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Introduction 
 The Sponsor has resubmitted an NDA 209988 in response to the complete 
response (CR) letter on the deficiencies of the furoscix device system. In the resubmitted 
application, the sponsor has replaced the original device design with an improved on-
body delivery system to address the issues raised in the CR letter. Nonclinical 
biocompatibility testing of the post-change on-body infusor device was conducted 
according to the ISO 10993 for biological evaluation of medical devices. The nonclinical 
information on furosemide is relied on the listed drug furosemide injection (IV, IM) in the 
NDA 18667 to support this application for the treatment of edema associated with 
congestive heart failure. In this review, the sponsor’s data on buffered furosemide 
formulation (furoscix) infused subcutaneously in rabbits are reviewed to support local 
tolerance. 

1. Brief Discussion of Nonclinical Findings 
 The nonclinical studies examined local tolerability of subcutaneously infused furoscix 
(buffered furosemide pH 7.4) via surgically implanted catheter at the base of the neck to the 
caudal part of the lumbar in New Zealand White rabbits. Administration of a single 5-hour 
subcutaneous infusion of furoscix was well-tolerated in male and female rabbits at dosages 
up to 60 mg/kg and a 14-day observation period. The animals showed increased urine 
output indicating diuresis efficacy of subcutaneously administered furoscix. There were 
slight increases in red blood cell parameters (red blood cell count, hemoglobin, hematocrit), 
creatine kinase and urea nitrogen, and decrease in serum potassium and chloride. All 
values returned to the control levels during recovery period, indicating that the changes may 
be secondary to dehydration and electrolytes imbalance following diuresis. There were no 
furoscix-related changes in coagulation parameters compared to control group animals. 
There was no gross or microscopic evidence of local irritation at the infusion site. In the drug 
product,  impurity was qualified in animal studies. Thus, subcutaneous infusion of 
furoscix at doses up to 60 mg/kg (HED 19.5 mg/kg) was not associated with local toxicity, 
which is approximately 15-fold higher than human dose of 80 mg (1.33 mg/kg). 
   (HED = human equivalent dose) 

1.1 Recommendations 

 1.1.1 Approvability 
Furoscix administered subcutaneously is well-tolerated. Nonclinical studies were not 

conducted using the new to-be-marketed furoscix infusor, and hence the approvability of the 
drug-device combination product will rely on the performance of the device system. 
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Study #: scF_PC001 (5000487)      
Study report location:  

Date of study completion: December 5, 2014    
GLP compliance: GLP compliant             

Drug: Furoscix (buffered furosemide Tris HCl pH 7.4, 8 mg/ml) 
      Phase I study:- Batch #: VL-016,   Purity: >98% 
     Phase II study:- Batch #: 006E14 

Formulation/Vehicle:  % sodium chloride injection, USP  
Route: Subcutaneous infusion via a surgically implanted   

     catheter over 5 hrs
Dosages: Phase I = 5, 10, 20, 40, 60 mg/kg  (Table 4 A) 

Phase II = 60 mg/kg   (Table 4 B)

Species New Zealand white rabbit
Age:  5.4 to 6.3 months old,  Weight: 2.1 to 2.9 kg 

Number of rabbits: Phase I = 1/sex/dose, escalating 4 doses, 24 hr washout 
Phase II = 3/sex/dose, single MTD            

 

Experimental design: In the Phase I study design, dose levels of 5, 10, 20, 40, and 
60 mg/kg were administered, with a 24-hour observation period between escalating doses, 
and animals were euthanized on Day 3 (Table 4A). In Phase II study design, 60 mg/kg (MTD) 
was administered to further assess the local toxicity of furoscix injection solution at the site of 
subcutaneous infusion, and observed for 14 days (Table 4B). 

 

          Table 4A. Phase I experimental design (n=1 M, 1 F)              Table 4B. Phase II experimental design (n=3 M, 3 F) 

        
a Single administration followed by a 24-hour observation period between doses. 
b,c Infusion rate during the first hour/infusion rate for the remaining 4 hours. 

