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1 Executive Summary 
1.1 Introduction 
BLA 761064 has been submitted for rituximab/hyaluronidase to be administered 
subcutaneously (rituximab SC) to patients with Follicular Lymphoma (FL), Diffuse Large 
B-cell Lymphoma (DLBCL), and Chronic Lymphocytic Leukemia (CLL), the same 
oncology indications approved for intravenous (IV) administration of rituximab (rituximab 
IV).  Rituximab is a chimeric murine/human monoclonal antibody that binds to cluster of 
differentiation 20 (CD20) proteins present on malignant B-lymphocytes. Recombinant 
human hyaluronidase (rHuPH20) is locally acting and transiently degrades interstitial 
hyaluronan at the injection site, increasing the absorption rate of larger volumes of 
rituximab administered subcutaneously needed to achieve non-inferior exposures to 
rituximab IV.   Rituximab IV (RITUXAN) was FDA approved in 1997 and rHuPH20 
(HYLENEX) was FDA approved in 2005.  Nonclinical pharmacology, pharmacokinetic, 
and toxicology studies have been submitted to support the approval of rituximab SC 
(RITUXAN HYCELA) for the proposed indications. 

1.2 Brief Discussion of Nonclinical Findings 
Pharmacology studies in Mantle Cell Lymphoma (MCL) xenograft mice and a monkey 
B-cell depletion model were submitted comparing IV and subcutaneous (SC) rituximab 
formulations. Despite exposure differences, there were no major differences in 
pharmacodynamic (PD) effects of tumor growth inhibition or B-cell depletion in mice or 
monkeys, respectively.  Also, several rHuPH20 pharmacology studies were submitted 
(which were previously reviewed under NDA 21859 (HYLENEX)), to emphasize the 
transient, locally acting effects of rHuPH20 in animals at concentrations (and doses) 
within the range proposed for humans, 2000 U/mL rHuPH20 (390 to 447 U/kg, 
assuming a 60 kg adult).  In mice, 100 to 500 U/mL rHuPH20 (87 to 435 U/kg, assuming 
a 0.023 kg mouse), increased dye dispersion approximately 40-66% compared to 
controls within 5 minutes, which is a time frame relevant for SC injections.  In mice, 
dispersion of dye following intradermal administration of 100 U/mL rHuPH20 (174 U/kg) 
was complete within 6 to 18 hours and up to 30,000 U/mL rHuPH20 (52,000 U/kg) did 
not act distally. The Applicant characterized the tissue protein and RNA expression of 
hyaluronidase in human adult and fetal tissues and mouse and rabbit tissues.  It is 
primarily expressed in male reproductive organs (protein and mRNA), with some mRNA 
detection in the bone/cartilage, kidney, placenta, skeletal muscle, and synoviocytes in 
adult human samples and the gastrointestinal tract (colon, small intestine, and 
stomach), ovary, and pancreas in fetal human samples.  
 
Dedicated safety pharmacology studies were not performed for rituximab SC; however, 
cardiovascular endpoints were included as part of the 8-week general toxicology study 
with rituximab SC described below. 
 
The following pharmacokinetic (PK) studies with SC administration of rituximab were 
reviewed: an SC bioavailability study in female Göttingen Minipigs with rituximab (with 
2000, 4000, or 6000 U rHuPH20 or 230, 460, and 690 U/kg rHuPH20, respectively); a 
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comparative PK study between rituximab administered intravenously, or subcutaneously 
with 6000 U/mL rHuPH20 (30,000 U/kg), in severe combined immunodeficiency (SCID) 
beige mice; and, a PK/PD study with subcutaneously administered rituximab with 6000 
U/mL rHuPH20 (1000 U/kg) in cynomolgus monkeys.  The minipig study provides 
evidence to support that the addition of rHuPH20 to rituximab formulations administered 
subcutaneously improved the absorption rate of rituximab in minipigs (compared to a 
SC formulation without rHuPH20), reducing Tmax from 48 to 24 hours.  There were no 
major differences in systemic exposure in minipigs administered 10 mg/kg rituximab 
intravenously or 14 mg/kg (120 mg/mL rituximab with 2000 U/mL rHuPH20) rituximab 
SC.  However, maximum plasma levels following IV administration of 10 mg/kg 
rituximab could not be achieved with rituximab SC in minipigs (or in mice administered 
30 mg/kg rituximab with 6000 U/mL rHuPH20 subcutaneously, compared to 30 mg/kg 
IV rituximab).  The minipig study also demonstrated that the addition of more 
concentrated rHuPH20 to the formulation did not increase Cmax.  However, in monkeys 
administered 20 mg/kg rituximab with 6000 U/mL rHuPH20 (1000 U/kg) 
subcutaneously, maximum plasma concentrations were achieved at 24 hours and they 
were comparable to levels observed in studies reviewed with the BLA for rituximab IV.  
Overall, the animal pharmacology and PK data supports that there is a need for 
rHuPH20 to improve the absorption rate of rituximab administered subcutaneously, that 
rHuPH20 is locally acting, and rHuPH20 does not appear to affect the activity of 
rituximab. 
 
Single dose toxicology studies were not performed for rituximab SC.  A GLP-compliant 
8-week repeat dose general toxicology, with a 13-week recovery phase, study with 
rituximab SC in cynomolgus monkeys was submitted.  Monkeys were administered 
vehicle control (containing 2000 U/mL rHuPH20 (340 U/kg)) or 20 mg/kg rituximab SC 
(containing 120 mg/mL rituximab and 2000 U/mL rHuPH20 (340 U/kg)).  Toxicities with 
SC administration are overall consistent with what is known historically with rituximab IV 
administration.  Decreases in neutrophils, cardiac arrhythmias (increases in QRS 
complex R and S waves in recovery animals only), and liver toxicity (liver enzyme 
elevations, hepatomegaly, and marked multifocal hepatocellular necrosis) were 
observed in this study that were not observed in nonclinical studies submitted to support 
the rituximab IV BLA; but, neutropenia, cardiac arrhythmias, and liver toxicity have been 
observed in patients administered rituximab IV.  There were some injection site findings 
that could be related to SC administration (inflammation, with only minimal necrosis in 
the draining axillary lymph nodes); however, they were not adverse.  The 20 mg/kg 
rituximab SC dose resulted in exposure levels in monkeys that were comparable to 
those achieved at the highest doses in the corresponding nonclinical IV safety program. 
 
No genetic toxicology or carcinogenicity studies were submitted or are required since 
rituximab SC is a biologic [ICH Guidance S6(R1)].  No new reproductive and 
developmental toxicology studies were reviewed since there were no changes to the 
reproductive and developmental toxicology data from the RITUXAN and HYLENEX 
labels except for updating of language and animal:human exposure margins for 
rHuPH20 in order to comply with the Pregnancy and Lactation Labeling Final Rule 
(PLLR) (see Table 19). 
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In a local tolerance study in male New Zealand White Rabbits, there were no adverse 
injection site findings related to rituximab SC treatment (120 mg/mL rituximab and 2000 
U/mL rHuPH20 (~300 U/kg, assuming a 3 kg rabbit)), but there was edema and mixed 
cell infiltrates at a higher incidence/severity at the rituximab SC injection sites compared 
to controls. 
 
Overall, the pharmacodynamic, pharmacokinetic and toxicity profile of SC administered 
rituximab is consistent with IV administered rituximab. Cardiac arrhythmias, liver toxicity, 
and decreases in neutrophils observed with rituximab SC that were not observed in 
toxicity studies submitted with the rituximab IV BLA have been observed as adverse 
events in patients treated with rituximab IV.  Injection site reactions are clinically 
relevant, but based on the nonclinical data, are not expected to be adverse.  

1.3 Recommendations 
1.3.1 Approvability 
From a Pharmacology/Toxicology perspective, approval of RITUXAN HYCELA is 
recommended for the proposed indications. 
 
1.3.2 Additional Non Clinical Recommendations 
None.  From a Pharmacology/Toxicology perspective, no additional post-marketing 
commitments (PMCs) or post-marketing requirements (PMRs) are recommended for 
these indications. 
 
1.3.3 Labeling 
The recommendations to the Applicant’s proposed labeling were discussed internally 
and communicated to the Applicant.  No new nonclinical information was added to the 
label that was not already in the RITUXAN or HYLENEX labels; however, language was 
updated to be PLLR compliant. 

2 Drug Information 
2.1 Drug 
Generic Name Rituximab SC 
Code Name Rituximab: MabThera, C2B8, RO0452294 

Hyaluronidase (human recombinant): rHuPH20, HZ202, HUB, RO5221651 
Chemical Name Rituximab: anti-CD20 

Hyaluronidase (human recombinant): hyaluronidase 1 (human sperm surface 
protein PH-20)-(1-447) peptide 

Molecular Formula/ 
Molecular Weight 

Rituximab: ~ 145 kD 
Hyaluronidase (human recombinant): C2327H3565N589O667S20/ ~51 kD 

Structure or 
Biochemical 
Description 

Rituximab: a genetically engineered chimeric murine/human monoclonal 
IgG1 kappa antibody directed against the CD20 antigen.  
Hyaluronidase (human recombinant) (Excerpted from Module 3.2.S.1.3.): 
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Pharmacologic 
class 

CD20-directed cytolytic antibody/human recombinant protein 

 

2.2 Relevant INDs, NDAs, BLAs and DMFs 
RITUXAN (BLA 103705 ); 
HYLENEX (NDA 21859); rituximab SC (Pre-IND 126650) 

2.3 Drug Formulation 

Table 1 Composition of Rituximab SC 1400 mg and 1600 mg Solutions  
(Excerpted from Module 3.2.P.1.) 
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Table 2 Comparison of Rituximab Product Compositions 
(Excerpted from Module 3.2.P.2.) 

 

2.4 Comments on Novel Excipients 
None 

2.5 Comments on Impurities/Degradants of Concern 
None 

2.6 Proposed Clinical Population and Dosing Regimen 
The same as approved for RITUXAN (BLA 103705). 

2.7 Regulatory Background 
On October 11, 2016, the nonclinical team sent an information request to the Applicant: 
 
We note that only individual data was provided for clinical signs in your 8-week GLP 
toxicology study with rituximab SC in monkeys (Study No. 1029890). 

• Provide summary data for each clinical sign, which should include the total 
number of animal’s affected and total number of observations per group during 
dosing and recovery. It appears that there may be a higher incidence of 
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soft/liquid feces and lesions on the shoulder (injection site area) in rituximab SC 
vs. control treated monkeys. 

• Provide an explanation for the high incidence of bloody/crusted lesions in all 
monkeys in the study and why you do not think it is related to the hyaluronidase 
present in both control and rituximab SC formulations. 

 
The Applicant adequately addressed the nonclinical information request on October 21, 
2016 stating that the incidence of liquid feces could be overestimated due to group 
housing; the higher incidence is documented in Study No. 1029890 in Section 6.2 of this 
review.  By providing the summary data for clinical signs, the nonclinical review team 
was able to agree with the Applicant’s conclusions that bloody/crusted lesions and 
scabbing were likely a background finding and result of group housing for monkeys.  
The Applicant also verified that lesions were not in the area of the injection site and that, 
historically, individually housed monkeys treated subcutaneously with rHuPH20 alone or 
in other formulations did not result in lesions, further supporting that the dermal findings 
in monkeys are not related to rituximab SC administration. 

