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To: Mark Shields and Roman Drews 

Subject: BLA 125248 Thrombin (Recombinant) 
Sponsor: ZymoGenetics 
Receipt Date: 12-28-2006 
Final Review : 9-18-2007 

Recommendation: Recombinant human thrombin (5000-IU vials rhThrombin) for topical use 
to control surgical bleeding in conjunction with an absorbable gelatin sponge is approvable 
from a pharmacology and toxicology perspective. 

Proposed Indication: Recombinant human thrombin (rhThrombin) is being proposed for use 
as an adjunct to hemostasis when control of bleeding by conventional surgical techniques is 
not sufficient or practical. rhThrombin is intended for topical use in conjunction with an 
absorbable gelatin sponge for hemostasis during surgery. 

Proposed Dose and Administration: Dosing will depend on the size and number of 
bleeding sites. All doses are prepared from 5000 IU vials (number determined by clinician) 
reconstituted with 5 mL sterile saline (1000 IU/mL). 



The amounts of study drug used in the clinical trials supporting this submission are listed in the 
table below. 

Volume of rhThrombin used in clinical trials: 

Toxicology studies supporting these doses can be derived from study RES-10783 
“Pharmacokinetics of [125I]-rhThrombin after application of an [125I]-rhThrombin-saturated 
Gelfoam-100 sponge in a liver wound model in female New Zealand white rabbits”. In this 
study the % absorption from a severe wound model was determined to be 0.37%. In 
combination with study ZGI 1499-005 “A 6-week immunogenicity study of rhThrombin 
administered by SC injection to cynomolgus monkeys” was safe at a dose of 346 U/kg. The 
highest exposure level in animal studies was determined to be approximately 9.25 fold higher 
than the estimated maximum clinical exposure following topical wound site application. 
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Dru~ Product: The composition of each 5000 IV vial ofrhThrombin drug product is as 

follows: 
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1: Summary of Pharmacology Studies 

1.1 In vitro Pharmacology 
Activity of rhThrombin in the conversion of fibrinogen to fibrin was measured by clot 
formation and activation of platelets and FXIII in thrombin clot activity assays studies # 
MTD-10034 and # QC-038 and RES - 10337. Figure (A) below from indicates similar 
response in the fibrinogen cleavage assay for rhThrombin (open circles) versus human 
Thrombin (crosses). Figure (B) shows the activation of platelets by rhThrombin (open 
circles) versus human Thrombin (crosses). 

A 

B 
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RES-10577 (00) –Comparison of the kinetic constants and inhibitor binding properties 
of rhThrombin produced by the pilot scale and commercial scale processes using the 
chromogenic activity assay and SE-HPLC. 

Objective: 
This study was performed the interaction of rhThrombin batches to inhibitors was measured 
with the chromogenic activity assay and with SE-HPLC. Evaluation of the enzymatic 
activity of rhThrombin in the presence of ATIII and hirudin was performed (α2 – 
macroglobulin (α2M) was not specifically evaluated since the presence of the α2M-thrombin 
complex. 

Results: 
Representative curves of the reaction rate (mAU/min) as a function of substrate 
concentration. 
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Calculation of rate constants for pilot scale and commercial lots of rhThrombin are shown in 
tables below. 

The inhibition of rhThrombin enzymatic activity with hirudin and antithrombin III are shown 
below. 

Conclusions: 
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Comparable kinetic constants (Km and Vmax) were measured for the activity of rhTrombin 
(pilot scale and commercial batches). Both hirudin and antithrombin blocked the activity of 
rhThrombin batches comparably and comparable rhThrombin –inhibitor complexes formed. 

SAR-10222 – Comparison of thrombin time: Lot A1193PR and Lot A1422F 

This particular study evaluates manufacturing changes occurring at the time of Phase II 
clinical trials. Thus the primary objective of the study was to compare batch changes in an 
in vitro clot formation assay. Clotting rates for the two batches as determined by thrombin 
time demonstrated batch comparability. 

1.2 In vivo Pharmacology Study Summaries 
RES-10296 A00 – Effect of rhThrombin on blood loss and time to hemostasis in a 
hepatic injury bleeding model in the rabbit. 

This study was preceded by a pilot study CVB006-K, RES-10566 “rhThrombin bridging 
study comparing two lots in a rabbit liver wound model”. 