 

Surgical procedures: In anesthetized rabbits, small incision was made at the mid-
lumbar site and a subcutaneous pocket was created with catheter inserted from the base of 
the neck to the lumbar region. The test-article was administered by subcutaneous infusion 
via the surgically implanted catheter for 5 hours on a single dose and escalating doses.  
Phase I groups received a single dose of furoscix followed by an observation period of 24 
hours between escalating dosages, and thereafter, animals were euthanized on Day 3 (Table 
4A). In Phase II, furoscix was administered for 5 hrs, and animals were observed for 14 days 
following dose administration (Table 4B). 
 

Mortality: One male at 60 mg/kg was electively euthanized on Day 13 due to poor 
clinical condition related to severe scabbed, red cutaneous lesion at the infusion site. 
Macroscopically, the skin at the infusion site appeared dark, depressed and ulcerated, 
associated with marked necrotizing and ulcerative inflammation with bacteria in the 
epidermis/dermis, extending to the cutaneous muscle. The thickened and dark subcutis 
infusion site correlate microscopically to mixed cell inflammation with fibrinous material and 
wound, indicating infection at the inserted catheter.   
 

Body weights/Food consumption:  No furoscix injection related changes in 
bodyweight or food consumption were observed. 
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Clinical observations: Clear urine and/or clear liquid material was observed at 0 to 2 
hours post-dose in the cage tray of all Phase II animals given 60 mg/kg, but not in the control 
group, indicating diuresis in the treatment group. There were no other clinical observations 
that occurred during this study related to the administration of furoscix. 
 

Hematology: In Phase II animals, there were increases in red blood cell parameters 
(red blood cell count, hemoglobin, hematocrit; up to 1.18x, compared to control) on Day 2 in 
the 60 mg/kg dose group, and thereafter returned to the mean values of control group, 
indicating that the changes may be due to dehydration caused by furoscis. There were no 
furoscix-related changes in coagulation parameters compared to control group animals over 
the course of this study.  

 

Clinical chemistry: In Phase II animals, moderate increases in urea nitrogen (up to 
2.16x controls) with concurrent decreases in potassium (as low as 0.82x controls) and 
chloride (as low as 0.88x controls) were observed in the 60 mg/kg dose group on Day 2.  
Increases in creatine kinase were noted in males and females (7.17x and10.54x controls, 
respectively), which were reversed to values comparable to control group during the 14-day 
recovery period, indicating that the changes may be a consequence of diuresis caused by 
furoscix. 
 

Local irritation assessment:  In Phase 1 of the study, very slight erythema was 
observed post-dose in both animals given 5 mg/kg, in one male given 40 mg/kg, and in one 
male given 60 mg/kg. In Phase 2 of the study, two cases of infection at the infusion site (1 
treatment group, 1 control group) were observed. One male in the Phase 2 treatment group 
was pre-terminally euthanized on Day 13 due to the presence of skin lesion with increasing 
severity at the infusion site. The cause of the lesion was determined to be bacterial skin 
infection, and a similar infection was observed in a Phase 2 vehicle control animal upon 
terminal euthanasia. At the end of the infusion, the surgically placed catheters were clipped 
and allowed to slip under the skin, resulting in infections in these two animals, indicating 
infusion site lesions related to study procedures.  
 

Gross pathology:  Macroscopic observations at the infusion site and subcutis were 
considered secondary to the experimental procedure. Other gross findings were considered 
incidental that are commonly observed in this strain and age of rabbit. 
 

Organ weights:  No test item-related organ weight changes were noted. 
 

Histopathology:  At the infusion site, mild necrotizing and focally ulcerative 
inflammation was noted at the epidermis/dermis of a single vehicle control animal. The 
necrotizing and ulcerative inflammation was similar to the cutaneous lesion noted in the 
preterminally euthanized furoscix-treated animal and was considered to be related to the 
experimental procedures. All other microscopic changes at the infusion site were of similar 
incidence and severity in vehicle control and furoscix-treated animals and were considered to 
be related to the experimental procedures. 
 

Summary of findings: Administration of furoscix by a single 5-hour subcutaneous 
infusion was well-tolerated in male and female rabbits at dosage up to 60 mg/kg. Clinical 
pathology changes of dehydration and electrolyte imbalance were observed the day after 
administration of 60 mg/kg over 5 hours, indicating that pharmacologically active dose was 
reached. There were no furoscix-related changes in gross or microscopic changes related to 
the administration of the study drug. The local erythema at the infusion site were due to the 
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increased incidence and severity of hydronephrosis (distention of the renal pelvis and the 
ureters) in fetuses derived from the treated dams as compared with the incidence of fetuses 
from the control group . 