3 Studies Submitted 
3.1 Studies Reviewed  
Primary Pharmacology 

Study# Title Module 

1040355 
Dose Response of Co-Mixture Delivery of rHuPH20 
Versus Single Dose Sequential Delivery of rHuPH20 in the 
Mouse Dye Dispersion Model 

4.2.1.1. 

1040356 
Dermal Reconstitution Following Administration of 
rHuPH20 (Reviewed under NDA 21859 as Study No. 
R03001) 

4.2.1.1. 

1040357 rHuPH20 in Vivo Dispersion Assay with Trypan Blue 
(Similar to Study No. R03002 reviewed under NDA 21859)  4.2.1.1. 

1040359 Dose Dependent Systemic Evaluation of rHuPH20 in a 
Dye Dispersion Assay in Nude Mice 4.2.1.1. 

1040360 Dose Dependent Effects of Intradermal rHuPH20 on Distal 
Sites of Injection in the Nude Mouse 4.2.1.1. 

1049779 

Antitumor Efficacy of Intravenously Administered 
Rituximab Compared to a Subcutaneously Administered 
Rituximab SC Formulation Containing rHuPH20 Against 
the Human Zl38 NHL (MCL) Xenografts in Female 
SCID Beige Mice 

4.2.1.1. 

 
Secondary Pharmacodynamics 

Study # Title Module 

1064848 
Immunohistochemical Analysis of the Human Tissue 
Crossreactivity of an Antibody to Recombinant Human 
Hyaluronidase PH20 (rHuPH20) 

4.2.1.2. 

1069704 Quantitative PCR Analysis of SPAM1 Gene Expression in 
the Enteric Neural Plexus of the Human Colon 4.2.1.2. 

1069712 Quantitative PCR Analysis of SPAM1 Gene Expression in 
Human Adult and Fetal Tissues 4.2.1.2. 

1069713 Quantitative PCR Analysis of SPAM1 and HYAL5 Gene 
Expression in the Mouse 4.2.1.2. 
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Study # Title Module 

1069714 Examining the Expression of PH20/SPAM1 in the Corpus 
Callosum of Murine Brain - A Preliminary Study 4.2.1.2. 

1069715 

Reverse Transcriptase (RT) - Quantitative Polymerase 
Chain Reaction (QPCR) Analysis of SPAM1 Gene 
Expression in Specific Rabbit Tissues Including Testis and 
Enteric Neural Plexus of the Colon 

4.2.1.2. 

1069716 Quantitative PCR Analysis of SPAM1 Gene Expression in 
Fetal and Adult Tissues of the New Zealand White Rabbit 4.2.1.2. 

1069756 

Expression of SPAM1/PH20 and Other Hyaluronidases in 
Various Adult and Fetal Tissues from Human, Mouse, and 
Rabbit as Assessed by High-Throughput Deep RNA 
Sequencing: An Interim Summary 

4.2.1.2. 

 
Pharmacokinetics 

Study # Title Module 
Absorption 

1029903 
RO0452294 (MabTheraTM, Rituximab): SC 
Bioavailability Study of Rituximab/rHuPH20 Formulations 
in Göttingen Minipigs 

4.2.2.2. 

1036353 
RO0452294: Pharmacokinetics in Cynomolgus Monkeys 
Following Subcutaneous Administration as 
Subcutaneous Formulation Containing rHuPH20 

4.2.2.2. 

1040393 

Evaluation of the Pharmacokinetics of Two Halozyme 
Test Articles Following a Single Intravenous Dose in CD-
1 Mice (Reviewed under NDA 21859 as Study No. 
R09023) 

4.2.2.2. 

1041746 

A Multi-Dose Pharmacokinetics Study of rHuPH20 
Administered by Intravenous and Subcutaneous Injection 
in Female Cynomolgus Monkeys (Includes Amendment 1 
and 2) (Reviewed under NDA 21859 as Study No. 
R07060) 

4.2.2.2. 

1049704 
Rituximab (RO0452294): Exploratory Pharmacokinetics 
of Rituximab after Intravenous and Subcutaneous 
Administration of Rituximab to SCID Beige Mice  

4.2.2.2. 

Distribution 

1040358 
Biodistribution of rHuPH20 in the Skin, Lymphatics, and 
Plasma after Intradermal Administration in the Mouse 
(Reviewed under NDA 21859 as Study No. R08127) 

4.2.2.3. 

 
Single-Dose Toxicology 

Study# Title Module 

1050925 
A Study of IDEC-C2B8 by Single Intravenous 
Administration in Cynomolgus Monkeys (Reviewed under 
BLA ) 

4.2.3.1. 

 
Repeat-Dose Toxicology 

Study# Title Module 

1050935 
An Immunopharmacology and Safety Study of Chimeric 
Anti-CD-20 (IDEC-C2B8) Antibody Administered by 
Intravenous Injection in Cynomolgus Monkeys 

4.2.3.2. 

1070081 
Determination of Plasma Levels of IDEC-C2B8 
Antibody and Monkey Anti-Murine Antibody Responses in 
Cynomolgus Monkeys Receiving Intravenous Injections of 

4.2.3.2. 
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Study# Title Module 
IDEC-C2B8 

1034926 

A 7-day Repeat Dose Intravenous and Subcutaneous 
Toxicity Study of rHuPH20 in Cynomolgus Monkeys 
(Including Amendment 1) (Reviewed under NDA 21859 as 
Study No. R08056) 

4.2.3.2. 

1017117 

A 39-Week Toxicity Study of rHuPH20 Administered 
Subcutaneously in Cynomolgus Monkeys with a Recovery 
Phase (Including Amendments 1, 2, and 3) (Reviewed 
under NDA 21859 as Study No. R09050) 

4.2.3.2. 

1029890 
RO0452294: 8-Week Subcutaneous Administration 
Toxicity Study in the Cynomolgus Monkey with a 13-Week 
Recovery Phase (Includes Amendment 1) 

4.2.3.2. 

 

Local Tolerance 
Study# Title Module 

1031874 
RO0452294: Local Tolerance Study after Single 
Subcutaneous Administrations in the Male Rabbit 
(Study No. 8130P08) 

4.2.3.6. 

 

3.2 Studies Not Reviewed  
Pharmacokinetics 

Study # Title Module 
Analytical Methods and Validation Reports 

1018272 
RO0452294 (Rituximab): Validation of an Immunoassay 
Method for the Determination of Rituximab in 
Cynomolgus Monkey Serum Samples  

4.2.2.1. 

1041758 
RO0452294 (Rituximab): Validation of an Immunoassay 
Method for the Determination of Rituximab in Mouse 
(SCID Beige) Serum Samples 

4.2.2.1. 

1046280 
RO0452294 (Rituximab): Validation of an Immunoassay 
Method for the Determination of Anti-Rituximab 
Antibodies in Cynomolgus Monkey Serum Samples 

4.2.2.1. 

1046281 
RO0452294 (Rituximab): Validation of an Immunoassay 
Method for the Determination of Rituximab in Minipig 
Serum Samples 

4.2.2.1. 

1047775 Method for the Determination of Neutralizing Activity Titer 
against Hyaluronidase in Cynomolgus Monkey Plasma 4.2.2.1. 

1047776 

Qualitative Determination of Antibodies to Recombinant 
Human Hyaluronidase (rHuPH20) in Cynomolgus 
Monkey K-2 EDTA Plasma Using a Bridging Enzyme 
Linked Immunosorbent Assay (ELISA) 

4.2.2.1. 

1047777 
Quantitative Determination of Hyaluronidase Activity in 
Mouse Plasma Using a Microplate-Based Method with a 
Biotinylated Hyaluronic Acid Substrate 

4.2.2.1. 

1047778 
Partial Validation of a Method for the Determination of 
Hyaluronidase Activity in Cynomolgus Monkey Plasma 
Using Spectrophotometric Detection (Revised) 

4.2.2.1. 

Absorption 

1041746 
A Multi-Dose Pharmacokinetics Study of rHuPH20 
Administered by Intravenous and Subcutaneous Injection 
in Female Cynomolgus Monkeys (Includes Amendments 

4.2.2.2. 

Reference ID: 4094703



BLA 761064  Natalie E Simpson, PhD 
 

13 

1 and 2) 
 
Reproductive Toxicology 

Study# Title Module 
Fertility and Early Embryonic Development 

1067497 
Effects of Anti-rHuPH20 Antibodies on Male Fertility 
and General Reproduction in the New Zealand White 
Rabbit (Including Amendment) 

 
4.2.3.5.1. 

Embryo-Fetal Development 

1034927 
Subcutaneous Developmental Toxicity Study of 
rHuPH20 in Mice (including Amendments 1, 2, 3 and 4) 
(Reviewed under NDA 21859 as Study No. R08186) 

4.2.3.5.2. 

1037039 
Subcutaneous Dosage-Range Developmental Toxicity 
Study of rHuPH20 in Mice (Reviewed under NDA 
21859 as Study No. R07046) 

4.2.3.5.2. 

1050801 

A Study of the Effects of Rituximab on Embryo-Fetal 
Development in Cynomolgus Monkeys by Intravenous 
Injection (Includes Amendment 1)(Previously reviewed 
for RITUXAN labeling) 

4.2.3.5.2. 

1067461 
Effects of Anti-rHuPH20 Antibodies on Female Fertility 
and Embryofetal Development with Postnatal 
Assessments in the New Zealand White Rabbit 

4.2.3.5.2. 

Prenatal and Postnatal Development, Including Maternal Function 

1034928 

Subcutaneous Developmental and Perinatal/Postnatal 
Reproduction Toxicity Study of rHuPH20 in Mice, 
Including a Postnatal Behavioral/Functional Evaluation 
(Reviewed under NDA 21859 as Study No. R09058) 

4.2.3.5.3. 

1050025 

Developmental Reproduction Toxicity Study of 
Rituximab when Administered Intravenously in 
Cynomolgus Monkeys (Including Amendment) 
(Previously reviewed for RITUXAN labeling) 

4.2.3.5.3. 

1065428 

Evaluation of Anti-rHuPH20 Antibodies Following 
Administration of rHuPH20 by Subcutaneous Injection 
in Mice (Developmental and Perinatal/Postnatal 
Reproduction Study Design) 

4.2.3.5.3. 

 

3.3 Previous Reviews Referenced 
Nonclinical reviews from BLA  by Dr. M. David Green; 
NDA 21859 by Dr. Zhou Chen (previous rHuPH20 formulation; HUA); and, NDA 
21859/S-013 by Aaron M. Ruhland (current rHuPH20 formulation, HUB). 

