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Discussion:
Toxicity studies of ocrelizumab were conducted in cynomolgus monkeys with up 
to 8 doses given every 3 weeks. Effects were related to the pharmacologic 
activity of B-cell depletion. Full to partial recovery was observed after a 
treatment-free period of 23 weeks.

Developmental and reproductive toxicity studies showed fetal effects related to 
the pharmacologic activity of ocrelizumab. B-cell depletion was observed in 
offspring of females treated from gestation day 20 through lactation day 28. B-
cell depletion persisted through postnatal day 90 but was recovered by postnatal 
day 180. Adequate assessment of recovery of B-cell function was not conducted.
 
An appropriate established pharmacologic class for ocrelizumab is the existing 
term, “CD20-directed Cytolytic Antibody” which is the term used for other 
members of this class.

The adequacy of the nonclinical program has been called into question by a lack 
of sufficient comparability between the drug material used in the nonclinical 
studies and the to-be-marketed drug product. In particular, the comparability of 
the material used in the chronic toxicity study and the embryofetal study has not 
been established.

Conclusions:
The pharmacology/toxicology reviewer and supervisor conducted a thorough 
evaluation of the nonclinical information submitted in support of this NDA. There 
appears to be a lack of comparability of the drug material used in the chronic 
toxicity and reproductive toxicity studies and the to-be-marketed product. In 
addition, there is concern that immune function in offspring of drug-treated dams 
has not been adequately assessed. 

The reproductive toxicity studies may be acceptable if adequate comparability 
can be demonstrated between the drug material used in the study and the to-be-
marketed clinical drug product. Repeat of the chronic toxicity study was not 
considered necessary given the available clinical data. Additional data 
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addressing recovery of B-cell function in offspring of dams treated with 
ocrelizumab appears warranted. 
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MEMORANDUM   
 
    DEPARTMENT OF HEALTH & HUMAN SERVICES 

                      Public Health Service 
                Food and Drug Administration 

________________________________________________________________________ 
 
Division of Neurology Products (HFD-120) 
Center for Drug Evaluation and Research 
 
Date: December 5, 2016 
 
From: Lois M. Freed, Ph.D. 
 Supervisory Pharmacologist 
 
Subject:  BLA 761053 (ocrelizumab; Ocrevus)  
________________________________________________________________________ 
 
BLA 761053 has been submitted by the sponsor (Genentech, Inc.) for use of ocrelizumab 
as a treatment for relapsing forms of multiple sclerosis (MS) and primary progressive 
MS. Submission of Module 4, the nonclinical portion of Module 2, and part of Module 1 
on April 4, 2016, initiated a rolling BLA submission. The remainder of the information 
(completion of Module 1 and Modules 2, 3, and 5) was received on April 28, 2016, and 
the BLA was filed (Filing Communication, June 24, 2016). Clinical development was 
conducted under IND 100593. 
 
The nonclinical studies submitted in support of the BLA include the following: 
 

• Pharmacology (in vitro, in vivo [monkey]) 
• PK/tissue distribution (mouse, rat, monkey) 
• Toxicology (4- and 24-week studies in monkey) 
• Reproductive and developmental toxicology (fertility assessments [male, female] 

and embryofetal and pre- and postnatal development studies in monkey) 
• Tissue cross-reactivity (monkey, human) 

 
This battery of nonclinical studies is consistent with the division’s recommendations 
conveyed to the sponsor during clinical development. The data from these studies have 
been reviewed by Dr. Wilcox (cf. Review and Evaluation of Pharmacology/Toxicology 
Data, Barbara J. Wilcox, Ph.D., BLA 761053, DATE). Detailed description of the 
nonclinical studies and discussion of the findings are provided in Dr. Wilcox’s review. 
Dr. Wilcox has concluded that the data provided by the sponsor do not support approval 
of the BLA because of the lack of sufficient data to document comparability between the 
product used in the pivotal reproductive and developmental toxicology studies and either 
the product used in the pivotal Phase 3 clinical trials or the to-be-marketed product.  
 
This issue and selected nonclinical data are discussed below. 
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Pharmacology 
 
Ocrelizumab is a humanized IgG1 monoclonal antibody designed to bind CD20, a cell-
surface antigen present on all B cells except early pro-B cells, plasma, or memory B cells, 
resulting in depletion of CD20+ B-cell populations through one or more mechanisms 
(i.e., “antibody-dependent cellular phagocytosis [ADCP], antibody-dependent cellular 
cytotoxicity [ADCC], complement-dependent cytotoxicity [CDC], and [or] apoptosis”). 
The pharmacological activity of ocrelizumab was characterized in a series of in vitro 
studies, compared to rituximab. (Rituximab is a CD20-directed monoclonal antibody 
approved for oncology and non-oncology indications but not for multiple sclerosis.) Data 
from selected in vitro studies are summarized in the following table (n/t = not tested): 
 

 
IN VITRO SYSTEM 

 
UNITS OCRELIZUMAB RITUXIMAB 

WIL2-S cells 
(CD20-expressing human 

lymphoblastoid B-cell line) 

Kd 
(nM) 

0.84 ± 0.37 0.99 ± 0.49 

human Fcγ receptors 
     FcγRIa 
     FcγRIIa 
     FcγRIIb 
     FcγRIIIa (F158) 
     FcγRIIIIa (V158) 

EC50 
(µg/mL) 

 
0.0036 ± 0.0005 

1.65 ± 0.76 
9.17 ± 1.77 
3.28± 1.59 
0.35 ± 0.14 

 
0.0037 ± 0.0002 

1.68 ± 0.54 
10.9 ± 1.52 
10.8 ± 2.64 
0.67 ± 0.15 

Human Complement C1q 
EC50 

(µg/mL) 
0.75 ± 0.015  0.62 ± 0.14 

NK cell lysis of WIL2-S cells 
(ADCC) 

EC50 
(pM) 

5.2 ± 2.6 23 ± 6.2 

ADCC activity with PBMC 

EC50 
(nM) 

0.12 ± 0.08 0.31 ± 0.23 

maximum lysis  
(%) 

46.5 ± 8.8 34.1 ± 12.5 

CDC 
(targets: WIL2-S cells and 

human complement) 

EC50 
(nM) 

4.04 ± 1.87 1.09 ± 0.32 

human B lymphoma cell lines 
(ADCP) 

maximum  
(%) 

≥20 
(vs <10 for C) 

n/t 

Ramos cells (apoptotic activity) 

crosslinking (%) 
(vs 2.5 for C) 

18.5-29 16.5-38 

live cells/10 sec 
(vs 8600 for C) 

5200 3100 

 
In vivo characterization of pharmacological activity in animals was assessed as part of 
PK and toxicity studies in cynomolgus monkey and will be discussed under PK/ADME 
and Toxicology. Although PK/ADME studies were conducted in rodent, ocrelizumab is 
not pharmacologically active in rodent species (mouse, rat); therefore, those data are of 
limited relevance to humans and will not be discussed. 
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PK/ADME 
 
PK/ADME studies were conducted in huCD20 transgenic and CD-1 mice, Sprague-
Dawley rat, and cynomolgus monkey. Only the PK/ADME data for selected studies in 
cynomolgus monkey will be discussed (Studies 02-182-0352 and 03-0235-0349). The 
toxicokinetic (TK) data collected in the toxicity studies will be discussed under 
Toxicology. 
 
In Study 02-082-0352, the PK/PD of ocrelizumab was assessed in cynomolgus monkey 
(total of 4 males/group) administered intravenous (IV) doses of 0, 0.05, and 10 mg/kg 
over a 5-min period. Each monkey received 2 weekly doses (Day 1 and Day 8), followed 
by an 8-week recovery period. Flow cytometry analysis indicated dose-related decreases 
in B cells (65 and >99% at LD and HD, respectively, on Day 10). At the last recovery 
sampling time (Day 67), B-cell count had normalized at the LD and in 1 HDM but was 
still decreased (57%) in the other HDM. The PK data are summarized in the sponsor’s 
table, below. 
 

 
 
In Study 03-0235-0349, the PK/PD of ocrelizumab was assessed in cynomolgus monkey 
(4 males/group) administered IV bolus doses of 0.2, 0.5, and 2.0 mg/kg; each monkey 
received two doses (Day 1 and Day 8). There was a 12-week recovery period following 
the second dose. Flow cytometry analysis indicated marked decrease (“close to zero”) in 
total B-cell number at 1 hr after each dose, at all dose levels. Partial recovery of B-cell 
number was observed at all doses, although to a lesser extent at the highest dose. The PK 
data are summarized in the sponsor’s table, below (RCmax is the accumulation ratio: Dose 
2 Cmax/Dose 1 Cmax). 
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Toxicology 
 
Toxicology studies of ocrelizumab were conducted in cynomolgus monkey, the only 
pharmacologically relevant species, using a variety of dosing regimens. 
 
The proposed clinical dosing regimen is:  

• Initial doses: 300 mg IV infusion, followed by a second 300-mg IV infusion 2 
weeks later 

• Subsequent doses: 600 mg as a single IV infusion every 6 months 
 
The same clinical dosing regimen was used during clinical development in studies of 
relapsing forms of MS. In studies of primary progressive MS, ocrelizumab was 
administered as two 300 mg IV infusions, given 2 weeks apart, every 24 weeks 
throughout the treatment period. 
 
In monkey, early studies were conducted at doses of 0, 10, 50, and 100 mg/kg. The 10-
mg/kg dose was most consistently associated with ADAs; therefore, later studies were 
conducted at doses of 0, 50, and 100 mg/kg, including the pivotal chronic toxicity study. 
(The presence of drug may have masked the presence of ADAs at the higher doses.) 
 
In Study 03-0113-0349, ocrelizumab was administered to cynomolgus monkeys 
(4/sex/group) at doses of 0, 10, 50, and 100 mg/kg, as two IV bolus injections, one on 
Day 1 and one on Day 15. Animals were sacrificed on Day 29 or after a recovery period 
(Day 113; an additional 2/sex for C and HD).  
 
In Study 03-0114-0349, ocrelizumab was administered to cynomolgus monkeys at doses 
of 0, 10, 50, or 100 mg/kg by IV bolus injection, according to the following study design 
(from the sponsor): 
 

 
 
Groups 1, 3, and 4 received one dose (placebo or ocrelizumab) on Day 1 and a second 
dose two weeks later (Cycle 1). 14 weeks later, animals received two additional doses 
(Cycle 2) according to the same regimen used in Cycle 1. Animals were sacrificed as 
noted in the table above. Group 2 received one cycle of dosing (Cycle 1) only because 
ADAs were detected in >50% of the animals, associated with decrease in ocrelizumab 
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exposure. Animals were released back to the colony on Day 108 but were observed for 
clinical signs until Day 112. Group 5 received one cycle of dosing (Cycle 1), followed by 
a 40-week recovery period. Animal were sacrifice as noted in the table above. Terminal 
studies (histopathology, immunohistochemistry) were conducted but were not adequate 
because of the small number of animals at the scheduled sacrifice times. ADAs were 
detected primarily at the LD but, as previously noted, may have been masked at the 
higher doses by the presence of drug.  
 
In Study 03-0684-0134, ocrelizumab (PRO70769, rhuMAb 2H7) was administered to 
cynomolgus monkeys (2/sex for C, 4/sex/group for LD and HD groups; 4-7 yrs) at doses 
of 0, 50, and 100 mg/kg as 4 IV injections, given once weekly. Half of the animals (1/sex 
for C, 2/sex/group for LD and HD) were sacrificed on Day 28; the remaining animals 
were followed for a 32-week recovery period. This study is not considered pivotal 
because of the inadequate number of control animals for in-life examinations and for all 
groups at the two sacrifice times.  
  
In these studies, the primary toxicities observed were generally consistent among studies, 
i.e., decreases in absolute lymphocyte counts and decreases in peripheral and tissue 
(lymph nodes, spleen) B cell depletion, which tended to be greater at 50 and 100 mg/kg, 
with partial (>20% of baseline) to near complete recovery at 100 mg/kg, depending on 
the duration of dosing and of the recovery period. The one notable difference was the 
presence of microscopic findings in the eye (lymphoid or lymphoplasmacytic cell 
infiltrate in ciliary body, vacuolation of the optic nerve, and lymphoplasmacytic cell 
infiltrate of the choroid), which were observed in main-study (not recovery) animals at 50 
and 100 mg/kg in Study 03-0114-0349. 
 
In the pivotal chronic toxicity study (04-0192-0134), ocrelizumab was administered to 
cynomolgus monkeys (4/sex/group for main study; 2/sex C and HD for recovery) by IV 
bolus injection at doses of 0, 50, and 100 mg/kg every 3 weeks (total of 8 injections).  
Main-study animals were sacrificed on Day 149 (Week 22); the remaining animals were 
sacrificed after a 23-week recovery period, or “until B-cells recovered to greater than 
25% of baseline levels.” The study was conducted under U.S. FDA GLP regulations but 
with a number of exceptions, including the lack of a validated method for dose solution 
analysis and a number of analyses conducted by Genentech (i.e., dose formulation 
stability analyses, whole blood analysis by flow cytometry, and ICH and flow cytometry 
analysis of lymphoid tissues). Also, a signed and dated Study Pathology Report was not 
provided. Peer review involved only examination of target organs identified, presumably, 
by the study pathologist. (A signed and dated “Pathology Peer Review Documentation” 
was provided.) 
 
The only potentially ocrelizumab-related clinical signs (4/8 LD and 3/12 HD) were red or 
clear nasal discharge and associated sneezing, accompanied in some animals by 
conjunctival discharge, which were successfully treated with penicillin. There were no 
ocrelizumab-related effects on body weight, ophthalmology/ERG, or other in-life 
parameters except for hematology. Absolute lymphocyte count was decreased in a dose-
related manner in males and in LD females but not consistently in HD females. The 
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sponsor also reported a decrease in circulating rbc mass, accompanied by an increase in 
reticulocyte count and bone marrow erythroid hypercellularity in 1 M and 2 F at each 
dose; these findings were considered ocrelizumab-related.  
 
Terminal evaluations revealed no macroscopic or organ weight findings. Ocrelizumab-
related histopathology findings in main-study animals consisted of lymphoid follicular 
atrophy in lymph nodes (inguinal, mandibular, and mesenteric) and spleen and erythroid 
cell hypercellularity of bone marrow at both doses, with similar incidence. The eye 
findings observed in Study 03-0114-0349 were not detected. No ocrelizumab-related 
findings were detected in recovery animals (Day 315).  
 
Additional measurements conducted by Genentech (rather than the CRO) included: flow 
cytometry analysis was conducted on bone marrow aspirates and whole blood and tissue 
(spleen and inguinal and submandibular lymph node) samples, immunohistochemistry 
evaluation of spleen and mandibular lymph nodes, and toxicokinetics (TK).  
 
The TK data are summarized in the table below (mean ± SD; SD not calculated for values 
based on n = 2). AUC values were calculated from 0 to Day 148 (AUClast) or from 0 to 
infinity (AUCinf).  
 

DOSES 
(mg/kg) 

Cmax 
(µg/mL) 

AUClast 
(µg*day/mL) 

AUCinf 
(µg*day/mL) 

t1/2 
(day) 

Clss 
(mL/day/kg) 

Vss 
(mL/kg) 

MALES 
50 1450 ± 43.3 100000 ± 7140 -- -- -- -- 

100 3240 ± 344 229000 ± 17700 274000 15.7 4.22 92.9 
FEMALES 

50 1540 ± 121 115000 ± 13100 -- -- -- -- 
100 3020 ± 327 208000 ± 21500 221000 12.7 5.57 92.3 

 
ADAs were detected in 2 animals (1 at each dose); no effect on serum concentrations was 
observed.  
 