Objective: 
This study was performed to establish a dose response and further to evaluate efficacy based 
knowledge gained from the initial dose response study. Both studies were performed in 
model of liver resection of the left medial and lateral liver lobes. 

End points 
� Amount of blood lost 
� Time to hemostasis 

Study groups and dosing: 
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Results: 
Blood loss data from dose response study (left lateral and medial liver lobe resection). 
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Time to cessation of bleeding from dose response study for the left medial (LM) and left 
lateral (LL) lobe 

Blood loss data from efficacy study 
Table 6 Left medial total blood loss for efficacy study across treatment groups 

Table7 Left lateral total blood loss for efficacy study across treatment groups 
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Conclusion: 
Based on these studies rhThrombin is efficacious as a topical hemostatic agent in the rabbit 
liver injury model. 

RES-10656 A00 – Evaluation of efficacy between rhThrombin and bovine thrombin as a 
sprayable hemostat on a porcine graft/wound model. 

Objective: 
The objective of the study was to compare the time to hemostasis with sprayable bovine 
thrombin versus rhThrombin in a porcine skin-graft donor site bleed model. The test articles 
were rhThrombin, Bovine Thrombin-JMI and saline control. 

Methods: 
The study was performed in male and female --------- pigs having undergone partial thickness 
skin wounds. End point measurements were time to hemostasis, body weight, mean arterial 
pressure, body temperature, and hematology and coagulation panel. 

Group assignments:    
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Results: 
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Time to hemostasis 
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Mean arterial pressure 
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Conclusion: rhThrombin and bovine thrombin JMI as a sprayable hemostat demonstrated 
similar efficacy in achieving hemostasis in a porcine-skin graft donor-site bleed model. 

RES-10242 A00 – Comparative efficacy of bovine thrombin and ZymoGenetics 
rhThrombin in a rat kidney bleed model. 

This study was preceded by the pilot study RES-10570 “Comparative efficacy of commercial 
scale and pilot scale rhThrombin in a rat kidney bleed model.” 

Objective: 
To evaluate the lowest efficacious dose of rhThrombin needed to achieve homeostasis when 
applied to gauze or gelfoam and compare the efficacy of bovine thrombin in the rat hemi-
nephrectomy model. 

End points 
� Amount of blood lost 
� Time to hemostasis 
� Efficacy of gauze versus gelfoam sponge 

Study groups and dosing: 

Results: 


Figure 1: Grams of Blood Loss, Gauze Patch + Test Article 
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A-Saline, B-rhThrombin 100 U/mL, C- rhThrombin 500 U/mL, D- rhThrombin 1000 U/mL, 
rhThrombin 2000 U/mL and F-bovine Thrombin 1000 U/mL (Dose 0.1 mL). 

Figure 2: Grams of Blood loss, Gelfoam Patch + Test Article 

G-Saline, H-rhThrombin 500 U/mL, I- rhThrombin 1000 U/mL and J-bovine Thrombin 1000 
U/mL 
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Conclusion: 
Based on these studies rhThrombin is efficacious as a topical hemostatic agent in the rat 
partial heminephrecomy bleed model. 

2.0 Summary Pharmacokinetic Studies: 

PT-1499-001 – Bioavailability and relative tissue distribution of [125I]-rhThrombin 
following intravenous and subcutaneous administration to naïve cynomolgus monkeys 
(Non-GLP) 

Objectives: 

(1) to determine the bioavailability of rhThrombin-associated radioactivity following 
subcutaneous injection of [125I]-rhThrombin to male cynomolgus monkeys; 

(2) to determine the fate (including complexation to endogenous inhibitors) of circulating 
[125I]-rhThrombin following intravenous and subcutaneous injection of [125I]-
rhThrombin; 
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(3) to determine the relative tissue distribution of rhThrombin-associated radioactivity 
following intravenous and subcutaneous injection of [125I]-rhThrombin to male 
cynomolgus monkeys using gamma scintigraphy. 