4 Pharmacology 
4.1 Primary Pharmacology 
The only additional pharmacology studies submitted/reviewed other than those 
previously reviewed under BLA  (RITUXAN) was an IV/SC mouse xenograft 
study in which SCID mice were transplanted with the human Mantle Cell Lymphoma cell 
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line Z138 (Study No. 1049779) and a published study with IV and SC rituximab 
formulations on B-cell depletion in monkeys.1   
 

• Treatment of SCID mice (n=10 per dose group) started 22 days after Z138 cell 
transplantation with 3, 10 or 30 mg/kg rituximab by IV administration or with 5, 16 
or 50 mg/kg rituximab (with 4600 U/mL rHuPH20) by SC administration once 
weekly for a period of 3 weeks.  SC dose volumes were 10 mL/kg in the 5 and 16 
mg/kg rituximab dose groups and 5 mL/kg in the 50 mg/kg rituximab dose group.  
Thus, total rHuPH20 doses were 46,000 U/kg in the 5 and 16 mg/kg dose groups 
and 23,000 U/kg in the 50 mg/kg dose group (equivalent to 0.48 and 0.24 mg/kg 
rHuPH20).  Comparable tumor growth inhibition was observed, despite some 
minor differences in rituximab exposure, suggesting that the addition of rHuPH20 
to rituximab formulations for SC administration does not affect efficacy. 

Figure 1 Effects of IV or SC Administration of Rituximab on Tumor Growth in 
a Mouse Xenograft Model 

(Excerpted from Study No. 1049779) 

 
 

                                            
1 Mao CP et al, 2013, Subcutaneous Versus Intravenous Administration of Rituximab: Pharmacokinetics, CD20 Target Coverage 
and B-Cell Depletion in Cynomolgus Monkeys, PLoS ONE, 8:e80533. 
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Table 3 IV/SC Rituximab Trough Concentrations in a Mouse Xenograft Study 
(Excerpted from Study No. 1049779) 

 

 
 

• Cynomolgus monkeys were treated twice, one week apart, with IV or SC 
rituximab (2 x 10 mg/kg); the SC formulation contained 2000 U/mL rHuPH20. 
The SC dose volume was 0.083 mL/kg, resulting in a rHuPH20 dose of 166 U/kg 
(corresponding to 0.0017 mg/kg).  One hour postdose, rituximab serum levels 
were higher when administered intravenously vs. subcutaneously (after the 
second IV dose: 411 ± 47.8 vs. SC: 87.6 ± 23.2 μg/mL), but were then 
comparable by the following day.  CD20+ B-cell depletion in blood was >99% 
compared to baseline with both SC and IV rituximab administration by Day 9 (i.e., 
2 days post second dose). The duration of B-cell depletion was equally sustained 
2 months after SC and IV rituximab administration.   
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Figure 2 IV/SC Rituximab Serum Levels in a Monkey B-Cell Depletion Model 
(Excepted from the Pharmacology Written Summary) 

 
 
Several rHuPH20 pharmacology studies were submitted (which were previously 
reviewed under NDA 21859 (HYLENEX)), to emphasize the transient, locally acting 
effects of rHuPH20 in animals.  Results from other submitted studies provide data 
supporting that higher concentrations of rHuPH20 are needed when co-formulated with 
therapeutic proteins than if administered sequentially; and, that locally acting, but not 
circulating rHuPH20 anti-drug antibodies (ADA) affect dispersion. 
 

• rHuPH20 increased the dispersion of co-injected dye in nude mice in a 
concentration- and time-dependent manner relative to the vehicle control [Study 
No. 1040357 (intradermal (ID) administration, midline over the caudal end of the 
ribcage, study contains only HUB formulation data from Study No. R08107 (NDA 
21859, reviewed by Dr. Aaron Ruhland (HUA and HUB formulations); also, Study 
No. R03002 (subcutaneous), NDA 21859 reviewed by Dr. Zhou Chen (HUA 
formulation)]. At a concentration of 100 U/mL (SC), 50 U/mL (ID), or 500 U/mL 
(ID), rHuPH20 increased the dispersion of a co-administered dye by 1.9-, 2.0-, 
and 2.6-fold, respectively, compared to controls at the terminal time point of 20 
minutes.   
 

• More rHuPH20 is required to disperse therapeutic proteins in the skin of nude 
mice with ID administration (left lateral, caudal) and co-formulated (rHuPH20 and 
Trypan Blue) vs. sequential administration (with a 1, 5, or 15 minute separation 
between administrations).  Administration of co-mixture solutions containing 10 to 
100 U (500 to 5000 U/mL) rHuPH20 achieved a dispersion profile comparable to 
sequential administration of a solution with 2 U (100 U/mL) rHuPH20, followed by 
Trypan Blue dye injection. A 5- to 50-fold greater dose of rHuPH20 in a co-
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mixture solution was required to achieve the dye dispersion area of sequential 
administration in the time frame relevant for SC injections, e.g., 5 minutes or less 
(Study No. 1040355). At 5 minutes, 2, 10, and 100 U rHUPH20 (or 87, 435, or 
4358 U/kg, assuming a 0.023 kg mouse) co-mix increased dye dispersion by 40, 
66, and ~100% compared to controls. 

Figure 3 Dispersion Area of Co-Formulated (Co-Mix) and Sequential 
Administration of rHuPH20 vs. Time (Up to 5 Minutes) 

(Excerpted from Study No. 1040355) 

 
 

• When a single bilateral intradermal injection of 100 U/mL (0.90 μg/mL) rHuPH20 
or vehicle was administered into the opposing sides of nude mice, dispersion of 
Trypan Blue occurred when injected at the same site 30 minutes, 1, and 6 hours 
after the rHuPH20 injection.  Dermal reconstitution was transient and complete 
within 6 to 18 hours (Study No. 1040356; Study No. R08104, NDA 21859 
reviewed by Dr. Aaron Ruhland).  Since 0.04 mL was injected into mice and the 
mean body weight was 0.023 kg, a 100 U/mL ID dose is equivalent to 
approximately 174 U/kg. 
 

• rHuPH20 is locally active.  Nude mice receiving 0.4% (w/v) Trypan Blue dye on 
the contra-lateral side 45 minutes after the first ID injection of 0.1 to 1,200 
U/mouse rHuPH20 (0.8 ng to 10 μg/mouse, or up to ~ 52,000 U/kg, assuming a 
0.023 kg mouse) or vehicle control did not display an increase in dye dispersion 
at the distal site (Study No. 1040360; Study No. R09022, NDA 21859 reviewed 
by Dr. Aaron Ruhland). Doses ≥ 30 U/mouse of rHuPH20 administered 
intravenously via the tail vein, then followed 45 minutes later with an ID injection 
of 0.4% Trypan Blue dye, showed a statistically significant increase in dye 
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dispersion area compared to the vehicle control at 5 minutes post dye injection 
(at IV rHuPH20 doses ≥ 10 U/mouse (0.076 µg/mouse), increased dispersion 
was statistically significant 15 minutes post injection) (Study No. 1040359; Study 
No. R08173, NDA 21859 reviewed by Dr. Aaron Ruhland). 
 

• Neutralizing rabbit anti-rHuPH20 antibody (nAb) up to 100 μg (4.7 mg/kg), pre-
injected intravenously into a mouse (mean body weight: 21.2 g) 24 hours prior to 
ID administration, did not significantly affect the ID dispersive effects of 80 U 
(2,000 U/mL; 0.705 μg) of rHuPH20, as measured by mean dye area changes
over time.  Animals also received an ID injection of 37 μg of rabbit anti-rHuPH20 
antibody previously co-mixed with 80 total U of rHuPH20 and dye. This cohort 
served as a positive rHuPH20 neutralization control (Study No. 1040361). 

Figure 4 Mean Dispersion Area for Mice Administered rHuPH20 Anti-Drug 
Antibodies Prior to rHuPH20 Intradermally 

(Excerpted from Study No. 1040361) 

 

4.2 Secondary Pharmacology 
No secondary pharmacodynamic studies were conducted with the rituximab SC 
formulation.  However, studies were submitted in this section to characterize the 
expression of hyauronidase in human tissues. 

• Cross-reactivity of a rabbit anti-rHuPH20 antibody to the germinal epithelium of 
the testis in the central portion of the seminiferous tubules (late stages of 
spermatogenesis)(membrane staining) and enteric neural plexus (ENP) within 
the muscle walls of the colon and esophagus (cytoplasmic staining) were 
observed out of the 42 tissues examined. The tissues were selected to meet ICH 
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Harmonized Tripartite Guideline S6(R1) and FDA guidance (ICH S6(R1)) (Study 
No. 1064848). 
 

• Human ENP colon samples were evaluated for the presence of SPAM1/PH20 
mRNA transcripts using quantitative polymerase chain reaction (qPCR), with no 
detected SPAM1/PH20 expression in any of the seven human ENP samples. In 
contrast, high levels of SPAM1/PH20 expression were detected in the testis at 
the same level of input RNA used with the ENP (Study No. 1069704). 
 

• Out of 37 different human adult tissues and 20 different human fetal tissues 
analyzed with qPCR, SPAM1/PH20 mRNA expression was highest in tissues of 
the male reproductive tract, but could be detected at levels near the detection 
limit in other adult tissues including bone/cartilage, epididymis, kidney, placenta, 
skeletal muscle, and synoviocytes. In fetal tissues, low levels of SPAM1/PH20 
mRNA expression were observed in colon, ovary, pancreas, small intestine, 
stomach, and testis (Study No. 1069712).  Analysis of mRNA tissue expression 
of mouse and rabbit hyaluronidase orthologs also showed that hyaluronidase 
expression is mainly in the testis, and at lower levels in the epididymis and ovary, 
and not expressed in the brain (Study Nos. 1069713-16, 1069756). 

4.3 Safety Pharmacology 
Dedicated safety pharmacology studies were not performed for rituximab SC. Blood 
pressure and heart rate examinations as well as clinical examinations were included in 
the 8-week rituximab SC toxicity study in the cynomolgus monkey (Study No. 1029890).  
Of note, assessment of ECG, heart rate, blood pressure, and respiratory rate in the 39-
week SC rHuPH20 toxicity study in cynomolgus monkeys found no effects related to 
rHuPH20 administration (Study No. 1017117; Study R09050, NDA 21859 reviewed by 
Dr. Aaron Ruhland). 

5 Pharmacokinetics/ADME/Toxicokinetics 
5.1 PK/ADME 
Study title:  RO0452294 (MabTheraTM, Rituximab): SC Bioavailability Study 
of Rituximab/rHuPH20 Formulations in Göttingen Minipigs 

Study no.: 1029903 
Study report location: 4 2 2 2  

Conducting laboratory and location: 

Date of study initiation: September 18, 2008 
GLP compliance: No 

QA statement: NA 
Drug, lot #, and % purity: MabTheraTM (RO0452294): IV Lot No. 

GAM0027, SC Lot Nos. GAM0028 and 
GAM0029; Purity: ~98% 
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Key Study Findings 
• After SC administration, rituximab absorption was more rapid from rHuPH20 

containing formulations compared to a rituximab formulation without rHuPH20. 
• There were no major differences in systemic exposure (AUC) and half-life with IV 

rituximab or rituximab SC (120 mg/mL rituximab with 2000 U/mL rHuPH20).  
However, rituximab SC Cmax values were roughly half that of IV rituximab. 