Results of the flow cytometry analysis demonstrated nearly complete depletion of 
peripheral B cells at both doses of ocrelizumab. B-cell levels remain near zero throughout 
the dosing period. B-cell depletion was also observed in tissues (spleen, lymph nodes, 
and bone marrow) at necropsy on Day 149. In HD recovery animals, peripheral B cells 
had increased to 58% of baseline by Day 307. At necropsy, B-cell depletion was 
observed in lymphoid tissue at both doses (0.4-0.1, 2.8-1.6, 1.4-1.1, and 20.3-23.9% of C 
in spleen, mandibular lymph node, inguinal lymph node, and bone marrow [LD-HD]). 
Mean % B cells in mandibular and inguinal lymph nodes was 27 and 55%, respectively, 
lower in HD recovery animals compared to controls (8.98 ± 4.50 vs 20.2 ± 5.79; males 
and females combined). Immunohistochemistry analysis of tissues (mandibular lymph 
node and spleen) revealed marked to complete depletion of B cells at both doses in main-
study animals; tissue from HD recovery animals were either within normal limits or 
exhibited a slight-to-mild increase in B cells. 
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Dams 
 

DOSE 
(mg/kg) 

Cmax 
((µg/mL) 

AUCinf 
(µg*day/mL) 

t1/2 
(day) 

Clss 
(mL/day/kg) 

Vss 
(mL/kg) 

15/20 1310 ± 356 29100 ± 7830 8.93 ± 1.41 6.08 ± 2.10 82.7 ± 48.2 
75/100 5860 ± 777 137000 ± 19600 9.97 ± 1.35 5.58 ± 0.794 64.8 ± 7.72 

 
Fetuses  

DOSE 
(mg/kg) 

CONCENTRATION 
(µg/mL) 

MEAN RANGE 
15/20 26.90 3.64-153 

75/100 50.65 31.8-115 

 
In the pre- and postnatal development study, ocrelizumab was administered to pregnant 
monkeys (15/group) at doses of 0, 15/20, and 75/100 mg/kg by IV injection. Loading 
doses of 0, 15, and 75 mg/kg were administered for three days (GDs 20, 21, and 22); 
thereafter, doses of 0, 20, and 100 mg/kg were administered weekly, from GD29 “to at 
least LD28” (i.e., total of 25-31 doses).  Dams were allowed to deliver offspring and were 
followed for up to LD215. Offspring were examined for viability, sex, physical 
development, clinical pathology, and in terminal studies (gross pathology, organ weights, 
and histopathology). There were numerous deviation from GLP, including (but not 
limited to) misdosing, deviations from scheduled sampling collection times (TK, clinical 
pathology), incorrect storing of samples (e.g., room temperature instead of under 
refrigeration).  However, the only deviations consider to have impacted study validity 
were those involved in the TDAR analysis. According to the sponsor, multiple 
methodological issues precluded a valid assessment of TDAR. 
 
Three dams (1/group) were sacrificed moribund (on LD128, GD44, and GD111 in C, LD, 
and HD groups, respectively). No COD was identified for the C or HD dam. “…multi-
organ hemorrhage and marked bilateral acute renal cortical necrosis” was detected in the 
LD dam, which, according to the study report, was thought to be the result of an “adverse 
immune reaction” to ocrelizumab; however, the study pathologist only indicated that the 
multi-organ hemorrhage and renal necrosis were the presumed COD. Decreased 
cellularity in lymphoid organs, both B- and T-cell, was detected in all 3 dams. All other 
dams survived the study and were returned to the colony. Thirteen C, 11 LD, and 9 HD 
dams received a total of 25-31 doses. The number of doses administered per dam and 
fates of corresponding fetuses are provided in the following table (D# = dam number; SS 
= scheduled sacrifice; SM = sacrificed moribund; PND = postnatal day; GD = gestation 
day; LD = lactation day): 
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DOSE (mg/kg) 
0 15/20 75/100 

D# 
LAST 
DOSE 

FATE D# 
LAST 
DOSE 

FATE D# 
LAST 
DOSE 

FATE 

101 LD32 SS 201 GD162 
stillborn 
(GD168) 

301 LD31 SS 

102 LD29 SS 202 LD34 SS 302 LD33 SS 

103 LD34 SS 203 GD162 
stillborn 
(GD168) 

303 LD2# death 
(PND6) 

104 LD31 SS 204 LD30 SS 304 LD30 SS 

105 LD28 SS 205 GD43 dam SM** 305 GD22 aborted 
(GD25) 

106 LD34 SS 206 LD32 SS 306 LD31 SS 

107 GD22 
aborted  
(GD25) 

207 LD29 SS 307 LD30 SS 

108 LD29* SS 208 LD29 SS 308 GD155 
stillborn 
(GD161) 

109 LD34 SS 209 LD31 SS 309 LD29# SS 

110 LD28 SS 210 GD169 
death 

(GD171) 
310 GD29 

aborted 
(GD32) 

111 LD29 SS 211 LD30 SS 311 GD106 dam SM** 

112 LD29 SS 212 LD33 SS 312 LD32# SS 
113 LD31 SS 213 LD29 SS 313 LD34 SS 

114 GD29 
aborted 
(GD30) 

214 LD33 SS 314 GD120 
aborted 
(GD121) 

115 LD29 SS 215 LD34 SS 315 LD28 
SM 

(PND138) 
 *dam sacrificed moribund; offspring hand-reared; **fetus died as a result; #premature delivery 
 
The fate of fetuses is summarized in the following table: 
 

FATE OF FETUS/OFFSPRING 
DOSE (mg/kg) 

0 15/20 75/100 
scheduled sacrifice 13/15 11/15 8/15 

aborted 2/15 0/15 3/15 
fetal death 0/15 1/15 0/15 
stillborn 0/15 2/15 1/15 

neonatal death 0/15 0/15 1/15 
neonate sacrificed moribund 0/15 0/15 1/15 

death due to moribund sacrifice of dam 0/15 1/15 1/15 

   
The COD in the 3 stillborn offspring could not be identified. The 2 HD offspring found 
dead or sacrificed moribund were found to have bacterial infections. Findings in 
offspring #303N (of dam #303; premature delivery) were described as follows: 
 

“…severe suppurative inflammation characterized microscopically by a mixture 
of neutrophils and mononuclear inflammatory cells effacing the cerebellum and 
adjacent meninges…Pericardial and pleural adhesions with hemorrhage in the 
lung was noted grossly…and correlated microscopically to pleural fibrosis, 
interstitial mononuclear cell infiltration and alveolar hemorrhage with 
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macrophage infiltration. A minimal increase in lymphoid follicle cellularity was 
noted in the spleen.” 

 
Findings in offspring #315N (of dam #315) were described as follows: 
 

“…inflammation of the meninges…with intralesional bacteria involving the brain 
and spinal cord, acute centrilobular hepatocellular necrosis, acute gall bladder  
[sic] necrosis, intralesional bacteria colonization with vascular invasion in the 
gallbladder, inflammation of the mesentery…decreased cellularity in the thymic 
cortex, splenic lymphoid follicle, and periarteriolar lymphoid sheath…” 

 
There were no clear ocrelizumab-related clinical signs in dams or offspring, although 
“swollen skin in the breast area” resulting from bacterial infection (milk was positive for 
Staphylococcus) was detected in 1 LD (#202) and 1 HD (#315) dam. Gestation length 
was slightly reduced at the HD compared to C (157.7 ± 7.3 vs 165.4 ± 8.9 days); in 3 
dams (#303, #309, #312), gestation length was consistent with preterm birth (generally 
defined, according to the sponsor, as birth on GD141 to GD155).  No ocrelizumab-related 
adverse developmental effects were observed, as measured by body weight, growth (e.g., 
head width/circumference, crown-to-rump length, and anogenital distance), and 
neurological examination (e.g., reflexes, grip strength, and pain response).  
 
In dams, wbc and lymphocyte counts were reduced at both doses during gestation (GD 
141: 15 and ~20%, respectively) and lactation (LD 28-180: 11-24 and 20-44%, 
respectively). In neonates, wbc and lymphocyte counts were reduced at both doses on 
PND 28-64 (14-23 and 19-31%, respectively) but tended to normalize by PND 90 (wbc 
count) or PND 180-187 (lymphocyte count). Immunophenotyping on serum samples 
collected from dams (GD 20-LD 180) and neonates (PND 28-180) indicated no clear 
effect on T-cells; however, B-cells were depleted throughout gestation and lactation in 
dams (↓98%) and to at least PND 90 in neonates. At PND 180, recovery of B-cell counts 
was observed, with B-cell counts similar or only slightly lower (↓15%) than C in LD and 
HD neonates. However, functional recovery was not adequately assessed because of 
methodological problems encountered by the sponsor. 
 
There were no clear gross pathology findings. The only ocrelizumab-related effect on 
organ weights was a 36-38% decrease in absolute and relative (to body weight) testis 
weight in HD neonates. The only histopathology finding in testes was immaturity (all 
males examined), consistent with the age of the offspring.  
 
Ocrelizumab-related histopathology findings in neonates were also detected in kidney 
and bone marrow.  The kidney findings presented in the summary histopathology table 
and in the individual data table were inconsistent and the severity of the kidney findings 
described by the Study Pathology were inconsistent with the severities listed in the 
summary and individual data tables. The table below provides the incidence of selected 
findings based on the individual data.  
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TISSUE FINDING 
DOSE (mg/kg) 

0 15/20 75/100 

kidney 

lymphoplasmacytic inflammation (slight) 0/13 0/13 2/11 
glomerulopathy 
     very slight 
     slight 
total 

 
0/13 
0/13 
0/13 

 
3/13 
0/13 
3/13 

 
2/11 
2/11 
4/11 

lymphoplasmacytic, tubulointerstitial inflammation  (slight) 0/13 0/13 2/11 

bone marrow 
(sternum) 

lymphoid follicle formation 
     very slight 
     slight 
total 

 
0/13 
0/13 
0/13 

 
4/13 
0/13 
4/13 

 
3/11 
2/11 
5/11 

 
The renal findings were characterized by the study pathologist (  DVM, 
DAVCP) as follows: 
 

“Minimal to mild glomerulopathy…comprised a spectrum of glomerular changes 
ranging from small immature (fetal) glomeruli [2 HD] with concentric fibrosis of 
the Bowman’s capsule (crescent formation) to severely contracted sclerotic 
glomeruli…Mild lymphoplasmacytic inflammation of the kidneys was observed 
in 2 of 11 animals in the 75/100 mg/kg group. The extent of lymphoplasmacytic 
infiltrates was greater than concurrent control animals, and the infiltrating cells 
were present in nodular aggregates in the interstitium resembling lymphoid 
follicles.” 
 

Upon evaluation of kidney tissue with PAS staining, the kidney findings were 
characterized (  M.D.) as a “…very mild excess of global 
glomerulosclerosis…suggestive of possible ischemic injury to developing glomeruli.”  
 
The study pathologist concluded that both the glomerulopathy and lymphoplasmacytic 
inflammation of the kidney were ocrelizumab-related, but noted that “…a possible 
association with the pharmacological effect of Ocrelizumab cannot be ruled out” only for 
lymphoplasmacytic inflammation. The possibility that increased protein clearance may 
have contributed to the kidney effects was not suggested by the study pathologist. 
 
Immunohistochemistry (CD20 and CD3) evaluation of spleen, thymus, lymph nodes, 
tonsil and bone marrow from neonates indicated an increase in CD20- and CD3-positive 
cell aggregates (lymphoid follicle formation) in bone marrow at both doses (CD20+: 1/13 
C, 7/11 LD, and 8/8 HD; CD3+: 0/13 C, 2/10 LD, and 3/6 HD).  
 
For dams, toxicokinetic parameters were calculated only on GD22 data (15/group; mean 
± SD).   
 

DOSE 
 (mg/kg) 

Cmax 
(ng/mL) 

Tmax 
(day) 

AUC(22-29 d) 
(ng*day/mL) 

15 959000 ± 113000 22.0104* 3970000 ± 350000 
75 4490000 ± 714000 22.1 17700000 ± 3100000 

*0.25 hr post dose 
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Mean (± SD) serum levels in dams at 0.25 hr post dose on GD 71 were 1230000 ± 
978000 and 1380000 ± 1060000 ng/mL at the LD and HD, respectively. 
 
Serum ocrelizumab levels (ng/mL) in dams and neonates during the postnatal period are 
summarized in the following table (the sponsor did not provide summary data): 
 

DOSE 
(mg/kg) 

DAM NEONATE 
N:D 

RATIO 
FINAL DOSE (pre-dose) 

20 
606640 

(373000-1290000) 
141400 

(80400-229000) 
0.252 

(0.139-0.434) 

100 
2257000 

(1510000-3020000) 
689111 

(371000-1240000) 
0.298 

(0.233-0.411) 
PND 99 

20 
48881 

(6190-70900) 
2442 

(1580-5900) 
0.0895 

(0.0205-0.285) 

100 
191956 

(84400-471000) 
22866 

((4890-42300) 
0.138 

(0.0283-0.234) 
PND 180 

20 
2457* 

(434-6300) 
228* 

(109-368) 
0.187* 

(0.0360-0.848) 

100 
5834** 

(1270-21800) 
484** 

(146-1370) 
0.138** 

(0.0428-0.345) 
  *does not include 2 pairs for which either dam or neonate data were not available 
  **does not include 1 pair for which data were not available for either dam or neonate 
 
Ocrelizumab levels in milk were assessed during PNDs 25-28. Ocrelizumab was detected 
in milk of 3 (of 12) C dams (460-625 ng/mL). Ocrelizumab levels in LD and HD dams 
were 296-1370 ng/mL (8/11; in 3 LD dams, levels were undetectable) and 2360-7770 
ng/mL (9/9), respectively. 
 
The results of this study demonstrate an effect on gestation length in dams and adverse 
effects of ocrelizumab on the neonate, including an increase in stillbirths and neonatal 
death, B-cell depletion, and microscopic changes in kidney and bone marrow. While the 
cause(s) of the stillbirths was not identified, the neonatal deaths were attributed to 
bacterial infections, transferred from the dam and possibly exacerbated by B-cell 
depletion in the neonate.   
 
Genetic Toxicology and Carcinogenicity 
 
Genetic toxicology studies were not conduct for ocrelizumab, consistent with ICH S6 
guidance. 
 
The sponsor submitted a carcinogenicity assessment waiver request under IND 100593 
(Serial No. 0675, February 4, 2016). The waiver was granted (IND 100593, email 
communication, dated May 2, 2016).  
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effects of B-cell depletion in dams and, possibly, neonates. In surviving neonates, kidney 
(glomerulopathy) and bone marrow (lymphoid follicle formation) were observed at both 
doses evaluated.  
 
Genetic toxicology studies were not required or conducted. Assessment of carcinogenic 
potential was deemed not feasible and the sponsor’s waiver request was granted. 
 
Overall, there are two primary deficiencies in the nonclinical data conducted to support 
approval:  
 

• The DS material used in the embryofetal development study (v 0.1) does not 
appear to be sufficiently comparable (based on information provided by the CMC 
team) to that (v 0.4) used in the pivotal clinical studies. 

• The lack of an adequate TDAR evaluation in the pre- and postnatal development 
(PPND) study precluded an evaluation of potential adverse effects on immune 
function. 

 
It is recommended that an expanded pre- and postnatal development (ePPND) study in 
cynomolgus monkey be conducted (cf. Stewart J. Repro Toxicol 28:220-225, 2009), to 
include assessment of immune function. While the pivotal chronic toxicity study was also 
conducted using v 0.1 DS material, it is possible that there are now sufficient human 
safety data so that a repeat study in cynomolgus monkey may not be necessary. 
Alternatively, if the sponsor is able to provide additional data demonstrating sufficient 
comparability between v 0.1 DS and v 0.4 DS, then the completed embryofetal 
development study would be adequate; however, concerns regarding the second 
deficiency remain.  
 
At this time, it appears that there are insufficient CMC data to support approval. If the to-
be-marketed drug product is determined by the CMC team to not be comparable to the 
drug product(s) used in the pivotal nonclinical studies, additional nonclinical studies may 
need to be repeated.  
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1 Executive Summary

1.1 Introduction
Ocrelizumab is a humanized IgG1 monoclonal antibody directed against the CD20 
antigen expressed on B lymphocytes and is under development for treatment of multiple 
sclerosis (  and PPMS).  CD20 is expressed on the surface of pre-B cells, mature 
B cells, and memory cells but is not found on lymphoid stem cells or plasma cells.  
Binding of ocrelizumab to CD20 results in rapid depletion of CD20+ B cells but does not 
affect the capacity for B cell repopulation.

