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1. [bookmark: _Toc351718900][bookmark: _Toc355338635][bookmark: _Toc523996653]Introduction
This is an application to register a new chemical entity, Ocrevus ocrelizumab (rch).
[bookmark: _Toc272414596][bookmark: _Toc290846218][bookmark: _Toc475956843][bookmark: _Toc523996654]Drug class and therapeutic indication
Ocrelizumab is a recombinant humanised monoclonal antibody that selectively depletes CD20 expressing B cells (B lymphocytes).
Ocrelizumab is not currently registered for any indication. The proposed indications are described by the sponsor as follows:
Ocrevus is indicated for the treatment of patients with relapsing forms of multiple sclerosis (RMS) to suppress relapses and disease progression (clinical and subclinical disease activity).
Ocrevus is indicated for the treatment of patients with primary progressive multiple sclerosis (PPMS) to delay disease progression and reduce deterioration in walking speed.
The wording of these two indications raises some issues of interpretation. Together, they cover the full spectrum of disease subtypes in multiple sclerosis (MS), which are schematically illustrated below. The expression ‘relapsing forms of multiple sclerosis’ is problematic, because it includes the common, well-recognised disease category of relapsing and remitting multiple sclerosis (RRMS), but it could also include secondary progressive MS (SPMS, in which progression develops after an initial relapsing and remitting course) or progressive relapsing MS (RPMS, an intermediate condition in which progression is present from the outset but patients also suffer from superimposed relapses).
[bookmark: _Toc453746342][bookmark: _Toc475957180]Figure 1: Illustration of different clinical courses of MS
[image: http://www.clevelandclinicmeded.com/medicalpubs/diseasemanagement/neurology/multiple_sclerosis/images/figure-1.jpg]
In general, agents with efficacy in RRMS cannot be assumed to have efficacy in SPMS, and it is usually very important to distinguish between these disease subtypes when designing and assessing MS treatment trials. Most agents approved for the treatment of RRMS have demonstrated only limited efficacy in progressive forms of MS, including SPMS, and no disease-modifying agents are currently approved for the treatment of PPMS. If the sponsor is correct in claiming that ocrelizumab reduces disease progression in PPMS, as well as in RRMS, then it has efficacy at each end of the notional spectrum between relapse-dominant and progression-dominant disease; this in turn implies that it is probably effective for intermediate disease subtypes (SPMS and PRMS), and therefore the distinction between the classical disease subtypes may be less important for this particular agent. Nonetheless, it would still be appropriate to choose wording for the indication that explicitly mentions the classic disease subtypes.
As will be discussed, it is also of some concern that (in keeping with the first, broadly worded indication), the pivotal study in ‘relapsing forms of MS’ did not define eligibility criteria on the basis of the classical disease subtypes.
[bookmark: _Toc272414597][bookmark: _Toc290846219][bookmark: _Toc475956844][bookmark: _Toc523996655]Dosage forms and strengths
Ocrelizumab is supplied as a single strength, 300 mg/10 mL vial for injection.
[bookmark: _Toc272414598][bookmark: _Toc290846220][bookmark: _Toc475956845][bookmark: _Toc523996656]Dosage and administration
The dose is 600 mg every 6 months. The initial administration schedule is somewhat complex, and is described in the PI as follows:
Ocrevus is administered by IV infusion as a 600 mg dose every 6 months:
Initial Dose
The initial 600 mg dose is administered as two separate IV infusions; one 300 mg infusion, followed by a second 300 mg infusion two weeks later.
Subsequent Doses
Subsequent doses of Ocrevus thereafter are administered as a single 600 mg IV infusion every 6 months. (A minimum interval of 5 months should be maintained between each dose of Ocrevus.)
[bookmark: _Toc475957032]Table 1: Dose and schedule of Ocrevus
[image: ]
2. [bookmark: _Toc523996657]Clinical rationale
Multiple sclerosis (MS) is generally thought to be an autoimmune disease with some degenerative components. The primary role of the immune system is supported by the finding of peri-venular lymphocytic deposits in MS plaques, the presence of oligoclonal immunoglobulin bands in the cerebrospinal fluid of many patients, and the tendency for corticosteroids to shorten the duration of symptoms during a ‘relapse’ or flare. Furthermore, all disease-modifying treatments approved for the treatment of MS so far appear to have their primary mechanism of action in the immune system, and remissions have been achieved through the strategy of bone-marrow ablation with haematological stem-cell recovery.
Although T lymphocytes (T cells) have been studied extensively in MS, and may play a dominant pathogenic role, it has been known for decades that B-lymphocytes (B cells) also play a major role in the development and progression of MA. The sponsor proposes the following key mechanisms by which B cells contribute to the pathogenesis of MS:
Presenting auto-antigens and co-stimulatory signals to activate T cells
Secreting pro-inflammatory cytokines at greater relative proportions than protective cytokines
Producing auto-antibodies which may cause tissue damage and activate macrophages and natural killer cells
Creating meningeal lymphoid follicle-like structures, linked to microglia activation, local inflammation and neuronal loss in the nearby cortex
Ocrelizumab targets the B cell components of the pathogenisis of MS. It is a recombinant, humanised monoclonal antibody that binds to CD20-expressing B cells with high affinity and selectively depletes them in peripheral blood. CD20 is a cell surface antigen found on pre-B cells, mature and memory B cells but it is not expressed on lymphoid stem cells and plasma cells, which means that depletion of CD20-positive cells preserves the capacity for B cell reconstitution and does not appear to compromise pre-existing antibody-mediated (humoral) immunity. According to the sponsor, pre-clinical studies suggest that ocrelizumab depletes CD20-positive B cells through several mechanisms, including antibody-dependent cellular phagocytosis (ADCP), antibody-dependent cellular cytotoxicity (ADCC), complement-dependent cytotoxicity (CDC), and induction of apoptosis. Although there are complex interactions between B cells and T cells in the immune system, the effect on B cells appears to be quite selective, and the sponsor has provided evidence that innate immunity and total T cell numbers are not affected.
Ocrelizumab was initially developed with the hope that it would be effective in rheumatoid arthritis (RA) and other auto-immune diseases, but it was abandoned for these indications because of a poor benefit-risk ratio. In particular, when used in combination with other immunosuppressive agents including chronic corticosteroids to treat RA, ocrelizumab appeared to pose an unacceptable risk of infection, and it was also associated with significant infusion-related reactions (IRRs).
Since abandoning the rheumatoid arthritis indication, the sponsor has assessed the efficacy of ocrelizumab in MS. This represents a rational investigational approach, given the existing evidence that B cells play a substantial role in the pathogenesis of MS. Also, ocrelizumab might be expected to have an improved safety profile in this population, compared to the RA population, because MS patients do not usually receive chronic concurrent immunosuppressive agents. As demonstrated in their submission, ocrelizumab has substantial efficacy in MS, although some safety and tolerability issues remain. The disease-modifying effects of ocrelizumab in MS are believed to result from a reduction in the number and function of B cells, but the precise mechanisms of action are unclear.
Existing disease-modifying agents in MS have primarily been used for relapsing-remitting MS (RRMS), and sometimes in secondary progressive MS (SPMS) for patients still experiencing relapses. No disease-modifying agents have shown acceptable efficacy in primary progressive MS (PPMS), which is widely thought to have a slightly different aetiology to relapsing forms of MS, with more degenerative and less immunological processes responsible for disease progression. There is, however, some evidence that immunological approaches may be useful in a subset of the PPMS population – particularly younger patents with active inflammatory lesions on MRI. For instance, rituximab, a monoclonal antibody with a very similar mode of action to ocrelizumab, had partial efficacy in PPMS, with significant results in some subgroups, as described in the following abstract.[footnoteRef:1] [1:  The sponsor points out that overall, this study was negative.] 

Ann Neurol. 2009 October;66(4):460-71
Rituximab in patients with primary progressive multiple sclerosis: results of a randomized double-blind placebo-controlled multicenter trial
Hawker K, O'Connor P, Freedman MS, Calabresi PA, Antel J, Simon J, Hauser S, Waubant E, Vollmer T, Panitch H, Zhang J, Chin P, Smith CH; OLYMPUS trial group
Objective: Rituximab, a monoclonal antibody selectively depleting CD20+ B cells, has demonstrated efficacy in reducing disease activity in relapsing-remitting multiple sclerosis (MS). We evaluated rituximab in adults with primary progressive MS (PPMS) through 96 weeks and safety through 122 weeks
Methods: Using 2:1 randomization, 439 PPMS patients received two 1,000 mg intravenous rituximab or placebo infusions every 24 weeks, through 96 weeks (4 courses). The primary endpoint was time to confirmed disease progression (CDP), a prespecified increase in Expanded Disability Status Scale sustained for 12 weeks. Secondary endpoints were change from baseline to week 96 in T2 lesion volume and total brain volume on magnetic resonance imaging scans.
Results: Differences in time to CDP between rituximab and placebo did not reach significance (96 week rates: 38.5% placebo, 30.2% rituximab; p = 0.14). From baseline to week 96, rituximab patients had less (p < 0.001) increase in T2 lesion volume; brain volume change was similar (p = 0.62) to placebo. Subgroup analysis showed time to CDP was delayed in rituximab-treated patients aged < 51 years (hazard ratio (HR) = 0.52; p = 0.010), those with gadolinium-enhancing lesions (HR = 0.41; p = 0.007), and those aged < 51 years with gadolinium-enhancing lesions (HR = 0.33; p = 0.009) compared with placebo. Adverse events were comparable between groups; 16.1% of rituximab and 13.6% of placebo patients reported serious events. Serious infections occurred in 4.5% of rituximab and < 1.0% of placebo patients. Infusion-related events, predominantly mild to moderate, were more common with rituximab during the first course, and decreased to rates comparable to placebo on successive courses.
Interpretation: Although time to CDP between groups was not significant, overall subgroup analyses suggest selective B cell depletion may affect disease progression in younger patients, particularly those with inflammatory lesions.
The current submission is unusual in that ocrelizumab has not only shown significant efficacy in the RRMS population, which is the traditional target of disease-modifying agents, but it has also achieved statistically significant results in the PPMS population. Unfortunately, efficacy for this novel indication has only been demonstrated in a single PPMS study, and, as well is discussed; the benefit in the lone PPMS study was primarily seen in the same type of PPMS patient that responded to rituximab: younger patients with active inflammation on MRI.
3. [bookmark: _Toc523996658]Contents of the clinical dossier
[bookmark: _Toc523996659]Scope of the clinical dossier
The submission contained the following clinical information:
Three Phase III pivotal efficacy/safety studies in MS (two in RMS, with Rebif as comparator; one in PPMS, with placebo as comparator).
One Phase II dose-finding study in RRMS.
Summaries and Clinical Study Reports (CSRs) of the experience with ocrelizumab in other conditions, including rheumatoid arthritis (RA, 9 studies), systemic lupus erythematosis (SLE, 2 studies), and non-Hodgkin’s lymphoma (NHL, 1 study). The sponsor is not seeking registration for any of these non-MS indications; in the context of the current submission, these 12 non-MS studies are primarily evaluable for PK/PD data, and for safety. Four of the 9 RA studies were Phase I or Phase II clinical pharmacology studies.
Four population pharmacokinetic analyses, including analyses based on MS studies and non-MS studies.
Pooled analysis of the two pivotal studies in RMS, Integrated Summary of Safety, summary of safety issues arising from non-MS studies, review of pregnancy cases across all ocrelizumab studies.
[bookmark: _Ref463176836][bookmark: _Toc475957035]Table 2: Overview of studies in multiple sclerosis
[image: ]
[bookmark: _Ref463176842][bookmark: _Toc475957036]Table 3: Overview of studies in rheumatoid arthritis
[image: ]
[bookmark: _Toc475957037]Table 4: Overview of studies in other indications
[image: ]
[bookmark: _Toc523996660]Paediatric data
The submission did not include paediatric data.
[bookmark: _Toc523996661]Good clinical practice
All studies were designed in accordance with the principles of Good Clinical Practice (GCP). One centre in one pivotal Study (WA21093) was found to have breached GCP, as described below:
The Roche Clinical Quality Assurance group or designee conducted audits at six investigator sites.
In addition, the Roche alliance partner/co-development partner Quintiles performed two investigator audits and one internal audit.
Critical audit findings of non-compliance with GCP were identified. Following the reporting of serious GCP non-compliance linked to a patient who became pregnant during the study conduct and delivered a stillborn baby under unclear circumstances, Roche conducted a directed Quality Assurance audit. The Principal Investigator (PI) oversight of the study and adherence to ICH GCP was inadequate as evidenced by non-adherence of protocol requirements, non-compliance with GCP requirements for the obtaining and documenting of patient informed consent, deficient documentation practices and general inadequate management of the study.
These deficiencies became apparent after the data was submitted, and were addressed in a supplementary report provided during the evaluation process. The sponsor performed sensitivity analyses excluding data from this centre. And the impact on the overall results was negligible. The revised results, with this study excluded, are considered to be more reliable than the original results and, where necessary, the PI and other documentation should be revised to reflect the new analysis.
4. [bookmark: _Toc355338639][bookmark: _Toc523996662]Pharmacokinetics
[bookmark: _Ref271017296][bookmark: _Ref271018924][bookmark: _Ref271018934][bookmark: _Toc272414614][bookmark: _Toc290846238][bookmark: _Toc475956863][bookmark: _Toc523996663]Studies providing pharmacokinetic data
All PK studies were performed in patients, in studies that also had efficacy and safety objectives, and the sponsor did not perform any conventional PK studies in healthy volunteers. Apart from the target populations for the abandoned RA indication and the proposed MS indications, no special populations have been assessed. The sponsor did not provide any specific PK data in the context of hepatic or renal impairment, and the submission contained no drug-interaction data. This is reasonable, given that the PK properties of monoclonal antibodies are reasonably well understood, and do not vary greatly from one monoclonal antibody to the next; monoclonal antibodies are also catabolised, so conventional drug interaction studies and mass-balance studies are not relevant; the drug is administered intravenously, so issues about food effects and bioavailability are also not relevant.