• Doubling of the 120 mg rituximab dose or tripling of the 2000 U/mL rHuPH20 
concentration had no obvious impact on the SC absorption. 

 
Study Design: 
Female minipigs were dosed as follows on Days -7 (Group 1) and Day 0 (Groups 2-5): 

 
(Excerpted from the study report) 

  
Methods 

• Both the IV and SC formulations were supplied ready-to-use, with intended 
rituximab concentrations of 120 mg/mL.  However, the actual rituximab 
concentrations in the used formulations differed from the nominal concentration 
of 120 mg/mL. They were 116, 115, and 116 mg/mL for lots GAM0027, 
GAM0028, and GAM0029, respectively. The actual dose levels of 9.63 mg/kg for 
Group 1, 115 mg/individual for Group 3, 116 mg/individual for Groups 2 and 4, as 
well as 230 mg/individual for Group 5 were used for all pharmacokinetic 
calculations.  rHuPH20 concentrations were 2650 and 7160 U/mL in formulations 
GAM0028 and GAM0029 instead of 2000 and 6000 U/mL, respectively. 

• Group 1 was dosed a week before the other groups in order to observe how the 
antibody was tolerated in minipigs and according to body weight (range Day -7: 
8.6-9.45 kg) 
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• The SC application site on the abdomen was caudal of the belly button/lateral of 
the mamma. 

• Body weights were measured on Days 7, 14, 21, and 28.  
• Whole blood samples were collected by bleeding from a vein at the neck without 

anesthesia and were allowed to clot: 
o Group 1: Predose and 0.08, 1, 7, 24, 48, 72, 96, 168 hours and 10, 14, 21, 

and 28 days postdose. 
o Groups 2 to 5: Predose and 2, 7, 24, 48, 72, 96, 168 hours and 10, 14, 21 

and 28 days postdose. 
• Concentrations of rituximab in plasma were determined using an ELISA assay. 
• General PK parameters were estimated by non-compartmental analysis, using 

the pharmacokinetic evaluation program ToxKin™ (Version 3.5.3f, Unilog IT 
Services Ltd., August 2008), except for F which was calculated using Microsoft 
Excel™ using the following formula: 

 
• Other PK parameters (e.g., ka and Fa) were also evaluated using a 

compartmental model and a population PK approach (non-linear mixed effects 
model): 

 
The reference group was Group 2, but data from animals from Group 1 were 
associated with the population estimate of Group 2 in a covariate model.   

 
Results 
Mortality 
There was one unscheduled death in Group 5 (240 mg SC rituximab with 4000 U 
rHuPH20) on Day 8 of the study.  On Day 7, the pig had been slightly lethargic, was in 
bad health condition on the morning of Day 8 and died a few hours later.  The cause of 
death was determined to be enteritis presumably caused by volvutus. 
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Table 4 Summary of Gross and Microscopic Findings in the Minipig with 
Early Mortality 

(Excerpted from the study report) 

 
Clinical Signs 
Taken at PK sampling timepoints, as well as 15 minutes postdose. 
No clinical signs were observed at the injection site, but the following other clinical signs 
are noted. 

Table 5 Summary of Clinical Signs in Minipigs Dosed with IV or SC 
Rituximab ± Hyaluronidase 

 Number of Animals/Group with Clinical Sign 
 Group 1 Group 2 Group 3 Group 4 Group 5 

Route IV SC SC SC SC 
Rituximab (mg) 86 to 94.5 120 120 120 240 

Hyaluronidase (U) 0 0 2000 6000 4000 
No. of Animals Examined 5 5 5 5 5 

Lethargy (pigs lay down for 
30-60 minutes postdose) 2 1 2 1 5 

No appetite 2 0 0 0 0 
Shaking 1 1 0 1 0 

Quiet 0 1 2 1 4 
Eyes closed 0 0 0 1 0 

 
Body Weight 
Measured on Days -10, -7, -5, -3, 0, 7, 14, 21, and 28. 
No relevant difference in body weight gain or loss could be found between the five 
groups over the whole study period. The average weight gains of all groups were 5-10% 
during the 28 day study period. 
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Pharmacokinetics 

Table 6 Mean Pharmacokinetic Parameters for IV and SC Rituximab ± 
Hyaluronidase Dosing in Minipigs 

 Group 1 Group 2 Group 3 Group 4 Group 5 
Route IV SC SC SC SC 

Rituximab (mg/kg) 10 14 14 14 28 
Hyaluronidase (U) 0 0 2000 6000 4000 

Hyaluronidase (U/kg) 0 0 230 690 460 
No. of Animals Examined 3* 5 5 5 4  

Mean Body Weight (kg)(±SD) 8.7(±0.1) 8.6(±0.6) 8.7(±0.4) 8.7(±0.8) 8.7(±0.5) 
AUC(0-672hr) (µg.hr/mL) 33700±9610 24100±10600 32700±8060 26300±12300 52800±16200 

Cmax (µg/mL) 203±7 82.6±16 110±26 110±33 230±37 
Median Tmax (hr) 0.08 48 24 24 36 

T1/2 (hr) 241±24*** 199±78 267±63 154±56 145±26 
MRT(tot) (hr) 327±46 298±123 378±78 226±77 216±55 

CL/F (mL/min) NC 0.0924±0.0616 0.0516±0.0145 0.0854±0.0438 0.0771±0.0343 
CL (mL/min/kg) 0.00441±0.00157 NC NC NC NC 

Vss (L/kg) 0.0848±0.0239 NC NC NC NC 
F (%) NC 52.4±29 70.7±28 57.4±33 57.8±26 

ka (1/hr) 0.0221 0.0222 0.0820 0.0564 0.0491 
Fa 0.6886 0.648 0.644 0.743 0.766 

* two animals were misdosed and excluded from the analysis and the animal that died (**) was excluded from the analysis; *** time 
period was 96-504 hr for one minipig in Group 1; NC = not calculated; MRT = mean residence time; F = SC bioavailability; Fa = 
fraction absorbed; Ka = absorption rate constant.  

• There were no major differences in systemic exposure (AUC) and half-life 
between the IV 10 mg/kg rituximab dose and 14 mg/kg (120 mg/mL) rituximab 
SC dose with 2000 U/mL hyaluronidase.  Maximum exposure was achieved 
much slower with SC rituximab (without rHuPH20) vs. the IV formulation; 
however, the addition of rHuPH20 shortened the Tmax to 24 hours.  

• The addition of rHuPH20 to the SC rituximab formulations only marginally 
increased Cmax. 

• At the 120 mg (or 14 mg/kg) rituximab doses (Groups 2-4), average SC 
bioavailabilities were estimated by noncompartmental pharmacokinetic 
evaluation as 52.4, 70.7 and 57.4% with formulations containing 0, 2000 or 6000 
U/mL rHuPH20, respectively.  

• Comparison of ka values from compartmental modeling for Groups 2, 3 and 4 
demonstrated roughly 3-fold more rapid absorption from rHuPH20 containing 
formulations.  

• Doubling of the rituximab dose had no obvious impact on the SC absorption. 
However, at the 240 mg SC rituximab dose, exposure was roughly twice as a 
high as for the 120 mg rituximab SC dose with the same concentration of 
rHuPH20 (2000 U/mL). 
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Table 7 Summary of Pharmacokinetic Data for Rituximab and rHuPH20 
Type of Study Major Findings 
Rituximab (RO0452294): Exploratory 
Pharmacokinetics of Rituximab after 
Intravenous and Subcutaneous 
Administration of Rituximab to SCID Beige 
Mice; Study No. 1049704 
 
 

Rituximab (IV administration) = 30 mg/kg (6 mg/mL) 
T1/2:  217 hr 
AUC0-∞:  122,000 µg.hr/ml 
Cmax:  828 µg/ml 
MRT:  303 hr 
Rituximab (SC administration) = 30 mg/kg (6 mg/mL) with 30,000 U/kg (6000 U/mL) rHuPH20 
T1/2:  202 hr 
Tmax: 2 hr 
AUC0-∞:  76,700 µg.hr/ml 
Cmax:  300 µg/ml 
MRT:  271 hr  
CL/F:  0.00652 ml/min/kg 

RO0452294: Pharmacokinetics in 
Cynomolgus Monkeys Following 
Subcutaneous Administration as 
Subcutaneous Formulation  Containing 
rHuPH20; Study No. 1036353 
 
PD readout: depletion of CD3-/CD20+  
lymphocytes 

Rituximab (SC administration) = 20 mg/kg (6 mg/mL) with 1000 U/kg (6000 U/mL) rHuPH20 
T1/2: 53.0-64.4 hr (n=2), 329 hr (n=1) 
Tmax: 24 hr  
AUC0-672:  64700 ± 14900 µg.hr/ml 
Cmax:  300 ± 11 µg/ml 
MRT:  245 ± 167 hr 
CL/F: 0.00502 ± 0.00172 ml/min/kg 
Full pharmacodynamic effect was observed. 

Evaluation of the Pharmacokinetics of Two 
Halozyme Test Articles (rHuPH20) Following 
a Single Intravenous Dose in CD-1 Mice; 
Study No. 1040393 (previously reviewed 
under NDA 21859 by Dr. Aaron Ruhland as  
Study No. R09023) 

rHuPH20 (HUB formulation) (IV administration) = 0.43 mg/kg (43,700 U/kg)  
T1/2: 0.038 hr 
AUC0-∞:  8 U.hr/ml 
Cinitial:  119 U/ml 
MRT:  0.030 hr 
CL: 5440 ml/hr/kg 
Vss: 160 mL/kg 

A Multi-Dose Pharmacokinetics Study of 
rHuPH20* Administered by Intravenous and 
Subcutaneous Injection in Female 
Cynomolgus Monkeys (Includes 
Amendments 1 and 2) (* former code for 
RO5221651; Study No. 1041746) 
 
Study Design (Excerpted from the study 
report): 

 
 

(Excerpted from the Pharmacokinetic Tabulated Summary) 

 
Samples were collected at the following time points: for IV dosing, predose and at 1, 2.5, 5, 10, 15, 
30 and 60 minutes postdose and for SC dosing, predose and at 15 and 30 minutes and at 1, 4, 8, 24 
and 48 (Phase D only) hours postdose. 