1.2 Brief Discussion of Nonclinical Findings
Ocrelizumab specifically binds CD20 in humans and nonhuman primates.  It does not 
bind CD20 in rodents.  Therefore, cynomolgus monkey was selected as the relevant 
species for nonclinical investigation. A tissue cross-reactivity study confirmed that 
binding of ocrelizumab to cynomolgus monkey tissues was similar to that observed in 
human tissues.  In vivo pharmacology studies demonstrated that B cell depletion to near 
undetectable levels was observed by 1 hour post-dose.

The mechanism through which ocrelizumab acts to deplete CD20+ B cells is believed to 
be via antibody-dependent cell-mediated cytotoxicity (ADCC), complement-dependent 
cytotoxicity (CDC), antibody-dependent cellular phagocytosis (ADCP), and/or apoptosis.  
Each mechanism was investigated in vitro. The results demonstrated that ocrelizumab 
binds to CD20 with high affinity, binds to 5 subtypes of the Fc gamma receptor with 
relatively high affinity, and is capable of mediating ADCC, ADCP, CDC, apoptosis, and 
binds to the human FcRn.  

PK/TK: The pharmacokinetic (PK) characteristics of ocrelizumab were assessed in a 
study in cynomolgus monkeys using relatively low doses, as well as in the toxicokinetic 
(TK) analyses conducted as part of the general toxicology studies. In the monkey PK 
study, the exposure increased in proportion with dose (0.2, 0.5, or 2.0 mg/kg IV).  
Clearance was biphasic with a rapid initial distribution phase followed by a slower 
elimination phase.  ADAs were detected in all animals by 2 weeks after the first dose.  
Results of TK analyses confirmed the immunogenicity of ocrelizumab at all doses 
levels, but ADAs were most evident at doses of 10 mg/kg or lower.  Therefore, the lower 
doses were not used in toxicology studies.  At the higher doses used in the toxicology 
studies (20, 50, or 100 mg/kg), ADAs were detected in all dose groups; however, 
exposure was not significantly affected.  Exposures increased dose-proportionally, and 
the elimination t1/2 ranged generally from 15 to 20 hours at the higher doses used in the 
toxicology studies.

Toxicology: A series of repeat-dose toxicology studies were conducted in cynomolgus 
monkeys in which various dosing regimens were used. In all studies, cynomolgus 
monkeys received IV doses of ocrelizumab at dose levels of up to 100 mg/kg.  No 
unexpected toxicities were observed. All studies showed near total depletion of B cells 

Reference ID: 4015041

(b) (4)



BLA # 761053 Reviewer:  Barbara J Wilcox, Ph.D.

4

from blood and lymphoid tissues.  Histopathology typically showed follicular atrophy in 
spleen and lymph nodes.  Recovery of B cell populations was variable and dose-
related.  Full recovery to baseline after repeat dosing required more than 6 months.  In 
the longest duration study (Study #04-0192-0134), monkeys received ocrelizumab 
every three weeks for 24 weeks (total of 8 total doses) at doses of 50 or 100 mg/kg IV.  
The results showed the expected effects of the pharmacological activity of ocrelizumab, 
including depletion of B lymphocytes.  Histopathology demonstrated follicular atrophy in 
spleen and lymph nodes of both dose groups, dose-related in incidence and severity. At 
the end of the 23-week recovery period, spleen and lymph nodes appeared similar to 
control.  

Immunophenotyping of whole blood, lymphoid tissues, and bone marrow using FACS 
analysis was conducted for each toxicology study.  Marked depletion of B lymphocytes 
was consistently demonstrated in all compartments assessed.  Recovery was variable, 
but at least partial recovery was demonstrated in all studies, depending on the length of 
the recovery period. No dose-related effects on T cell populations were observed in any 
study.  

Reproductive toxicology: A full battery of reproductive and developmental toxicology 
studies was conducted in cynomolgus monkey.  In all studies, the pharmacological 
activity of ocrelizumab was confirmed by immunophenotyping using FACS analysis, and 
exposure was confirmed through TK analysis.  Fertility was assessed in separate 
studies in males and females.  No adverse effects on fertility parameters were observed 
in either sex.  

In an embryofetal development study, pregnant cynomolgus monkeys received IV 
doses of ocrelizumab, with loading doses of 15 or 75 mg/kg for 3 days beginning on 
GD20, followed by weekly doses of 20 or 100 mg/kg through GD50.  Cesarean section 
was conducted on GD100-103. No adverse effects on embryonic development related 
to ocrelizumab were observed.  However, spleen and lymph nodes of fetuses from both 
dose groups showed reduced numbers of B cell follicles, dose-related in incidence.  
Reduced white pulp area was also observed in fetal spleen from both dose groups 
(graded slight or very slight).  These data demonstrate trans-placental exposure to 
ocrelizumab in monkey fetuses.

In a pre-and postnatal study, pregnant monkeys received IV doses of ocrelizumab 
(loading doses of 15 or 75 mg/kg for 3 days beginning on GD20, followed by weekly 
doses of 20 or 100 mg/kg through 28 days of lactation [PND28]).  Embryofetal viability 
was monitored with regular ultrasound evaluations.  Results indicated that embryofetal 
loss was slightly greater in the HD group (13.3% in control, 6.7% in LD, and 20.0% in 
the HD groups).  The sponsor asserts that the rate of embryofetal death is within the 
historical background rate at the testing facility.  However, due to the apparent effect in 
the HD group, a relationship to ocrelizumab cannot be ruled out.  An increase in 
stillbirths was also observed in the ocrelizumab groups.  No stillbirths occurred in the 
control group.  Two stillbirths (of 13) occurred in the LD group and 1 (of 11) occurred in 
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the HD group. Although not clearly dose-related in incidence, because none occurred in 
the control group, a relationship to ocrelizumab should be considered. 

Three pre-term births (defined as birth GD141 to 155) occurred in the HD group 
compared to none in either the control or LD groups.  Therefore, the mean gestation 
length was slightly shorter for the HD group, relative to the other groups.  Two deaths 
occurred in offspring of HD dams.  Both of these deaths were due to opportunistic 
infection (one case involved transfer from the dam), which could have been related to 
ocrelizumab via the immune suppression induced by the B cell depletion. 
Immunophenotyping demonstrated that B cells were nearly completely depleted at 
PND28 and remained at near undetectable levels through PND 90.  By PND 180, B cell 
levels in offspring from both dose groups were similar to control.

Ocrelizumab was detected in milk in both dose groups (range of 428-3970 ng/mL).

No ocrelizumab-related adverse effects were observed on postnatal development.  
Physical developmental parameters and neurological parameters were monitored on a 
regular basis, but a definitive assessment of learning and memory was not conducted 
(not feasible in monkeys under the conditions of the pre- postnatal study design).  

There were no visible developmental abnormalities (visceral or skeletal) in offspring of 
ocrelizumab-dosed dams.  However, histopathology of the offspring demonstrated an 
increased incidence of glomerulopathy (graded minimal to mild) at both doses.  The 
incidence of glomerular changes was 3 of 13 in the LD group and 4 of 11 (number 
includes the 2 neonatal deaths) in the HD group. Mild lymphoplasmacytic inflammation 
of the kidneys was also noted at low incidence in HD neonates.  The mechanism for 
these findings was not identified, but the data suggest an ocrelizumab-related injury to 
the developing kidney.

Concerns regarding lot-to-lot potency were raised by the CMC team that could 
invalidate some nonclinical studies (of most concern would be the validity of the 
reproductive toxicology studies).  The sponsor should be asked to confirm that the 
ocrelizumab used for the reproductive toxicology studies is comparable to the product 
used in the pivotal clinical studies and the product intended for market.

1.3 Recommendations

1.3.1 Approvability
From a nonclinical perspective, ocrelizumab is not considered approvable for the 
proposed indication due to lack of information regarding whether the product used in the 
reproductive toxicology studies is comparable to the product used in the pivotal clinical 
studies and the product intended for market. If the product used in the pivotal clinical 
studies is not comparable (as determined by the CMC team) to the product used in the 
reproductive toxicology studies and the product intended for market, some studies may 
need to be repeated.
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3 Studies Submitted

3.1 Studies Reviewed 
Pharmacology:
Study #03-0387-0349 In vitro binding and activity of humanized anti-CD20 2H7
Study #02-182-0352 A two week (non-GLP) pharmacokinetic and pharmacodynamic 
study of two humanized 2H7 monoclonal antibodies in cynomolgus monkeys with an 8-
week recovery period

Pharmacokinetics:
PK in rat, mouse, monkey.
Tissue cross-reactivity in human and cynomolgus monkey tissues

Repeat-dose toxicology:
Subchronic study in cynomolgus monkey:  4 weekly IV doses.
Chronic studies: Conducted in cynomolgus monkey, IV dosing.

Reproductive toxicology:
Fertility studies in male and female cynomolgus monkeys.
Embryofetal development in cynomolgus monkey
Pre- and postnatal development in cynomolgus monkey.

No stand-alone safety pharmacology studies were conducted.
Carcinogenicity studies were not considered feasible and were waived.
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4 Pharmacology

4.1 Primary Pharmacology
Ocrelizumab is a humanized IgG1 monoclonal antibody that selectively targets the 
CD20 antigen expressed on B lymphocytes.  The product is under development for 
treatment of relapsing-remitting and primary progressive multiple sclerosis.  CD20 is 
expressed on the surface of pre-B cells, mature B cells, and memory cells but is not 
found on lymphoid stem cells or plasma cells.  Binding of ocrelizumab to CD20 results 
in rapid depletion of CD20+ B cells but does not affect the capacity for B cell 
reconstitution.  (Recent published data indicate that CD20 may also be expressed on a 
small population of CD4+ and CD8+ T lymphocytes in humans.  The presence of 
CD20+ T cells in monkeys has not been demonstrated.)  

The pharmacology of ocrelizumab was investigated in a series of in vitro and in vivo 
studies.  Because ocrelizumab binds only to human and non-human primate CD20, in 
vitro studies were conducted using human-derived cell lines and in vivo studies were 
conducted in cynomolgus monkey.  The mechanism of action through which 
ocrelizumab acts to deplete CD20+ B cells is believed to be via antibody-dependent 
cell-mediated cytotoxicity (ADCC), complement-dependent cytotoxicity (CDC), antibody-
dependent cellular phagocytosis (ADCP), and apoptosis.  The various mechanisms 
were investigated in vitro (except ADCP) to determine if any or all could be responsible 
for ocrelizumab-mediated B cell depletion in vivo.

Primary Pharmacodynamics:

Study #02-182-0352
Title:  A two week (non-GLP) pharmacokinetic and pharmacodynamic study of two 
humanized 2H7 monoclonal antibodies in cynomolgus monkeys with an 8-week 
recovery period

Testing Facility:

GLP Compliance: No
Drug, lot #: ocrelizumab, 16hu2H7, lot #38903-25A; ocrelizumab, 

31hu2H7, lot #38903-28 

Methods:
Animals:  cynomolgus monkey
Number/group:  4 males/group
Doses:  0, 0.05, or 10 mg/kg for each test article
Route of administration:  IV
Regimen:  Weekly for 2 doses
Study design:  This study was conducted early in development to evaluate two clones of 
ocrelizumab.  The report did not indicate whether either clone was carried forward as 
the definitive product.

Reference ID: 4015041

(b) (4)



BLA # 761053 Reviewer:  Barbara J Wilcox, Ph.D.

11

Observations/Results

Mortality: (Observations were made twice daily.)
All animals survived to scheduled necropsy.

Clinical Observations: (Data were recorded twice daily.)
 No clinical signs related to the test articles were observed.

Body weight: (Data were recorded once prior to initiation of dosing, the day prior to each 
dose, and weekly during the recovery period.)

 No test article-related effects on body weight were observed.

Food Consumption:  (Data were recorded twice per week.)
 No test article-related effects on food consumption were observed.

Hematology and immunophenotyping: (Samples were collected twice prior to initiation 
of dosing, on SD1 pre dose, and 6, 24, and 72 hours post-dose.  Samples were 
collected prior to dosing on SD8, prior to necropsy on SD10, and from recovery animals 
on SD36 and 67.)

 Total lymphocyte counts were reduced by approximately 50% within 6 hours of 
dosing in the LD and HD groups for each test article.  In the LD groups, a slight 
trend toward recovery was observed prior to the second dose.

 Both test articles produced dose-related reductions in B lymphocytes. The HD 
groups showed nearly total depletion of circulating B cells.

 B cell depletion by the 2H7v.31 drug variant appeared to persist longer than the 
v.16 variant
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Clinical chemistry:  (Samples were collected prior to dosing on SD1, 8, and 10.  
Recovery samples were collected on SD67 prior to the recovery euthanasia.)

 No effects on clinical chemistry parameters related to ocrelizumab were 
observed.

Cytokine analysis: (Samples were collected once prior to initiation of dosing, then 2 and 
4 hours post-dose on SD1 and 8.  Samples were analyzed for levels of IL-6.)

 IL-6 levels were increased on SD1 at 2 hours post-dose in 15 of 16 animals that 
received test article (all dose groups).  IL-6 levels decreased at 4 hours post-
dose but remained elevated compared to the pre dose baseline.  After dosing on 
SD8, the incidence and magnitude of the elevations in IL-6 (6 of 16) were 
reduced.
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Toxicokinetics:
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Immunogenicity:  (Blood samples were collected prior to dosing on SD1, 10, 36, and 
67.)

 By SD10, ADAs were detectable in all groups except control (incidence was 
approximately 50%).

Necropsy:  (Animals were euthanized on SD10 and recovery animals on SD67.  Full 
necropsy was conducted.)

Gross findings:
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 No macroscopic findings considered to be related to the test articles were 
reported.

Organ weights:
 No consistent effects on organ weights were observed.

Histopathology (tissues with gross findings only):
 One of 4 animals in Group 5 (HD, v.31) showed follicular atrophy in the spleen.  

Immunohistochemistry: (Immunohistochemistry for CD20 was conducted on lymphoid 
tissues and bone marrow.)

 Wide variation in CD20+ staining was observed among all animals including 
controls.  Therefore, no conclusions could be drawn from the results.

Dosing solution analysis:  All dosing samples were determined to be within the pre-
established acceptance criteria for concentration.

Conclusion:
The data indicate that cynomolgus monkey is an appropriate model for testing 
ocrelizumab.  ADA responses at the low doses may preclude use of the lower doses in 
toxicology studies.  Both product clones appeared to be similar in pharmacodynamic 
and pharmacokinetic activity.  (The study was conducted to evaluate products from 2 
different clones. The sponsor has not made clear which clone [or if either of the clones] 
was selected for further development.)

Study #03-0235-0349
Title:  A pharmacokinetic and pharmacodynamic study of rhuMAb 2H7 in cynomolgus 
monkeys with a 12-week recovery period.

Testing Facility:
Date of Study Initiation: Not specified (May, 2003)
GLP Compliance: No (Exploratory study)
Drug, Lot #, purity: Ocrelizumab, M3-TOX64, 99%

Methods:
Animals:  Cynomolgus monkey, males only
Weight: 2.5 to 4 kg
Number per group:  4
Doses: 0.2, 0.5, or 2.0 mg/kg
Route of administration:  IV
Regimen: Weekly for 2 doses on SD1and 8
Study design:
No control group was included in this exploratory study.  The first day of dosing was 
SD1; SD11 was designated the first day of recovery.
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Observations/Results:
Clinical signs:  (Recorded twice daily beginning on SD -3 until SD92.)

 No clinical signs related to ocrelizumab were observed.

Body weight: (Data were recorded once on the day prior to each day of dosing and 
weekly thereafter.)

 No ocrelizumab-related effects on body weight were observed.

Food consumption:  (Recorded daily from day -3 until SD92.)
 No ocrelizumab-related effects on food consumption were observed.