None of the pharmacokinetic analyses had deficiencies that excluded their results from consideration. Results across the different studies were also broadly concordant.
[bookmark: _Ref269118175][bookmark: _Toc272414616][bookmark: _Toc290846239][bookmark: _Toc475956864][bookmark: _Toc523996664]Summary of pharmacokinetics
The sponsor Summary of Clinical Pharmacology emphasised PK data derived from population-PK analyses in the pivotal MS studies. The PK analyses were conducted via nonlinear mixed-effects modelling, using the software NONMEM 7.3.0 (ICON Development Solutions), and applying the first-order conditional estimation method with INTERACTION option (FOCEI).
Additional data were derived from conventional PK analyses when ocrelizumab was being developed for the rheumatoid arthritis indication. In general, these different lines of evidence were broadly concordant.
The following information is largely derived from the sponsor summaries in the proposed PI, but it is consistent with the population-PK analyses and individual PK studies. The PK of ocrelizumab appears typical of IgG1 monoclonal antibodies.
[bookmark: _Toc272414617][bookmark: _Toc290846240][bookmark: _Toc475956865]Physicochemical characteristics of the active substance
Ocrelizumab is a recombinant humanised anti-CD20 monoclonal antibody (IgG1 subtype).and is therefore a complex protein. It is supplied in a concentrate solution for infusion.
[bookmark: _Ref271189106][bookmark: _Ref271189143][bookmark: _Toc272414618][bookmark: _Toc290846241][bookmark: _Toc475956866]Pharmacokinetics in healthy subjects
[bookmark: _Toc272414619][bookmark: _Toc290846242][bookmark: _Toc475956867]Absorption
Sites and mechanisms of absorption
Ocrelizumab is administered as an intravenous infusion. Because it is an immunoglobulin, which is a large, complex protein, it would be expected to undergo extensive degradation if administered by the oral route.
[bookmark: _Toc241374287][bookmark: _Toc272414620][bookmark: _Toc290846243][bookmark: _Toc475956868]Bioavailability
Availability by the proposed IV route is expected to be essentially complete. The proposed PI notes:
There have been no clinical studies performed with other routes of administration.
Dose proportionality
The PK of ocrelizumab is approximately linear and dose-proportional across the range of 400 mg to 2000 mg. Representative concentration-time curves and dose proportionality plots (Cmax and AUC) are shown from Study WA18230, below. Slightly higher clearance was observed at lower dose levels, consistent with target-mediated drug disposition and a proportionately higher number of available binding sites with lower doses.
[bookmark: _Toc475957181]Figure 2: Ocrelizumab concentration verse time, Study WA18230
[bookmark: _Toc475957182][image: ]
Figure 3: Dose-proportionality plots for ocrelizumab - single dose, Study WA18230
[image: ]
Exposure during multiple-dosing
Peak concentrations are not expected to vary substantially with repeat dosing, but clearance is likely to be altered by prior doses and subsequent B cell depletion (see the comments under non-renal clearance).
Effect of administration timing
Time of day is not expected to influence the PK of ocrelizumab.
[bookmark: _Toc241374288][bookmark: _Toc272414621][bookmark: _Toc290846244][bookmark: _Toc475956869]Distribution
Volume of distribution
The population PK estimate of the central volume of distribution was 2.78 L, whereas peripheral volume and inter-compartment clearance were estimated at 2.68 L and 0.294 L/day.
Plasma protein binding
Plasma protein binding has not been studied, but is not expected to be a major factor.
Erythrocyte distribution
Erythrocyte distribution has not been studied, but is expected to be minimal.
Tissue distribution
Ocrelizumab binds to B cells, which are then likely to be sequestered in immune tissues prior to destruction of the bound B cells. The clinical studies did not assess the extent of tissue distribution of ocrelizumab.
[bookmark: _Toc272414622][bookmark: _Toc290846245][bookmark: _Toc475956870]Metabolism
The proposed PI states:
The metabolism of ocrelizumab has not been directly studied, as antibodies are cleared principally by catabolism.
This is acceptable. Clearance of antibodies, both free and bound to B cells, is likely to be complex, and difficult to study using ordinary PK methodology.
Non-renal clearance
In the sponsor population-PK model, total ocrelizumab clearance was described as the sum of a constant clearance and a time-dependent clearance that decreased slowly and stabilized with continued time. The time-dependent clearance is likely to reflect the gradual depletion of CD20-positive B cells, and hence binding sites, in response to the treatment. The sponsor proposed this mechanism as follows:
The time-dependent clearance was likely attributable to target-mediated drug disposition via depletion of B cells, the target for ocrelizumab binding (and elimination). Initially the target is present in blood and tissue, and blood levels are depleted rapidly with treatment. Perhaps fewer tissue compartments may be accessible for B cell depletion, but re-circulation of B cells from tissue to blood (where they may be more easily depleted) leads to less target being available for binding over time. Thus, clearance decreases and becomes stable with continued treatment as the target is removed and reaches a new steady state.
This also implies that clearance is likely to be reduced for second and subsequent doses, if ocrelizumab is administered before B cells have returned to baseline levels.
In the sponsor summary of the MS population-PK data, ocrelizumab constant clearance and central volume were estimated at 0.17 L/day (95% CI: 0.166 to 0.174 L/day) and 2.78 L (95% CI: 2.71 to 2.85 L); peripheral volume and inter-compartment clearance were 2.68 L (95% CI: 2.53 - 2.82 L) and 0.294 L/day (95%CI: 0.251 to 0.337 L/day). The initial time-dependent clearance component (additional to the constant clearance) was estimated at 0.0489 L/day (95% CI: 0.0464 to 0.0514 L/day). This time-dependent component constituted 20% of the total initial clearance, and declined with a half-life of 33 weeks.
The terminal elimination half-life of ocrelizumab was 26 days.
0. [bookmark: _Toc241374289][bookmark: _Toc272414623][bookmark: _Toc290846246][bookmark: _Toc475956871]Excretion
Ocrelizumab, like other antibodies and complex endogenous proteins, is catabolised, rather than excreted.
0. [bookmark: _Toc241374291][bookmark: _Toc272414624][bookmark: _Toc290846247][bookmark: _Toc475956872]Intra- and inter-individual variability of pharmacokinetics
Overall inter-patient variability in PK parameters in MS patients was estimated to be moderate, with coefficient of variation (CV) of up to 30%.
0. [bookmark: _Toc241374292][bookmark: _Ref271189131][bookmark: _Ref271189136][bookmark: _Toc272414625][bookmark: _Toc290846248][bookmark: _Toc475956873]Pharmacokinetics in the target population
The sponsor main PK conclusions were drawn from population-PK analyses in the target population.
[bookmark: _Toc241374293][bookmark: _Toc272414626][bookmark: _Toc290846249][bookmark: _Toc475956874]Pharmacokinetics in other special populations
[bookmark: _Toc272414627][bookmark: _Toc290846250][bookmark: _Toc475956875]Pharmacokinetics in subjects with impaired hepatic function
PK in the setting of substantial hepatic impairment has not been studied, as subjects with significant liver disease were excluded from the pivotal MS studies there was no significant change in PK in patients with elevated liver enzymes.
The proposed PI includes the following statement:
Hepatic impairment: No formal PK study has been conducted. Patients with mild hepatic impairment were included in clinical trials and no change in the PK of ocrelizumab was observed in those patients.
This is reasonable.
[bookmark: _Toc272414628][bookmark: _Toc290846251][bookmark: _Toc475956876]Pharmacokinetics in subjects with impaired renal function
In the MS population of the pivotal studies, there was no change in PK in patients with mild renal impairment.
The proposed PI includes the following statement:
Renal impairment: No formal PK study has been conducted. Patients with mild renal impairment were included in clinical trials and no change in the PK of ocrelizumab was observed in those patients.
This is reasonable.
[bookmark: _Toc272414629][bookmark: _Toc290846252][bookmark: _Toc475956877]Pharmacokinetics according to age
It is unknown how the PK of ocrelizumab varies in the paediatric or elderly populations. The proposed PI includes the following statements:
Elderly Patients: No studies have been conducted to investigate the PK of ocrelizumab in patients ≥ 65 years.
Paediatric Patients: No studies have been conducted to investigate the PK of ocrelizumab in children and adolescents (< 18 years of age).
Given that MS is primarily a disease of young adulthood and middle age, this is acceptable.
[bookmark: _Toc272414630][bookmark: _Toc290846253][bookmark: _Toc475956878]Pharmacokinetics related to genetic factors
No known genetic factors affect the PK of ocrelizumab, and the word ‘genetic’ does not appear in the sponsor’s Summary of Clinical Pharmacology.
[bookmark: _Toc241374294][bookmark: _Toc272414632][bookmark: _Toc290846255][bookmark: _Toc475956879]Pharmacokinetic interactions
Pharmacokinetic interactions have not been studied.
[bookmark: _Toc241374296][bookmark: _Ref269982040][bookmark: _Ref271018704][bookmark: _Ref271018755][bookmark: _Toc272414635][bookmark: _Toc290846258][bookmark: _Toc475956880][bookmark: _Toc523996665]Evaluator’s overall conclusions on pharmacokinetics
The PK of ocrelizumab has been adequately assessed in the target population, and it is reasonably typical of a monoclonal IgG antibody, apart from the fact that its binding target becomes depleted with use, leading to a time-dependent component to clearance. Ocrelizumab is catabolised; so many conventional PK issues do not arise. The PK of ocrelizumab is adequately described in the proposed PI.
[bookmark: _Toc523996666]Pharmacodynamics
[bookmark: _Toc272414637][bookmark: _Toc290846260][bookmark: _Toc475956882][bookmark: _Toc523996667]Studies providing pharmacodynamic data
The key PD data for ocrelizumab, for the currently proposed indications, come from the three Phase III studies in RMS (Studies WA21092 and WA21093) and PPMS (Study WA25046), with supporting data from the Phase II Study WA21493 in RRMS. Similar data was obtained in the earlier RA studies. All PD studies were performed in patients, and the sponsor did not perform any conventional PD studies in healthy volunteers.
None of the PD analyses had deficiencies that excluded their results from consideration. PD results across the different studies were also broadly concordant, showing the expected decline in B cells after ocrelizumab administration, followed by B cell replenishment.
[bookmark: _Toc475957038]Table 5: Guide to synopses of studies providing pharmacodynamic data
	Rheumatoid arthritis studies
	Multiple sclerosis studies

	Synopsis 1. Study ACT2847g
A Randomized, Placebo-Controlled, Multicenter, Blinded Phase I/II Study of the Safety of Escalating Doses of Ocrelizumab (Pro70769) in Subjects with Moderate to Severe Rheumatoid Arthritis Receiving Stable Doses of Concomitant Methotrexate
Synopsis 2. Study WA18230
A randomized placebo-controlled, multicenter, Phase I/II study of the safety of escalating single intravenous doses of ocrelizumab (rhuMAb 2H7, RO4964913, PRO70769) in patients with moderate to severe rheumatoid arthritis receiving stable doses of concomitant methotrexate but with unsatisfactory clinical response
Synopsis 4. Study JA21963
Dose-Response Study of Ocrelizumab for Rheumatoid Arthritis
Synopsis 6. Study WA20494
A randomized, double-blind, parallel group, international study to evaluate the safety and efficacy of ocrelizumab compared to placebo in patients with active rheumatoid arthritis continuing methotrexate treatment
Synopsis 7. Study WA20495
A randomized, double-blind, parallel group, international study to evaluate the safety and efficacy of ocrelizumab compared to placebo in patients with active rheumatoid arthritis who have an inadequate response to at least one anti-TNF-α therapy
Synopsis 8. Study WA20496
A Randomized, Double-Blind, Parallel-Group, International Study to Evaluate the Safety and Efficacy of Ocrelizumab Given as a Single Infusion or Dual Infusion Compared with Placebo in Patients with Active Rheumatoid Arthritis Who Have an Inadequate Response to Methotrexate
Synopsis 9. Study WA20497
A randomized, double-blind, parallel group, international study to evaluate the safety and efficacy of ocrelizumab in combination with methotrexate (MTX) compared to MTX alone in methotrexate naïve patients with active RA
	Synopsis 10. PK Analysis of Study WA21493 in RRMS
Development of a Population Pharmacokinetic Model for Ocrelizumab In Patients With Relapsing-Remitting Multiple Sclerosis
Synopsis 11. Population PK and Exposure Response Analyses in RMS: Studies WA21493, WA21092, WA21093
Population Pharmacokinetic, Graphical Exposure-Efficacy and Graphical Exposure-Safety Analyses
of Ocrelizumab in Patients with Multiple Sclerosis
Synopsis 12. Population PK and Exposure Response in PPMS: Study WA25046
Population Pharmacokinetic, Graphical Exposure-Efficacy and Graphical Exposure-Safety Analyses of Ocrelizumab in Patients with Primary Progressive Multiple Sclerosis
Synopsis 13. ICON 165/118. Population PK in RA: Studies WA20494, WA20495, WA20496
Population Pharmacokinetic Analysis and Graphical Exposure-Safety and Efficacy Analyses of WA20494, WA20495 and WA20496. ICON 165/118


[bookmark: _Ref269119989][bookmark: _Toc272414639][bookmark: _Toc290846261][bookmark: _Toc475956883][bookmark: _Toc523996668]Summary of pharmacodynamics
[bookmark: _Toc241374299][bookmark: _Toc272414640][bookmark: _Toc290846262][bookmark: _Toc475956884]Mechanism of action
Ocrelizumab, as expected for a monoclonal antibody, selectively targets and binds to a specific antigen with high affinity, in this case the CD20 marker found on the surface of B-lymphocytes. B cells targeted by ocrelizumab are then cleared by components of the endogenous immune system, though precise details of the clearance mechanisms were not supplied. The clearance of CD20-expressing B cells from blood and associated lymphatic system is the primary mode of action of ocrelizumab, and is thought to underlie its efficacy in the treatment of MS.