Biodistribution of rHuPH20* in the Skin, 
Lymphatics, and Plasma after Intradermal 
Administration in the Mouse (* former code 
for RO5221651); Study No. 1040358 
(previously reviewed under NDA 21859 by 
Dr. Aaron Ruhland as Study No. R08127) 

rHuPH20 (HUB formulation)(Intradermal administration) 80 U (2000 U/mL)(3800 U/kg): 
T1/2:  13 to 20 min 
Cmax: 15  min 
Detected for up to 1 hour. 
rHuPH20 remained locally acting 

5.2 Toxicokinetics  
Toxicokinetic evaluations are included as part of Study Nos. 1050925 (IV single dose 
rituximab), 1034926 and 1017117 (repeated dose rHuPH20 SC/IV), and 1029890 
(rituximab SC).  The separate toxicokinetic report (Study No. 1070081) for the repeated 
dose rituximab IV toxicity study (Study No. 1050926) is reviewed as part of Section 6.2. 
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6 General Toxicology 
6.1 Single-Dose Toxicity 

Table 8 Summary of a Single Dose IV Rituximab Study 
Study Method of 

Administration 
(Vehicle/Formulation) 

Doses 
(mg/kg) 

Sex and 
Number per 
Group 

Noteworthy Findings 

A Study of IDEC-C2B8* by 
Single Intravenous 
Administration in Cynomolgus 
Monkeys (*former code for 
RO0452294);  Study No. 
1050925; GLP, no 
histopathology 

IV (injection solution 
containing 100 mg of 
rituximab in 10 
mL/vial) 

10, 30, 
100 

1M/1F per 
dose 

Excerpted from BLA  
study coded as IDEC AS0069 in the review by Dr. M. 
David Green): No toxicity or mortality related to the test 
article occurred during the course of the study; one 
monkey given 100 mg/kg experienced emesis. A slight 
decrease in the percentage of lymphocytes was 
recorded on Day 1 after injection (observed in all 
treated groups). Recovery was observed by Day 7 or 
14. Platelet depletion was noted at 30 and 100 mg/kg. 
 
Toxicokinetics: 
T1/2: 58 to 155 hrs when time points over 5 to 240 hrs 
were used (1-compartment model); initial half-life 
varied from 29 to 60 hrs and the terminal half-life from 
61 to 143 hrs (2-compartment model) 
AUC0-∞: 10 mg/kg: 14,171 µg.hr/ml 
              30 mg/kg: 57,218 µg.hr/ml 
              100 mg/kg: 221,954 µg.hr/ml 
Cmax:   10 mg/kg: 175 µg/ml 
              30 mg/kg: 620 µg/ml 
             100 mg/kg: 1740 µg/ml 
Dose proportionality: AUC and Cmax increased dose 
proportionally 
 
 

6.2 Repeat-Dose Toxicity 
Study Nos. 1050926 and 1070081 were previously reviewed under BLA  

 by Dr. M. David Green.  Study Nos. 1034926 and 1017117 were 
previously reviewed under NDA 21859/S-013 by Aaron M. Ruhland.  The following 
findings relevant to the current submission are summarized. 
 
Rituximab IV: Study Nos. 1050926 and 1070081 (GLP compliant, coded as Study Nos. 
IDEC AS0055 and AS0060A in the BLA  Review) 
Monkeys were given either 0 (1/sex/group, Groups 1 and 2) or 20 mg/kg rituximab IV 
(3/sex/group, Groups 3 and 4), weekly for either 4 (Groups 1 and 3) or 8 weeks (Groups 
2 and 4). Monkeys were euthanized and necropsied 2 weeks after the last dose.   

• Emesis was observed in two Group 4 females and one Group 3 female at 20 
mg/kg. 

• No mortality or adverse effects were observed other than a decrease in B-cells. 
• Analysis of 40 tissues collected from each animal revealed little or no white 

splenic pulp in 2/6 Group 3 animals, 4/6 Group 4 animals; in addition, lymphoid 
atrophy was seen in 3/6 Group 3 and all Group 4 animals due to the 
pharmacological activity of the antibody.  

• Concurrent with reduction of splenic and lymphatic tissue content, the expression 
of CD20+ B lymphocytes in the mandibular lymph nodes and spleen of Groups 3 
and/or 4 animals were reduced.  
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• Slight kidney fibrosis, bronchitis, stomach fibrosis, liver vacuolation, and colon 
lymphoid atrophy were observed each in 1/6 Group 3 monkeys.  Mild 
hypospermatogenesis of the testis was observed in 1/3 males in Group 3.  
Minimal muscle degeneration and slight thyroiditis and minimal focal liver 
necrosis and slight bilateral hypospermatogenesis were observed each in 1/6 
Group 4 monkeys (additional findings added by current reviewer).   

• Anti-idiotype and anti-isotype monkey antibodies to IDEC-C2B8 developed and 
modified both the pharmacological and pharmacokinetic effects of the IDEC-
C2B8.  Effects of ADA development (e.g., enhanced clearance were observed 
after the third dose).   

Table 9 Summary of Toxicokinetic Data Following Repeated Dose IV 
Administration of Rituximab to Monkeys (Study No. 1070081) 

(Excerpted from the study report) 

 
 
Injectable recombinant human hyaluronidase: Study No. 1034926 (GLP compliant, 
coded as Study No. R08056 in the NDA 21859/S-013 Review). 
Cynomolgus monkeys were administered vehicle control (SC or IV) or 5 mg/kg 
rHuPH20 (SC or IV) daily for 7 days (2/sex/group).  The activity of the hyaluronidase 
was around 1.1 x 106 U/mL.  Monkeys received ~ 580,000 U/kg (according to the 
Toxicology Tabulated Summary for the current application). 

• No adverse effects were observed on clinical observations, food consumption, 
body weight, ophthalmology, urinalysis, hematology, or coagulation parameters.  
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• ALT, AST, and CK were found to be transiently elevated even in the control 
group and are thought to be due to procedure related musculoskeletal changes.  
Slight decreases in albumin, calcium, total protein, total cholesterol, and/or 
triglyceride levels were observed in rHuPH20 (SC or IV) treated monkeys that 
were independent of administration route. 

• A slight increase in specific gravity values in male animals in the rHuPH20 IV 
treated group. 

• Minimal, focal hepatocytic vacuolation was observed in postmortem examination 
of both males of the SC rHuPH20 treatment group but a relationship between this 
finding and rHuPH20 administration was considered unlikely because of the 
following: vacuolation was not observed in SC rHuPH20 treated females and was 
also not observed in males or females of the IV treatment group under an 
identical schedule and level of rHuPH20 dosing via a route (IV) that would be 
expected to provide an equivalent or greater level of hepatic exposure to 
rHuPH20. 

• The NOAEL for IV and SC rHuPH20 daily x 7 was 5 mg/kg/day. 
• Plasma levels were much lower for SC vs. IV dosing. 

Table 10 Toxicokinetic parameters of rHuPH20 in Monkeys on Day 1 and Day 7 
(SC or IV Administration) 

(Excerpted from the Nonclinical Review for NDA 21859/S-013) 
 

 
 
Injectable recombinant human hyaluronidase: Study No. 1017117 (GLP compliant, 
coded as Study No. R09050 in the NDA 21859/S-013 Review). 
Cynomolgus monkeys were administered 0, 0.02, 0.2, or 2 mg/kg rHuPH20 (SC) weekly 
for 39 weeks (6/sex/group).  The test article tested as 100,970 U/mg, so a 6 kg monkey 
would receive the following doses: 0.02 mg/kg/week = 12116 U; 0.2 mg/kg = 121164 U 
and 2.0 mg/kg = 1211640 U (or 2019; 20,194; and, 201,940 U/kg, respectively). 

• No adverse effects were observed on clinical observations, food consumption, 
body weight, ophthalmology, ECG, urinalysis, clinical chemistry, hematology, 
coagulation parameters, testicular volume, semen analysis, menstrual cycle 
length, gross pathology, or organ weights.  

• Dose-related, reversible minimal subcutaneous perivascular lymphoplasmacytic 
infiltration was present in the injection site at doses ≥ 0.2 mg/kg rHuPH20. 
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• Males and females dosed at 0.02 and 0.2 mg/kg had plasma concentrations of 
hyaluronidase activity at or below pre-treatment levels throughout the course of 
the study. Therefore it appears that subcutaneous injection primarily results in 
local distribution of rHuPH20. 

• At 2 mg/kg/week rHuPH20, plasma hyaluronidase activity exceeded predose 
levels but generally remained near physiologic levels (i.e. between 10 and 25 
U/mL). Loss of hyaluronidase activity in plasma specimens following chronic 
repeated doses of 2 mg/kg was observed after Day 85 and by Day 183 and was 
consistent with the development of hyaluronidase neutralizing activity. Since the 
primary effects of rHuPH20 are considered to be limited to the local injection 
site, low plasma hyaluronidase activity is likely of little relevance. 

• The NOAEL for weekly SC rHuPH20 for 39 weeks was 2 mg/kg/week. 

Table 11  Toxicokinetic parameters of rHuPH20 in Monkeys on Days 1, 85, 183 
and 267 (2.0 mg/kg SC Administration) 

(Excerpted from the Nonclinical Review for NDA 21859/S-013) 

 
 
 
Study title:  RO0452294: 8-Week Subcutaneous Administration Toxicity 
Study in the Cynomolgus Monkey with a 13-Week Recovery Phase 
(Includes Amendment 1) 

Study no.: 1029890 
Study report location: eCTD 4.2.3.2. 

Conducting laboratory and location:  
Date of study initiation: November 27, 2008 

GLP compliance: Yes, signed 
QA statement: Yes, signed 

Drug, lot #, and % purity: RO0452294/F02-01 (Lot No. GAM0030); 
Purity: 99.1% 

 
Key Study Findings 

• Toxicities with SC administration are consistent with what is known historically 
with rituximab IV administration.  

• The 20 mg/kg rituximab SC dose resulted in exposure levels that were 
comparable to those achieved at the highest doses in the corresponding 
nonclinical IV safety program. 
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Methods 

Doses: 0, 20 mg/kg/week [120 mg/mL rituximab and 
rHuPH20 activity of 2000 U/mL (340 U/kg or 
approx. 0.0028 mg/kg rHuPH20)] 

Frequency of dosing: Weekly for 8 weeks, 13-week recovery  
Route of administration: Subcutaneous 

Dose volume: 0.167 mL/kg 
Formulation/Vehicle: Sterile aqueous solution containing 2,000 U/mL 

rHuPH20 (RO5221651) in  histidine,  
 trehalose,  methionine, and 0.06% 

Polylobate 80 
Species/Strain: Cynomolgus Monkey (Country of origin: 

Mauritius) 
Number/Sex/Group: 5/sex/group (2/sex/group allocated to recovery) 

(Group housed: 2 to 3/cage) 
Age: 3-5 years 

Weight: Males: 3.7 to 5.7  kg, Females: 2.9 to 3.7 kg 
Satellite groups: None 

Unique study design: No 
Deviation from study protocol: None that were considered by the Study Director 

to affect integrity.   
 