Hematology: (Samples were collected on SD -12, -7, -6, SD1 and 8 prior to dosing at 1, 
4, 24, 48 hours post-dose.  Samples were also collected on SD15, 22, 29, 36, 43, 50, 
57, 64, 71, 78, 85, and 92.)

 A decrease in mean total lymphocytes was observed in all dose groups on SD1.  
The magnitude of decrease was generally dose-related.  By 1 hour post-dose 
decline in mean total lymphocytes was -61%, -64% and -58% for the LD, MD and 
HD, respectively.  (Three of four HD animals showed an unusual drop in total 
lymphocytes of nearly 50% between SD-6 and pre-dose on SD1.  The reason for 
this decline was not given.)

 By SD8 total lymphocyte counts showed trend toward recovery for the LD and 
MD groups.  On SD8, the HD group showed continued suppression of 
lymphocyte counts.

 After dosing on SD8, the reduction in mean total lymphocytes was again 
observed in all dose groups, but the magnitude of the effect was smaller than 
after the first dose.  

 By the end of the recovery period, mean lymphocyte counts had recovered to 
baseline (SD1 pre dose) levels for all dose groups.  

 Small reductions in red blood cell parameters were observed during the study.  
These effects were considered to be due to the frequent blood draws and were 
accompanied by an increase in RET.

Clinical chemistry:  (Samples were collected prior to dosing on SD1 and on SD92.)
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 No effects related to ocrelizumab on serum chemistry parameters were 
observed.

Immunophenotyping: (Samples were collected on days -12, -7, -6, SD1 and 8 prior to 
dosing at 1, 4, 24, 48 hours post-dose.  Samples were also collected on SD15, 22, 29, 
36, 43, 50, 57, 64, 71, 78, 85, and 92.)

 B cells were depleted to almost undetectable levels in most animals by one hour 
after dosing in all 3 dose groups. (The data were highly variable among animals.)

 Partial recovery was observed by SD8 in the LD and MD groups. Near full 
depletion was again observed 1 hour after the second dose in most animals in all 
dose groups.

 At the end of the recovery period, near baseline B cell levels were observed in 
the LD and MD groups.  The HD group did not show full recovery to baseline, but 
partial recovery was observed.

 Other cell types including T lymphocytes (CD4+ and CD8+) and NK cell showed 
high variability after each dose.  An effect of ocrelizumab on T cells and NK 
cannot be ruled out under the conditions of this study.

Pharmacokinetics:  (Blood samples were collected prior to dosing, then at 1, 4, 24, and 
48 hours post-dose on both dosing days.  Samples were also collected weekly from 
SD15 through the recovery period.) 
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Elimination of ocrelizumab after the first dose was biphasic at all dose levels.  After the 
second dose, the biphasic elimination was less clear, most likely due to generation of 
ADAs.  

Immunogenicity:  (Blood samples were collected for ADA detection prior to dosing on 
SD1, and on SD15, 29, 43, 57, 78, and 92.)

 ADAs were detected in all animals at all dose levels.  

Necropsies were not conducted.

Dosing solution analysis:
All dosing formulations were determined to be within the pre-determined acceptance 
criteria for concentration.
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Assay plates coated with the various receptor types were incubated in the presence of 
each test or control article for 2 hours. The bound test or control antibody was detected 
using standard immunochemical techniques and developed with TMB.

Complement C1q binding assay:  Serial dilutions of test and control antibodies were 
coated onto culture plates and subsequently incubated with purified human C1q 
(2µg/mL).  Bound C1q was detected using standard immunochemical methods using 
goat anti-human C1q followed by horseradish-conjugated donkey anti-goat IgG and 
developed with TMB as substrate.  Absorbance was read at 450 nm.  EC50 values for 
antibody binding were calculated using computer assisted nonlinear regression 
analysis.
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FcRn binding assay:  Binding of antibodies to FcRn was evaluated by coating culture 
plates with commercially available human FcRn and incubated in the presence of serial 
dilutions of control or test antibody.  Bound antibody was quantified by absorbance at 
450 nm after reaction with peroxidase-conjugated-goat anti-human IgG and TMB using 
standard immunochemical techniques.  The absorbance values were plotted against 
concentration of antibody and analyzed via a commercially available program.  
Trastuzumab was used as assay control for calculating relative binding affinities.  Five 
lots of ocrelizumab were compared.
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ADCC assay:  Anti-CD20 antibodies were compared for the ability to mediate NK cell 
lysis of WIL2-S cells.  Serial dilutions of antibody were incubated in culture plates with 
WIL2-S cells for opsonization.  NK cells, purified from human donors, were added to 
each plate to initiate ADCC.  After the reaction was completed, the wells were 
developed and absorbance at 490 nm was recorded and used to calculate percent 
cytotoxicity.  EC50 values were determined after plotting cytotoxicity as a function of 

Reference ID: 4015041



BLA # 761053 Reviewer:  Barbara J Wilcox, Ph.D.

23

antibody concentration. Trastuzumab was evaluated as negative control.  Spontaneous 
lysis was also evaluated in the absence of antibody.

ADCC with PBMCs:  ADCC was also evaluated using similar methods as above, but 
using peripheral blood mononuclear cells (PBMCs) from healthy donors.  WIL2-S cells 
were used as target cells after opsonization with serial dilutions of antibody.  Percent 
cytotoxicity was calculated based on readings from each well at 490 nm plotted against 
antibody concentration to generate EC50 values.

CDC assay:  WIL2-S cells were incubated in the presence of serial dilutions of antibody 
and commercially available human serum complement.  After 1.5 to 2 hours, alamar 
blue dye was added to detect live cells.  The fluorescence was read at 530 nm and 590 
nm.  EC50 values were then generated from the data.
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Apoptosis assay:  Ramos cells (a human CD20-expressing B cell line) were incubated 
in the presence of serial dilutions of antibody.  After 24 hours, the cells were stained 
with Annexin V (stains apoptotic cells) and propidium iodide (stains dead cells).  The 
staining patterns were analyzed by flow cytometry.  Cells were counted according to 
staining characteristics (single stain for Annexin V, double stained with both Annexin V 
and propidium iodide, or non-stained live cells).  Results indicate that both ocrelizumab 
and rituximab induced apoptosis of Ramos cells.
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The following conclusions were drawn from the results of this study:
Ocrelizumab and rituximab bound with high affinity to CD20 on WIL2-S cells and 
promoted ADCC mediated by both NK cells and PBMCs.  Ocrelizumab also promoted 
CDC activity against WIL2-S cells and apoptosis of Ramos cells after cross-linking with 
anti-human Fc.  The data suggest that any of these mechanisms could be responsible 
for depletion of B cells in vivo.

Study # 06-1069
Title: Fc gamma receptor binding and ADCC analysis of ocrelizumab (2H7) samples 
produced from the 2006 process

Testing Facility: Genentech, Inc.
GLP Compliance: No
Date of Study Initiation: September, 2006
Drug, Lot#: Test article lots are listed in the table 
below
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ADCC activity:
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Study #14-1579
Title:  In vitro evaluation of ocrelizumab for antibody-dependent cell-mediated 
phagocytosis activity

Testing Facility: Genentech, Inc.
GLP Compliance: No
Date of Study Initiation: Not specified, 8/2014
Drug, Lot#: Ocrelizumab, lot M96341

Trastuzumab, lot HER401-4

Methods:
Target cell lines:  human B cell lines WIL2-S and Daudi
Effector cells: Human macrophages, purified from healthy donors.
Target cells were seeded in culture plates and incubated with varying concentrations of 
test antibody to allow opsonization.  (Trastuzumab was used as negative control, at a 
single concentration.)

Results:

The data indicate that ocrelizumab can function to eliminate B cells through ADCP.

Tissue Cross Reactivity

Study # 03-0216-0349
Title:  Cross-reactivity of rhuMAb 2H7 (anti-CD20) with human and non-human primate 
(cynomolgus monkey) tissues Ex Vivo
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Testing Facility:

GLP Compliance: Yes
Date of Study Initiation: 5/14/2003
Drug, Lot#: Ocrelizumab, M3-TOX64

Methods:
Species:  Human (3 donors), cynomolgus monkey
Negative control:  biotinylated non-specific human IgG
Negative control tissue:  FS1 and FS2 CHO cells (CHO.DP.12)
Positive control tissue:  Ramos cells (expressing the CD20 antigen)

 The activity of the biotinylated test article was assured using flow cytometry 
methods to compare binding of the labeled product to a neoplastic B cell line to 
binding activity of the un-biotinylated product.

 Preliminary methods development to optimize specific binding conditions 
demonstrated that maximal binding was observed was 30.0 mcg/mL.  A 
concentration 5X the optimal concentration was also evaluated (150 mcg/mL).

 Adequacy of tissue samples was confirmed by staining all samples with an 
antibody directed against the CD31 antigen by immunohistochemistry.  CD31 is 
an abundant marker on endothelial cells and positive staining for this marker was 
considered evidence of tissue integrity.  Specific CD31 staining was detected in 
all human tissue samples except thyroid from one of three donors.  CD31 
staining was detected in all tissues from the cynomolgus monkey except tonsil 
and parathyroid from one of three donors.

 Final staining results for ocrelizumab were subject to peer review.
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Results:
 Positive control:  Nearly all Ramos cells showed mild or moderate staining for 

rhuMAb 2H7 at a concentration of 30.0 and 150 mcg/mL, respectively.
 Negative control: No negative control cells showed positive staining for CD20 

with ocrelizumab.

Staining in human tissues:
At 30.0 mcg/mL, specific staining was observed in lymphoid follicles in a variety of 
tissues including GI tract, lymph node, pancreas, parathyroid, prostate, spleen, thymus 
and tonsil.  Most intense staining was associated with the germinal centers of the 
follicle with more diffuse staining of the lymphocytes surrounding the germinal centers.

 Absence of staining in the GI tract, lymph node and spleen in tissue from one of 
three donors was attributed to freezing artifact formed during tissue preparation 
(ice crystal formation leading to tissue disruption).

 Minimal diffuse staining was also noted in the lens fibers from 2 of three eyes 
examined.

At a concentration of 150 mcg/mL, the pattern of specific binding was very similar to that 
at the lower concentration, but more intense.  Mild positive staining of the lens in 2 of 
three donors was observed (the third sample did not contain lens issue).
Staining in cynomolgus monkey tissues
At 30.0 mcg/mL, specific staining was observed in lymphoid follicles, GI tract, kidney, 
lung, lymph node, pancreas, spleen, thyroid and tonsil.  Specific staining was also noted 
in scattered mononuclear cells in the medullary region of the thymus.  The lens tissue of 
one of 3 eyes showed diffuse staining.  Staining of the lens was not observed with the 
control antibody.
At a concentration of 150.0 mcg/mL, very similar pattern of specific binding, with higher 
intensity observed.
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4.2 Secondary Pharmacology
N/A

4.3 Safety Pharmacology
Stand-alone safety pharmacology studies were not conducted.

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME
Study # 03-0235-0349
Title:  Pharmacokinetic and pharmacodynamic study of rhuMAb 2H7 in cynomolgus 
monkeys with a 12-week recovery period (non-GLP)
Animals: Cynomolgus monkeys, 4 males /group
Doses:  0.2, 0.5, or 2.0 mg/kg
Study design:  Animals were dosed by IV infusion on SD1 and 8.  Treatment period was 
followed by 12-week recovery period for all animals.  Parameters monitored included 
clinical observations, body weight, food consumption, hematology, flow cytometry, 
pharmacokinetics, immunogenicity, and serum chemistry.
Results:
No ocrelizumab-related adverse effects were noted in clinical observations, body 
weight, food consumption, or serum chemistry.  Hematology analyses demonstrated a 
reduction in total lymphocytes by 1 day after dosing. The magnitude of decrease was 
dose-related.  Immunophenotyping showed that the reduction in total lymphocytes was 
due to B cell depletion.

Immunophenotyping: 
Dose-dependent depletion of B cells was observed one hour after ocrelizumab 
administration at all dose levels on both days of dosing. In the LD group, circulating B 
cell numbers recovered by the second dose on SD8, and partial recovery was observed 
for the MD group.  The B cell levels of the HD group showed near complete depletion 
after the first dose and slower recovery by the second dose than the lower dose groups.  
B cells levels again dropped to near zero after the second dose and the beginning of 
recovery was observed at approximately SD15, for all dose groups, with the HD group 
again showing slower recovery.  B cell numbers at the end of the recovery period were 
variable among animals, but most animals showed recovery to near baseline.

Pharmacokinetics:
Biphasic clearance of ocrelizumab was observed, with a rapid initial distribution phase 
followed by a slow elimination phase.  The elimination phase was shortened after the 
second dose, most likely due to the presence of ADAs.

 ADAs developed in all animals in all dose groups by 2 weeks after the first dose.
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 The results of pharmacokinetic analyses are summarized in the table below, 
provided by the sponsor. (rhuMAb 2H7 is ocrelizumab)

Study # 03-0155-0349
Title:  Pharmacokinetics of rhuMAb 2H7in mice
Testing Facility: Genentech, Inc.
GLP Compliance: No
Drug, lot#: Ocrelizumab (rhuMAb 2H7), lot # M3-
TOX64

Methods:
Animals: CD-1 mouse, females only
Age:  7-8 weeks old
Weight: Average 27.5 g
Number/group:  18
Route:  IV
Regimen: Single dose
Doses:  0.5, 5, or 50 mg/kg
Study design:
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Samples were collected pre-dose followed by 5 minutes, 20 minutes, 1 hour, 2 hours, 4 
hours, 8 hours, and 1, 2, 3, 7, 14, 21, 28, and 35 days post-dose.

Results:
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Conclusions:
Ocrelizumab does not bind CD20 in rodents.  Therefore, the data provided by this study 
are not relevant to assessing safety of ocrelizumab for human use.

Study # 03-0157-0349
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Title:  Pharmacokinetics of rhuMAb 2H7 in rat

Testing Facility: Genentech, Inc.
GLP Compliance: No
Drug, lot #: Ocrelizumab, M3-TOX64

Methods:
Animals: Male Sprague-Dawley rats, 6/group
Age/Weight: 10 weeks old/average body weight was 314 ± 20.0 g
Route:  IV
Regimen: Single dose
Dose levels: 0.5, 5, or 50 mg/kg

Results:
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Conclusions:
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Ocrelizumab does not bind CD20 in rodents.  Therefore, the data produced in this study 
are of little value in evaluating safety of the drug for human use.

Study #034-0431-0349
Title:  Tissue distribution of rituximab and rhuMAb 2H7 in normal and human CD20 
transgenic mice:

Testing Facility: Genentech, Inc.
GLP Compliance: No
Date of Study Initiation: 9/10/2003
Drug, lot#:

(PRO070769 is ocrelizumab.)

Methods:
Animals: Mouse (FVB) Wild-type; mouse huCD20.Tg
Route of administration: IV
Number/sex/group:  12 females/per group
Regimen: Single dose
Dose:  3.4 µCi

Study Design: 

Tissue collection:  Tissue samples were collected from 3 mice/group at 5 and 30 
minutes, 4, and 24 hours post-dose.  Tissues included liver, lungs, thymus, right kidney, 
spleen, pancreas, right femur, and mesenteric lymph nodes. Levels of radiolabel in each 
tissue were determined using standard gamma counting methods.

Blood collection:  Blood samples were collected from each mouse at the time of tissue 
collection.  Total radioactivity in each blood sample was determined.  A portion of each 
sample was processed to separate plasma followed by determination of radioactivity in 
plasma.
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Results:
Binding of radiolabeled test articles was confirmed in vitro prior to use in vivo. No 
difference in binding was observed between ocrelizumab and rituximab in the in vitro 
assays.

In normal mice the amount of radioactivity in blood exceeded the amount in tissues.  
However, in the huCD20 Tg mice, a majority of radioactivity was associated with the 
spleen.
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The data suggest that, in the huCD20 Tg mice, a significant portion of ocrelizumab was 
bound to B cells in lymphoid organs.  Normal mouse B cells do not bind ocrelizumab.  
Therefore, in normal mice, more radioactivity remained in the plasma.