To monitor B cell depletion, the sponsor used B cell count in peripheral blood as the primary PD marker. Because ocrelizumab binds to CD20, it obscures measurement of CD20-positive cells, so CD19 was used as an alternative B cell marker; this marker largely mirrors CD20 expression during B cell development, and the submitted data showed the expected decline in B cells when measured using cytometric flow assays for CD19+ cells, performed on peripheral blood.
[bookmark: _Toc241374300][bookmark: _Toc272414641][bookmark: _Toc290846263][bookmark: _Toc475956885]Pharmacodynamic effects
[bookmark: _Toc272414642][bookmark: _Toc290846264][bookmark: _Ref463180198][bookmark: _Ref463180235][bookmark: _Toc475956886]Primary pharmacodynamic effects
B cell counts in the four MS studies are displayed in the figures below. Similar results were obtained in each study, and these results closely resembled previous findings in RA studies. Exposure to ocrelizumab 600mg or 1000mg suppressed B cell counts profoundly in most subjects, with suppression below the lower limit of normal (LLN) maintained throughout the 24 week dose cycle in most subjects. Note that sampling of B cell counts was more frequent in the Phase II supportive study (figure below)
[bookmark: _Toc475957183]Figure 4: Study WA21493: Median B cell count
[bookmark: _Toc475957184][image: ]
Figure 5: WA21493: Time to B cell Repletion
[image: ]
[bookmark: _Toc475957185]Figure 6: RMS: Median B cell Count (WA21092, WA21093)
[image: ]
[bookmark: _Toc272414643][bookmark: _Toc290846265][bookmark: _Toc475956887]Secondary pharmacodynamic effects
In their population-PK-PD analysis of the three RMS studies, the sponsor performed an exposure-efficacy analysis, using relapse rate as a secondary PD marker, as shown below. There was no consistent pattern across exposure quartiles, and nothing in the data suggests that the dose used produced under-exposure and an inadequate PD effect in any quartile. This broadly suggests that the proposed dose is appropriate.
[bookmark: _Toc475957039]Table 6: RMS (WA21493, WA21092, WA21093): Occurrence of relapses by exposure category
[image: ]
[bookmark: _Toc475957040]Table 7: RMS (WA21092, WA21093): Protocol defined relapse rate by exposure quartiles
[image: ]
[bookmark: _Toc272414644][bookmark: _Toc290846266][bookmark: _Toc475956888]Time course of pharmacodynamic effects
The time course of the B cell depletion is shown in the figures above. B cells were depleted rapidly, within the first two weeks after exposure, and they remained low for most the proposed 24 week dosing cycle.
[bookmark: _Toc272414645][bookmark: _Toc290846267][bookmark: _Toc475956889]Relationship between drug concentration and PD effects
Population PK-PD analyses showed that the primary PD effect, B cell depletion, was partially affected by the concentration of ocrelizumab. When analysed by quartiles of exposure at the proposed dose, all concentrations produced a profound initial suppression of B cell counts, as shown in the figure below, but lower exposures led to an earlier return of some B cells than higher exposures. Most subjects nonetheless had very low B cell levels throughout the treatment cycle (the figure below shows the proportion of subjects with B cell counts that were zero or < 10 cells/mcL; the proportions of subjects with B cell counts below LLN was higher.)
[bookmark: _Toc475957186]Figure 7: RMS (WA21493, WA21092, WA21093): Fraction of patients with a B cell count of zero, respectively ≤ 10 cells/mcL, over time by ocrelizumab exposure at 600 mg
[image: ]
Note: This figure, supplied by the sponsor, is best viewed with colour-printout or colour monitor. Similar conclusions can be drawn from Study, which assessed duration and extent of B cell depletion according to dose, as shown in the figures and table below.
[bookmark: _Toc475957187]Figure 8: Median B cell profiles following iv ocrelizumab in subjects with rheumatoid arthritis and percentage of subjects with absolute B cell counts ≥ 40 cells/μL over time
[image: ]
[bookmark: _Toc475957041]Table 8: CD19 depletion parameters: available phase I/II data on day 168 (Week 24)
[image: ]
[bookmark: _Toc241374304][bookmark: _Toc272414646][bookmark: _Toc290846268][bookmark: _Toc475956890]Genetic-, gender- and age-related differences in PD response
Specific analyses of the PD effects of ocrelizumab according to genetic background, gender and age were not performed. In the pop-PK analyses, these factors did not produce significant variations in exposure. It would be expected that the immunosuppression induced by ocrelizumab could have additive clinical effects when combined with the immunosuppression observed at the extremes of age, but this has not been directly demonstrated.
[bookmark: _Toc241374303][bookmark: _Toc272414647][bookmark: _Toc290846269][bookmark: _Toc475956891]Pharmacodynamic interactions
Traditional PD interaction studies were not performed. It would be expected that ocrelizumab would have significant synergistic interactions with other immunomodulators or immunosuppressants. Although this could potentially lead to greater efficacy in the treatment of MS, the possibility has not been directly tested, and there are good reasons to suspect that combined therapy with ocrelizumab and immunosuppressive agents could be unsafe. When ocrelizumab was being developed as potential treatment for rheumatoid arthritis, it was combined with a number of other agents, including methotrexate (MTX), leflunomide and chronic prednisolone. In this setting, the risk of infection in ocrelizumab recipients appeared to be excessive, which is highly suggestive of a synergistic effect on the immune system. Combining ocrelizumab with immunosuppressive agents should therefore be avoided, with the exception of short courses of corticosteroids to treat MS relapses, which was allowed in the pivotal MS studies and did not lead to excessive infections.
From first principles, it might be expected that ocrelizumab, like any monoclonal antibody, could produce reduced efficacy if combined with other treatment modalities affecting immunoglobulin function or longevity, such as pooled intravenous gammaglobulin or plasma-exchange, both of which have been used in isolated cases to treat aggressive MS or other demyelinating inflammatory syndromes. The potential for such interactions, and the risks and benefits, would need to be considered on a case-by-case basis.
Substantial interactions could occur between ocrelizumab and vaccines. On the one hand, the efficacy of vaccines relying on B cell activation could be compromised by ocrelizumab. On the other hand, live vaccines could pose a risk if administered to ocrelizumab recipients, because the normal immunological suppression of the live agents could be compromised by the immunosuppressive effects of ocrelizumab. The potential for interactions of this nature was not explored in the submitted data, but the sponsor has studies underway to clarify this issue.
The proposed PI contains appropriate warnings about the potential risks of combining ocrelizumab with other immunosuppressive agents and vaccines.
[bookmark: _Ref269983272][bookmark: _Toc272414648][bookmark: _Toc290846270][bookmark: _Toc475956892][bookmark: _Toc523996669]Evaluator’s overall conclusions on pharmacodynamics
The PD response to ocrelizumab has been adequately characterised, and consists of a rapid and profound depletion of CD20+ B cells, assessed in the major clinical studies using the B cell marker CD19. Although low levels of B cell reappeared towards the end of the dose cycle in some subjects, levels remained very low in most subjects throughout the treatment cycle.
5. [bookmark: _Toc523996670]Dosage selection for the pivotal studies
All of the Phase III studies in Ms assessed the proposed ocrelizumab dose of 600 mg. The sponsor rationale for the selection of that dose was based on the previous experience with the RA indication.
During the clinical development of ocrelizumab for RA, the sponsor investigated doses in the range 20 mg to 2000 mg. In a Phase I/II dose escalation study in patients with RA (CSR ACT2847g), dose groups ≤ 100 mg demonstrated reduced clinical efficacy, earlier return of peripheral blood B cell counts, and higher rates of immunogenicity. The B cell depletion profiles in peripheral blood were similar for all of the higher dose groups receiving ≥ 400 mg, suggesting that maximum peripheral B cell depletion was reached above 400 mg. Also, the PK of ocrelizumab was approaching linearity at doses ≥ 400 mg, and the sponsor took this to indicate that this dose approached saturation of the target mediated drug disposition. Also, doses ≥ 400 mg were noted to provide greater clinical benefit in a number of clinical endpoints for RA: the American College of Rheumatology score, disease activity score (DAS) remission, swollen joint count (SJC) of 0, and European League against Rheumatism (EULAR) ‘good’ response.
The sponsor also reasoned that that brain exposure to ocrelizumab might be necessary in patients with MS, and higher doses might be needed to penetrate the blood-brain barrier. Accordingly, doses of 600 mg and 2000 mg were assessed in the Phase II dose finding study of ocrelizumab in patients with RRMS, Study WA21493. The primary efficacy analysis at 24 weeks in this study did not suggest any additional benefit of the higher dose. So the lower dose of 600 mg was selected for the subsequent pivotal studies in both RMS (WA21092, WA21093) and PPMS (WA25046).
Overall, this approach to dosing is reasonable. It remains somewhat unclear whether a lower dose, such a 400 mg, would have been appropriate.
6. [bookmark: _Toc523996671]Clinical efficacy
The sponsor has submitted four studies assessing the efficacy of ocrelizumab in MS, including one Phase II study in RRMS, two identical pivotal Phase III studies in ‘RMS’ (including RRMS and other relapsing subtypes), and one Phase III study in PPMS.
[bookmark: _Toc475956895][bookmark: _Toc523996672][bookmark: _Ref271037274][bookmark: _Toc272414652][bookmark: _Toc290846274]Pivotal efficacy studies in Relapsing MS
The sponsor submitted three studies in RMS, two of which were identical in design and were designated as pivotal (WA21092 and WA21093), and one of which was a supportive study in subjects with RRMS.
[bookmark: _Toc475957042]Table 9: Submitted ocrelizumab studies in relapsing MS
[image: ]
[bookmark: _Ref243301615][bookmark: _Ref271040927][bookmark: _Ref271040932][bookmark: _Toc272414653][bookmark: _Toc290846275][bookmark: _Toc475956896]Studies WA21092 and WA21093
‘Protocol WA21092 – A randomized, double-blind, double-dummy, parallel-group study to evaluate the efficacy and safety of ocrelizumab in comparison to interferon beta-1a (Rebif) in patients with relapsing multiple sclerosis.’
‘Protocol WA21093 – A randomized, double-blind, double-dummy, parallel-group study to evaluate the efficacy and safety of ocrelizumab in comparison to interferon beta-1a (Rebif) in patients with relapsing multiple sclerosis.’
These studies also referred to as OPERA I and OPERA II, shared almost identical designs, so they are described together below, with differences noted where relevant.[footnoteRef:2] Both studies were international, multicentre, randomised, parallel-group, double-blind, double-dummy, parallel-group active-comparator trials comparing the efficacy and safety of ocrelizumab 600 mg IV (every 24 weeks) with interferon β-1a 44 µg SC (Rebif, three times weekly) in RMS patients, with major endpoints assessed at 96 weeks (1.8 years). Although the studies were conducted independently and the primary results were reported separately, some secondary endpoints were prospectively identified as pooled endpoints to be analysed across both studies. [2:  During evaluation of this submission, the Sponsor reported that one study centre in WA21093 had been found to deviate from GCP, and the major efficacy endpoints for this study were recalculated with this study excluded. The differences were very minor, and the new analysis does not substantially alter interpretation of Study WA21093. The new results for WA21093 are considered to be the most valid results, and should be the results reported in the PI, but some summary tables and pooled analyses included in this report include the old results; use of the old data is flagged where relevant.] 

[bookmark: _Toc475956897]Study design, objectives, locations and dates
The primary objective of both studies was to assess the efficacy of ocrelizumab versus interferon β-1a as measured by annualised relapse rate (ARR) after 96 weeks (1.8 years, often inaccurately described as ‘2 years’ in the sponsor reports). The studies also included clinical assessments of disability (confirmed disability progression (CDP), confirmed disability improvement (CDI) and Multiple Sclerosis Functional Composite (MSFC)), MRI measures (T1 Gd-enhancing, T2 hyperintense and T1-hypointense lesions and brain volume), health related quality of life (Short Form-36 questionnaire (SF-36)) and the proportion of patients achieving no evidence of disease activity (NEDA).
Study WA21092 was conducted in 32 countries (141 investigational sites), as follows: Argentina (3), Australia (1), Austria (1),Belgium (3), Bulgaria (5), Brazil (3), Switzerland (2), Chile (1), Czech Republic (6), Germany (10), Spain (4), Estonia (2), Finland (1), France (5), United Kingdom (2), Hungary (3), Israel (1), Italy (4), Lithuania (3), Latvia (2), Mexico (2), Netherlands (1), Peru (4), Poland (4), Portugal (1), Russian Federation (11), Serbia (3), Slovakia (4), Tunisia (3), Ukraine (5), South Africa (1), USA (40). It randomised its first patient on 31-Aug-2011, and had a data cut-off date of 02-Apr-2015.
Study WA21093 was conducted in 24 countries (166 investigational sites), as follow: Argentina (2),Belgium (1), Bulgaria (4), Bosnia and Herzegovina (2), Belarus (4), Brazil (3), Canada (8), Czech Republic (4), Germany (10), Spain (10), France (7), United Kingdom (4), Croatia (4), Ireland (1), Italy (10), Mexico (6), Norway (1), Poland (9), Russian Federation (9), Slovakia (3), Sweden (4), Turkey (8), Ukraine (4), USA (48). It ran in parallel with WA21092, randomising its first patient on 20-Sep-2011 and had a data cut-off date of 12 May 2015.