Observations and Times: 
Mortality: Twice daily 
Clinical Signs: Daily (fur inspection, weekly) 
Body Weights: Pretest (3 times), weekly 
Food Consumption: Not determined due to group housing 
Ophthalmoscopy: Pretest (once), Week 8 (macroscopic examinations, 

indirect ophthalmoscopy, and slit lamp examinations) 
ECG and Blood Pressure: Pretest (twice), Week 8 (2 hrs postdose), end of recovery 
Hematology, Clinical 
Chemistry, 
Immunophenotyping (FACS):  

Pretest (once), Weeks 4 and 8, recovery (Weeks 4, 8, and 
12) 

Urinalysis: Pretest (once), Week 8, recovery (Week 12) 
Gross Pathology, Organ 
Weights, Histopathology: 

At necropsy 

Toxicokinetics: Day 1 and Week 7 (controls and rituximab SC treated): 
• Rituximab exposure: 0 (predose), 24, 72, and 168 

hrs postdose 
• Hyaluronidase activity: 0, 1, and 24 hrs postdose 

Rituximab exposure was also measured during Weeks 3 
and 6, and every 2 weeks during recovery  

ADA: Controls and rituximab SC treated: Day 1 and Week 7; 0 
(predose), 24, 72, and 168 hrs postdose (rituximab ADA). 
Rituximab SC treated: also Weeks 14 and 20 (rituximab 
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ADA).   
Samples were also taken on Day 1 and 57 to measure 
ADA for hyaluronidase. 

 
Results 
Mortality   
There were no unscheduled mortalities. 
 
Clinical Signs 

• One control animal had slight to moderate erythema observed at the injection 
site. 

• The following clinical observations are noted, but appear to be more related to 
the group housing of monkeys than test article administration. 

Table 12 Summary of Clinical Signs in the 13-Week Monkey Study with 
Rituximab SC 

Number of Observations (Number of Animals Affected) 
Dosing Phase/Recovery 

Test Article Control Rituximab SC Control Rituximab SC 
Sex Males Males Females Females 
Clinical Sign     
Soft feces 14(5) / 4(2) 75(5) / 69(2) 5(5) / 6(2) 9(5) / 31(2) 
Liquid feces 0(0) / 0(0) 18(4) / 18(2) 0(0) / 2(2) 0(0) / 2(2) 
Extremities: 
lesions crusted 

47(4) / 23(1) 7(2) / 13(1) 7(1) / 0(0) 0(0) / 0(0) 

Extremities: 
lesions bloody 

5(2) / 1(1) 0(0) / 0(0) 0(0) / 0(0) 0(0) / 0(0) 

Shoulder: lesions, 
crusted  

0(0) / 9(1) 30(2) / 0(0) 0(0) / 0(0) 0(0) / 0(0) 

Eye: lesions 0(0) / 0(0) 0(0) / 0(0) 0(0) / 0(0) 3(1) / 0(0) 
Trunk: lesions, 
crusted 

2(1) / 0(0) 14(2) / 0(0) 21(1) / 0(0) 14(1) / 0(0) 

Trunk: discolored 
skin 

0(0) / 0(0) 8(1) / 0(0) 0(0) / 0(0) 0(0) / 0(0) 

Hair thinning 9 (4) / 15 (2) 8(3) / 17(2) 17(5) / 9(2) 3(1) / 19(2) 
Hair loss 0(0) / 1(1) 0(0) / 0(0) 0(0) / 1(1) 0(0) /  4(2) 

 
Body Weights 
Body weight differences were within the range of animal variability; none appear test 
article-related. 
 
ECG 
There were 2-fold increases in QRS complex R wave in males on Recovery Day 89 
compared to Predose Day 8.  Comparable increases in QRS complex S wave were 
observed for rituximab SC treated females.   
 
Blood Pressure 
There were no apparent test article-related changes/trends, but there was a high degree 
of individual animal variability. 
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Ophthalmoscopy 
Findings (e.g., drusen, hemorrhage, or hypopigmentation in the eye fundus) were 
observed predose and postdose without any change in severity and, therefore, do not 
appear to be related to rHuPH20 and/or rituximab SC treatment. 
 
Hematology 

Figure 5 Decreases in Total White Blood Cells and Neutrophils in Rituximab 
SC Treated Monkeys vs. Control Item with rHuPH20 

       
         pretest Day 2; error bars represent standard deviation 

Table 13 Hematology Changes Possibly Related to SC Administration 

Parameter Test 
Item 

Pretest mean 
(range) 

D25 D52 R51 R71 Pretest mean 
(range) 

D25 D52 R51 R71 

Monocytes control 0.3 (0.18-0.58) 78↑ -- -- -- 0.3 (0.2-0.64) -- -- -- -- 
109/L R-SC 0.3 (0.23-0.45) 133↑ -- -- -- 0.3 (0.15-0.36) 73↑ -- -- -- 
Lymphocytes control 2 (1.36-2.25) 161↑ -- 85↑ -- 2 (1.63-2.13) 142↑ -- -- -- 
109/L R-SC 3 (1.6-4.8) -- -- -- -- 2 (1.19-4.13) 84↑ -- -- -- 
Eosinophils control 0.1 (0.02-0.09) 420↑ -- -- -- 0.1 (0.03-0.11) 360↑ -- -- -- 
109/L R-SC 0.1 (0.01-0.1) 380↑ 100↑ -- -- 0.1 (0.00-0.22) 217↑ -- 100↑ -- 

“--" = changes within the range of individual animal variability; D=dosing phase day; R=recovery day; R-SC = 
rituximab SC 
 
Urinalysis 
Unremarkable 
 
Clinical Chemistry 

• In a male animal treated with 20 mg/kg/week rituximab SC, markedly elevated 
GLDH (74-fold compared to pretest mean) and moderately increased ALT values 
(5-fold compared to pretest mean) were seen on Day 52 of the dosing phase. 

• Mean triglycerides (mmol/L) were higher in rituximab SC treated males on 
Recovery Day 51 (225%↑ compared to pretest mean).  Of note, triglycerides 
were not measured in previous rituximab studies. 

• Slightly elevated albumin with increased A:G ratios were observed in both control 
and rituximab SC treated males compared to pretest values. This has not been 
observed previously with rituximab and decreases rather than increases in 
albumin and triglycerides were observed in monkeys treated with rHuPH20 
(Study No. R08056 from NDA 21859 or 1034926 in the current EDR). 
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Immunophenotyping 

Figure 6 Rituximab SC Reduces CD20+ B-Cells More than the Control 
Formulation with rHuPH20; May Affect Helper T-Cell Numbers 

 
pretest Day 8; error bars represent standard deviation (no standard deviation was conducted during recovery, n=2/sex/group) 
 

• B-cell depletion did not recover for one rituximab SC treated female. 
• The Applicant noted that there were no changes in absolute Helper T-cell values 

so the changes in relative T-cell values are not relevant and may reflect a shift in 
percentages due to B-cell depletion.  While this is a plausible explanation, this 
reviewer notes that there was large individual animal variability for absolute 
Helper T-cell values that may have masked possible differences.   

Table 14 Percent Change in CD20+ B-Cells and Helper T-Cells Relative to 
Pretest Mean (Pretest Days 2 and 8) 

 Pretest Dosing Phase Recovery 
 mean (range) Day 25 Day 52 Day 23 Day 51 Day 79 
CD20+ B-cells (109/L)       

♂ control 0.8 (0.42-1.15) -- -- -- -- ↓64% 
♂ rituximab SC 0.7 (0.53-0.96) ↓89% ↓65% -- -- -- 

♀ control 0.4 (0.35-0.46) -- -- ↓68% ↓65% ↓80% 
♀ rituximab SC 0.5 (0.46-0.56) ↓98% ↓92% ↓94% ↓76% ↓71% 

Helper T-cells (109/L)       
♂ control 1.3 (0.61-1.96) -- -- -- -- -- 

♂ rituximab SC 1.7 (1-2.39) -- -- -- -- -- 
♀ control 1.1 (0.75-1.41) ↑56% -- -- -- -- 

♀ rituximab SC 1.1 (0.7-1.43) -- -- -- -- -- 
Helper T-cells (%)       

♂ control 31 (30.8-31) -- -- ↓22% ↓18% ↓24% 
♂ rituximab SC 34 (32.9-34.3) ↑27% ↑22% -- -- ↓11% 

♀ control 40 (39.2-40.2) -- -- -- -- ↑22% 
♀ rituximab SC 36 (35.6-36.9) ↑18% ↑26% ↑19% ↑16% ↑21% 

                  “--", changes within the range of individual animal variability; ♂ = males; ♀ = females 
 
Gross Pathology 
Unremarkable 
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Organ Weights 
Slightly increased liver weight/body weight ratio (38%↑ compared to control mean) was 
observed in the rituximab SC treated male that also had elevated liver enzymes and 
marked hepatocellular necrosis.   
 
Histopathology  
Adequate Battery Yes 
 
Peer Review Yes, signed 
 
Histological Findings  

• In the rituximab SC treated male noted previously with elevated liver enzymes 
and hepatomegaly, marked hepatocellular necrosis was observed. 

• Two rituximab SC treated animals (one male and one female) had minimal acute 
inflammation (associated with minimal individual cell necrosis in one of them) in 
the draining (axillary) lymph nodes. These findings were considered by the 
Applicant to be a mild response to the unspecific changes at the injection site of 
the affected animals. 
 

Table 15 Summary of Microscopic Findings with Higher Incidence in 
Rituximab SC Treated Monkeys Compared to Controls 

Number of Animals with Finding (Dosing Phase/Recovery) 
Sex  Males Females 
Test item  Control Rituximab SC Control Rituximab SC 
Number of Animals Examined  3/2 3/2 3/2 3/2 
Microscopic Findings Severity     
Cecum      
Hemorrhage slight 0/0 1/0 0/1 0/0 
Inflammation, acute, multifocal minimal 0/0 0/0 0/0 1/0 
Injection Site      
Inflammation, subacute, 
multifocal 

slight 0/0 2/0 1/0 0/0 

Inflammatory Cell Foci, 
multifocal 

minimal 0/0 1/0 0/0 1/0 

Kidneys      
Mineralization/Papilla, multifocal minimal 0/1 1/0 0/0 0/1 
Glomerular Vacuolation, focal minimal 0/0 1/0 0/0 0/0 
Liver      
Necrosis, Individual Hepatocyte, 
multifocal 

slight 0/0 1/0 0/0 0/0 

Necrosis, multifocal marked 0/0 1/0 0/0 0/0 
Skin      
Ulcer, focal marked 0/0 1/0 0/0 0/0 
Stomach      
Hemorrhage slight 0/0 1/0 0/0 0/0 
Parasite Granuloma present 0/0 1/0 1/0 0/0 
LN, Axillary      
Hematopoiesis, Extramedullary, 
multifocal 

minimal 0/0 0/0 0/0 1/0 

Inflammation, acute, multifocal minimal 0/0 1/0 0/0 1/0 
Necrosis, Individual Cell, 
multifocal, unilateral 

minimal 0/0 1/0 0/0 0/0 
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Number of Animals with Finding (Dosing Phase/Recovery) 
Sex  Males Females 
Test item  Control Rituximab SC Control Rituximab SC 
Number of Animals Examined  3/2 3/2 3/2 3/2 
Microscopic Findings Severity     
LN, Mandibular      
Hematopoiesis, Extramedullary, 
multifocal 

moderate 0/0 0/0 0/0 2/0 

Lymphangiectasis, focal slight 0/0 0/1 0/0 0/0 
Heart      
Inflammatory Cell Foci, focal to 
multifocal 

minimal 0/0 0/0 0/0 1/1 

Epithelial Squamous Plaque, 
multifocal 

present 0/0 0/0 0/0 1/0 

Fibrosis, multifocal slight 1/0 0/0 0/0 0/0 
Ovaries      
Cyst, Parovarian, focal marked NA NA 0/0 2/0 

 
Toxicokinetics 

• Rituximab levels were below the limit of quantitation (0.5 μg/mL) in control and
predose samples. 