10 Special Toxicology Studies 

10.1 Local Tolerance 
  Local tolerance study of furoscix in rabbits is described in the General Toxicology Section 6. 

10.2 Juvenile toxicity 
 

In juvenile male rats ages 4, 6, or 10 weeks, administration of furosemide 40 mg/kg 
intraperitoneally as a single dose per day for 2 weeks caused nephrocalcinosis. Kidney 
calcification was observed as early as three days following treatment, with maximum 
calcification at day 5, indicating that nephrocalcinosis develops within a few days of 
furosemide administration. 
 

11 Integrated Summary and Safety Evaluation 
Administration of furoscix (buffered furosemide) as a single 5-hour subcutaneous 

infusion via a surgically implanted catheter in the New Zealand White rabbit was well-
tolerated at dosages up to 60 mg/kg and observed for 14 days. The animals showed diuresis, 
indicating efficacy of subcutaneously administered furoscix. There were slight increases in 
red blood cell parameters (red blood cell count, hemoglobin, hematocrit), creatine kinase and 
urea nitrogen, and decrease in potassium and chloride, all of which returned to the mean 
control values during recovery period, indicating that the changes may be due to dehydration 
and electrolytes imbalance. There were no furoscix-related changes in coagulation 
parameters compared to control group animals over the course of the study. Positive 
macroscopic findings at the infusion site and subcutis were considered secondary to the 
experimental procedure and not related to the test item. Microscopic changes at the infusion 
site were of similar incidence and severity in the vehicle control group and furoscix-treated 
animals, and were also considered procedure rather than drug related effects. A transient 
erythema was noted at 1-hour post end of infusion, but not beyond 1-hour post-dose, 
indicating experimental procedure effect. Edema noted at 60 mg/kg dose level may be due to 
the increased volume administered to achieve the targeted dose. There was no evidence of 
local irritation at the infusion site. Thus, administration of furoscix by a single 5-hour 
subcutaneous infusion at 60 mg/kg (HED 19.5 mg/kg) was not associated with any local 
toxicity. The infusion dosage is about 15-fold higher than human dosage of 80 mg 
furosemide (1.33 mg/kg) injected IV or IM.  

12 Labeling 
Updated labeling of furosemide based on new label format.  
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1 Executive Summary 

1.1 Introduction 

 In patients with increased signs and symptoms of heart failure, intravenous 
furosemide is administered in an outpatient clinic in a special infusion centers known as 
‘diuresis clinics’, in the emergency room, or during an in-patient stay. In order to reduce the 
burden of heart failure management, the sponsor proposes that subcutaneously administered 
furosemide could be easier to prepare and administer, while maintaining similar diuretic 
efficacy as intravenous administration. The sponsor has developed a pH neutral, buffered 
furosemide formulation (furoscix), optimized for subcutaneous delivery via a wearable Infusor 
device applied onto the abdomen. The Infusor consists of a reusable activator controller 
containing ancillary electronics, and a disposable single-use cartridge, a micro-piston pump, 
an automatic needle insertion and retraction, and an adhesive backing that holds the system 
onto the user’s skin. In this 505(b)(2) NDA application, the nonclinical information on 
furosemide is relied on the previously approved drug products to support this application for 
the treatment of edema associated with congestive heart failure. In this NDA, the sponsor’s 
data on subcutaneously administered to-be-marketed formulation of furoscix in rabbits are 
reviewed. 
 