Study groups and dosing: 
Group 1: Single IV dose target dose level 3.5 U rhThrombin (1.12 ug/kg, 67 uCi/kg) 
Group 2: Single IV dose target dose level 350 U rhThrombin (112 ug/kg, 100 uCi/kg) 

Results: 
PK/bioavailability data from monkeys dosed IV versus SC 

Figure 1 Plasma concentration curves for rhThrombin equivalents following IV and SC dosing 

Table 1 PK parameters for rhThrombin equivalents 
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Table 2 rhThrombin/Anti-thrombin III complexes determined by SE-HPLC 

Table 3 Non Anti-thrombin III complexed rhThrombin determined by SE-HPLC 

Conclusion: 
Based on this study performed in cynomolgus monkeys SC dosing of rhThrombin is 
approximately 95% bioavailable from the SC route, rhThrombin rapidly complexes to AT III 
and the liver appears to be the major site of accumulation [125I]-rhThrombin.   

RES-10783 Pharmacokinetics of [125I]-rhThrombin after application of an [125I]­
rhThrombin-saturated Gelfoam-100 sponge in a liver wound model in female new 
Zealand white rabbits 

Objective: 
To determine the amount of [125I]-rhThrombin is absorbed from the wound site following 
application of escalating doses. 
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Study groups and dosing: 

Results: 

Figure 1: Plasma concentrations of rhThrombin following application of 350 ug applications 
to the liver injury site by gel foam application 

Table 2: 

Table 3: 
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Table 4: 

Conclusion: 
Minimal rhThrombin was detected in plasma from 5 minutes to 24 hours post application. 
Less than 0.37% of the applied dose was absorbed from the site of liver injury/application. Of 
the percentage nearly the entire amount of administered radioactivity was found in the liver 
after 24 hours. 

3.0 Summary Toxicology Studies: 

3.1 Single dose toxicology 

RES-10236 A pilot study of rhThrombin in normal rats 

Objective: 
To determine the dose-response relationship and overt toxicity of rhThrombin after a single 
IV injection or 2 SC injections, bovine thrombin was used as a control. 
Groups and Dosing: 
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Results: 

SC Doses – All doses of rhThrombin and bovine Thrombin were tolerated with no clinical or 
gross toxicity (No maximum tolerated dose was achieved) 

IV Doses Bovine Thrombin–rat 6 died with a nominal does of bovine thrombin (178 
Units/kg), consitent wit an anaphylactic reaction (shortness of breath and pale eye color) or 
thromboses. Rat 5 (341 Units/kg) died within 30seconds of dosing. 

IV Dose rhThrombin – Rat 7 tolerated a single 158 Units/kg of rhThrombin (14 days). 

These doses were found to be mislabeled as 2-fold less than the anticipated dose based on the 
potency assay. 

As a result it is the reviewer’s opinion that exposure of rhThrombin generated by 158 
Units/kg would be the NOAEL in this pilot study. 

1499-005 A 6-week immunogenicity study of rhThrombin in administered by SC 
injection to cynomolgus monkeys. 

Objective: To evaluate the immunogenic and toxicologic response to rhTrombin in 
cynomolgus monkeys. This study serves as the pivotal toxicology study in the BLA 
submission. 
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Groups and Doses: 

Animals were dose once weekly for four weeks 

Results: 
SC administration of rhThrombin or bovine thrombin to monkeys for 4 weeks at a dose level 
of 5405 U/m2 (346 U/kg) did not result in antibody (neutralizing or non-neutralizing) 
response to rhThrombin or bovine thrombin. No abnormal findings were observed in any 
groups for: Serum chemistry, hematology, coagulation, Gross necropsy or histopathology at 
days 1,15, 18, 22, 23, 26, 29 or 42. The dose administered in this study represents 
approximately 1643.5 U of rhThrombin absorbed. 

Reports on assay validation are listed in the Toxicology table on page 4 of this review. 
Please see CMC review for evaluation/validation of relevant chemistry assays. 