[bookmark: _Toc475956898]Inclusion and exclusion criteria
Both studies had the same entry criteria. The target population consisted of adult patients with ‘relapsing forms of MS’ (RMS), including subjects with RRMS, SPMS and on-going relapses, or relapsing progressive MS, who had experienced at least 2 relapses in the previous 2 years and had EDSS ≤ 5.5.
These entry criteria are not standard, and raise some problems of interpretation. Most major MS studies leading to registration of new disease-modifying agents have recruited subjects with RRMS, and, for most of these studies, SPMS has been explicitly listed as an exclusion criterion. Efficacy in RRMS and SPMS has been shown to be different for most disease-modifying agents, with greater efficacy demonstrated for RRMS than for SPMS. Accordingly, the efficacy of ocrelizumab in these two major disease categories cannot be assumed to be equivalent. The failure to assess the efficacy of ocrelizumab separately in pivotal studies focussed on subjects with RRMS and SPMS means that, potentially, a study of this design could create the spurious impression that efficacy in SPMS was adequate when, in fact, the benefit was wholly or largely confined to subjects with RRMS.
For ocrelizumab, this methodological concern is less pressing because efficacy in primary progressive MS has been demonstrated in a separate pivotal study. The efficacy of ocrelizumab in RRMS was also assessed in a supportive study using a radiological primary endpoint. It nonetheless remains unclear how effective ocrelizumab is in SPMS, because it has not been directly studied in this population.
Also, given that interferon β-1a (Rebif) is not usually considered effective in subjects with SPMS, and is not registered for this indication, the inclusion of subjects likely to be resistant to the active comparator raises substantial difficulties of interpretation. Ocrelizumab has been compared with an active comparator that has been methodologically disadvantaged because it has been applied to subjects outside its intended target population.
Inclusion criteria
Ability to provide written, informed consent and be able to follow the schedule of protocol assessments (patients who were unable to complete exploratory assessments due to physical/disease limitations were not excluded from the study)
Ages 18 to 55 years at screening, inclusive
Diagnosis of MS, in accordance with the revised McDonald criteria (2010)
At least 2 documented clinical attacks within the last 2 years prior to screening, or one clinical attack in the year prior to screening (but not within 30 days prior to screening)
Neurological stability for ≥ 30 days prior to both screening and baseline
EDSS from 0 to 5.5, inclusive, at screening
Documented MRI of brain with abnormalities consistent with MS prior to screening
Patients of reproductive potential using reliable means of contraception.
For patients of non-reproductive potential:
Women were enrolled if postmenopausal
Men were enrolled if they were surgically sterile (castration).
Exclusion criteria
Exclusion criteria included a diagnosis of primary progressive MS, major concomitant diseases, pregnancy, or coexistent neurological diseases or treatments that could confound assessment. The details are listed in the Appendix of this evaluation report. Overall, the exclusion criteria appeared appropriate, and were aimed at obtaining a study population in which efficacy and safety could be clearly assessed.
Exclusion of subjects with major concomitant diseases means that the safety of ocrelizumab has not been assessed in the setting of severe hepatic or renal impairment.
[bookmark: _Toc475956899]Study treatments
Patients were randomised 1:1 to active ocrelizumab or active interferon, and all patients also received placebo in a double-dummy design.
Ocrelizumab (or matching placebo) was administered at a dose of 600mg by IV infusion every 24 weeks, but the first 600mg was split into two doses of 300mg separated by 14 days. Subsequent doses consisted of a single IV infusion of 600 mg ocrelizumab. Interferon recipients received ocrelizumab-placebo instead. Patients remained under observation for at least 1 hour after the completion of each infusion. Approximately 30 minutes prior to every infusion, patients were also administered 100 mg IV methylprednisolone (or an equivalent dose of alternative steroid), as well as other optional pre-medication treatments, to lower the risk of infusion-related reactions (IRRs).
Interferon beta-1a 44 µg (Rebif) or matching placebo was administered SC three times weekly from pre-filled syringes; this is the standard registered dose for Rebif. As is standard practice, subjects commenced on a lower dose and titrated upwards, and reverted to a lower dose if high doses were not tolerated (see the table below). The first dose was administered by a nurse or physician and subsequent doses were self-administered.
[bookmark: _Toc475957043]Table 10: Overview of Interferon Beta-1a/placebo dosing regimen
[image: ]
[bookmark: _Toc475956900]Efficacy variables and outcomes
The primary efficacy endpoint was the protocol-defined annualised relapse rate (ARR) at 96 weeks.
A protocol-defined relapse (PDR) was defined as:
new or worsening neurological symptoms attributable to MS
symptoms persisting for > 24 hours
symptoms not attributable to confounding clinical factors (fever, infection, injury, or adverse reactions to medications)
symptoms immediately preceded by a stable or improving neurological state for ≥ 30 days
Secondary efficacy endpoints were listed as follows:
The time to onset of confirmed disability progression (CDP) that persisted for ≥ 12 weeks (12week CDP), with the initial event of neurological worsening occurring during the 96 week treatment period
The total number of T1 Gd+ lesions detected by brain MRI at Weeks 24, 48, and 96
The total number of new or enlarging T2 hyperintense lesions detected by brain MRI at Weeks 24, 48, and 96
The proportion of patients with confirmed disability improvement (CDI) for ≥ 12 weeks (12 week CDI), with the initial event of neurological improvement occurring during the 96 week treatment period
The time to onset of CDP for at least 24 weeks (24 week CDP), with the initial event of neurological worsening occurring during the 96 week, double-blind, double-dummy treatment period
The change in MSFC score from baseline to Week 96
The percentage change in MRI brain volume from Week 24 to Week 96
The change in SF-36 PCS Score from baseline to Week 96
The proportion of patients with NEDA by Week 96
Disability progression was defined as an increase the EDSS score of:
≥ 1.0 point from the baseline EDSS score when the baseline score was ≤ 5.5
≥ 0.5 point from the baseline EDSS score when the baseline score was ≤ 5.5
that was not attributable to another aetiology, such as fever, concurrent illness, or concomitant medication.
Most endpoints were assessed in each pivotal study separately, but CDP (12 week CDP and 24 week-CDP) and CDI (12 week CDI) were pooled to improve the statistical power of the analysis. This was a reasonable approach, as these endpoints only occurred in a minority of subjects.
[bookmark: _Toc475957188]Figure 9: Hierarchical order of key efficacy endpoints, pivotal RMS Studies
[image: ]
[bookmark: _Toc475956901]Randomisation and blinding methods
Eligible patients were randomised to ocrelizumab or interferon in a 1:1 ratio, using an independent interactive voice and web response system (IxRS). Randomisation was stratified by region (United States versus rest of the world (ROW)) and by baseline EDSS (< 4.0 versus ≥ 4.0), with a block size of 4 subjects.
Blinding to treatment allocation relied on the use of identical appearing vials and pre-filled syringes in each treatment group. Also, clinical study assessments were performed by an investigator who was not involved in medical management of the patient and who did not have access to patient data. The examining investigator performed the neurological examination, and documented the Functional System Scores (FSS), EDSS and the Karnofsky Performance Status Scale.
Select laboratory parameters that could have led to unblinding were also concealed from the treating team, and MRIs were assessed using a blinded central reporting system.
Despite these measures, it is likely that some degree of unblinding occurred, largely because of the known, tell-tale side effects associated with interferon beta (including injection site reactions and flu-like malaise after each active injection), and the excess of IRRs in the ocrelizumab group.
The sponsor does not appear to have taken any steps to determine the extent of accidental unblinding. This could have been achieved by asking patients and physicians to guess the assigned treatment at the end of the study. The failure to assess this represents a considerable methodological flaw in the studies, but the results were sufficiently robust that it is unlikely to have modified the overall conclusions.
[bookmark: _Toc475956902]Analysis populations
The main analysis population was the intent–to-treat (ITT) population, which included all randomised subjects. Patients in the ITT population were analysed according to their randomised treatment group regardless of whether they received an incorrect treatment or withdrew from the study.
Sensitivity analyses were performed in the per-protocol (PP) population, which included all subjects who received their randomised treatment and did not have major protocol violations.
The safety population included all patients who received any study drug, analysed according to the actual drug received.
[bookmark: _Toc475956903]Statistical methods
The studies were designed as a conventional superiority studies. The primary efficacy variable, ARR up to 96 weeks, was compared for the OCR group and the IFN group using a negative binomial model adjusting for region (United States versus ROW) and baseline EDSS (< 4.0 versus ≥4.0). If the difference between the OCR and IFN groups was statistically significant at α < 0.05 (two-sided test), in favour of ocrelizumab, it was to be concluded that ocrelizumab had superior efficacy, compared with interferon beta-1a.
A similar approach was taken for secondary efficacy parameters, which were tested at the 5% significance level (α = 0.05) against two-sided alternatives. Hierarchical methods were used to account for multiplicity issues, with endpoints ranked in terms of importance (see the figure above). Lower ranking endpoints to be considered non-significant if superiority was not demonstrated for all higher endpoints.
[bookmark: _Toc475956904]Sample size
Based on previous RRMS trials, including the Phase II supportive trial of ocrelizumab, the ARR at 96 weeks in patients receiving ocrelizumab was predicted to be 0.165 (with a standard deviation (SD) of approximately 0.60), compared with 0.33 (SD of approximately 0.80) in patients receiving interferon beta-1a, representing a relative reduction of 50% on ocrelizumab. Sample-size estimations for this endpoint were based on a t-test (although a t-test was not actually used in the final analysis of the results). A group size of 400 patients was predicted to provide 84% power, with a type I error rate of 0.05, and assuming a drop-out rate of approximately 20%.
For sample size estimation for the key secondary endpoint of confirmed disability progression, the sponsor used a two group log-rank test, with the assumption of exponential survival and exponential dropout. Assuming a 2-year CDP rate of 18% for the IFN group and 12.6% for the OCR group, consistent with a relative reduction of approximately 30% on ocrelizumab compared to interferon beta-1a, and assuming a dropout rate of 20 percent over 2 years, the sponsor estimated that a pooled sample size of 800 per treatment across both studies would provide 80% power, maintaining the type I error rate of 0.05, in the pooled analysis of two RMS trials.
The studies achieved this recruitment goal, and achieved clear statistical significance for ARR and CDP, confirming that the studies were adequately powered.
Comment: The studies were not powered for any specific subgroup analysis and, for the important subgroup of SPMS, the studies were clearly underpowered for all major endpoints.
[bookmark: _Toc475956905]Participant flow
Participant flow in the two pivotal RMS studies is summarised in the figures below. In each study, > 1000 subjects were screened and > 800 were randomised. Most subjects completed the main double-blind 96 week treatment period. In WA21092, the proportion of patients completing 96 weeks was higher in the OCR group (89%). than in the IFN group (83%). Similarly, in WA21093, the proportion of patients completing 96 weeks was higher in the OCR group (86%) than in the IFN group (77%). Given that subjects are more likely to discontinue if they are doing poorly, this may have created a slight withdrawal bias against ocrelizumab. Overall, these completion rates are acceptable for studies of this nature, and do not raise substantial methodological concerns.
[bookmark: _Toc475957189]Figure 10: Patient disposition, Study WA21092
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[bookmark: _Toc475957190]Figure 11: Patient disposition, Study WA21093
[image: ]
Reasons for withdrawing from the double-blind treatment period are summarised below.
[bookmark: _Toc475957044]Table 11: Reasons for withdrawal from the double-blind treatment period (ITT population), study WA21092
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[bookmark: _Toc475957045]Table 12: Reasons for withdrawal from the double-blind treatment period (ITT population), Study WA21093
[image: ]
[bookmark: _Toc475956906]Major protocol violations/deviations
In Study WA21092, the PP population included 780 patients (95% of the 821 patients in the ITT population), with the remaining patients (5%) excluded from the PP population because of significant protocol violations. The most common violations were that the patients received study medication that had been mishandled (for example, incorrect storage temperature), which was reported in 16 patients (2%), or they had ‘neurological instability’ (changing neurological signs or symptoms) in the 30 days prior to screening and baseline (12 patients (1%)).
In Study WA21093, the PP population consisted of 798 patients (96% of the 835 patients in the ITT population). The most common protocol violations were, again, that patients received study medication that had been mishandled (16 patients (2%)) or showed neurological instability within the 30 days prior to screening and baseline (9 patients (1%)).
Occasional doses of incorrect medication were administered, with 3 subjects in WA21092 and 1 subject in WA21093 receiving single doses of active interferon instead of placebo.
The sponsor provided complete listings of all major protocol violations in each study (affecting 41 subjects in WA21092 and 37 subjects in WA21093), in multi-page tables not suitable for reproduction in this report. A review of these violations did not raise substantial methodological concerns. They included mishandling of medication (particularly problems with the storage temperature) and violations of entry criteria, including randomisation prior to completion of baseline laboratory screening.
Overall, the number of protocol violations was acceptable for a study of this nature.
[bookmark: _Toc475956907]Baseline data
The first four tables below summarise the baseline demographic and stratification data for each study, in the ITT population. There were no important differences between treatment groups.
The subsequent six tables summarise some of the baseline disease characteristics in each study, as provided by the sponsor. But unfortunately the tables do not indicate what proportion of subjects had RRMS and what proportion had other MS diagnoses. The inclusion of subjects with SPMS means that compared to many other studies in MS, both of these studies assessed a broader spectrum of disease severity and duration than is usually assessed. Also, for interferon β-1a (Rebif), the study population included an unknown proportion of subjects in whom treatment with interferon would not normally be considered. Apart from this, the study population appears to have been reasonably representative of the usual subjects contemplating disease-modifying therapy in MS.
