggestion of a primary endocrine effect.  
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PH35975 

 
 
The sponsor’s summary of plasma level exposure for the time course study is shown below: 
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In summary, riociguat shows profound hypotensive effects that the sponsor uses as a surrogate 
for efficacy in pulmonary hypertension. The hazard characterization shows direct effects of 
teratogenicity and adverse effects on bone. Adverse effects on kidney, liver, serum glucose and 
endocrine function are difficult to classify as either direct or indirect effects. The approvability 
depends upon the clinical benefit offered by riociguat versus the potential liabilities. 
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