1.2 Brief Discussion of Nonclinical Findings 

 The nonclinical studies examined local tolerability of subcutaneously infused furoscix, 
buffered furosemide pH 7.4, via surgically implanted catheter at the base of the neck to the 
caudal part of the lumbar in New Zealand White rabbits. Administration of a single 5-hour 
subcutaneous infusion of furoscix was well-tolerated in male and female rabbits at dosages 
up to 60 mg/kg/day and a 14-day observation period. The animals dosed at 60 mg/kg 
showed increased urine output indicating diuresis efficacy of subcutaneously administered 
furosemide. There were slight increases in red blood cell parameters (red blood cell count, 
hemoglobin, hematocrit), creatine kinase and urea nitrogen, and decrease in serum 
potassium and chloride. All values returned to the control levels during recovery period, 
indicating that the changes may be secondary to dehydration and electrolytes imbalance 
following diuresis. There were no furoscix-related changes in coagulation parameters 
compared to control group animals. There was no gross or microscopic evidence of local 
irritation at the infusion site. In the drug product, a degradation product  was 
identified, and it is qualified using toxicology studies in rats and rabbits. Leachables and 
extractables form the infusor device were below the threshold for toxicological concern. In 
addition, qualification of total extractables from the components of the Infusor device was 
made using the International Standard for biological evaluation of medical devices. Based on 
this study, subcutaneous infusion of furoscix at a dose level of 60 mg/kg (720 mg/m2, HED 
19.5 mg/kg) in the rabbit is approximately 15-fold higher than human dosage of furosemide 
80 mg (49 mg/m2, 1.33 mg/kg) injection.  

(HED = human equivalent dose). 
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1.3 Recommendations 

1.3.1 Approvability 

Furoscix administered subcutaneously is considered to be sufficiently tolerable.  
Nonclinical studies were not performed on the performance of the wearable infusor device, 
and hence the approvability of the drug-device combination product to efficiently deliver 
furoscix will rely on its performance in humans. 

 

1.3.2 NonClinical Comments 

 Furosemide injection at a pH of 8.3 - 9.0 is associated with stinging and discomfort 
during injection, and thus formulation of a neutral pH of 7.4 may reduce or ease pH-related 
discomfort at injection site. The preclinical studies using a subcutaneously administered 
buffered furosemide did not reveal any irritation or other local reaction, however, local 
discomfort or irritation following administration of the study drug using a wearable Infusor 
cannot be excluded. 
 

1.3.3 Labeling 

 Furosemide labeling is updated on carcinogenesis, reproductive and developmental 
toxicology (see Page 15). 

2 Drug Information 

2.1 Drug 

 CAS registry number: 54-31-9 
 

 International nonproprietary name:  Furosemide 
 

 Buffered furosemide formulation: Furoscix 
 

 Chemical name: 4-chloro-N-furfuryl-5-sulfamoylanthranilic acid; 
             5-(aminosulfonyl)-4-chloro-2[(2-furanylmethyl)-amino]-benzoic acid 
 

 Chemical formula:  C12H11ClN2O5S 
  

 Molecular weight:  330.75 daltons 
 

 Structure formula:   

 
 

 Pharmacologic class: Loop diuretic 
 

 Route of administration: Subcutaneous 
  

 Drug delivery system: Furoscix Infusor  

2.2 Relevant INDs, NDAs, and DMFs 

 NDA 18667 - Reference listed drug (furosemide injection, IV and IM, pH  8.3 to 9.0).     
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Further qualification of total extractables from the components of the Infusor device, 
that include the vial, vial adapter, and cartridge  

 were made using biocompatibility study report submitted to the 
CDRH as part of the device testing. The tests include cytotoxicity (mouse fibroblast cells), 
sensitization (guinea pig maximization), irritation (intracutaneous in rabbits), primary skin 
irritation (shaved skin rabbit), systemic toxicity (IV, IP mice), hemocompatibility (hemolysis 
assay), and pyrogenicity (febrile response in rabbits) (Table 3). The results of the total 
extractables provide additional evidence in support of the ICH M7 qualification for impurities. 
Whether the device meets the biocompatibility requirements of the International Standard ISO 
10993 for biological evaluation of medical devices is under review by the CDRH.  
 