[bookmark: _Toc475957046]Table 13: Summary of demographic data (ITT Population), WA21092
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[bookmark: _Toc475957047]Table 14: Baseline stratification factors, ITT Population, Study WA21092
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[bookmark: _Toc475957048]Table 15: Summary of demographic data (ITT Population), WA21093
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Table 16: Summary of demographic data (ITT Population), WA21093
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[bookmark: _Toc475957049]Table 17: Baseline stratification factors, ITT Population, Study WA21093
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[bookmark: _Toc475957050]Table 18: Baseline disease history– multiple sclerosis (ITT Population), Study WA21092
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[bookmark: _Toc475957051]Table 19: Baseline disease characteristics – relapses (ITT Population), Study WA21092
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[bookmark: _Toc475957052]Table 20: Baseline disease characteristics – brain MRI (ITT Population), Study WA21092
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[bookmark: _Toc475957053]Table 21: Baseline disease history– multiple sclerosis (ITT Population), Study WA21093
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[bookmark: _Toc475957054]Table 22: Baseline disease characteristics – relapses (ITT Population), Study WA21093
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[bookmark: _Toc475957055]Table 23: Baseline disease characteristics – brain MRI (ITT Population), Study WA21093
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[bookmark: _Toc475956908]Results for the primary efficacy outcome
Results for the primary endpoint in both studies (annualised relapse rate, ARR) are summarised in the table excerpts below, as originally reported in the Summary of Clinical Efficacy. The results were very similar across studies, indicating high reproducibility of the results: the ARR was 0.292 and 0.290 relapses/year in the two placebo groups, compared to 0.156 and 0.155 in the two ocrelizumab groups, for Studies WA21092 and WA21093, respectively. This is consistent with rate ratios of 0.536 and 0.532, values that are highly statistically significant (p < 0.0001) and clinically worthwhile, representing a reduction of 46-47% in the relapse rate on ocrelizumab, relative to active treatment with interferon β-1a, which is itself clinically superior to placebo.
These results are impressive, especially given that the patients included some subjects with SPMS, who would normally be considered relatively resistant to treatment. Also, the sponsor has chosen an active comparator, Rebif that is considered among the most effective of the first-generation disease-modifying agents in MS. In several other active-controlled MS studies (including the supportive Phase II ocrelizumab Study, WA21493), a different dose and formulation of interferon β-1a has been chosen as the active comparator: Avonex, which is administered as 30µg IM once weekly. In head-to-head studies, Avonex has shown inferior efficacy results to higher-dose interferon treatments, so it is possibly easier for a new agent to demonstrate superiority over Avonex than over Rebif. The sponsor has therefore chosen an ambitious head-to-head design, and nonetheless achieved results that show clear superiority of ocrelizumab over an accepted and adequately dosed first-line agent.
It should be noted, however, that Rebif (and other β interferons) are not generally indicated for subjects with SPMS, so it could be argued that Rebif has been methodologically disadvantaged by the study design, because it has been used outside its expected target population. This highlights the need for subgroup analyses assessing the individual disease subtypes.
[bookmark: _Toc475957056]Table 24: Annualised relapse rate, ITT Population, Study WA21092
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[bookmark: _Toc475957057]Table 25: Annualised relapse rate, ITT Population, Study WA21093
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The sponsor has since reported that one study centre in WA21093 deviated from GCP, and new results for that study have been submitted that exclude the centre concerned. These revised results are shown below. The ARR ratio only differs from the original results in the third decimal place, because only 3 relapses were reported from that centre, and the overall conclusions are not altered.
The 6 patients randomized at Centre # 209771 experienced a total of 3 PDRs (two in the IFN group and one in the OCR group (…). Given the small number of patients and PDRs at Centre # 209771, sensitivity analyses excluding patients from this site were consistent with the ITT and PP main analyses presented in the WA21093 Primary CSR ((Table below)).
[bookmark: _Toc475957058]Table 26: Comparison of results of study WA21093 main analyses of primary endpoint for Study WA21093 (Annualized protocol-defined relapse rate by 2 years) with sensitivity analyses excluding patients from Centre # 209771
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The sponsor also performed a number of sensitivity analyses of the primary endpoint, including assessments in the PP and Safety populations, and with different statistical models and different approaches to missing data. As shown in the tables below, the results were similar in all of these analyses, and produced strong statistical results (p < 0.0001). This strongly suggests that, considering the whole cohort, the results were statistically robust. The only major methodological concerns are whether the results in the whole cohort apply to all patient subgroups, particularly those with SPMS – this was not assessed by the sponsor.
[bookmark: _Toc475957059]Table 27: Sensitivity analyses of primary endpoint, Study WA21092
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[bookmark: _Toc475957060]Table 28: Sensitivity analyses of primary endpoint, Study WA21093
[image: ]
[bookmark: _Ref475197727][bookmark: _Ref475197733][bookmark: _Ref475457778][bookmark: _Ref475457782][bookmark: _Toc475956909]Subgroup analyses
In each of the pivotal RMS studies, the sponsor performed a subgroup analysis of the primary endpoint, with subgroups defined by age, gender, race and region, weight and BMI, EDSS and the presence or absence of baseline Gd+ lesions. Unfortunately, the sponsor did not assess any subgroup defined on the basis of disease subtype, despite the fact that the study had broader than usual inclusion criteria and recruited subjects with RRMS, SPMS and PRMS. Also, the subgroup analyses were presented in terms of rate ratios, rather than actual ARRs, so subgroups that were relatively resistant to both interferon β-1a and ocrelizumab could not be readily identified.
For all subgroups assessed, the overall hazard ratio was favourable, showing a trend to superiority of ocrelizumab, and in many subgroups the superiority was statistically significant despite the reduced statistical power associated with analysing a smaller population. For the few exceptions without significant superiority of ocrelizumab, the subgroups were generally small and in most cases the analysis was clearly underpowered.
[bookmark: _Toc475957061]Table 29: Annualized protocol defined relapse rate by week 96 (Negative Binomial Model) by Subgroup (ITT Population), Study WA21092
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The results for Study WA21092 are shown in the table above. For subjects without Gd+ lesions at baseline, the analysis failed to achieve statistical significance despite this being a relatively large subgroup (containing 252 interferon β-1a subjects and 233 ocrelizumab subjects). Furthermore, the 95%CI for the HR in the Gd-negative subgroup, despite being numerically favourable for ocrelizumab (rate ratio = 0.787), did not overlap the 95%CI for the HR in the Gd+ subgroup, which was much more strongly favourable for ocrelizumab (rate ratio = 0.313). This strongly suggests that ocrelizumab has much better efficacy in Gd+ subjects, or those with highly active disease, and is not necessarily superior to interferon β-1a in subjects with less active disease. A qualitatively similar result was observed in Study WA21093, as shown in the table below, but the 95%CIs for the HRs in Gd-negative and Gd+ subjects overlapped, and the rate ratios were more similar (Gd-negative 0.684, Gd+ 0.422).
[bookmark: _Toc475957062]Table 30: Annualized protocol defined relapse rate by week 96 (Negative Binomial Model) by Subgroup (ITT Population), Study WA21093
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Both studies also showed a difference in the treatment effect based on age, with younger patients (< 40 years) showing stronger superiority of ocrelizumab, but a favourable rate ratio was also observed in older subjects in each study.
Given that these subgroup analyses suggested a stronger treatment effect in younger patients with more active disease, it would be of particular interest to assess the efficacy of ocrelizumab in subjects with SPMS, who tend to be older and have less active disease. The sponsor should be asked to perform subgroup analyses of each study, and both studies pooled, based on the patients’ traditional disease subtype.
Additional analyses were performed based on resistance to first-line agents and disease activity. According to the sponsor summary of guidance from the EMA:
The sponsor pre-specified the four subgroups of active and highly active disease (containing both treatment naïve patients and patients who had inadequately responded to prior therapy) in the SAP. This was consistent with the final European MS guideline (EMA/CHMP/771815/ 2011, Rev. 2), which recommends that separate conclusions of the efficacy and safety in patients both with low and highly active MS should be provided at the time of benefit risk assessment. These subgroups and the results were presented to the Rapporteurs in January at the MAA pre submission meeting.
The four subgroups of interest are defined in the table below.
[bookmark: _Toc475957063]Table 31: Subgroup Definitions
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Results in these subgroups are shown in the table below for the primary efficacy variable, ARR, and for the key secondary variable of CDP in the subsequent table. Overall, subgroups with active or highly active disease at baseline showed a more favourable response to ocrelizumab than subjects with less active disease, particularly if they were identified as poor responders to first-line agents, but significant results were nonetheless obtained in the patients without highly active disease or without non-responder status. This is reassuring, suggesting benefit across a range of clinical settings, but it should be recalled that, according to entry criteria, all subjects were required to have some evidence of ongoing relapses. Efficacy in subjects with completely inactive disease would be expected to be minimal, and ocrelizumab would not ordinarily be considered appropriate for such subjects.
[bookmark: _Toc475957064]Table 32: Annualised relapse rate by clinical subgroup
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[bookmark: _Toc475957065]Table 33: Annualised relapse rate by clinical subgroup
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[bookmark: _Toc475956910]Results for other efficacy outcomes
Results for all of the major endpoints are summarised in the two tables below. Results are shown separately for Study WA21092 and Study WA21093, but the results were generally very similar across the two studies. The results for WA21093 do not include the minor adjustment resulting from exclusion of once centre that violated GCP, but the adjusted results are discussed below the tables.
Most secondary endpoints showed superiority of ocrelizumab over interferon β-1a. This included the key measures of disease progression: 12 week and 24 week CDP, in each individual study and in the prospective pooled analysis of both studies. In the pooled analysis, both 12- and 24 week CDP showed hazard ratios of 0.60 in favour of ocrelizumab (p = 0.0006 and p = 0.0025, respectively), broadly consistent with a 40% reduction in hazard. (The risk of progression over 96 weeks would be expected to be reduced by less than 40%, given that hazard ratios are based on instantaneous risk reductions: 12 week CDP rates were 9.75% verse 15.18%, consistent with a 36% relative reduction for ocrelizumab; the 24 week CDP rates were 6.51% verse 10.57%, consistent with a 38% relative reduction for ocrelizumab). MSFC, another measure of disease progression, showed no significant benefit of ocrelizumab. Given the clear benefits for most other measures, this may reflect poor sensitivity of the MSFC itself, which is performance-based and therefore subject to inter-trial variations.
Some subjects actually improved on treatment, despite the fact that they were considered neurologically stable at baseline. This could partially reflect recovery from unrecognised relapses. The proportion of subjects showing a 12 week Confirmed Disability Improvement (CDI) was 15.64% in the interferon β-1a group, compared to 20.7% in the ocrelizumab group (a relative ‘risk’ of improvement of 1.32, p = 0.0194).
Some of the p-values included in the tables appear nominally significant, but are marked as ‘non-confirmatory’ because they were ranked lower than other endpoints (such as MSFC) that failed to achieve statistical significance. An alternative approach to multiplicity analysis, modifying p-values according to the number of endpoints considered, could have rendered some of these non-confirmatory endpoints significant (NEDA, for instance, showed superiority of ocrelizumab with a p-value < 0.0001 in each study). Also, the strong concordance between the studies suggests that the benefit in the proportion of patients achieving NEDA was genuine. This is important, because NEDA is a highly sought-after goal of MS management, valued by both patients and clinicians. In Study WA21092, NEDA was achieved in 27.1% of interferon β-1a recipients, compared to 47.4% of ocrelizumab recipients, consistent with a substantial, clinically relevant benefit. In Study WA21093, NEDA was achieved in 24.1% of interferon β-1a recipients, compared to 43.9% of ocrelizumab recipients, which is broadly similar to the results seen in WA21092 and again represents a notable, clinically worthwhile achievement. The results suggest that about 5 subjects would need to receive ocrelizumab in pace of interferon β-1a 44 µg for 96 weeks to achieve one extra case of NEDA.
MRI endpoints also showed clear benefits for ocrelizumab over interferon β-1a, consistent with the clinical endpoints. The number of Gd+ lesions, new/enlarging T2 lesions and new T1 hypointense lesions all strongly favoured ocrelizumab (p < 0.0001 for each endpoint in each study individually). The results for Gd+ lesions were particularly striking, with the ocrelizumab groups showing only 5 to 6% of the number of lesions seen in the control group. New/enlarging T2 lesions were reduced to 17 to 23% of the lesions seen in the control group, and T1 ‘black holes’ were reduced to 36 to 43% of the counts seen in the control group.
Brain volume showed nominal superiority for ocrelizumab in Study WA21092 (p = 0.0042) and a favourable trend in Study WA21093 (p = 0.09). Given that active inflammation causes brain swelling, and progressive disease causes atrophy, an effective treatment would be expected to have a mixed effect on brain volume and clear demonstration of superiority for this endpoint may be difficult.
Health-related quality of life, as assessed by the SF-36 PCS, showed minor improvements in both ocrelizumab groups and deteriorations in both interferon β-1a groups. The difference was nominally significant (but non-confirmatory) in Study WA21093, but not significant in Study WA21092.
Overall, these secondary endpoints strongly confirm superiority of ocrelizumab over interferon β-1a in the overall study population. Most endpoints were clearly concordant across the two studies, and the different secondary endpoints were broadly consistent with each other and with the primary endpoint. Measures that clearly relate to inflammation (relapse rate, Gd+ lesions, T2 lesions) showed the strongest results, but benefits were also seen in markers of progression and accumulated disease burden (12 week and 24 week CDP, as well as T1 ‘black holes’). The magnitude of the observed benefits was clinically worthwhile.