Study # 14-3756
Title:  Whole-body imaging and radiation dosimetry in nonhuman primates of [111-In] 
ocrelizumab, a potential SPECT radiotracer to measure B-cell tissue depletion/repletion 
kinetics and antibody tissue penetration

Testing Facility:

GLP Compliance: No
Date of Study Initiation: Not Specified
Drug, lot #: Ocrelizumab (conjugated to indium-111, 

specific concentration of labeled antibody was 
19 µg/mCi), lot # 792571

Methods:
Animals: Cynomolgus monkey, 2 adult males
Route of Administration: IV
Dose: 10 mg/kg unlabeled ocrelizumab was injected up to 48 hours prior to injection of 
the radiolabeled ocrelizumab for the first series of scans; for the second series of scans, 
no unlabeled loading dose was used. 
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The two sets of SPECT scans (depleted and repleted conditions) were conducted 10 
months apart.  Whole-body distribution over time was calculated using image analysis.

Results:
Uptake in the depleted condition was highest in liver.  Peak levels in the liver, kidney, 
heart, brain, and spleen were 30%, 5%, 5% ˂1%, and ˂1% of the injected dose, 
respectively.  Peak levels in all organs were observed within 72 hours post-dose.  The 
same animals were scanned under the repleted condition 10 months later.
Scans after repletion showed high levels of radioactivity in the liver.  The sponsor 
suggests that this finding may be due to ADAs.  Relative levels in organs from scans 
conducted in the repleted condition are not specified in this report.
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Figure A represents data from the depleted condition; B represents the repleted 
condition.

From the sponsor’s figures above, radioactivity appears to be similar under the depleted 
and repleted conditions.  If the product was pharmacologically active, more binding in 
the spleen after reconstitution of the B cell population would be expected.  Studies using 
radiolabeled drug to demonstrated biodistribution are generally not considered useful for 
biological therapeutics and are not recommended.  Interpretation of results is difficult 
since radiolabel may not remain conjugated to the full biologically active protein.

General Toxicology

Four different dosing regimens were explored in toxicology studies.  The various 
regimens are listed below:

 Two doses given 1 week apart (0.05, 0.2, 0.5, 2, and 10 mg/kg ; Studies 02-182-
0352 and 03-0235-0349)
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Observations/Results:
Mortality/clinical observations:  (Clinical observations were recorded twice daily.)

 All animals survived to scheduled termination.
 No clinical observations attributable to ocrelizumab were noted during the dosing 

or recovery phase.
Food consumption:  (Estimated twice daily)

 No effects on food consumption attributable to ocrelizumab were observed.
Body weight: (Recorded twice prior to study initiation, once on SD1 and weekly 
thereafter.)

 No effects on body weight attributable to ocrelizumab were observed for any 
group during the dosing and recovery phases.

Physical examinations: (Conducted once prior to study initiation, 1-2 hours after the first 
and last dose, and once during weeks 20 and 36 of the recovery period.)

 No effects attributable to ocrelizumab were observed.
Blood pressure:  (Recorded twice prior to study initiation, 1-2 hours after the first and 
last dose and once during weeks 20 and 36.)

 No ocrelizumab-related effects on blood pressure were observed.
Heart Rate:  (Recorded for all animals once prior to study initiation, 1-2 hours after the 
first and last dose and once during weeks 20 and 36.)

 Heart and respiratory rate showed fluctuations but did not vary significantly from 
baseline values for any group.

ECG:  (Conducted twice prior to study initiation, 1-2 hours after the first and last dose 
and once during weeks 20 and 36.)

 All ECG parameters were qualitatively and quantitatively within normal limits.  
(One female in the LD recovery group showed QTc prolongation on SD248.  This 
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finding was accompanied by marked reduction in HR and the veterinary 
cardiologist considered this a normal variation and not likely to be related to 
ocrelizumab.)

Body temperature:  (Rectal temperature was recorded for all animals twice prior to study 
initiation, 1-2 hours after the first and last dose, and once during the final week of 
recovery.)

 No effects on body temperature attributable to ocrelizumab were reported.
Ophthalmology: (Testing of all animals once prior to study initiation, once during the 
final dosing week, and once during the final week of recovery.)

 No effects attributable to ocrelizumab are reported. The single finding was, at 
Week 36, one HD male showed a unilateral posterior capsular cataract in the 
right eye.  The pathologist considers this finding to be sporadic often seen 
following intraocular inflammation.

Urinalysis:  (Conducted twice prior to study initiation [including once during the week 
preceding the first dose], and on SD9, 27, and 253.)

 No effects attributable to ocrelizumab were reported.  
Hematology:  (Blood samples were collected on SD-16, 1 (pre-dose), 8 (pre-dose), 22 
(pre-dose), and 28 [at terminal necropsy], and SD 42, 56, 70, 84, 98, 112, 126, 140, 
154, 161, 168, 182, 196, 211, 224, 238, and 252.)

 Decreases in mean lymphocyte counts were noted for LD males on SD 28 and 
HD males on SD 15, 22, and 28.

 For females, the LD group showed reduced mean lymphocyte counts on SD8, 
15, and 28, and the HD group showed reduced lymphocyte counts on SD 15, 22, 
and 28

 Increased individual leukocyte and neutrophils counts were observed in 2 HD 
males on SD8, 15, and 22 for #14 and on SD8 for #16.

 Reductions in mean hematocrit were observed after SD1 for all groups.  This was 
considered to be due to frequent blood draws and was accompanied by the 
expected elevation in RET.

Coagulation:  (Blood sample collected on SD-6, 1 [pre-dose], 9, 23, 28, and 253.)
 No ocrelizumab-related effects on coagulation were observed.

Serum Chemistry:  (Blood samples were collected on SD-6, 1 [pre-dose], 9, 23, and 
253.)

 No significant effects on serum chemistry values attributable to ocrelizumab were 
reported.  

Flow cytometry:  (Samples collected on the same schedule as for hematology.  
Immunophenotyping was conducted for CD3, 4, 8, 14, 40, and 45. Samples of lymphoid 
tissue and bone marrow were collected at necropsy.)

 Mean T cell populations, CD3+CD40-, CD3+CD4+, CD3+ CD8+, showed slight 
increases in both sexes in both dose groups on SD8 through 28.  Males 
recovered to pre-dose levels in both groups, but female values fluctuated through 
the recovery period. 

 B cell populations decreased markedly for both LD and HD groups (both sexes) 
to 1% of baseline values or lower.

 A trend toward recovery of B cell populations was noted for both sexes in both 
dose groups relative to levels on SD28.  B cell values for all animals recovered to 
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25% of the mean pre-dose value or higher, except in HD animals #13 and #16 
(one female and one male).  

 NK cell counts for both dose groups fluctuated during the dosing and recovery 
periods and did not show a clear relationship to ocrelizumab exposure.

Toxicokinetics:  (Samples were collected pre dose on SD1, post-dose 1, 8, 24, 48, 72, 
and 120 hours; on SD22 pre-dose and 1, 8, 24, 48, 72, and 120 hours post-dose.  
Additional samples were collected during the recovery period on SD42, 56, 70, 84, 98, 
112, 126, and 253.)

 Volume of distribution at steady state for both doses was approximately twice the 
normal serum volume of cynomolgus monkeys.

 Terminal t ½   after the final administration was approximately 15 and 20 days at 
the LD and HD, respectively.

 Elimination of the test article was very slow and the drug was detectable in the 
serum at 32 weeks after the final injection in all treated animals except LD 
females.

Immunogenicity:  (Blood samples were collected pre-dose on SD1, 15, 28, 56, 84, 112, 
and 253.)

 At least 2 animals from each dose group developed detectable ADAs. The total 
percentage of animals showing anti-drug immune response was 25%.  ADAs 
were not detectable during the dosing period and became detectable in recovery 
animals only at SD253.  At that time point, 50% of the recovery animals had 
detectable ADAs.  The failure to detect ADAs at earlier time points may have 
been due to presence of the drug or due to the reduced presence of B cells.

Gross Pathology
 Thymic atrophy was observed grossly in several animals.  This finding was 

reported for both males and females in all groups, including controls.  Because 
there did not appear to be a dose relationship and was observed in control 
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animals as well as treated animals, the finding was considered to be sporadic 
and not related to test article administration.

No other gross findings were reported.

Organ weights

 Some differences in organ weights were noted at both the terminal and recovery 
necropsies.  These differences were in absolute organ weights, but, when 
compared relative to body weight, were within normal limits.  Therefore the organ 
weight differences were not considered to be a result of test article exposure.

Histopathology
Signed, dated Pathology Report: Yes

A full panel of tissues was retained for microscopic examination as listed in the table 
below.
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 Bone marrow smears:  CD3-CD40+ lymphocytes were reduced in bone marrow 
to 73% and 57% of control values for the LD and HD groups, respectively.  (In 
bone marrow, a significant proportion of B cells is CD20- and would be resistant 
to the effects of ocrelizumab.)

 Microscopic examination showed marked splenic lymphoid follicular atrophy and 
slight lymphoid follicle atrophy in all LD and HD animals.  Lymph node follicular 
atrophy appeared to be less severe and more variable than that of the spleen.  
The incidence and severity of lymph node follicular atrophy are summarized in 
the tables below.  

 Microscopic examination also showed subcutaneous changes at the injection 
sites consistent with chronic inflammation, rated slight.

 At the recovery necropsy, lymphoid follicular atrophy was observed in 50% of the 
treated animals, graded very slight.  The reduced incidence and severity of the 
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follicular atrophy in spleen and lymph nodes indicates that partial recovery had 
occurred after the final dose of ocrelizumab.

Immunohistochemistry:
(B cell immunohistochemistry:  Samples from lymphoid tissues, including spleen, lymph 
nodes, Peyer’s patches, and bone marrow, were retained for immunohistochemistry and 
flow cytometry to evaluate B cell depletion.)

 B cell depletion was observed in tissue sections of spleen and mandibular lymph 
node retrieved at the terminal necropsy.  B cell depletion in spleen was equal to 
or greater than B cell depletion in the lymph node in all animals treated with 
ocrelizumab.

 Repopulation of B cells was observed in spleen and lymph node of recovery 
animals.  Recovery was variable in both dose groups.  Some animals had B cell 
follicles in spleen and lymph node that appeared similar to control; other animals 
showed continued reduction in B cell follicles that were graded mild to moderate 
relative to control.
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 At the end of the recovery period, recovery of the B cell populations was 
observed in all tissue compartments.  The LD group showed B cell levels of 75 to 
100% of control levels.  The repletion observed in the HD group was lower (34 to 
74%, relative to controls).  

Imunophenotyping of spleen/lymph node cells:
 At the terminal necropsy, flow cytometry showed decreased B cells in the spleen, 

inguinal and mandibular lymph nodes.  The range of depletion in the LD group 
was from 95 to 98% reductions relative to control values.  In the HD group, the 
depletion was near complete, ranging from 98 to 99%.  At the end of the recovery 
period, B cell levels were variable, but partial recovery in all compartments was 
observed.

Conclusions:
Ocrelizumab was well tolerated at both dose levels.  B cell depletion is the expected 
result of test article pharmacologic activity.  The NOAEL is the HD of 100 mg/kg.  
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Clinical Signs:  (Observations were conducted twice daily.  On dosing days, 
observations were made pre-dose and 1 hour post-dose.  Physical examinations were 
conducted once prior to initiation of dosing, on dosing days 1-3 hours post-dose, and 
twice during recovery in the first and last weeks.)

 No effects attributable to ocrelizumab were observed.

Body Weights:  (Data were recorded prior to initiation of dosing and weekly thereafter.)

 No effects on body weight attributable to ocrelizumab were observed.

Food Consumption:  (Data were collected once daily.)

 No effects on food consumption attributable to ocrelizumab were observed.

Ophthalmoscopy:  (Conducted once prior to study initiation, 1-3 hours post-dose on 
dosing days, and once during the recovery period.  Testing included electroretinograms 
to be conducted once prior to initiation of dosing, on SD59 and 143, and once during the 
recovery period.)

 No effects on ophthalmology parameters related to ocrelizumab were reported.

ECG:  (Conducted once prior to initiation of dosing and approximately 1-2 hours post-
dose on each day of dosing.  During recovery, testing was conducted once during the 
first and last weeks. Blood pressure, heart rate, respiratory rate, and body temperature 
were recorded once prior to initiation of dosing, 1-2 hours post-dose on dosing days, 
and once during the first and last weeks of recovery.)

 No effects attributable to ocrelizumab on blood pressure, heart rate, respiratory 
rate, or body temperature were observed.

 No effects on ECG parameters attributable to ocrelizumab were observed.
Clinical Pathology:  Samples were collected according to the following schedule.
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Hematology:

 Slightly reduced mean WBC counts (accounted for by reduced lymphocyte 
counts) in LD and HD groups.  Total lymphocyte counts were reduced 
(approximately 10%, relative to baseline, for LD males and 32% for LD females, 
10% for HD males, and no change from baseline for HD females).  

 Reduction in circulating erythrocyte mass (RBC, HGB) was observed in males 
and females in LD and HD groups (graded slight to mild, -7 to 8%, relative to 
baseline), with a slight to mild increase in reticulocytes. The values were variable 
among animals and timepoints and did not appear to be clearly dose-related.  
The changes were small and the biological significance is unclear. The changes 
may be the result of frequent blood draws.

 In both dose groups, slight to mild bone marrow hypercellularity was noted and 
was described as erythropoiesis on microscopic examination.

 At the end of the recovery period, hemoglobin concentration and bone marrow 
cellularity showed recovery. 

Clinical Chemistry:  No effects on clinical chemistry parameters related to ocrelizumab 
were observed.

Urinalysis: (Samples were collected once prior to initiation of dosing and on SD23, 65, 
and 149.  Samples also collected at necropsy by cystocentesis.)

 No effects on urinalysis parameters attributable to ocrelizumab were observed.

Necropsy:
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Gross pathology:
No macroscopic findings related to ocrelizumab were observed at the end of the dosing 
period or the recovery period.

Organ Weights:  

 No ocrelizumab-related effects on organ weights were observed.
Histopathology:
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Adequate Battery:  Yes.  All tissues below were examined microscopically.

Peer Review:  Yes.

Histological Findings:
 Lymphoid follicular atrophy was observed in spleen and lymph nodes of both 

dose groups.  
 No ocrelizumab-related findings were observed at the end of the 5.5 month 

recovery period.
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 Signs of inflammation and tissue damage were observed at the injection site in 
all groups including control.

Findings in lymphoid tissue at the end of the dosing period are summarized in the table 
below:

Samples for TK, immunogenicity (ADA detection), and immunophenotyping were 
collected according to the schedule below.  
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Toxicokinetics:
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Immunogenicity:
ADA development was detected in 1 of 8 LD animals and 1 of 12 HD animals.  ADAs 
were first detected on SD22 for both dose groups but did not have a significant effect on 
exposure.

Immunophenotyping:  (Testing by FACS analysis was conducted on whole blood and 
tissue samples from lymphoid tissues and bone marrow.)

 Circulating B-cells were depleted after the first dose in both LD and HD groups.  
Maximal reduction was observed by SD8.  After the recovery period (SD307), B 
cell levels were 58% in HD animals, relative to baseline levels. 

 Tissue B cell depletion and recovery data are summarized in the table below.
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Observations and Results:

Mortality:  (Observations were recorded twice daily. On dosing days, each animals was 
observed pre-dose and within 2 hours of dosing.)

 All animals survived to scheduled euthanasia.

Clinical Signs: (Observations were recorded as stated above for Mortality.)

 No effects on clinical signs related to ocrelizumab were observed.

Body Weights: (Recorded once prior to initiation of dosing and weekly thereafter.)

 No effects on body weight or body weight change related to ocrelizumab were 
observed.

Food Consumption:  (Data were recorded once daily.)

 No ocrelizumab-related effects on food consumption were observed.
Ophthalmoscopy: (Conducted twice prior to initiation of dosing, on SD1, 24, and 111.)