Table 3:  GLP biocompatibility studies of the Infusor device (Reviewed under PMA P140032) 

 

 
 

2.7 Proposed Clinical Population and Dosing Regimen 

 Furosemide for subcutaneous infusion is indicated for the treatment of edema 
associated with congestive heart failure at a dosage of 80 mg over 5 hours, administered as 
30 mg over the first hour followed by 12.5 mg per hour over 4 hours (total 50 mg). 
Pharmacokinetic clinical study to bridge the buffered furoscix and the currently approved IV 
administration of furosemide, injection solution, using a commercially available external 
infusion system for subcutaneous administration showed comparable diuresis with 
subcutaneous furosemide when compared to the same dose administered intravenously. 
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2.8 Regulatory Background 

Furosemide has a long history of use for the treatment of edema associated with 
congestive heart failure (CHF), renal disease, and cirrhosis. Furosemide has been approved 
in the US since 1966 as an oral tablet form and later approved in 1968 as an injection 
formulation for IV and IM administration and as an oral solution. There are no furosemide 
products for subcutaneous administration approved by the FDA. 

 
Infusor delivery device 
Nonclinical studies were not performed on the performance of the wearable infusor 

device. 
 

3 Studies Submitted 

3.1 Studies Reviewed:  
 In this NDA, the sponsor’s data on subcutaneously administered to-be-marketed 
formulation of furoscix in rabbits are reviewed.  
 

3.1 Previous Reviews Referenced:  
The sponsor relies on the information under NDA 18667 to support the nonclinical 

safety of furosemide injection IV and IM at pH  8.3 to 9.0. 
 

4 Pharmacology 

4.1 Primary Pharmacology 

 Furosemide acts by inhibiting the renal Na+-K+-2Cl- co-transporter at the luminal 
surface of the thick ascending limb of the loop of Henle in the kidney, causing a profound 
diuresis. In general, IV administration exhibits the quickest onset of diuresis, and 
subcutaneous administration take longer to reach peak effect. Constant rate IV infusion 
exhibited better diuretic efficacy compared to an IV bolus administration, suggesting that 
higher Cmax is not associated with greater diuretic effects. Thus, furoscix administered by 
subcutaneous infusion would exhibit consistent diuresis than a subcutaneous bolus 
administration.   

4.2 Secondary Pharmacology 

The diuretic effect of furosemide can cause hypokalemia, metabolic alkalosis, 
hyperuricemia, and dehydration leading to hypotension. 

 

4.3 Safety Pharmacology 

 The safety pharmacology is relying on the listed drug furosemide injection (IV, IM) in 
the NDA 18667. No safety pharmacology studies on subcutaneously administered furoscix 
have been conducted by the Sponsor. 
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Single dose subcutaneous infusion of furoscix in rabbit 
 

Study no.: scF_PC001 (5000487)       
Study report location:  

Date of study completion: December 5, 2014     
GLP compliance: Yes                  

Drug: Furoscix (buffered furosemide Tris HCl pH 7.4, 8 mg/ml) 
      Phase I study:- Batch #: VL-016,   
       Phase II study:- Batch #: 006E14 

Formulation/Vehicle:  % sodium chloride injection, USP  
Route: Subcutaneous infusion via a surgically implanted   

      catheter over 5 hrs 
Dosages: Phase I = 5, 10, 20, 40, 60 mg/kg/day  (Table 4) 

Phase II = 60 mg/kg/day     
Species New Zealand white rabbit 

Age:   5.4 to 6.3 months old,  Weight: 2.1 to 2.9 kg 
Number of rats: Phase I = 1/sex/dose, escalating 4 doses, 24 hr washout  

Phase II = 3/sex/dose, single MTD            
 

Experimental design: In the Phase I study design, dose levels of 5, 10, 20, 40, and 
60 mg/kg/day were administered, with a minimum 24-hour observation period between 
escalating doses, and animals were euthanized on Day 3 (Table 4A). In Phase II study 
design, the MTD (60 mg/kg) was administered to further assess the local toxicity of furoscix 
injection solution at the site of subcutaneous infusion, and observed for 14 days (Table 4B). 

 
 

     Table 4A. Phase I experimental design (n=1M, 1 F)            Table 4B.  Phase II design (n= 3M, 3 F) 

        
a Single administration followed by a 24-hour observation period between doses. 
b,c Infusion rate during the first hour/infusion rate for the remaining 4 hours. 

 

Surgical procedures: In anesthetized rabbits, small incision was made at the mid-
lumbar site and a subcutaneous pocket was created with catheter inserted from the base of 
the neck to the lumbar region. The test-article was administered by subcutaneous infusion 
via the surgically implanted catheter for 5 hours on a single dose and escalating doses.  
Phase I groups received a single dose of furosemide followed by an observation period of 24 
hours between escalating dosages, and thereafter animals were euthanized on Day 3 (Table 
4A). In Phase II, furosemide was administered for 5 hrs, and animals were observed for 14 
days following dose administration (Table 4B). 
 