Hematologic values: 
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Coagulation values: 

Gross Necropsy findings: 
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Conclusion: 
The surgical exposures resulting from absorption of rhThrombin from the site of injury are 
estimated from clinical studies as follows: (spine) 8.6 mL x 1000 U/mL x 0.0037 (0.37%) 
absorption from injury site = 31.82 max 48 mL x 1000 U/mL x 0.0037 absorption from injury 
site = 177.6 U; (liver) 17.2 mL x 1000 U/mL x 0.0037 absorption from injury site = 63.64 
max 40 mL x 1000 U/mL x 0.0037 absorption from injury site = 148.0 U; (Peripheral 
arterial) 10.3 mL x 1000 U/mL x 0.0037 absorption from injury site = 38.11 max 28 mL x 
1000 U/mL x 0.0037 absorption from injury site = 103.6 U; (Ateriovenous graft) 8.8 mL x 
1000 U/mL x 0.0037 absorption from injury site = 32.56 max 20 mL x 1000 U/mL x 0.0037 
absorption from injury site = 74.0 U. Exposures in surgical bleeding are supported by the 
pivotal non-clinical toxicology study demonstrating safety at 346 U/kg dosed SC. This 
accounts for 1643.5 U absorbed in the pivotal non-clinical study or 9.25 fold the estimated 
maximum clinical trial exposure. 

Local tolerance: 

Dermal – Study 1499-003 FHSA Primary skin irritation/corrosion of rhThrombin 

Objective: This study was designed to demonstrate the degree of skin irritation caused by 
rhThrombin at three different concentrations compared to commercially available bovine 
thrombin. 
Methods: 

Study design: 
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Scoring and evaluation of skin reactions: 

Results: 
The primary and average scores are listed shown in the following tables. Slight erythema 
was observed at abraded sites for two animals in the bovine thrombin group. No other 
significant local (topical) application site abnormalities were noted. 

Cumulative primary dermal irritation scores for rhThrombin 100U/mL, 1000, 2000 U/mL: 
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Conclusion: Topical administrations of 100, 1000 and 2000 U/mL were non-irritating to 
normal and abraded skin of six test rabbits. 
Occular – Study 1499-004 – Ocular irritation test (ISO) of rhThrombin 

Objective: This study was designed to assess the potential for rhThrombin to cause ocular 
irritation topical application. 

Methods: 
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Study design: 

Scoring of ocular lesions: 

Results: 

Preliminary eye irritation scores for 100 U/mL, 1000 U/mL and 2000 U/mL (Dose 0.1 mL): 
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Conclusion: Neither rhThrombin at concentration of 100, 1000 and 2000 U/mL (0.1 mL) 
nor thrombin Placebo (vehicle) caused a positive ocular irritation response in the eyes of test 
animals.  

Cytotoxicity: 
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ZGI 1499-003 (GLP) and RES 1499-002 (Non-GLP) – rhThrombin cytotoxicity – ISO 
elution test 

Objective: This study was performed to determine the in vitro biologic reactivity of 
mammalian cell cultures to rhThrombin at three different concentrations using mouse L929 
fibroblast cells cultured for 48 hours. 

Methods: 

Experimental design: 

Results: 
In mouse L292 cells, rhThrombin was found to be cytotoxic at concentrations of 250 and 500 
U/L. The definition of cytotoxicity was defined by abnormal morphological changes in the 
cells after 24 and 48 hours of incubation. This finding was comparable to commercially 
available bovine Thrombin. 

Reactivity grades for elution test: 
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Test results: 

Conclusion: 

Based on cellular morphology changes, a final concentration of 25 U/mL rhThrombin and 
Thrombin placebo met ISO 10993-5 requirements and are not classified as cytotoxic. In 
contrast rhThrombin at final concentrations of 250 and 500 U/L was found to cause marked 
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cytotoxicity to L929 cells following continuous exposure over 48 hours. These findings are 
consistent with the known biology of thrombin to alter cell shape and cellular attachment. 

Impurity Toxicity: 

1499-006 A toxicity study of single intravenous, SC or repeated SC doses of 
prothrombin activator in male and female ------ mice 

Objective: To evaluate the toxicity of PTA by single IV, SC and repeated SC dosing to 
determine toxicity and immungenicity. This study is supported by ZGI 1499-008. 

Groups and Dosing: 

Results: 
There were no signs of toxicity observed at dosing levels evaluated (maximum dose 1.0 
mg/kg) 

Conclusion: 
Absorption of up to 66.5 mg in a 70 kg adult (70kg PTA x 0.95 = 66.5) appears to be safe. 
All animals treated at any dose level developed anti-PTA antibodies. Residual PTA limits 
should be set such that levels of PTA in the end product result in a 10 fold less exposure of 
PTA following topical use. 

Labeling: 
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