 No ocrelizumab-related effects on ophthalmology parameters were observed.
ECG and vital signs:  (Testing was conducted twice prior to initiation of dosing, on SD1 
within 2 hours post-dose, SD24, and SD111.  Vital signs included heart rate, blood 
pressure, body temperature and respiratory rate.)

 No effects on ECGs or vital signs related to ocrelizumab were observed.

Physical examinations:  (Detailed physical examinations were conducted while animals 
were sedated for ECG and vital signs.)

 No findings in physical examinations related to ocrelizumab were reported.

Clinical pathology:  (Sample collection was conducted according to the schedule below.)
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Hematology:

 Decreased absolute lymphocyte counts were observed in all ocrelizumab-dosed 
groups.  By SD2, lymphocyte counts were reduced to 60-70% of baseline. 
Trends toward recovery were observed prior to the 2nd dose on SD15.  On SD16, 
total lymphocyte counts were again reduced to 60-70% of baseline.  At the end of 
the 12-week recovery period, total lymphocyte counts in the HD group were 
similar to baseline. (Total lymphocyte counts in the control group rose steadily 
throughout the study.  At the end of the recovery period, levels were nearly 100% 
greater in controls than the HD group. Continued B cell depletion may be at least 
partially responsible for this difference.)

Clinical Chemistry:

 No changes related to ocrelizumab were observed.
Urinalysis:

 No ocrelizumab-related effects on urinalysis parameters were observed.

Gross Pathology

 No macroscopic observations related to ocrelizumab were reported.
Organ Weights:

 No ocrelizumab-related effects on organ weights were observed.
Histopathology:
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Adequate Battery:    Yes.

Peer Review:  Yes.

Histological Findings:
 Spleen and lymph nodes: At the end of the dosing period (SD29) lymphoid 

follicular atrophy was observed in all ocrelizumab-dosed groups.  Lymphoid 
depletion was described as decreased size and number of lymphoid germinal 
centers in spleen and lymph nodes.  Mucosa-associated lymphoid tissue (MALT) 
germinal centers were not affected.  Frequency and severity were similar in all 
ocrelizumab-dosed groups.

 Protein deposition (described as homogeneous, eosinophilic material) was 
observed in lymph node germinal centers (those that were discernable) in the 
MD and HD groups.  The biological significance is not clear.

 Injection site reactions: Fibroplasia, graded minimal to mild, was observed at the 
injection site in LD, MD, and HD animals (dose-related in incidence).  The 
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sponsor related these findings to mechanical injury to tissues due to the injection.  
There is no explanation as to why, if this is the case, no control animals show the 
reaction to injection.

At the end of the recovery period, no microscopic findings related to ocrelizumab were 
observed.

Immunohistochemistry of lymphoid tissues (spleen, lymph nodes, and Peyer’s patches):
 Animals euthanized on SD29 showed B cell depletion in lymphoid tissues.  

Depletion of B cells appeared more severe in the spleen relative to lymph nodes 
and Peyer’s patches.  The severity of depletion was dose-related, with nearly 
100% depletion in spleens of HD animals.

 At the end of recovery, the spleens from HD animals showed the reduction in B 
cell levels to be minimal, demonstrating partial restoration of the B cell 
population.

Special Evaluations: (Samples were collected according to the schedule below for TK, 
immunogenicity, and immunophenotyping.)
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Toxicokinetics:

Immunogenicity:
 ADAs were detected in 75% of LD animals, 13% of MD animals, and 17% of HD 

animals. The ADA response was detected by SD15 in the LD, SD29 in the MD 
group, and SD113 in the HD group.  The ADAs were most likely masked by 
presence of high concentrations of ocrelizumab in the MD and HD groups.  
Based on the TK data, the ADAs did not have a significant effect on ocrelizumab 
exposure.

Immunophenotyping:
 Significant decreases in circulating B lymphocytes were observed by SD2 (24 

hours post-dose).  By SD8 (prior to the 2nd dose), B cells remained nearly totally 
depleted.  A trend toward recovery was observed at the end of the recovery 
period, but B cell levels at that time were less than 20% of baseline.
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euthanized in week 43 (SD297/296).  (Group 5 received only a single dose cycle.  The 
LD group was released from the study after one dosing cycle due to generation of 
ADAs. ADAs were also detected in 100% of animals in the MD group but not until later 
in the study [SD57].  For the HD group, ADAs were detected late in the study, but ADAs 
may have been masked due to the high concentration of ocrelizumab.)

Observations and Results:

Mortality:  (Observations were recorded twice daily.)

 All animals survived to scheduled euthanasia.  (Group 2 animals, 2/sex, were 
released back into the colony due to development of ADAs. These animals did 
not receive the second cycle of dosing.)

Clinical Signs:  (Observations were recorded twice daily. On dosing days, each animal 
was observed prior to dosing and approximately 1 hour post-dose.)

 No clinical signs related to ocrelizumab were observed.

Physical examinations:  (Conducted twice prior to initiation of dosing during weeks -3 
and -2, on SD1 at 1-3 hours post-dose, SD24, SD113 at 1-3 hours post-dose, SD136, 
and once during week 32.)

 No ocrelizumab-related observations during physical examinations were 
reported.

Body Weights:  (Data will be recorded once prior to initiation of dosing and weekly 
thereafter.

 No effects on body weight related to ocrelizumab were observed.

Food Consumption:  (Data was recorded once daily.)

 No ocrelizumab-related effects on food consumption were observed.
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Ophthalmoscopy: (Conducted once prior to initiation of dosing, SD1 at 1-3 hour post-
dose, SD24, SD113 at 1-3 hours post-dose, SD136, and once during week 32.)

 No ocrelizumab-related effects on ophthalmology parameters were observed.

ECG and vital signs: (Testing was conducted twice prior to initiation of dosing, on SD1 
at approximately 1-2 hours post-dose, SD24, SD113 at 1-2 hours post-dose, SD136, 
and once during week 32.)

 No effects on ECG or vital signs related to ocrelizumab were observed.

Clinical pathology sample collection: 

Hematology:

 Reduction in total lymphocyte counts was observed by 24 hours post-dose in the 
LD, MD, and HD groups. (Reductions were approximately 48 to 66% of baseline 
values and were not clearly dose-related.)  A trend toward recovery was 
observed up to SD15, prior to the second dose, but was variable among animals.  
Reduction in total lymphocyte counts was observed in all ocrelizumab groups on 
SD16, non-dose-related in magnitude, approximately 49 to 63% of SD15 counts 
(pre dose).
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 Trends toward recovery were observed after the second dose of the first cycle.  
Recovery was variable among animals of both MD and HD groups.

 Similar reductions in total lymphocyte counts were again observed during and 
after the second dosing cycle (SD113 and 127). The MD and HD groups 
demonstrated a reduction in total lymphocytes that was not clearly dose-
dependent in magnitude (approximately 32 to 50% of pre dose values on 
SD113).

 Absolute lymphocyte counts were highly variable after the second dose cycle.  
No dose-relationship was observed.  However, the total lymphocyte counts 
appeared to recover to near baseline levels by SD169.

 Group 5 (HD, one cycle only) showed recovery to greater than 50% by SD85.
Clinical Chemistry:

 No ocrelizumab-related effects were observed.

Urinalysis:

 No ocrelizumab-related effects were observed.

Gross Pathology:
No test article related findings were observed at the end of the dosing period or at the 
end of the recovery period.

Organ Weights:

No ocrelizumab-related effects on organ weights were observed at the end of the 
dosing period or at the end of the recovery period.

Histopathology
Adequate Battery:  Yes

Peer Review: Yes

Histological Findings:
 Lymphoid follicular atrophy in spleen and lymph nodes was observed in all 

ocrelizumab groups. Data are summarized in the tables below:

Males at the end of the dosing period:
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Females at the end of the dosing period:

At the end of the recovery period, no lymphoid follicular atrophy was observed.

Immunohistochemistry of lymphoid tissues:
Doses of 50 mg/kg or 100 mg/kg (groups 3 and 4) resulted in a dose-related reduction 
of B cells in spleen, lymph nodes, and Peyer’s patches (at the end of 2 cycles of 
ocrelizumab).  In recovery animals (SD297), immunostaining of lymphoid tissues in 
ocrelizumab-dosed animals was similar to that of tissues from control animals.
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Serum immunoglobulin levels:  No ocrelizumab effects on serum immunoglobulin levels 
were observed.

Toxicokinetics:

 t½ for the LD was approximately 2 days  
 t½ for the MD and HD: 8.5 and 11.9 days, respectively.

Immunogenicity:

 LD animals showed the strongest anti-drug response.  ADAs in the higher dose 
groups may have been masked by the presence of high ocrelizumab levels.

The table, below, contains a summary of the incidence of ADAs in each dose group.
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Immunophenotyping:
 No consistent effects on T cell or NK cell levels were observed.
 B cells were reduced to undetectable levels up to 4 weeks after the first dosing 

cycle.  B cell levels in the LD group began to recover by SD43.  In the MD and 
HD groups, recovery was not observed until SD99 (12 weeks after the second 
dose of the first dosing cycle).

 After the second dosing cycle, B cell levels in the MD and HD groups remained 
undetectable up to the day of euthanasia (SD141).  On SD 297, 3 of 4 HD 
(Group 4) animals showed B cell recovery to baseline, while the 4th animal had 
recovered to 25% of baseline.

 All HD, 1-cycle (group 5) animals showed complete recovery of B cells to 
baseline by SD297.
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Dosing Solution Analysis:  Duplicate samples of the dosing solutions were analyzed for 
concentration.
All dosing solutions were determined to be within the pre-established acceptance 
criteria for concentration.

Conclusions:

Two dosing cycles of 50 mg/kg were sufficient to fully deplete B cell populations. 
Repopulation of B cells was demonstrated at all dose levels.  NOAEL is100 mg/kg.

Study title:  Ocrelizumab clone  vs. clone : A four week toxicity and 
PK/PD comparison by intravenous administration in cynomolgus monkeys (GLP)

Study no.: 07-0171
Testing Facility and location:

Date of study initiation: 5/24/2006
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: Ocrelizumab clone  Lot#M95200, 

100% (original process)
Ocrelizumab clone  Lot# L01653, 
99% (2006 process)
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Methods
Doses: 0, 20, or 100 mg/kg

Frequency of dosing: Weekly for 8 weeks (total of 9 doses) 
Dose volume: 5 mL/kg

Route of administration: Intravenous injection
Formulation/Vehicle: Ocrelizumab vehicle:  mM sodium acetate,

 mM trehalose dihydrate, 0.02% (w/v) 
polysorbate 20, at pH 5.3

Species/Strain: Cynomolgus monkey, males only, 6-8 years old, 
5.5 to 13.4 kg at initiation of dosing

Number/Sex/Group: 5/group for the main study 3/group for recovery
Study design:

Loading doses: 0, 15, or 75 mg/kg were administered on 3 consecutive days (SD1-3).  
Beginning on SD10, the study doses (0, 20, or 100 mg/kg) were administered weekly for 
8 weeks.  

Observations and Results:

Dosing Solution Analysis: 

All formulation samples were determined to be within the pre-determined acceptance 
criteria for concentration.
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Mortality:  (Observations were recorded twice daily.)  

 No unscheduled deaths occurred.

Clinical Signs: (Observations were recorded twice daily. On dosing days, observations 
were recorded 2-4 hours post-dose.)

 No clinical observations related to ocrelizumab were reported.
Physical and neurological examinations:  (Conducted once prior to initiation of dosing, 1 
hour and 4 hours post-dose on SD1 and SD31 [week 5])

 No adverse effects attributable to the test article were observed.
Body Weight:  (Data were recorded prior to initiation of dosing and weekly during the 
dosing and recovery periods.)

 No effects on body weight attributable to the test article were observed.
Food Consumption: (Estimated qualitatively once daily.)

 No effect on food consumption attributable to the test article was observed.

Clinical pathology:  (Blood samples were collected once prior to initiation of dosing, 
during week 9 of the dosing period, and during the last week of the recovery period. A 
full panel of hematology, coagulation, and clinical chemistry parameters was 
monitored.)

Hematology:  
 No significant effects attributable to the test article were observed on hematology 

parameters.  A small decrease in total lymphocytes in the LD and HD groups was 
noted but was not statistically significant.  The small decrease was most likely 
due to the specific depletion of B-lymphocytes demonstrated by 
immunophenotyping. (See below.)

Clinical chemistry:
 No significant effects attributable to ocrelizumab were observed.  
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Hormone analysis:  (Samples were collected twice prior to initiation of dosing between 7 
and 10 am, on SD24, 45, 101, and 143.)  Due to the lack of effect on sperm and male 
reproductive tissues, no hormone analysis was conducted.

Immunophenotyping:  Samples were collected prior to initiation of dosing including on 
SD1 prior to dosing, during weeks 4 and 9 of dosing, and weeks 5, 8, and 12 of 
recovery.)

The following immune-cell phenotypes were monitored.

 From SD28 until SD59, a dose-related reduction in B lymphocytes (CD40+) was 
observed. In the LD group, by the end of the recovery period, low levels of B-
cells were observed.  In the HD group, near total depletion was observed 
beginning on SD28 and persisting through the recovery period.  

 No ocrelizumab-related effects on T cell populations were observed.

Toxicokinetics: 

Semen ocrelizumab analysis:  
At the end of the dosing period, ocrelizumab was measured in semen in the LD and HD 
groups.  The mean concentration of ocrelizumab in semen was approximately dose 
proportional, although individual levels showed large variability (22.1 ± 29.5 mcg/mL 
and 113 ± 131 mcg/mL for LD and HD groups, respectively).  The concentration 
dropped rapidly during the recovery period.  By week 8 of recovery, the mean level of 
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ocrelizumab in semen for the LD group was 0.81 mcg/mL and 3.37 mcg/mL in the HD 
group. 

Immunogenicity:  Samples for analysis of immunogenicity were collected according to 
the following schedule:

One animal in the LD group tested positive for ADAs (1 of 8, 13%).  No animals in the 
HD group tested positive for ADAs.  In total, 1 of 16 animals tested positive for ADAs 
(6%).

Sperm analysis: (Conducted twice prior to initiation of dosing, during week 8 or 9 of the 
dosing period, and during week 8 and 16 of the recovery period.  Analysis of sperm in a 
stage-aware manner was conducted on testes tissue after necropsy.)

 In life sperm analysis:  Evaluation included ejaculate weight, sperm count, 
motility, and morphology.  No adverse effects on sperm parameters were 
observed.

 No effects on spermatogenic stages (conducted on testis sections from tissue 
collected at necropsy) were observed. All spermatogenic stages were present in 
all animals.

Testicular size:  (Data recorded twice prior to initiation of dosing, during week 8 or 9 of 
the dosing period, and during week 8 and 16 of the recovery period.)

 No effects of ocrelizumab on testicular size or echogenicity (ultrasound analysis) 
were observed.

Testicular and epididymal examination: (Conducted on tissues collected at necropsy).
 No effects of ocrelizumab were observed.
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Necropsy: Five animals/group were euthanized on SD63.  Three animals/group were 
euthanized on SD172 (recovery day 113).  All macroscopic findings and lesions were 
recorded. 

Organ weights:  No effects on organ weight attributable to ocrelizumab were observed.

Macroscopic examination:  No ocrelizumab-related effects were observed.

Histopathology: (External and internal peer review was conducted.)
 At the end of the dosing period, hypocellularity of lymphoid follicles in spleen and 

lymph nodes was observed in both ocrelizumab dose groups, dose-related in 
incidence and severity.

 No ocrelizumab-related findings were reported in male reproductive organs.

Recovery:  Hypocellularity in spleen and lymph node persisted through the recovery 
period. 
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Observations and Results:

Mortality: (Observations recorded twice daily.)

 All animals survived to scheduled euthanasia.
Clinical Signs:  (Data recorded at least twice daily. Detailed observations recorded on 
SD6, 10, and weekly thereafter.  Post-dose observations recorded 2-4 hours after 
dosing.)

 No clinical signs attributable to the test article were observed.