Mortality: One male at 60 mg/kg/day was electively euthanized on Day 13 due to a 
poor clinical condition related to severe scabbed, red cutaneous lesion at the infusion site. 
Macroscopically, the skin at the infusion site appeared dark, depressed and ulcerated, 
associated with marked necrotizing and ulcerative inflammation with bacteria of the 
epidermis/dermis, extending to the cutaneous muscle. Additional macroscopic observations 
at the infusion site of a thickened and dark subcutis correlated microscopically to mixed cell 
inflammation in the subcutis, with fibrinous material, hemorrhage and bacteria, extending to 
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vessels with thrombosis, suggesting an infection at the site of the catheter which was left in 
situ.   
 

Body weights/Food consumption: There were no furoscix injection solution related 
changes in bodyweight or food consumption. 
 

Clinical observations: Clear urine and/or clear liquid material was observed 0 to 2 
hours post-dose in the cage tray of all Phase II animals given 60 mg/kg/day, but not in the 
control group, indicating diuresis in the treatment group. There were no other clinical 
observations that occurred during this study related to the administration of furosemide. 
 

Hematology: In Phase II animals, there were increases in red blood cell parameters 
(red blood cell count, hemoglobin, hematocrit; up to 1.18x, mean compared to control group 
mean) in males and females given 60 mg/kg/day on Day 2, which returned to the mean 
values of control group, indicating that the changes may be due to dehydration caused by 
furosemide. There were no furoscix-related changes in coagulation parameters compared to 
control group animals over the course of this study.  

 

Clinical chemistry: In Phase II animals, moderate increases in urea nitrogen (up to 
2.16x controls) with concurrent decreases in potassium (as low as 0.82x controls) and 
chloride (as low as 0.88x controls) were observed in the 60 mg/kg/day dose group on Day 2.  
Increases in creatine kinase were noted in males and females (7.17x and10.54x controls, 
respectively), which were reversed to values comparable to control group during the 14-day 
recovery period, indicating that the changes may be a consequence of diuresis caused by 
furoscix. 
 

Local irritation assessment:  During Phase 1 of the study, very slight erythema was 
observed post-dose in both animals given 5 mg/kg, in one male given 40 mg/kg, and in one 
male given 60 mg/kg. One female exhibited well-defined erythema 1-hour after the end of the 
infusion that was resolved by the 2-hour (post-end of infusion) observation time point. In 
Phase 2 of the study, two cases of infection at the infusion site (1 treatment group, 1 control 
group) were observed. One male in the Phase 2 treatment group was pre-terminally 
euthanized on Day 13 due to the presence of a skin lesion of increasing severity at the 
infusion site. The cause of the lesion was determined to be a bacterial skin infection; a similar 
infection was observed in a Phase 2 vehicle control animal upon terminal euthanasia. 
Therefore, these infusion site lesions were determined to be related to study procedures; 
specifically, at the end of the infusion, the surgically placed catheters were clipped and 
allowed to slip under the skin, resulting in the infections in these two animals. 
 

Gross pathology:  Macroscopic observations at the infusion site and subcutis were 
considered secondary to the experimental procedure and not related to the test article. All 
other gross findings observed were considered incidental, of the nature commonly observed 
in this strain and age of rabbit, and/or were of similar incidence in control and treated 
animals. 
 

Organ weights:  No test item-related organ weight changes were noted. 
 

Histopathology:  At the infusion site, mild necrotizing and focally ulcerative 
inflammation was noted at the epidermis/dermis of a single vehicle control animal. The 
necrotizing and ulcerative inflammation was similar to the cutaneous lesion noted in the 
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preterminally euthanized furoscix-treated animal and was considered to be related to the 
experimental procedures. All other microscopic changes at the infusion site were of similar 
incidence and severity in vehicle control and furoscix-treated animals and were also 
considered to be related to the experimental procedures, and not an effect of the test article. 
 