[bookmark: _Toc475957066]Table 34: Summary of primary and secondary efficacy endpoints at week 96 (ITT Population, WA21092)
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Table 35: Summary of primary and secondary efficacy endpoints at week 96 (ITT Population, WA21092)
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[bookmark: _Toc475957067]Table 36: Summary of primary and secondary efficacy endpoints at week 96 (ITT Population, WA21093)
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Table 37: Summary of primary and secondary efficacy endpoints at week 96 (ITT Population, WA21093)
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The results shown in the table above do not account for the recent discovery that one centre in Study WA21093 violated GCP. Exclusion of this centre makes little difference to the overall interpretation. For CDP, the event rates and hazard ratios were not affected at all, but the statistical significance as summarised in the p-values was slightly altered because of the lower patient numbers. The sponsor summary of these changes is potentially misleading, because they imply that statistical significance was unchanged – this is only true of HRs, not p-values:
There were no events of 12 week CDP for patients at Centre # 209771. Hazard ratios were therefore unchanged and there was no impact on the statistical significance when comparing sensitivity analyses omitting this site with the main analyses presented in the WA21093 Primary CSR ((Table below)). Note that, as in the Primary CSR, the main analysis of 12 week CDP was conducted using pooled data from both studies WA21092 and WA21093 whereas sensitivity analyses were conducted using data from Study WA21093 only.
[bookmark: _Toc475957068]Table 38: Comparison of results of Study WA21093 main analyses of time to onset of confirmed disability progression sustained for at least 12 weeks with sensitivity analyses excluding patients from Centre # 209771
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[bookmark: _Toc475956911]Open-label extension
Patients completing the main double-blind study periods of the pivotal studies were invited to enter an open-label extension (OLE) phase, in which all subjects received ocrelizumab 600mg every 24 weeks. Although the assessment of efficacy during this phase was listed as an exploratory objective of the original pivotal studies, the OLE was still on-going at the time of the submission and no efficacy data from this phase was submitted. Given that treatment in the OLE was open-label and lacked a control group, it would be difficult to draw efficacy conclusions from this data anyway, and the main value of the OLE is that it allows further assessment of the long-term safety of ocrelizumab.
[bookmark: _Ref459734824][bookmark: _Ref459734827][bookmark: _Toc475956912]Pivotal efficacy study in primary progressive MS, Study WA25046
Protocol: Study WA25046 was a Phase III, multicentre, randomised, parallel-group, double blinded, placebo controlled study to evaluate the efficacy and safety of ocrelizumab in adults with primary progressive multiple sclerosis.
The sponsor only submitted one study in primary progressive MS (PPMS), Study WA25046. The failure to perform additional confirmatory studies in PPMS represents a considerable deficiency in the overall study program, particularly because there has been no previous study clearly showing that immunomodulation has a useful role in PPMS. The sole pivotal study with ocrelizumab therefore lacks even indirect support from the previous published experience with PPMS. The only other study assessing B cell depletion in PPMS, using rituximab, was negative overall, but did show efficacy in some subgroups (subjects who were younger, or had Gd+ scans at baseline).
In addition to providing the sole justification for the sponsor second proposed indication (use in PPMS, to ‘delay disease progression and reduce deterioration in walking speed’), this pivotal study plays an important supporting role for the first indication, use in ‘relapsing forms of MS’. If the findings of this study are accepted, and ocrelizumab has useful efficacy in PPMS, that makes it more likely that it also has efficacy in SPMS, a patient population in which ocrelizumab has not been adequately studied.
[bookmark: _Toc475956913]Study design, objectives, locations and dates
Study WA25046 was a multicentre, randomised, parallel-group, double-blind, placebo-controlled study that assessed the efficacy and safety of ocrelizumab in adults with PPMS. Double-blind treatment was continued for at least 120 weeks; subjects who were recruited early continued treatment beyond this minimum period.
The primary objective was to assess the efficacy of ocrelizumab 600 mg IV every 24 weeks compared with placebo, as measured by the time to onset of 12 week CDP in patients with PPMS. Secondary efficacy endpoints included other measures of disability (24 week CDP and timed 25 foot walk (T25-FW)), brain MRI outcomes (volume of T2 lesions and whole brain volume) and health related quality of life (SF-36).
An additional objective was to assess the safety of ocrelizumab in this population.
The study was conducted in 29 countries (182 investigational sites), consisting of: Australia (2), Austria (5), Belgium (2), Bulgaria (2), Brazil (4), Canada (7), Switzerland (2), Czech Republic (3), Germany (18), Spain (14), Finland (3), France (17), United Kingdom (5), Greece (3), Hungary (5), Israel (6), Italy (4), Lithuania (3), Mexico (4), Netherlands (2), Norway (1), New Zealand (2), Peru (3), Poland (7), Portugal (5), Romania (4), Russian Federation (1), Ukraine (11), USA (37).
The first patient was randomised on 3 March 2011, and the submitted data cover events up to data cut-off on 24 July 2015.
[bookmark: _Toc475956914]Inclusion and exclusion criteria
Essentially, the study recruited patients aged 18 to 55 years and EDSS 3.0 to 6.5, with a diagnosis of PPMS as per the revised McDonald criteria (2005), without a history of RRMS, SPMS or progressive relapsing multiple sclerosis.
Inclusion criteria
Detailed inclusion criteria were listed as follows:
1. Ability to provide written informed consent and to be able to follow the schedule of protocol assessments
2. Diagnosis of PPMS in accordance with the revised McDonald criteria (2005)
3. Ages 18 to 55 years inclusive
4. EDSS at screening from 3.0 to 6.5 points
5. Score of ≥ 2.0 on the Functional Systems (FS) scale for the pyramidal system that is due to lower extremity findings
6. Disease duration from the onset of MS symptoms:
a) less than 15 years in patients with an EDSS at screening > 5.0
b) less than 10 years in patients with an EDSS at screening ≤ 5.0
Documented history or presence at screening of at least one of the following laboratory findings in a CSF specimen (source documentation of laboratory results and method must be verified):
a) elevated IgG index
b) one or more IgG oligoclonal bands detected by isoelectric focusing
For sexually active female and male patients of reproductive potential, use of reliable means of contraception (…)
For patients of non-reproductive potential (…):
Women may be enrolled if postmenopausal (…);
Men may be enrolled if they are surgically sterile (castration).’
Exclusion criteria
Exclusion criteria were essentially the same as the pivotal RMS studies but relapsing forms of MS were listed as exclusion criteria instead of PPMS being listed as an exclusion criterion. In general the exclusion criteria were intended to remove subjects in whom ocrelizumab would be considered unsafe, and subjects in whom efficacy and safety assessments could be difficult to interpret because of confounding disease.
[bookmark: _Toc475956915]Study treatments
The overall dose of ocrelizumab was 600 mg every 24 weeks, continued for 120 weeks. Unlike the RMS studies, ocrelizumab in Study WA25046 was administered as two IV infusions of 300 mg separated by 14 days for all treatment cycles (The RMS studies divided the standard 600 mg ocrelizumab dose into two 300 mg doses for the first cycle but gave single infusions of 600 mg for subsequent cycles). Accordingly, the regimen used in this study does not quite match the dose in the proposed PI.
Patients randomised to placebo received matching placebo infusions instead.
[bookmark: _Toc475956916]Efficacy variables and outcomes
The primary efficacy endpoint was the time to onset of 12 week confirmed disability progression (12 week CDP) over the duration of the double-blind period (at least 120 weeks). As in the RMS studies, disability progression was defined as an increase of ≥ 1.0 point from baseline EDSS (for baseline EDSS≤ 5.5) or an increase of ≥ 0.5 points (for baseline EDSS> 5.5), not attributable to another aetiology (such as fever, concurrent illness, MS relapse or exacerbation, or concomitant medication). Disability progression had to be confirmed at a regularly scheduled visit at least 12 weeks after the initial disease progression.
The CSR specified five secondary endpoints, ranked as follows:
The time to onset of 24 week CDP
The change in 25-foot timed walk (25FTW) from baseline to Week 120
The change in total volume of T2 lesions on MRI scans of the brain from baseline to Week 120
The percentage change in total MRI brain volume from Week 24 to Week 120
The change in SF-36 PCS score from baseline to Week 120
To control for multiplicity issues, the sponsor tested the secondary endpoints using a hierarchical approach, with each endpoint to be analysed and potentially considered significant only if the primary endpoint and each preceding endpoint had reached a significance level of 0.05.
The CSR also listed several exploratory endpoints:
The proportion of patients with confirmed 12 week disability progression at Week 120
The change in EDSS (mean change and AUC) from baseline to Weeks 48, 96, and 120
The change in MSFC score from baseline to Weeks 48, 96, and 120
The time to confirmed disability progression over the treatment period, defined as an increase in EDSS that is sustained for at least 12 weeks (0.5 or 1 points, same criteria as for the primary endpoint time to 12 week CDP) or a 20% increase in 25-foot timed walk that is sustained for at least 12 weeks, or a 20% increase in the 9-hole peg test that is sustained for at least 12 weeks
The time to sustained 20 percent increase in 25 foot timed walk and 9-hole peg test (9HPT)
The proportion of patients with a 20 percent increase in 25FTW
The proportion of patients with a 20 percent increase in 9HPT
The change in PASAT from baseline to Week 120
The number of gadolinium-enhancing T1 lesions and number of new or enlarging T2 lesions as detected by brain MRI
The percentage change in cortical grey matter volume from baseline to Week 120
The percentage change in white matter volume from baseline to Week 120
The change from baseline in total non-enhancing T1 lesion volume on MRI scan of the brain
The change in fatigue, as measured by the MFIS total score and subscale scores (Physical Impact, Cognitive Impact, and Psychological Impact) from baseline to Week 120
The change in quality of life, as measured by the SF-36v2 MCS score from baseline to Week 120
An additional objective was to explore the PK and PD of effects of ocrelizumab.
[bookmark: _Toc475956917]Randomisation and blinding methods
Patients were randomised to ocrelizumab or placebo in a 2:1 ratio, using an automated IxRS.
Blinding was attempted by using identically appearing active and placebo infusions. Investigators assessing the EDSS and other efficacy measures were blinded to treatment allocation and were not directly involved in the patient’s management. MRIs were reported using a centralised, blinded approach, with reporting radiologists not involved in the patient’s care.
It is possible that some patients or clinicians became unblinded through tell-tale side effects, particularly IRRs, which were more common with ocrelizumab than placebo.
The extent to which the double-blind was maintained was not assessed. This could have been achieved by asking subjects and clinicians to guess the assigned treatment at the end of the blinded study period. The failure to assess this was a significant methodological flaw in the study.
[bookmark: _Toc475956918]Analysis populations
The sponsor defined ITT, PP and Safety Populations as previously described for the RMS studies. All major efficacy analyses were performed in the ITT population, with additional sensitivity analyses in the PP population.
[bookmark: _Toc475956919]Statistical methods
For the primary endpoint, the time to onset of 12 week-confirmed CDP, the ocrelizumab and the placebo groups were compared using a two-sided log-rank test stratifying by geographic region (US versus ROW) and age (≤ 45 versus > 45). The proportion of patients with confirmed disability progression was estimated using a Kaplan-Meier approach. The overall hazard ratio for 12 week CDP was estimated using a stratified Cox regression model with the same stratification factors.
Missing confirmation data for initial episodes of disease progression were handled by imputation if the patient discontinued prematurely. The sponsor provided a justification of this approach in the CSR:
There is evidence of higher EDSS confirmation rates in progressive versus relapsing MS with confirmation rates in progressive patients for 12 week CDP of approximately 80%. A PPMS patient who experiences initial disease progression (IDP) has an increased risk of disability progression compared to other patients without an initial event who are still ongoing in the treatment period. Patients who had an IDP and then discontinued the treatment early with no confirmatory EDSS assessments were, therefore, not censored as this would introduce substantial bias. This IDP was used as an event and these events are subsequently referred to as imputed events.
Patients who had initial disability progression with no confirmatory EDSS assessment and who were on treatment at time of CCOD were censored at the date of their last EDSS assessment. Patients who did not have initial disability progression at time of CCOD, time of early discontinuation, or loss to follow up were censored at the date of their last EDSS assessment that occurred during the treatment period.
This approach was reasonable, because most initial progressions in PPMS go on to become permanent progressions – this differs from the situation in RRMS, where many deteriorations in neurological function are due to relapses, and subsequently resolve. Patients who progress and then drop out prematurely are particularly likely to have suffered from disease progression. The sponsor also performed sensitivity analyses without imputation or with 50% of IDP assumed to progress to CDP. (The assumption of 50% confirmation produced significant results, but the analysis with no imputation did not achieve significance).
Secondary efficacy endpoints were also stratified by geographical region (United States versus ROW) and age (≤ 45 years versus > 45). The main statistical methods used are summarised in the table below, and included log rank tests, Cox regression, analysis of covariance (ANCOVA) and a mixed-effects model for repeated measures (MMRM).
[bookmark: _Toc475957069]Table 39: Statistical analysis of primary and secondary efficacy endpoints, Study WA25046
[image: ]
[bookmark: _Toc475956920]Sample size
Based on a rituximab Phase II/III trial in adults with PPMS (Study U2786g), the two-year progression rate among ocrelizumab recipients was predicted to be 30%, compared to 43% among placebo recipients. A two-group test of equal exponential survival with exponential dropout was used to determine the required sample size for 12 week CDP. A total of 253 disability events were expected to be required to maintain adequate statistical power. With a 2:1 randomisation ratio, a one-year accrual period, with an estimated 3.5 year maximum treatment period, and assuming a dropout rate of 20% over 2 years, the total sample size of 630 patients was expected to provide approximately 80% power for a type I error rate of 0.01, or approximately 92% power for a traditional type I error rate of 0.05.
The study randomised 732 patients, exceeding its recruitment targets, and it achieved significance for its primary endpoint, suggesting it was adequately powered.
[bookmark: _Toc475956921]Participant flow
A total of 732 patients were randomised into the study and entered the ITT population: placebo 244 patients verse ocrelizumab 488 patients. Of these, 725 received at least one dose of study medication (placebo 243 patients verse ocrelizumab 482 patients). A total of 549 patients (placebo 162 patients, 66%, verse ocrelizumab 387 patients, 79%) were still ongoing with double-blind treatment at the close of study (CCOD).