Body Weight: (Data recorded at least once prior to initiation of dosing, once per weekly 
during the dosing and recovery periods, and prior to necropsy.)

 No effects on body weight attributable to the test article were observed.
Food Consumption: (Qualitatively assessed once daily.)

 No effects on food consumption were observed.

Menstrual cycling: (Observations recorded daily beginning on day 1 of the menstrual 
cycle and continuing to the end of the study.)

 No effects on menstrual cycling were observed (regularity, length, or bleeding 
intensity).

Hormones: Samples were collected but not analyzed because there was no apparent 
effect of ocrelizumab on menstrual cycling.

Clinical pathology:  (Samples were collected according to the schedule below. A 
standard battery of hematology, clinical chemistry, and coagulation parameters was 
conducted.)
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Hematology:
No effects on hematology parameters were observed.

Clinical chemistry:
No effects on clinical chemistry parameters were observed.

Coagulation:
No effects on coagulations parameters were observed.
Toxicokinetics:
The sponsor reported that steady state was achieved by SD65.

Reference ID: 4015041

APPEARS THIS WAY ON ORIGINAL



BLA # 761053 Reviewer:  Barbara J Wilcox, Ph.D.

86

Immunogenicity:
 No animals tested positive for ADAs after exposure to ocrelizumab.

Immunophenotyping:  Blood samples were processed to determine the levels of the 
individual lymphocyte phenotypes indicated in the tables below (from the study report.)
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 Beginning on SD2, a significant reduction in CD40+ B cells was observed in both 
the LD and HD groups.  The magnitude of reduction was to nearly undetectable 
levels in both dose groups.  Recovery was not observed.  The sponsor stated 
that the lack of recovery was due to the long t1/2 of ocrelizumab.  The recovery 
period lasted 3 menstrual cycles (approximately 90 days).  

 On SD2, a reduction in CD16+ NK cells was observed.  The magnitude 
(approximately 30% of control) of the reduction was greater in the LD group.  The 
NK cell levels appeared to recover somewhat over the following 2 weeks but 
remained slightly reduced (variable and not statistically significant) until the end 
of the study.

 No detectable ocrelizumab-related effects on T cells were observed.

Dosing Solution Analysis:
Dosing formulations were prepared on each day of dosing.  Samples from each dose 
formulation were collected for analysis. All formulation samples were determined to be 
within the pre-established acceptance criteria for concentration.

Necropsy: Each animal was euthanized within 3 working days of completion of recovery 
cycle 3 of the last female per cage.  (Animals were housed 2/cage because single 
housing requires justification.)
Selected organs/tissues were collected as listed below. 
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Organ weight:
No effects attributable to ocrelizumab were observed on organ weights.

Histopathology: Peer review:  Yes

Ocrelizumab-related microscopic findings included:
 Hypocellularity of lymphoid follicles in spleen and lymph nodes (graded minimal 

to moderate).
 A malignant carcinoma of the right nasal cavity was observed in one LD animal.  

This finding was considered incidental.
 One LD animal showed increased germinal centers in the spleen (graded 

moderate).  The finding correlated with increased spleen weight for this single 
animal.

No effects attributable to ocrelizumab were observed in reproductive organs.

Conclusion:
The NOAEL is the HD of 100 mg/kg.  The reduction of NK cell levels is of unclear 
toxicological significance since this finding was not observed in any other nonclinical 
studies conducted with ocrelizumab.
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Observations and Results

Mortality:  (Data were collected twice daily.)  No unscheduled deaths occurred.

Clinical Signs: 
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Dams:  (Observations were recorded twice daily from GD20 through the day of 
Cesarean section.  On dosing days, observations were also conducted approximately 1-
2 hours post-dose.)

No adverse clinical signs attributable to ocrelizumab were observed.  

Pregnancy monitoring:  Embryofetal viability was monitored by ultrasound or fetal 
doppler under sedation on GD25, 30, 37, 44, 51, 60, 70, 80, and 90.

 No effects related to ocrelizumab on maintenance of pregnancy were reported.  
Two of 12 control dams aborted, as confirmed by ultrasound, as well as one of 
12 LD dams.

 One fetal death occurred in the HD group and was found at Cesarean section.  
The fetus was alive on GD90.  The frequency of fetal death and abortion for each 
group was 16.7% for control, 8.3% for the LD group, and 8.3% for the HD group.

Body Weight:  (Weights of dams were recorded on GD1, 19, 26, 33, 40, 47, 54, 61, 68, 
75, 82, 89, and 100.)

 No effect on body weight attributable to ocrelizumab was observed.

Food Consumption:  (Food consumption of each animal was estimated daily from GD20 
until the day prior to Cesarean section.)

 No effect on food consumption related to ocrelizumab was observed.

Hematology (Dams and fetuses):  Samples were collected from all dams according to 
the following schedule:  once between GD18 and 20 (pre-dose), on GD51 (24 hours 
after GD50 dose), on GD75, and on the day of Cesarean section.  Hematology testing 
was also conducted on animals that aborted, as summarized below.

Dams:
Total leukocyte, neutrophil and lymphocyte counts decreased slightly in all 
groups, including control, as pregnancies progressed.  The magnitude of 
decrease was greater in the LD and HD groups relative to control, from initiation 
of dosing to GD51.  By GD75, the values were similar among groups. 
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Fetuses: (Samples were collected from all fetuses at Cesarean section.)
 No effects on hematology parameters related to ocrelizumab were observed.

Clinical chemistry (Dams and fetuses):  (Samples were collected on the same schedule 
as for hematology.)

 No effects on clinical chemistry related to ocrelizumab were observed.

FACS analysis (immunophenotyping):  Samples were collected on the same schedule 
as for hematology. 

 Marked decreases in B cells (CD3- CD40+) were observed in all dams in 
ocrelizumab dose groups on GD51.  B cells remained low through the day of 
Cesarean section.
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 In fetal blood, control group offspring had B cell levels similar to the dams 
(15.85%, 0.45 X 103/µL).  B cell levels in LD and HD fetuses were 1.21 to 2.33% 
and0.03 to 0.07 x 103/µL, respectively.

 Absolute T cell counts in dams remained similar to baseline in both dose groups.
 No effects related to ocrelizumab on T cell counts were observed in fetuses from 

either dose group.
 No effects on NK cells related to ocrelizumab were observed in either dams or 

fetuses.

Toxicokinetics (dams, fetuses, amniotic fluid): Samples were collected on GD20, 22, 24, 
26, 29, 36, 43, 50, 52, 54, 57, 70, 80, and 100.  Samples were also collected from dams 
that aborted.  Fetal blood and amniotic fluid samples were collected at Cesarean 
section. 

Ocrelizumab levels were generally greater in dams than in fetuses.  The fetal to 
maternal serum concentration ratio was 1.29 ± 1.41 (n=7) and 0.605 ± 0.106 (n=7) for 
the LD and HD groups, respectively.  Amniotic fluid levels were low but detectable in all 
animals.  For the LD and HD groups, the mean ocrelizumab amniotic fluid to maternal 
serum ratio was 0.0658 ± 0.0247 (n=7) and 0.0421 ± 0.0226 (n=7), respectively.

Immunogenicity:  (Blood samples and amniotic fluid were sampled for ADAs.  Samples 
were collected once between GD18 and 20 (pre-dose), on GD50 (pre-dose), and on the 
day of Cesarean section.  Samples were also collected from dams that aborted and 
from fetuses and amniotic fluid at Cesarean section.)

 ADAs were not detectable in fetal serum.
 One LD dam tested positive for ADAs but exposure was not affected.  One 

control animal also tested positive for ADAs, possibly an assay artifact.
 ADAs were not detected in serum or amniotic fluid of HD dams.

Dosing Solution Analysis:  Samples were collected from the first and last dosing 
solutions (loading and study doses) for each dose group and analyzed for 
concentration.

 All dosing formulations met the pre-established acceptance criterion for 
concentration.
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Necropsy:  No necropsies were conducted because there were no maternal deaths or 
dams euthanized moribund.  After Cesarean section, all dams were returned to the 

 stock colony.

Fetal findings (reviewer table):

Dose Group # Live fetuses Males females  # Dead fetuses Fetal Weight
Control 10 6 4 0 119.3

LD 11 8 3 0 116.5
HD 12 7 5 1 115.8

 No effects on external, visceral, or skeletal examinations related to ocrelizumab 
were observed.

 No effects related to ocrelizumab on placental dimensions, amniotic fluid 
volumes, or umbilical cord length were observed.

Fetal organ weights and histopathology:

Organ weights:

 No ocrelizumab-related effects on fetal organ weights were observed.

Histopathology:
 In fetal spleen, reduced white pulp area (graded slight or very slight) was 

observed in both LD and HD groups.
 Immunohistochemistry conduced on spleen mandibular and mesenteric lymph 

nodes from fetuses showed a reduced number of B cell and B cell follicles.  The 
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Observations and Results 
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F0 Dams
Survival: Observations made twice daily.

One dam from each group was euthanized early in moribund 
condition. Control #108 was euthanized on LD128 in poor 
condition, but no cause of death was determined.  LD #205 was 
euthanized on GD44, the day after the 3rd dose.  The fetus was 
alive at the time of the maternal euthanasia and was also 
euthanized.  The cause of maternal death was not definitively 
established, but high ADAs on the day prior to euthanasia and 
clinical pathology results on GD44 suggest, according to the 
sponsor, a possible adverse immune reaction to ocrelizumab.  

HD #311 was euthanized on GD111.  The animal began showing signs 
of illness on GD109 including hunched posture and reduced activity. 
Reduced food consumption was observed from GD20 to 60 and again 
beginning on GD107.  Body weight during the week prior to necropsy 
was reduced from 4.94 kg to 4.47 kg.  Clinical pathology showed 
severely reduced RBC, HGB, and HCT without increased RET.  No 
cause of death was determined after necropsy and histopathology.  The 
fetus was alive at the time of maternal euthanasia, with no external, 
visceral, or placental abnormalities.  The fetus was euthanized.  

Since early maternal deaths occurred in each group, they were not 
considered related to ocrelizumab.

Clinical 
signs:

Data were collected twice daily from GD20 through the day of necropsy 
of the neonate.

 No adverse clinical signs related to ocrelizumab were observed in 
the dams during gestation or lactation periods.

Body weight: Data were collected on GD1 and 19, then every 6 to 8 days until delivery, 
once between LD1 and 4, and weekly thereafter.

Food 
consumption:

(Estimated twice daily for each maternal animal from GD20 to LD43)
 No effects on food consumption attributable to ocrelizumab were 

observed.

Dosing 
Solution 
Analysis

All formulation samples were determined to be within the pre-
established acceptance criteria for concentration.  Ocrelizumab was 
not detected in vehicle samples.

Pregnancy 
monitoring

(Embryofetal viability was monitored by ultrasound under sedation on 
GD25, 30, 37, 44, 51, 60, 780, 80, 90, 100, then every 9-11 days until 
delivery.)

 Fetal loss is summarized in the table below. Based on the data 
from this study the incidence of embryofetal loss in the HD 
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group appears to be increased relative to the control and LD 
groups.

 Gestation length:  Mean gestation length was 165.4 days for 
control (range of 159 to 189 days).  Three births in the HD 
group (N#303: 146 days, N #309: 147 days, and N #312: 151 
days) were considered pre-term (defined in the published 
literature as birth between GD141 and 155).  (The sponsor 
stated that the gestational lengths of these 3 were within 
published “normal” gestation lengths of 132 to 189 days.)  
However, no pre-term births were observed in any other group.

Stillbirths:  Stillbirths occurred in 2 LD animals and one HD animal.  
The sponsor concluded that, due to the lack of an increase in 
incidence with dose, the stillbirths were not related to the test article.  
However, no stillbirths occurred in the control group.  A relationship to 
the test article cannot be ruled out since all stillbirths occurred only in 
dams that were dosed with ocrelizumab.  

Birth observations:  No observations were considered related to 
ocrelizumab.
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F1 Generation
Survival: As described above, six embryofetal deaths occurred during the 

gestation period.  Two HD neonates died early: 
 303N: Born preterm on GD146 with low birth weight (271g) and 

was removed from the mother on PND3 due to poor condition 
and hand-raised until it was found dead on PND 6.  
Histopathology showed signs of inflammation and infection as 
well as decreased cellularity of lymphoid tissues.  Cause of death 
was opportunistic infection, weakness due to immaturity 
complicated by B-lymphocyte depletion.

 315N: Born on GD162 with normal birth weight (379g).   No 
adverse signs were reported until PND 136.  Signs prior to 
euthanasia on PND138 included tremor and reduced 
activity/lethargy. Histopathology showed severe infection of the 
cerebellum and surrounding meninges, pleural fibrosis, interstitial 
mononuclear infiltration of the lung, and alveolar hemorrhage.  
Decreased lymphoid follicle cellularity of the spleen was also 
observed.  Cause of death was meningoencephalitis involving the 
cerebellum and meninges.  The response to the infection was 
most likely complicated by reduced B-lymphocytes due to 
exposure to ocrelizumab.

Clinical signs: (Observations were recorded twice daily beginning on PND1.)  Other 
than the signs described above that led to early death and euthanasia of 
2 neonates, no clinical signs related to ocrelizumab were observed.

Body weight: (All neonates were weighed between PND1 and 4, then weekly 
thereafter.)
A dose-related effect of reduced birth weight was observed as 
summarized in the table below. Body weight gain after birth was similar 
among groups. 

Physical (Measurements of head width and circumference, inter-eye distance, 
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development: crown-rump length, tail length, chest circumference, paw and foot 
length, and ano-genital distance were recorded once between PND7 
and 10, PND25 and 30, and on PND90.  Similar measurements were 
also recorded for the single stillborn neonate.)

 No effects attributable to ocrelizumab on growth were observed.
Neurological 
assessment:

(Pupil reflex, Preyer reflex, pain response, and grip strength were 
evaluated in all neonates once between PND25 and 30, and on PND90)

 No consistent adverse effects on neurologic development related 
to ocrelizumab were observed.

Reproduction: Not assessed.

Hand-raised neonates:
 102N (control): Hand-raised on PND0 only.
 108N (control): Hand-raised from PND0, rejected by the dam.
 202N (LD):  Hand-raised from PND131. Mother developed staph infection in the 

breast during lactation.  Staphylococcus was detected in the milk of this dam.
 303N (HD):  Hand-raised from PND3, died on PND6.  Rejected by the dam
 315N (HD): Hand-raised from PND98 (euthanized on PND138) after dam 

developed infection of the right breast.  Staphylococcus was detected in the milk 
of this dam.

Blood samples were collected from all dams and offspring for clinical pathology, 
toxicokinetics, immunogenicity, and immunophenotyping according to the schedule 
below. Milk samples were collected from all dams.
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Clinical pathology:
Hematology:

 Dams showed dose-related reduction of WBCs in the LD and HD groups 
(-21% and -30% on GD43, respectively) relative to control, as expected.  
The dose-related reduction continued through the dosing period. The 
reduction in WBCs was accounted for by reduction in total lymphocytes 
(25% and 29% for the LD and HD groups, respectively, relative to control).

 A trend toward reduction in WBCs and total lymphocytes was also 
observed in neonates in both the LD and HD groups indicating exposure 
to ocrelizumab.  However, the reduction was less consistent for the 
neonates than for the dams and was apparently of greater magnitude in 
the LD group at most time points.  (The greatest magnitude of reduction in 
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lymphocytes in neonates was approximately 31%, relative to control for 
the LD group on PND60.) Results in neonates were highly variable.

Clinical Chemistry:  A trend toward reduced globulin levels was observed in both 
dams and neonates, which persisted through the study.  This finding was considered a 
result of reduced B lymphocyte population.

Coagulation: No effects on coagulation attributable to ocrelizumab were 
observed in in either dams or neonates 

Toxicokinetics:

Immunogenicity:
ADAs were detected in one of 30 dams and one of 20 neonates, both in the LD group.  
The ADA-positive neonate was not from the ADA-positive dam.  Ocrelizumab exposure 
was not limited by ADA development in the dam.