Key study findings: Administration of furoscix by a single 5-hour subcutaneous 
infusion was well-tolerated in male and female rabbits at dosage up to 60 mg/kg/day. Clinical 
pathology changes consistent with dehydration and electrolytes imbalance were observed 
the day after 60 mg/kg dosage administration, indicating that the maximum tolerated 
systemic dose was reached. There were no furoscix-related effects on local irritation 
assessment at the infusion site, nor were there any gross or microscopic changes related to 
the administration of the study drug. Dehydration and electrolyte imbalance were observed 
the day after administration of 60 mg/kg over 5 hours, indicating that pharmacologically 
active dose was reached. Thus, administration of furoscix by a single 5-hour subcutaneous 
infusion at up to 60 mg/kg (720 mg/m2, HED 19.5 mg/kg) was not associated with any local 
toxicity. This dosage is about 15-fold higher than that at the approved human dose of 
furosemide 80 mg (49 mg/m2, 1.33 mg/kg) injected intramuscularly or intravenously. 
  (HED = human equivalent dose) 

6.2 Repeat-Dose Toxicity 
 

No repeat-dose toxicity studies of subcutaneously administered furoscix have been 
conducted by the Sponsor. 

 
 

7 Genetic Toxicology 

The following information regarding genotoxicity is obtained from the approved labeling 
of furosemide. 

 

Furosemide was non-mutagenic in various strains of Salmonella typhimurium when 
tested in the presence or absence of an in vitro metabolic activation system, and questionably 
positive for gene mutation in mouse lymphoma cells in the presence of rat liver S9 at the 
highest dose tested. Furosemide did not induce excess sister chromatid exchange in human 
cells in vitro, but other studies on chromosomal aberrations in human cells in vitro gave 
conflicting results. In Chinese hamster cells, furosemide induced chromosomal damage but 
was questionably positive for excess sister chromatid exchange. Studies on the induction by 
furosemide of chromosomal aberrations in mice were inconclusive, but the urine of rats 
treated with furosemide did not induce gene conversion in Saccharomyces cerevisiae. 
 

8 Carcinogenicity 

The following information regarding carcinogenicity is taken from the approved labeling 
of furosemide injection. 

 

Furosemide was tested for carcinogenicity by oral administration in one strain of mice 
and one strain of rats, which showed a small but significantly increased incidence of 
mammary gland carcinomas in female mice at a dosage times 

 the  human dose of 80 mg  There were marginal increases in 
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incidence of fetuses from the control group,  
. 

 
Literature search on reproductive toxicology of furosemide 
In near-term pregnant rats (gestational day 21), subcutaneous injection of furosemide 

(1, 10, and 100 mg/kg) 4 hours before delivery caused significant delays in postnatal ductus 
arteriosus closure for up to 60 minutes after birth at all dose levels compared to controls 
(Toyoshima et al., 2010).  

In neonatal rats, injection of furosemide 1 or 10 mg/kg within 3 minutes of birth, 
induced significant delay in the closure of ductus arteriosus compared to control group 
(Toyoshima et al., 2010). At 120 min after birth, the mean ductus arteriosus diameter in the 10 
mg/kg group (0.14 mm) remained significantly greater than that of the control and 1 mg/kg 
groups (0.02 mm and 0.02 mm, respectively). If furosemide has similar effects in human 
preterm neonates, caution may be warranted in its use in the treatment of infants with patent 
ductus arteriosus. In another study in neonatal rats, Injection of furosemide (1 mg/kg) induced 
ductus arteriosus reopening was significantly inhibited by co-injection with indomethacin (10 
mg/kg), indicating involvement of prostaglandins in the delay of postnatal ductus arteriosus 
closure (60 min after birth) (Toyoshima et al., 2010). 

In another study in weaning male rats which received enalapril (2.5 mg/d), furosemide 
(40 mg/d), or both drugs in food for 6 weeks, enalapril was associated with lower body 
weights, and furosemide was associated with increased 24-hr urine output (Lane, 1995). 
Systolic blood pressure was not significantly altered by any of the treatment regimens. Kidney 
weights and volume were increased in the furosemide treatment groups compared to control 
and enalapril groups. The gross structures of the kidneys were not noticeably different 
between treatment groups, though furosemide increased plasma renin activity, cortical tubular 
growth, glomerular volume, and filtration surface area per glomerulus. Concurrent 
administration of enalapril blocked the furosemide-induced changes to filtration surface area 
and glomerular growth. 
 