Patient disposition is summarised in the figure below. Most subjects reached the minimum planned treatment period of 120 weeks (ocrelizumab 82%, placebo 71%). Overall, these completion rates are acceptable for a study of this nature. Early dropouts were more common in the placebo group, which could have produced a slight withdrawal bias against ocrelizumab, given that subjects who are doing poorly in a study are usually more likely to withdraw. As shown in the table below the figure, the excess in premature withdrawals in the placebo group was mainly due to ‘lack of efficacy’ (11% versus 4%) and ‘withdrawal by subject’ (9% versus 5%). Withdrawals due to adverse events were similar in the two groups (5% placebo verse 4% ocrelizumab).
[bookmark: _Toc475957191]Figure 12: Overview of patient disposition (All patients, Study WA25046)
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[bookmark: _Toc475957070]Table 40: Reasons for withdrawal from the double-blind treatment period (ITT Population, Study WA25046)
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[bookmark: _Toc475956922]Major protocol violations/deviations
A total of 157 major protocol deviations occurred in 68 patients. Of these, 75 were deviations related to the inclusion or exclusion criteria, and 82 were deviations during study conduct. With the exception of one patient, all other patients with reported major protocol deviations remained on treatment after it was decided that the deviation did not compromise patient safety.
The PP population consisted of 702 patients (96% of the ITT population), with the remaining 30 ITT patients excluded from the PP group because of significant protocol violations. The PP population was balanced across the two treatment groups (232 (95% of ITT) placebo, 470 (96%) ocrelizumab).
The main reasons for exclusion from the PP population were listed by the sponsor as follows:
Received no dose of study treatment (placebo (1 patient, 0.4%) and ocrelizumab (6 patients, 1.2%)).
Received study medication that had been mishandled (for example, incorrect storage temperature, administration of study drug that had exceeded permissible stability criteria) (placebo (7 patients, 3%) and ocrelizumab (10 patients, 2%)).
Received ocrelizumab/ placebo other than the group to which they had been randomised (placebo (4 patients, 2%) and ocrelizumab (0 patients)).
Did not meet the criteria for diagnosis of PPMS in accordance with the revised McDonald criteria (placebo (0 patients) and ocrelizumab (1 patient, 0.2%).
Did not meet the EDSS screening criteria (placebo (0 patients) and ocrelizumab (1 patient, 0.2%).
In addition, four placebo patients received one dose of ocrelizumab instead of placebo for one of their study visits.
The number of protocol violations is acceptable for a study of this nature. Overall, these violations are not likely to have led to any substantial biases in favour of active treatment and, if there was any effect on the results, the failure to administer active drug to some patients may have led to a slight underestimate of the treatment effect.
[bookmark: _Toc475956923]Baseline data
The two treatment groups were well matched for demographic factors at baseline. About 50% of subjects were male, which is typical of the PPMS population and different from the usual 2:1 female preponderance seen in RRMS. The median age was 46 years (range 18 to 56 years).
The treatment groups were also reasonably well-matched for baseline stratification factors, and for disease characteristics, as shown in the subsequent tables. The placebo group had a shorter disease duration, overall, as shown in the mean and median disease duration, as well as the proportion with disease duration ≤ 3 years (22% placebo verse 17% ocrelizumab). The proportion with very long-standing disease (> 10 years) was similar (15% placebo verse 17% ocrelizumab).
Consistent with the general reduction in active inflammatory disease in PPMS, baseline MRI showed that the majority of patients had no T1 Gd+ lesions, and the proportions were similar in the two groups (placebo 75% verse ocrelizumab 73%). Other MRI measures were also well matched at baseline, as shown below.
[bookmark: _Toc475957071]Table 41: Summary of demographic data (ITT Population, Study WA25046)
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[bookmark: _Toc475957072]Table 42: Stratification factors, ITT Population, Study WA25046
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[bookmark: _Toc475957073]Table 43: Baseline disease characteristics, ITT Population, Study WA25046
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[bookmark: _Ref463286237][bookmark: _Toc475957074]Table 44: Baseline MRI characteristics, ITT population, Study WA25046
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[bookmark: _Toc475956924]Results for the primary efficacy outcome
The study met its primary endpoint with a 24% reduction in the instantaneous hazard for 12 week CDP in the ocrelizumab group compared with placebo (hazard ratio 0.76 (95% CI: 0.59, 0.98), p = 0.0321).The p-value achieved satisfied standard significance thresholds, but not the p-value of 0.01 anticipated by the sponsor during pre-study guidance discussions.
Over the main 120 week treatment period, 34.0% of placebo subjects and 30.2% of ocrelizumab subjects were estimated to have 12 week confirmed progression. The ocrelizumab group reached the 12 week CDP endpoint with 89% of the placebo incidence (30.2/34.0 = 0.89), for a relative risk reduction over 120 weeks of 11%. The absolute risk reduction was 3.8%, implying that about 26 subjects would need to receive treatment for 120 weeks to prevent one case of 12 week CDP. This is a very modest achievement, albeit one that is likely to be perceived as worthwhile by some patients and clinicians.
[bookmark: _Toc475957075]Table 45: Primary endpoint, 12 week confirmed disability progression (ITT, Study WA25046)
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In terms of the extent to which progression was delayed, visual inspection of the Kaplan-Meier plot suggests that ocrelizumab recipients progressed about 18 weeks later than the placebo recipients, but the sponsor did not present the results in terms of delay. To provide more clinical context, this should be estimated.
[bookmark: _Toc475957192]Figure 13: Kaplan-Meier plot of time to onset of 12-week confirmed disability progression during the double-blind treatment period (With Imputation, ITT Population, Study WA25046)
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The sponsor also performed a number of sensitivity analyses of the primary endpoint, using alternative imputation methods (including no imputation), or excluding subjects with potentially confounding factors, such as relapses. Not all of these alternative methods achieved statistical significance, but most of the important ones did, including the analysis in the PP population and an analysis excluding relapsing subjects. In general, analyses with lower populations were under-powered and did not achieve significance, and so did analyses which produced lower event rates by assuming that all initial but unconfirmed progressions resolved. Even when significance was not achieved, the hazard ratios remained favourable, and broadly consistent with the primary analysis.
This sensitivity analysis suggests that the results were not completely robust, because without imputing events the study would have produce a negative result, but the most realistic approaches to imputation (including the prospectively declared method) did produce a significant result. Also, as discussed below, most secondary endpoints were also positive, including objective radiological evaluator endpoints. On balance, this suggests that the treatment effect in this population is genuine, and the believes that the study should be accepted as positive, albeit with only modest clinical benefit. Some caution is needed in reaching this conclusion, though, because the study stands alone as the only submitted study of ocrelizumab in PPMS. If the sponsor use of imputed events in this single study were not accepted, the case for using ocrelizumab in PPMS would be very weak. The overall robustness of the evidence would have been greatly enhanced if the sponsor had submitted a second pivotal study in PPMS, or even a single Phase II supportive study in PPMS. These concerns are particularly relevant for PPMS, given the overall lack of evidence that immune modulation is useful in this disease subtype.
[bookmark: _Toc475957076]Table 46: Sensitivity analyses of primary endpoint (12-Week CDP), Study WA25046 [image: ]
[bookmark: _Ref475436491][bookmark: _Ref475436496][bookmark: _Toc475956925]Subgroup analyses of primary efficacy outcome
The sponsor performed a number of subgroup analyses of the primary endpoint, 12 week CDP, assessing the effect of age, gender, baseline EDSS, baseline Gd+ lesions, prior treatment and disease duration. Most of these analyses were underpowered and did not achieve statistical significance, but all showed trends in favour of ocrelizumab, and were broadly consistent with the results in the full study cohort (see table below).
None of the factors produced a significant statistical interaction with the treatment effect (second table below). Reassuringly, the hazard ratio was favourable in subjects with a long duration of disease or a high EDSS, a population in which the diagnosis of primary progressive MS has had many years to be established. On the other hand, several factors that were shown to affect responsiveness of PPMS to rituximab, another B cell depleting agent, seemed to have a broadly similar effect in this study. With rituximab, greater responsiveness (relative to placebo) was seen in younger patients and in those with baseline Gd+ MRI lesions. Similarly, for ocrelizumab, the HR was more favourable in subjects ≤ 45 yrs (HR 0.64 versus 0.88) and in those with Gd+ scans at baseline (HR 0.65 versus 0.84). The subgroup analysis of age in the ocrelizumab study differed from the one previously performed in rituximab in that the ocrelizumab analysis split the cohort at age 45 years, instead of at age 50. Although the trend for ocrelizumab remained weakly favourable in subjects aged > 45 (HR 0.88), it might be expected that subjects aged > 50 would have an even less favourable response to ocrelizumab. In the rituximab study, the median age of patients was 51 years, whereas the median age in the ocrelizumab study was 46 years, and this could account, in part, for the more favourable results observed in the ocrelizumab study. In both the current study and the rituximab study, only 25% of the patients demonstrated Gd+ on baseline brain MRI.
Raw event rates in these subgroups can be calculated from the table below, and converted to approximate relative risks over the 12 week study period. For older subjects, the event rate was 47/126 (0.373 events per study period) with placebo, and 89/257 (0.346) with ocrelizumab, consistent with a relative risk reduction of approximately 7% ((0.373-0.346)/0.373 x 100). The absolute risk reduction of 0.027 events per study period, implying that 37 such subjects would need to receive ocrelizumab for 120 weeks to prevent one event of 12 week CDP. Similar calculations can be performed for subgroups with high EDSS or inactive MRI scans, producing qualitatively similar conclusions.
Overall, the results suggest that a substantial part of the benefit of ocrelizumab in the PPMS population arises in younger subjects with active inflammatory disease, who may have pathogenic mechanisms more similar to those in RRMS. It should be recalled that many radiological lesions in MS are clinically silent, so there is clinical overlap between SPMS and PPMS; if early plaques appear in clinically silent regions, a patient could be classified as having PPMS, when another patient with an otherwise similar disease pattern would be classified as having RRMS and then SPMS, simply because the plaques appeared in different locations and caused clinically obvert relapses. To some extent, patients with the diagnostic label of PPMS and have Gd+ lesions on MRI, may have more in common with SPMS patients than with other PPMS patients who have no active lesions. The younger, Gd+ PPMS patients appear to be the most appropriate ones to receive ocrelizumab. The clinical benefit in older PPMS patients and/or inactive scans may be minimal, and has not been fully defined.
[bookmark: _Toc475957077]Table 47: Subgroup analyses of 12-week CDP (With Imputation), Study WA25046
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[bookmark: _Toc475957078]Table 48: Subgroup interaction analysis of 12-week CDP, Study WA25046
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[bookmark: _Toc475956926]Results for other efficacy outcomes
Results for secondary endpoints were generally favourable, demonstrating statistically significant efficacy of ocrelizumab versus placebo.
Ocrelizumab was associated with in a 25% hazard reduction for 24 week CDP in the ocrelizumab group compared with placebo (hazard ratio 0.75 (95% CI: 0.58, 0.98), p = 0.0365), which is very similar to the results observed with 12 week CDP, suggesting that the results did not critically depend on the precise definition of progression.
Ocrelizumab was also associated with a 29% relative reduction in the T25-FW progression rate from baseline to Week 120 compared with placebo (p = 0.0404).
Ocrelizumab decreased the percentage change in total volume of T2 hyperintense lesions from baseline to Week 120. Changes were expressed as ratios compared to the baseline lesion volume, with the adjusted geometric mean of the ratios showing 0.966 for ocrelizumab and 1.074 for placebo, consistent with a decrease of 3.4% in the ocrelizumab group and an increase of 7.4% in patients on placebo (p < 0.0001 by ranked ANCOVA).
[bookmark: _Toc475957079]Table 49: Changes in T2 hyperintense lesion volume, ITT Population, Study WA25046
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Using a similar approach, ocrelizumab was shown to be associated with a 17.5% relative reduction in the brain volume loss from Week 24 to Week 120, compared with placebo (p = 0.0206).
[bookmark: _Toc475957080]Table 50: Changes in total brain volume, ITT Population, Study WA25046
[image: ]
The only secondary endpoint that failed to achieve significance was the change in quality of life (QoL) as measured by SF-36 Physical Component Summary Score (SF36-PCS). Patients in the ocrelizumab group experienced a reduction of 0.73 points (a slight worsening of QoL) in the SF36- PCS score from baseline to Week 120 compared with a greater (more adverse) reduction of 1.11 points in the placebo group (p = 0.6034).
The table below summarises these secondary endpoints, along with the primary endpoint, showing that the results were reasonably concordant across multiple measures.
[bookmark: _Toc475957081]Table 51: Primary and Secondary Efficacy Endpoints at Week 120 (ITT Population)
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[bookmark: _Ref271037188][bookmark: _Ref271037210][bookmark: _Toc272414655][bookmark: _Toc290846277][bookmark: _Toc475956927][bookmark: _Toc241374311][bookmark: _Ref243294291][bookmark: _Toc523996673]Other efficacy studies
[bookmark: _Toc290846278][bookmark: _Ref458601019][bookmark: _Ref458601022][bookmark: _Toc475956928]Supportive, dose ranging, Phase II Study in RRMS WA21493
‘Phase II, multicentre, randomized, parallel group, partially blinded, placebo and Avonex controlled dose finding study to evaluate the efficacy as measured by brain MRI lesions, and safety of 2 dose regimens of ocrelizumab in patients with RRMS.’