• There were no detectable anti-rituximab antibodies in control group serum 
samples. 

Table 16 Toxicokinetic Data for Rituximab Exposure with 8 Weeks SC Dosing 
in Monkeys 

(Excerpted from Rituximab Toxicology Tabulated Summary) 

 
 

• All monkeys treated with rituximab SC were exposed to rituximab on Day 1.  Only 
5/10 monkeys were exposed after the 7th dose (Day 43) and exposure data from 
these 5 monkeys was not included in determining mean exposure data on Day 
43. 
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Table 17 Rituximab Concentrations in Individual Monkeys  
(Excerpted from the study report) 

 
 

• The reduced exposure may be due to accelerated clearance and the 
development of anti-rituximab antibodies since 3/5 of the monkeys with reduced 
exposure also had high ADA titers on Day 43. 

• A total of 6/10 monkeys developed rituximab ADA and reduced exposure by Day 
99. 

Table 18 Anti-Rituximab Antibodies in Individual Monkeys 
(Excerpted from the study report) 
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• rHuPH20 activity was determined by incubating cynomolgus monkey plasma 
samples with the hyaluronic acid (HA) substrate for 60 minutes and then 
precipitating the undigested HA with the addition of acidified serum. The resulting 
turbidity was measured at 640 nm and the decrease in turbidity resulting from 
enzyme activity on the HA substrate was a measure of the rHuPH20 activity 
present in each sample.  Activity was below the quantifiable limit of less than 10 
U/mL for all samples except for one rituximab SC treated male at 0 and 1 hour 
postdose on Day 43 (12 U/mL).  No evidence of hyaluronidase ADA was 
measured in any sample using a similar assay.  

 
Dosing Solution Analysis 
Two vials with the expected concentration of 120 mg/mL rituximab were analyzed and 
showed protein concentrations of 119 and 117 mg/mL which are comparable to the 
value of 121 mg/mL given in the certificate of analysis. 

7 Genetic Toxicology 
No genetic toxicology studies were submitted or are required since rituximab SC is a 
biologic [ICH Guidance S6(R1)]. 

8 Carcinogenicity 
No carcinogenicity studies were submitted or are required according to the principles 
outlined in ICH Guidances S9 and S6(R1). 

9 Reproductive and Developmental Toxicology 
The Applicant submitted reproductive and developmental toxicology studies that had 
previously been reviewed by the Agency and incorporated into labeling for RITUXAN 
and HYLENEX.  Results from these studies from both labels were collated into the 
RITUXAN HYCELA label, with no major changes from the most recent labels except for 
updating of language and animal:human exposure margins for rHuPH20 in order to 
comply with PLLR. 
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Table 19 Human to Animal rHuPH20 Exposure Comparison, rHuPH20 Doses, 
Volumes and Concentrations Used in Toxicology Studies and in Patients 

(Excerpted from the Toxicology Written Summary) 

 

10 Special Toxicology Studies 
 
Study title:  RO0452294: Local Tolerance Study after Single Subcutaneous 
Administrations in the Male Rabbit (Study No. 8130P08) 

Study no.: 1031874 
Study report location: eCTD 4.2.3.6. 

Conducting laboratory and location:  
Date of study initiation: January 2, 2009 

GLP compliance: Yes, signed 
QA statement: Yes, signed 

Drug, lot #, and % purity: RO0452294/F02-01 (Lot No. GAM0030); 
Purity: 99.1% 
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Key Study Findings 
• There were no adverse injection site findings related to rituximab SC treatment, 

but there was edema and mixed cell infiltrates at higher incidence/severity at the 
injections site.  

 
Methods 

Doses: 0 (NaCl 0.9% injected into contra-lateral side), 
60 mg [120 mg/mL rituximab and rHuPH20 
activity of 2000 U/mL (i.e., 1000 U/SC injection, 
or approx. 0.008 mg)] 

Frequency of dosing: Single bolus 
Route of administration: Subcutaneous in the flank 

Dose volume: 0.5 mL/injection site 
Formulation/Vehicle: Sterile aqueous solution containing 2,000 U/mL 

rHuPH20 (RO5221651) in  histidine,  
 trehalose,  methionine, and 0.06% 

Polysorbate 80 
Species/Strain: New Zealand White Rabbits Crl:KBL(NZW) 

Number/Sex/Group: 6 males  
Age: Approximately 15 weeks 

Weight: 2870 – 3450 g 
Deviation from study protocol: None that were considered by the Study Director 

to affect integrity.   
 
Observations and Times: 
Clinical Signs/Local Symptoms: Daily  
Examination of Injection Sites: Study Day 1:  Immediately (approx. 15 

minutes) and 3 and 6 hrs after dosing 
Study Day 2:  24 and 30 hrs after dosing  
Study Days 3 to 5: 48, 72 and 96 hrs after 
dosing 

Body Weight: Before treatment start and before necropsy 
Gross Observations, 
Histopathology (injection site 
and local lymph nodes): 

At necropsy (24 hours postdose (3 rabbits); 4 
days postdose (3 rabbits) 

 
Results: 

• No clinical signs of reddening, swelling, induration, or hemorrhage were 
observed at the control or rituximab SC administration sites; except, slight 
blueish discoloration was noted in 2 out of 6 rituximab SC injection sites with 
corresponding slight hemorrhage in 1 out of 6 rituximab SC injection sites in one 
male one day after treatment.  Minimal hemorrhage was observed caudally in 1 
out of 6 control sites.  The Applicant noted these findings were related to the 
injection procedure. 
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Table 20 Summary of Injection Site Findings with Rituximab SC in Rabbits 
Number of Animals with Finding  

Group  Males  - 1 day postdose Males – 4 days postdose 
Test item  Control Rituximab SC Control Rituximab SC 
Number of Injection Sites Examined  3 3 3 3 
Microscopic Findings Severity     
Hemorrhage (caudal to injection site) minimal 0 0 0 0 
 slight 0 1* 0 0 
Infiltration, mixed cell (injection site) minimal  2 2* 3 2 
 slight 0 0 0 1 
Discoloration, red, approx. 4 cm long, 
approx. 3 cm wide. 

present 0 1* 0 0 

Ulceration (caudal to injection site) minimal 0 1* 0 0 
Edema (injection site) minimal 0 0 0 1 
* findings noted in same animal 
 

11 Integrated Summary and Safety Evaluation 
Rituximab/hyaluronidase for subcutaneous administration (rituximab SC) contains the 
chimeric murine/human monoclonal anti-CD20 antibody, rituximab, and recombinant 
human hyaluronidase (rHuPH20), which transiently degrades interstitial hyaluronan at 
the injection site, increasing the absorption rate for larger volumes of rituximab 
administered subcutaneously needed to achieve non-inferior exposures to rituximab IV. 
 
Pharmacology 
Despite some minor differences in rituximab exposure, tumor growth inhibition was 
observed with both IV (3, 10 or 30 mg/kg rituximab) and SC (5, 16 or 50 mg/kg 
rituximab with 4600 U/mL rHuPH20 (23,000 to 46,000 U/kg rHuPH20)) formulations 
administered once weekly for a period of 3 weeks, beginning 22 days after 
transplantation in SCID mice grafted with the human Mantle Cell Lymphoma cell line 
Z138. Also, despite initial peak serum level differences, two SC 10 mg/kg rituximab with 
2000 U/mL rHuPH20 (166 U/kg) doses, one week apart, had a comparable 
pharmacodynamic effect as IV administered rituximab in a monkey B-cell depletion 
model, when comparable rituximab serum trough levels were reached. 
 
Several rHuPH20 pharmacology studies were submitted (which were previously 
reviewed under NDA 21859 (HYLENEX)), to emphasize the transient, locally acting 
effects of rHuPH20 in animals at concentrations (and doses) within the range proposed 
for humans, 2000 U/mL rHuPH20 (390 to 447 U/kg, assuming a 60 kg adult).  For 
example, within 5 minutes, which is a time frame relevant for SC injections, 100, 500, 
and 5000 U/mL rHuPH20 (87, 435, or 4358 U/kg, assuming a 0.023 kg mouse, the 
mean body weight in many of the pharmacology mouse studies reviewed) increased 
dye dispersion by 40%, 66%, and ~2-fold, respectively, compared to controls.  In mice, 
dispersion of dye following intradermal administration of 100 U/mL rHuPH20 (174 U/kg) 
was complete within 6 to 18 hours and up to 30,000 U/mL rHuPH20 (52,000 U/kg) did 
not act distally. Additionally, systemic neutralizing rHuPH20 ADA did not appear to 
affect local dispersion of rHuPH20.  The Applicant also characterized the tissue protein 
and RNA expression of hyaluronidase, which is discussed in the Executive Summary. 
Dedicated safety pharmacology studies were not performed for rituximab SC. 
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Pharmacokinetics 
In a SC bioavailability study in female Göttingen Minipigs, rituximab absorption was 
more rapid (up to 3 times) from rHuPH20 containing SC formulations at a concentration 
(or dose) relevant to those administered to patients when compared to a SC formulation 
without rHuPH20.  There were no major differences in systemic exposure (AUC) and 
half-life between the IV 10 mg/kg rituximab and the 14 mg/kg (120 mg/mL rituximab with 
2000 U/mL rHuPH20 (230 U/kg)) rituximab SC dose.  Maximum exposure was achieved 
much slower with a SC rituximab without rHuPH20 (Tmax=48 hours) vs. IV (Tmax=~5 min) 
formulation; however, the addition of 2000 or 6000 U/mL rHuPh20 shortened the Tmax to 
24 hours. However, SC administered rituximab Cmax values were roughly half the Cmax 
of IV administered rituximab.  Doubling of the 120 mg rituximab dose or tripling of the 
2000 U/mL rHuPH20 concentration had no obvious impact on the SC absorption. 
 
A comparative PK study between IV and SC rituximab with 6000 U/mL rHuPH20 
(30,000 U/kg) in SCID mice was conducted (Study No. 1049704).  The SC 
bioavailability of rituximab was high but incomplete (69.2%, estimated by the Applicant), 
so that rituximab serum levels were higher after IV vs. SC administration at the same 
dose level (30 mg/kg). With the SC formulation, maximum rituximab serum 
concentrations were reached at the first sampling time after 2 hours. 
 