 

10 Special Toxicology Studies 

10.1 Local Tolerance 

         Local tolerance study of furoscix in rabbits is described in the General Toxicology 
Section 6. Overall, subcutaneous infusion of furoscix was well-tolerated at dosages up to 60 
mg/kg, which was also determined to be a pharmacologically active dose based on the 
dehydrating effects noted. 
 

10.2 Juvenile toxicity 
 

In juvenile male rats ages 4, 6, or 10 weeks, administration of furosemide 40 mg/kg 
intraperitoneally as a single dose per day for 2 weeks caused nephrocalcinosis of similar 
magnitudes (Osorio et al., 1998). Kidney calcification was observed as early as three days 
into treatment in the 4- and 10-week-old rats, with maximum calcification at day 5. Rats 
treated with furosemide gained less weight and had higher urine output and fluid intake than 
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age-matched controls. These observations indicate that nephrocalcinosis develops within a 
few days of furosemide administration in an age-independent manner induced by the loop 
diuretic itself. 

 

11 Integrated Summary and Safety Evaluation 

Furosemide has been safely administered for more than 40 years for the treatment of 
edema associated with CHF, cirrhosis of the liver and renal disease. The clinical safety of 
furosemide is well-established, with known risks associated with excessive diuresis. The 
major findings from the nonclinical information evaluated included dehydration, electrolyte 
imbalance, and nephrosis. In developmental and juvenile toxicity studies, furosemide 
treatment led to abnormal ductus arteriosus closure and kidney calcification. Furosemide 
induced chromosomal aberrations in in vitro studies, but was otherwise not found to be 
mutagenic or genotoxic. In carcinogenicity studies, marginal increases in mammary gland 
carcinomas were observed in female mice and marginal increases in uncommon tumors 
were observed in male rats. 

The sponsor has developed a buffered injection solution of furoscix at a level of 8 
mg/ml and pH 7.4 for subcutaneous administration. The nonclinical studies were aimed to 
examine local tolerability of subcutaneously infused furoscix via a surgically implanted 
catheter in New Zealand White rabbits. Administration of furoscix as a single 5-hour 
subcutaneous infusion was well-tolerated at dosages up to 60 mg/kg/day, and observed for 
14 days. The animals dosed at 60 mg/kg showed diuresis, indicating efficacy of 
subcutaneously administered furosemide. In the 60 mg/kg dose group, there were slight 
increases in red blood cell parameters (red blood cell count, hemoglobin, hematocrit), 
creatine kinase and urea nitrogen, and decrease in potassium and chloride, all of which 
returned to the mean control values during recovery period, indicating that the changes may 
be due to dehydration and electrolytes imbalance. There were no furoscix-related changes in 
coagulation parameters compared to control group animals over the course of this study.   
 Positive macroscopic findings at the infusion site and subcutis were considered 
secondary to the experimental procedure and not related to the test item. Microscopic 
changes at the infusion site were of similar incidence and severity in the vehicle control group 
and furoscix-treated animals, and were also considered procedure rather than drug related 
effects. A transient erythema was noted at the 1-hour post end of infusion, but no erythema 
was observed beyond 1-hour post-dose, and this finding was considered to be experimental 
procedure effect. The edema noted at 60 mg/kg/day dose level may be attributed to the 
increased volume administered to achieve the required dosage. There was no evidence of 
local irritation assessment at the infusion site. Thus, administration of furoscix by a single 5-
hour subcutaneous infusion at 60 mg/kg (720 mg/m2, HED 19.5 mg/kg) was not associated 
with any local toxicity. The infusion dosage is about 15-fold higher than that at the approved 
human dosage of 80 mg furosemide (49 mg/m2, 1.33 mg/kg) injected IV or IM. 

 

OVERALL CONCLUSIONS AND RECOMMENDATIONS 
 

Furoscix administered subcutaneously is considered to be sufficiently tolerable. The 
approvability of the wearable Infusor device to efficiently deliver furoscix will rely on its 
performance in humans. 
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