Immunophenotyping: 
 Dams:  Near complete depletion of B-lymphocytes (CD3-CD40+) was observed, 

which was maintained until the end of the study.
 Neonates: Near complete depletion of CD-CD40+ lymphocytes was observed in 

the LD and HD group on PND28 and remained near 0 through PND90. By 
PND180, the CD3-CD40+ (B cells) subset levels were similar to control levels.

 No effects on T cell populations or NK cells were observed in dams or neonates.
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Breast milk analysis: The table below, from the study report provides a summary of the 
ocrelizumab levels detected in milk.

Necropsy:  (Offspring)

N=neonate
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Organ weights: (Neonates and dams at unscheduled necropsy)

Histopathology/immunohistochemistry (lymphoid tissue samples were immunostained 
for CD3 and CD20 antigen):
Peer review was conducted.
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Histopathology Findings:  (Neonates)

 Kidney:  
o Dose-related incidence of glomerulopathy (characterized as a “spectrum 

of glomerular changes ranging from small immature glomeruli  with 
concentric fibrosis of Bowman’s capsule to severely contracted sclerotic 
glomeruli”
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o Incidence of glomerulopathy:  0 in control group, LD group:  3 of 13 
neonates, HD group: 4 of 11 neonates.

o Lymphoblastic inflammation: Infiltrating cells formed “nodular aggregates” 
in the kidney interstitium.  Incidence of this finding was 2 of 11 neonates in 
the HD group.

Kidney using PAS staining:  PAS staining demonstrated that immaturity was 
“Rarely” present in both the LD and HD groups.  Global glomerulosclerosis was 
observed “rarely” in both the LD and HD groups.   Sclerotic changes cannot be 
explained by glomerular infiltrates since there were no visible lesions in arterioles 
or arteries. No tubulitis was observed and no dysplastic features of cells or 
destructive vascular injuries to explain the interstitial cellular infiltrates.  The 
sponsor concluded that no specific mechanism could be identified for the kidney 
changes, but there is no evidence for immune complex proliferative or necrotizing 
glomerulosclerosis.  One mechanism suggested by the sponsor is “possible 
ischemic injury to developing glomeruli.”

 Bone marrow: Lymphoid follicle formation was observed in the sternal bone 
marrow.  Incidence was dose-related: 4 of 13 in the LD group, 5 of 11 in the HD 
group.

Immunohistochemistry for CD3 (required for T-cell activation) and CD20:
 Ocrelizumab-related changes in CD3+ and CD20+ cell populations were 

observed in femoral bone marrow (described as lymphoid follicle formation).  
CD20+ population changes were observed in 1 of 13 neonates in the control 
group, 7 of 11 LD neonates, and 8 of 8 HD neonates.  CD3+ aggregates were 
observed in 0 control neonates, 2 of 10 LD neonates, and 3 of 6 HD neonates.

Conclusion:  No NOAEL was identified for the kidney pathology observed in neonates.  .  
Detectable levels of ocrelizumab were identified in milk. There appears to be a dose-
related increase in incidence of stillbirth and pre-term birth.

10 Special Toxicology Studies

Study #03-0509-0349  
Title:  Rituximab and PRO70769 (rhuMAb2H7) stability in PBS and human blood, serum 
and plasma over 72 hours

Findings:  Neither rituxumab nor rhuMAb 2H7 show detectable aggregation or 
degradation during a period of 72 hours in PBS and human blood, serum, and plasma 
at 37°C.
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Study # 03-0236-0349
Title:  Hemolytic potential and blood compatibility of rhuMAb 2H7
Summary:  The purpose of this study was to assess the hemolytic potential of 
ocrelizumab in vehicle solution for human and cynomolgus monkey whole blood. 
Neither ocrelizumab at concentrations of 1.0, 5.0, or 10.0 mg/mL nor the rhuMAb 2H7 
vehicle control caused hemolysis when mixed with an equal volume of human or 
cynomolgus monkey whole blood. Neither ocrelizumab at concentrations of 1.0, 5.0, or 
10.0 mg/mL nor the ocrelizumab control caused precipitation or coagulation when mixed 
with equal volumes of human or cynomolgus monkey serum or plasma.

11 Integrated Summary and Safety Evaluation
Ocrelizumab is a humanized IgG1 monoclonal antibody that selectively targets the 
CD20 antigen expressed on B lymphocytes and is under development for treatment of 
multiple sclerosis (  and PPMS).  CD20 is expressed on the surface of pre-B cells, 
mature B cells and memory cells but is not found on lymphoid stem cells or plasma 
cells.  (Recent published data indicate that CD20 may also be expressed on a small 
population of CD4+ and CD8+ T lymphocytes in humans.)  Binding of ocrelizumab to 
CD20 results in rapid depletion of CD20+ B cells but does not affect the capacity for B 
cell reconstitution.

The pharmacology of ocrelizumab was investigated in a series of in vitro and in vivo 
studies.  Because ocrelizumab binds only to human and non-human primate CD20, in 
vitro studies were conducted using human-derived cell lines and in vivo studies were 
conducted in cynomolgus monkey. 
 
Primary pharmacology of ocrelizumab was investigated in cynomolgus monkeys using 
IV bolus doses at levels ranging from 0.2 mg/kg to 10 mg/kg.  Results demonstrated 
that circulating B lymphocytes were reduced to near undetectable levels by 1 hour post-
dose.  No effects on T cell or NK cell phenotypes were observed in these early, non-
GLP studies.

The mechanism through which ocrelizumab acts to deplete CD20+ B cells is believed to 
be via antibody-dependent cell-mediated cytotoxicity (ADCC), complement-dependent 
cytotoxicity (CDC), antibody-dependent cellular phagocytosis (ADCP), and/or apoptosis.  
Each mechanism was investigated in vitro:

1.)  Affinity of ocrelizumab for CD20 was evaluated using a CD20-expressing 
human cell line.  The results demonstrated that ocrelizumab bound CD20 with high 
affinity (kd=0.84 ± 0.37 nM). 

2.) Binding of ocrelizumab to a series of Fcγ receptor subtypes was evaluated. 
Results demonstrated that ocrelizumab binds to 5 sub-types of the Fc gamma receptor 
with varying EC50 values in the low µg/mL, within a range similar to rituximab.  

3.)  Ocrelizumab binding to complement C1q was investigated with results 
indicating that ocrelizumab binds complement C1q with an EC50 value of approximately 
0.70 µg/mL.  
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4.)  Binding of ocrelizumab to the human FcRn was demonstrated with slightly 
lower potency than rituxumab.  Binding to FcRn would allow transfer of ocrelizumab 
across epithelial membranes.  

5.) Activity of ocrelizumab in the ADCC assay using either purified NK cells or 
human PBMCs as effector cells was investigated., Results indicated that ocrelizumab 
does mediate ADCC in the presence of purified NK cells or human PBMCs, with EC50 
values of 5.2 ± 2.6 pM and 0.12 ± 0.08 nM, respectively.

6.)  Activity of ocrelizumab in the CDC assay demonstrated that ocrelizumab 
mediates CDC activity, with an EC50 of 4.04 ± 1.87 nM.

7.) The activity of ocrelizumab in mediating apoptosis in cultured CD-20+ Ramos 
cells was demonstrated. The data indicate that ocrelizumab can mediate apoptosis in 
the presence of CD20 expressing cells.  The in vitro data indicate that the activity of 
ocrelizumab in eliminating B cells in vivo could be via any of these processes.

Tissue cross-reactivity:
Tissue samples from 3 humans and 3 cynomolgus monkeys were stained using 
immunohistochemical methods. Staining results showed specific binding in organized 
lymphoid tissue including lymph nodes, spleen GI-associated lymphoid tissue, tonsil, 
and pancreas of both species with both concentrations of antibody.  Scattered 
mononuclear cells were specifically stained in the monkey thymus but not human 
thymus.  Diffuse specific staining in the lens of the eye was exhibited in both human and 
monkey. The specific positive staining was sufficiently similar between human and 
cynomolgus monkey tissues to confirm the cynomolgus monkey as a relevant species 
for nonclinical investigations.

Pharmacokinetics
Pharmacokinetic studies were conducted in monkey, rat, and mouse.  Because 
ocrelizumab does not bind to rodent CD20, the studies in rat and mouse were not 
considered relevant.  In monkeys, 2 doses were administered by IV bolus one week 
apart at dose levels of 0.2, 0.5 or 2.0 mg/kg.  The results showed that the exposure 
increased in proportion with dose.  Clearance was biphasic, with a rapid initial 
distribution phase followed by a slower elimination phase.  The elimination phase was 
faster after the second dose, most likely due to development of anti-drug antibodies 
(ADAs).  ADAs were detected in all animals by 2 weeks after the first dose.  Results of 
TK analyses confirmed the immunogenicity of ocrelizumab at all doses levels, but ADAs 
were most evident at doses of 10 mg/kg or lower.  Therefore, the lower doses were not 
used in toxicology studies.  At the higher dose levels used in the toxicology studies 
ADAs were detected generally in all dose groups, but the immunogenicity did not 
appear to have a significant effect on exposure.

Toxicology:
A series of repeat-dose toxicology studies were conducted in cynomolgus monkeys in 
which various dosing regimens were used.  In all studies, cynomolgus monkeys 
received ocrelizumab at doses of up to 100 mg/kg IV.  No unexpected toxicities were 
observed. All studies showed reduced total lymphocytes in all dose groups, reflecting 
the rapid and near total depletion of B cells from blood and lymphoid tissues.  
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Histopathology typically showed follicular atrophy in spleen and lymph nodes.  The 
atrophy of B cell follicles in lymph nodes was generally less severe than in spleen.  
Recovery of B cell populations was variable and dose related.  Full recovery to baseline 
after repeat dosing required more than 6 months.  In the longest duration study (Study 
#04-0192-0134), monkeys received IV doses every three weeks for 24 weeks (total of 8 
total doses) at doses of 50 or 100 mg/kg followed by a 23-week recovery period.  The 
results showed the expected effects of the pharmacological activity of ocrelizumab, 
including reduction in total lymphocytes for both dose groups that was not dose-related 
in magnitude.  Histopathology demonstrated follicular atrophy in spleen and lymph 
nodes of both dose groups, dose-related in incidence and severity.  Spleen appeared to 
be affected slightly more than the lymph nodes.  At the end of the 23-week recovery 
period, spleen and lymph nodes appeared similar to control.  

Immunophenotyping of whole blood, lymphoid tissues, and bone marrow using FACS 
analysis was conducted for each toxicology study.  Marked depletion of B lymphocytes 
was consistently demonstrated in all compartments (tissue, blood and bone marrow).  
Recovery was variable, but at least partial recovery was demonstrated in all studies, 
depending on the length of the recovery period.  In study #04-0192-0134 (discussed 
above), B cell populations recovered to 135.6%, 73.0%, 44.5%, and 103.2%, relative to 
control, in spleen, mandibular lymph node, inguinal lymph node, and bone marrow, 
respectively.  No dose-related effects on T cell populations were observed in any study.  
In one study (#07-0171) the HD group showed 30% reduction in NK cells.  This effect 
was not observed in other studies and no explanation for the effect was offered.  
Because it was observed in only a single study, the biological/toxicological significance 
is not clear.

TK at the higher doses used in the general toxicology studies showed that the t1/2 was 
approximately 15 to 20 hours, which is similar to that observed in humans.

Reproductive toxicology:
A full battery of reproductive and developmental toxicology studies was conducted in 
cynomolgus monkey.  In all studies, the pharmacological activity of ocrelizumab was 
confirmed by immunophenotyping by FACS analysis, and exposure was confirmed 
through toxicokinetic analysis.  Fertility was assessed in separate studies in males and 
females.  Males received 9 weekly IV doses (20 or 100 mg/kg preceded by initial 
loading doses of 15 or 75 mg/kg for 3 consecutive days). Females received weekly 
dosing over 3 menstrual cycles (including the initial loading doses).  No adverse effects 
on fertility parameters were observed in either sex.  

In an embryofetal development study, pregnant cynomolgus monkeys received IV 
doses of ocrelizumab with loading doses of 15 or 75 mg/kg for 3 days beginning on 
GD20, followed by weekly doses of 20 or 100 mg/kg through GD50.  Cesarean section 
was conducted on GD100-103.  One fetal death in the HD group was identified at 
Cesarean section.  The frequency of fetal death and abortion was 16.7% for control, 
8.3% for the LD group, and 8.3% for the HD group.  Therefore, due to the lack of a 
dose-relationship, the death in the HD group appears to be unrelated to ocrelizumab.  
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No adverse effects on embryofetal development related to ocrelizumab were observed.  
However, in both the LD and HD groups, the fetuses showed results of the 
pharmacodynamic effect of ocrelizumab, indicating trans-placental exposure.  Spleen 
and lymph nodes of fetuses from both dose groups showed reduced numbers of B cell 
follicles, dose-related in incidence.  Reduced white pulp area was also observed in fetal 
spleen from both dose groups (graded slight or very slight).

In a pre-and postnatal development study, pregnant monkeys received IV doses of 
ocrelizumab (loading doses of 15 or 75 mg/kg for 3 days beginning on GD20, followed 
by weekly doses of 20 or 100 mg/kg through 28 days of lactation).  Embryofetal viability 
was monitored with regular ultrasound evaluations.  Results indicated that embryofetal 
loss was greater in the HD group (13.3% in control, 6.7% in LD, and 20.0% in the HD 
groups).  The sponsor stated that the rate of embryofetal death was within the historical 
background rate at the testing facility.  However, due to the apparent dose-related 
incidence, a relationship to ocrelizumab cannot be ruled out. Two stillbirths (of 13) 
occurred in the LD group and 1 (of 11) occurred in the HD group. Although not clearly 
dose-related, since none occurred in the control group, a relationship to ocrelizumab is 
difficult to rule out.  

Three pre-term births (defined as birth GD141 to 155) occurred in the HD group 
compared to none in either the control or LD groups.  In addition, the offspring of 2 HD 
dams died due to opportunistic infection which could have been related to ocrelizumab 
via the immune suppression induced by the B cell depletion. Immunophenotyping 
demonstrated that B cells were nearly completely depleted at PND28 and remained at 
near undetectable level through PND 90.  By PND 180, B cell levels in offspring from 
both dose groups were similar to control. Ocrelizumab was detected in milk in both dose 
groups (range of 428-3970 ng/mL).

No ocrelizumab-related adverse postnatal developmental effects were observed.  
Physical developmental parameters and neurological parameters were monitored on a 
regular basis, but a definitive assessment of learning and memory was not conducted.  
Due to the length of postnatal development in the monkey, full neurobehavioral 
assessment cannot be conducted.  

At necropsy, due to the fetal and neonatal deaths, the number of offspring available in 
each group was 13 in control, 11 in the LD and 9 in the HD groups. There were no 
visible developmental abnormalities (visceral or skeletal) in offspring from either dose 
group.  However, histopathology demonstrated an increased incidence of 
glomerulopathy (graded minimal to mild) in the LD and HD group.  The incidence of 
glomerular changes was 3 of 13 in the LD group and 4 of 11 (number includes the 2 
neonatal deaths) in the HD group. Mild lymphoplasmacytic inflammation of the kidneys 
was also noted in 2 of 11 HD neonates.  The mechanism for these findings was not 
identified, but the data suggest a dose-related injury to the developing kidney.

A significant concern regarding manufacturing was raised by the CMC team that could 
influence the validity of the nonclinical studies.  Over the course of drug development, 
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significant changes were made in the ocrelizumab manufacturing process.  According to 
the CMC team, the assays used to determine potency (ADCC and CDC) have shown 
significant variation among the processes (v0.1 – v0.4).  At the time of this review, 
comparability (as determined by the CMC team) between the product intended for 
market, the product used in the pivotal clinical studies, and the product used for 
reproductive toxicology studies is in question.  The sponsor should be asked to confirm 
that the product used in the pivotal clinical studies is comparable to the lots used in the 
reproductive toxicology studies and the product intended for market.  If comparability 
cannot be demonstrated, some nonclinical studies may need to be repeated.
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