When SC 20 mg/kg rituximab with 6000 U/mL rHuPh20 (1000 U/kg) was administered 
to cynomolgus monkeys, Tmax was 24 hours and a marked peripheral decrease of 
CD3/CD20+ lymphocytes was observed at the first measured time point at 1 hour 
postdose and was sustained through the last sampling timepoint of 84 hours postdose.  
Of note, Cmax was comparable to the Day 1, 20 mg/kg rituximab IV dose reviewed with 
the rituximab IV BLA (see Table 7 and Table 9). 
 
Studies were also submitted under the PK module further supporting that SC or ID 
administration of rHuPH20 is locally acting and doses administered SC cannot achieve 
IV rHuPH20 exposures (>100-fold difference) (Table 7).  
 
Toxicology 
No new single dose toxicology studies were submitted, but a summary of a study 
reviewed with the rituximab IV BLA is provided (Table 8).  In repeated dose studies with 
rituximab IV or rHuPH20, previously reviewed under for the RITUXAN and HYLENEX 
applications, toxicity mainly to the lymphoid tissue was observed when 20 mg/kg 
rituximab IV was administered weekly for 4 to 8 weeks to cynomolgus monkeys.  Kidney 
fibrosis, bronchitis, stomach fibrosis, liver vacuolation, muscle degeneration, thyroiditis, 
and hypospermatogenesis were also observed at low incidence.  When 5 mg/kg 
rHuPH20 (580,000 U/kg) was administered daily IV or SC for 7 days to cynomolgus 
monkeys, ALT, AST, and CK were found to be transiently elevated even in the control 
group and are thought to be due to procedure related musculoskeletal changes.  Slight 
decreases in albumin, calcium, total protein, total cholesterol, and/or triglyceride levels 
were observed in rHuPH20 (SC or IV) treated monkeys that were independent of 
administration route. Reversible minimal subcutaneous perivascular lymphoplasmacytic 
infiltration was present in the injection site when rHuPH20 was administered weekly at 
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doses ≥ 0.2 mg/kg (20,194 U/kg) for 39 weeks. This is at least 40-fold higher than the 
proposed human dose of rHuPH20 in the rituximab SC formulation. 
 
A GLP-compliant 8-week repeat dose general toxicology study in cynomolgus monkeys 
was submitted to support the application.  Monkeys were administered vehicle 
(containing 2,000 U/mL rHuPH20 (340 U/kg)) control or 20 mg/kg rituximab SC 
(containing 120 mg/mL rituximab and 2,000 U/mL rHuPH20 (340 U/kg)) weekly via 
subcutaneous injection for 8 weeks, followed by a 13-week recovery period.  There 
were no unscheduled mortalities, but soft or liquid feces were observed at higher 
incidence in rituximab SC treated monkeys compared to controls.  Since the monkeys 
were not housed individually, it is unclear if the increased incidence is a sporadic finding 
and in only one animal or is rituximab SC-related.  Monkeys from all groups had various 
dermal or eye lesions, but it was confirmed that they were not near the injection site and 
are likely related to group housing conditions versus subcutaneous administration with 
rHuPH20.  Two-fold increases in QRS complex R and S waves were observed in 
rituximab SC treated males and females, respectively, during the recovery period, but 
since this finding was not observed during the dosing phase and there was large 
individual animal variability, the toxicological significance is unclear.  ECG alterations 
have not been observed previously in nonclinical studies with higher levels of rHuPH20 
or rituximab; however, there is a warning for cardiac arrhythmias and angina in the 
RITUXAN label.  Decreases in neutrophils were observed slightly during Week 4 and by 
the 8th week of dosing in rituximab SC treated monkeys compared to controls.  Absolute 
cell counts normalized to control levels during recovery, but both control (males only) 
and rituximab SC treated neutrophil counts were still lower than pretest means at the 
end of recovery.  Increases in monocytes, lymphocytes, and eosinophils were observed 
in control and rituximab SC treated groups.  There is no evidence for these hematology 
changes when rHuPH20 or rituximab was administered alone in other studies, but are 
noted because they are slightly outside the range of individual animal variability.  
Elevations in triglycerides and albumin were also observed, but the relatedness of these 
findings to rituximab SC treatment is unclear. 
 
Pharmacodynamic activity of rituximab SC was confirmed in the 8-week monkey toxicity 
study, with B-cell depletion occurring at the earliest assessed timepoint during Week 4.  
No recovery was observed in 1 out 2 rituximab SC treated females at the end of the 
recovery phase.  During the dosing phase, there were changes in relative (18-27% 
increases in rituximab SC treated monkeys compared to pretest values), but not 
absolute Helper T-cell numbers.  Of  note, an augmentation (increase) of total T cells in 
the bone marrow (but not in the periphery (e.g., lymph node) was also noted in monkeys 
treated with rituximab IV weekly for 8 weeks in Study No. 1050926 (reviewed with the 
rituximab IV BLA). 
 
Hepatic toxicity was observed in the 8-week monkey study that has not been previously 
documented with rituximab treatment in monkeys.  In 1/3 dosing phase monkeys, 
markedly elevated GLDH (74-fold compared to pretest mean) and moderately increased 
ALT values (5-fold compared to pretest mean) were seen during Week 8.  This 
correlated macroscopically with hepatomegaly and microscopically with marked, 
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multifocal hepatocellular necrosis.  Of note, there were no elevations in ALT in previous 
rituximab studies, but GLDH was not measured.  Minimal to slight hepatocyte 
vacuolation or minimal focal necrosis in monkeys treated with rituximab IV weekly for 4 
to 8 weeks was determined to be a background finding during review of the rituximab IV 
BLA.  Elevated ALT with minimal focal hepatocyte vacuolization was noted when higher 
levels (5 mg/kg or ~580,000 U/kg) of rHuPH20 were administered subcutaneously daily 
for 7 days to monkeys (AUC0-T=38,500 U*min/mL; Cmax=200 U/mL).  These findings 
were not observed in monkeys at doses of rHuPH20 up to 2 mg/kg (201,940 U/kg) SC 
weekly for 39 weeks; however, neutralizing ADA developed in the longer duration study 
and the highest exposures were achieved on Day 85 in males (AUC0-T=177 U*min/mL; 
Cmax=28.8 U/mL) and Day 183 (AUC0-T=467 U*min/mL; Cmax=64 U/mL) in females 
(Study No. 1017117). Doses ≤ 0.2 mg/kg (20,194 U/kg) did not appear to enter
systemic circulation.  The estimated human dose of rHuPH20 administered with a 1400 
or 1600 mg dose of rituximab is a much lower, less frequent dose of rHuPH20 than the 
dose observed with liver findings in the 7-day rHuPH20 study. Therefore, the presence 
of rHuPH20 in the rituximab SC formulation likely is not contributing to the observed 
liver toxicity.  Of note, antibodies against Hepatitis A virus were detected in the serum of 
the rituximab SC treated male monkey with liver toxicity by serological testing and might 
indicate Hepatitis A as the reason for the liver toxicity, although, based on the study 
report, no other monkeys were tested for Hepatitis A to provide a negative 
control/comparison.  
 
Microscopically, injection site inflammation occurred at a higher incidence in rituximab 
SC treated animals compared to controls. In two rituximab SC treated monkeys, 
minimal acute inflammation (associated with minimal individual cell necrosis in one of 
them) in the draining (axillary) lymph nodes was observed.  Minimal to moderate 
extracellular hematopoiesis was also observed in the lymph nodes of rituximab SC 
treated monkeys.  Minimal inflammatory cell foci in the heart, with or without multifocal 
epithelial squamous plaques, minimal multifocal inflammation of the cecum, and 
minimal focal glomerular vacuolation of the kidneys were observed in rituximab SC 
treated monkeys.  Microscopic findings in the lymphoid tissue and gastrointestinal tract 
as well as the kidney (fibrosis) have been observed in monkeys treated with rituximab 
IV.  Parovarian cysts were observed in rituximab SC treated females, but this can be a 
background finding. 
 
Overall, the toxicities observed with rituximab SC are consistent with those observed 
with rituximab IV administration in animals and humans.  The rituximab exposures 
achieved with rituximab SC in the 8-week monkey toxicity study pared that of IV 
administration in studies reviewed with the rituximab IV BLA.  In monkeys previously 
administered rituximab IV and currently administered rituximab SC, anti-drug antibodies 
developed that may explain reduced exposure with repeated dosing in monkeys.  When 
comparing the separate rituximab IV and rituximab SC studies, the onset of ADA with IV 
administration (by the 3rd dose) appears more rapid than with SC administration, in 
which comparable effects of reduced rituximab exposure were not observed until after 
the 7th dose.  There was no evidence for systemic absorption of rHuPH20 or rHuPH20-
neutralizing activity in monkeys administered rituximab SC. 
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See the Executive Summary of information on the genetic toxicology, carcinogenicity, 
reproductive and developmental toxicology, and local tolerance studies. 

Table 21 Animal:Human Exposure Comparison for Rituximab SC 
(Adapted from the Applicant’s Table 2 in the Toxicology Written Summary) 

Species Cynomolgus Monkey Cynomolgus Monkey Rabbit Patientsa in NHL Patientsa in CLL 
Route of 
Administration 

IV SC SC SC SC 

Treatment duration 4 to 8 weeks 8 weeks Single dose  2.5 years maximum 2.5 years maximum 
Dosing frequency Once weekly Once weekly Single dose  Once every 3 weeks for 8 

cycles followed by a 
maintenance period of once 
every 2 months or once every 
3 months 

Once every 4 weeks 

Dose 20 mg/kg 
corresponding to 
240 mg/m2 

20 mg/kg 
corresponding to 
240 mg/m2 

60 mg 
20 mg/kgb 

corresponding 
to 240 mg/m2 

1400 mg rituximab with 2000 
U/mL 
20 mg/kg 
736 mg/m2 

1600 mg rituximab 
with 2000 U/mL 
22.9 mg/kg 
842 mg/m2 

Concentration 
(µg/mL) 

Day 1: 239 
Day 29: 46.2 

Day 1: 203 
Day 43: 61 

Not measured   

Reference Report No. 
[1050926] 

Report No. 
[1029890] 

Report No. 
[1031874] 

Studies BO22334, MO28107 
[1068722, 1069702] 

Study BO25341 
[1047897] 
 

Safety margin 
based on mg/m2 

for NHL 0.3a 
for CLL 0.28a 

for NHL 0.3a 
for CLL 0.28a 

for NHL 0.3a 
for CLL 0.28a 

-- -- 

Safety margin 
based on exposure  

for NHL 1.8c 
for CLL  2.5c 

for NHL 1.5c 
for CLL  2.1c 

Not 
determined 

-- -- 

CLL = Chronic Lymphocytic Leukemia; IV = intravenous; NHL = Non-Hodgkin’s Lymphoma; SC = subcutaneous 
a Based on a maximum expected SC dose for a 70 kg patient with a body surface area (BSA) of 1.9 m2 
b Based on a 3-kg rabbit 
c Exposure margins determined by dividing mean plasma concentrations in monkeys by Ctrough in humans (134.6 µg/mL based on 
q3w dosing in Study BO22334 and 97.5 µg/mL based on q4w dosing in Study BO25341 (taken from Table 4 in Applicant’s Clinical 
Overview)) 
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