[bookmark: _Toc475956929] Study design, objectives, locations and dates
Study WA21493 (randomised n = 220, treated n = 218) was the only submitted study that focussed exclusively on the traditional target population for disease-modifying MS agents: subjects with RRMS. It was not submitted as a pivotal study, and it was not sufficiently rigorous to allow definitive demonstration of efficacy in this important patient population. It was a Phase II, multicentre, randomised, 4-arm parallel-group, partially-double-blind, dose-finding study, which used two blinded doses of ocrelizumab (2000mg and 600mg IV, at the start of the 24 week treatment cycle), a blinded IV placebo control group, and an open-label IM active comparator group (interferon β-1a, Avonex) to evaluate the efficacy of ocrelizumab as measured by brain MRI lesions. An important additional focus was the safety of 2 different dose regimens of ocrelizumab in patients with RRMS. The relatively small size (n = 218) and short duration of blinded treatment (24 weeks), as well as the non-clinical primary efficacy measure (based on MRI) prevent this from being considered as a major supportive study, but it was useful as a minor dose-finding study and supports the overall findings of the two pivotal studies in RMS.
Most subjects also received ocrelizumab during an open-label extension (OLE), for up to four 24 week cycles of treatment in total. Without a control treatment, this part of the study provided efficacy data of very limited value.
Objectives were listed in the CSR as follows:
Primary:
To investigate the effect of ocrelizumab given as two dose regimens of 600 or 1000 mg intravenously on the total number of gadolinium-enhancing T1 lesions observed on magnetic resonance imaging (MRI) scans of the brain at weeks 12, 16, 20 and 24 as compared to placebo.
Secondary:
annualised protocol-defined relapse rate (ARR) by week 24
proportion of patients who remained relapse free by week 24 (protocol-defined relapses)
total number of gadolinium-enhancing T1 lesions observed on MRI scans of the brain at weeks 4, 8, 12, 16, 20, and 24
total number of new gadolinium-enhancing T1 lesions on MRI scans of the brain at weeks 4, 8, 12, 16, 20, and 24
change in total volume of T2 lesions on MRI scans of the brain from baseline to week 24
evaluation of the safety and tolerability of two dose regimens of OCR in patients with RRMS as compared with placebo and Avonex at week 24 and the overall safety of OCR administered for up to 96 weeks
investigation of the pharmacokinetics and other pharmacodynamic study endpoints of OCR.
The study was conducted in 79 centres from Europe and North America.
Including the OLE period, the study period covered by the original CSR was 13 January 2008 – 9 March 2012. Open-label follow-up was continuing at the time of data cut-off, and the sponsor has since submitted an updated CSR that provides safety data collected up to 22 January 2015. The primary (blinded) analysis period was only up to 24 weeks.
[bookmark: _Toc475956930]Inclusion and exclusion criteria
Subjects of either gender were eligible of they were aged 18 to 55 years, inclusive, and had RRMS in accordance with the standard McDonald criteria available at the time the study commenced. Patients had to have experienced at least two documented relapses within the previous 3 years prior to screening, with at least one of these within the year prior to screening.
The detailed inclusion criteria were listed in the CSR as follows:
Ability to provide written informed consent and to be compliant with the schedule of protocol assessments
Diagnosis of RRMS in accordance with the revised McDonald criteria (2005)
Ages 18 to 55 years inclusive
At least two documented relapses within the last 3 years prior to screening, at least one of which occurred within the last year prior to screening
EDSS at baseline from 1.0 to 6.0 points
Evidence of MS disease burden as defined below:
At least six T2 lesions on an MRI scan done in the year prior to screening, based on local reading. Should an MRI scan be unavailable within the last year or showing less than six T2 lesions, a screening MRI scan with at least six T2 lesions is required for the patient to be eligible, OR
Patient had 2 documented relapses within the year prior to screening
For sexually active female and male patients of reproductive potential, use of reliable means of contraception
Exclusion criteria closely resembled those of the pivotal studies (apart from the criteria directly related to the MS disease subtype, which differed across studies according to the subtype being studied).
[bookmark: _Toc475956931]Study treatments
The study had four treatment arms, but only the first treatment cycle of 24 weeks was randomised, and most subjects reverted to open-label ocrelizumab 600mg for subsequent cycles, which was chosen as the preferred dose in the OLE phase. The higher dose of ocrelizumab, 2000 mg, was discontinued after the first cycle; this group received 1000 mg for Cycles 2 and 3, and 600 mg for Cycle 4, in an unblinded fashion. (This pattern was described inaccurately in some parts of the provided synopses, without mention of the dose change between Cycles 3 and 4). For the first cycle, Groups A, B and C received the total blinded dose in two divided infusions given14 days apart.
Group A (IV): ocrelizumab 2000 mg (1 dose); ocrelizumab 1000 mg (2 doses); ocrelizumab 600mg (1 dose)
Group B (IV): ocrelizumab 600 mg (4 doses)
Group C (IV): Placebo (1 dose); ocrelizumab 600 mg (3 doses)
Group D (IM): IFN 30 µg (1 dose); ocrelizumab 600 mg (3 doses)
In more detail, the regimens were described as follows (with ‘Cycles’ referring to 24 week periods):
Group A (ocrelizumab 1000 mg group): Two IV infusions of ocrelizumab 1000 mg separated by 14 days in Cycle 1, followed by an infusion of ocrelizumab 1000 mg on Day 1 and an infusion of placebo on Day 15 of Cycle 2. A single infusion of ocrelizumab 1000 mg or 600 mg was administered on Day 1 of Cycles 3 (1000 mg) and 4 (600 mg), respectively.
Group B (ocrelizumab 600 mg group): Two IV infusions of ocrelizumab 300 mg separated by 14 days in Cycle 1, followed by an infusion of ocrelizumab 600 mg on Day 1 and an infusion of placebo on Day 15 of Cycle 2. A single infusion of ocrelizumab 600 mg was administered on Day 1 of Cycles 3 and 4.
Group C (placebo group): Two IV infusions of placebo separated by 14 days in Cycle 1, followed by two infusion of ocrelizumab 300 mg separated by 14 days in Cycle 2. A single infusion of ocrelizumab 600 mg was administered on Day 1 of Cycles 3 and 4 (following selection of the preferred dose).
Group D (Avonex group): Weekly IM injections of Avonex 30 µg in Cycle 1, followed by two infusion of ocrelizumab 300 mg separated by 14 days in Cycle 2. A single infusion of ocrelizumab 600 mg was administered on Day 1 of Cycles 3 and 4 (following selection of the preferred dose).
[bookmark: _Toc475956932]Efficacy variables and outcomes
All of the efficacy variables were similar to those described for the pivotal studies, but their relative ranking was changed, with an MRI endpoint (total Gd+ lesions) designated as primary and clinical endpoints designated as secondary. This design decision may reflect concerns about adequate statistical power, given the relatively short duration of blinded treatment, and the increased sensitivity of MRI to subclinical disease activity.
The primary efficacy outcome was the total number of Gd+ T1 lesions observed on MRI scans of the brain at weeks 12, 16, 20, and 24.
Secondary efficacy parameters were:
the ARR by week 24
the proportion of patients who remained relapse-free by week 24 (protocol-defined relapses)
the total number of Gd+ T1 lesions observed on MRI scans of the brain at weeks 4, 8, 12, 16, 20, and 24 (including earlier time points than the primary endpoint).
[bookmark: _Toc475956933]Randomisation and blinding methods
After a 4 week screening period, eligible patients were randomised equally (1:1:1:1) to one of the four treatment groups (A, B, C, or D), using an interactive voice response system. The two doses of ocrelizumab and placebo (Groups A, B, and C) were allocated in a double-blind manner, and administered IV with identical appearing infusions, but treatment in the interferon β-1a group (Group D) was open-label, with weekly IM injections.
Blinding between groups A, B and C was maintained by using infusions of identical appearance and by rating MRIs in a central MRI reading centre by radiologists blinded to treatment allocation and uninvolved in patient care. Clinical assessments were also performed by independent rating neurologists who were not directly involved in patient care. Investigators did not receive reports from the central MRI reading centre or reports on laboratory parameters that could have led to unblinding.
Avonex treatment, administered to Group D, was not blinded, but MRI readers and clinical raters were blinded to treatment allocation.
It is possible that some degree of unblinding occurred because of tell-tale side effects. This possibility was not assessed.
[bookmark: _Toc475956934]Analysis populations
The sponsor defined ITT, PP and Safety populations, essentially as described for the pivotal studies. The ITT population was defined as all randomised patients who received any study drug. All major efficacy analyses were performed in the ITT population, with sensitivity analyses performed in the PP population.
[bookmark: _Toc475956935]Statistical methods
The primary efficacy endpoint, Gd+ MRI lesions, was assessed with the van Elteren test (an extension of the Wilcoxon rank sum test, usually used for comparing two treatments in a stratified experiment). The analysis compared the differences between each ocrelizumab group and the placebo group in the total number of Gd+ T1 lesions at weeks 12, 16, 20, and 24. The test was stratified by geographic region and the presence of baseline Gd+ lesions.
For the main secondary endpoint of ARR, each ocrelizumab group was compared with the placebo group at week 24 using Poisson regression, offsetting for exposure time in years.
[bookmark: _Toc475956936]Sample size
The sponsor estimated sample size based on the rituximab proof-of-concept study, Study U2787g. From that study, the proportion of patients with Gd+ lesion counts at weeks 12, 16, 20, and 24 was estimated for the placebo and ocrelizumab groups as shown in the table below.
[bookmark: _Toc475957082]Table 52: Estimation of proportion of patients with GD+ counts for the placebo and ocrelizumab groups
[image: ]
Using the Wilcoxon rank-sum test (of which the van Elteren test is a variant), a sample size of 35 patients per group was estimated to provide 80% power with a two-sided significance level of 0.05 to detect a difference in the total number of Gd+ lesions between each ocrelizumab group and the placebo group. To allow for dropouts, the sponsor planned to randomise 50 patients for each treatment group, leading to a total planned study size of ≥ 200 patients, which was exceeded.
[bookmark: _Toc475956937]Participant flow
Of the 220 patients initially randomised, 218 received study treatment and, of these, 205 (93%) completed the 24 week placebo-controlled study period. This is an acceptable completion rate for a study of this nature, and satisfied the initial sample size estimations.
[bookmark: _Toc475957083]Table 53: patients withdrawn from treatment, Study WA21493
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[bookmark: _Toc475956938]Major protocol violations/deviations
Major protocol violations leading to patients being excluded from the ITT or PP populations are summarised in the table below.
[bookmark: _Toc475957084]Table 54: Exclusions from study populations because of protocol violations
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[bookmark: _Toc475956939]Baseline data
Baseline demographic data and disease characteristics are summarised in the tables below. No important differences were noted between the four treatment groups, but the ocrelizumab 600 mg group was slightly younger, on average, than the other groups. The groups were acceptably matched for disease duration and number of relapses.
[bookmark: _Toc475957085]Table 55: Baseline demographic data, Study WA21493
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Table 56: Baseline demographic data, Study WA21493
[image: ]
[bookmark: _Toc475957086]Table 57: Baseline disease characteristics, Study WA21493
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[bookmark: _Toc475957087]Table 58: Baseline relapse history, Study WA21493
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Baseline MRI characteristics are summarised in the table below. Groups A, B and C were broadly matched for the main efficacy variable (Gd+ lesions), but the Avonex group was not well matched. Whereas 45 to 51% of subjects in Groups A, B and C had GD+ lesions at baseline, only 34% of the Avonex group had Gd+ lesions. This difference should not have had a major effect on the results, because the analysis was stratified by the presence of baseline Gd+ lesions, but, because of this mismatch, it is important to consider the results in subgroups with and without Gd+ lesions.
[bookmark: _Toc475957088]Table 59: Baseline MRI characteristics, Study WA21493
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[bookmark: _Toc475956940]Results for the primary efficacy outcome
The study showed a significant treatment benefit for ocrelizumab, relative to placebo, for its primary endpoint: total number of Gd+ T1 lesions observed on MRI scans of the brain at weeks 12, 16, 20, and 24. Compared to the placebo group, which had a mean (SD) of 5.6 (12.53) Gd+ lesions at weeks 12, 16, 20, and 24; the lesion count was reduced by 89%, to 0.6 (1.52), in the ocrelizumab 600 mg group and by 96%, to 0.2 (0.65), in the ocrelizumab 1000 mg group. The differences between the ocrelizumab groups and placebo were highly statistically significant (p < 0.001).
The mean lesion counts may have been dominated by outliers: the range in counts extended as high as 79 in the placebo group and 78 in the Avonex group, compared to 7 and 3 in the 600mg and 100mg ocrelizumab groups, respectively. It is therefore reassuring that the median counts also favoured ocrelizumab, with a median of zero lesions in both ocrelizumab groups, 1.7 in the placebo group and 1.0 in the Avonex group.
[bookmark: _Toc475957089]Table 60: Gd+ lesions from weeks 12-24, Study WA21493
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No significant difference was observed between the two ocrelizumab dose groups (p = 0.15). The Avonex group did not have lesion counts significantly different from placebo (p = 0.35) and, numerically, had more lesions than observed in the placebo group (mean 6.9 verse 5.6).
The robustness of these findings were supported by sensitivity analyses, including an assessment of the Gd+ lesion count in the PP population. In the PP population, ocrelizumab recipients showed significant reductions in the total number of Gd+ lesions at weeks 12, 16, 20, and 24 compared to placebo recipients (p < 0.0001). The sponsor also reanalysed the data with a highly pessimistic imputation method, deliberately favouring the placebo and Avonex arms by replacing missing values with zero, but replacing missing values in the ocrelizumab arms by the average lesion count: even this analysis showed significant superiority of ocrelizumab verse placebo (p < 0.0001 for each ocrelizumab group).
Although these primary endpoint results are non-clinical, and therefore only suitable for a Phase II supportive study, they are quite strong statistical results, especially considering the relatively small size and short duration of the study. Also, as discussed in a later section, they were backed by positive results for key secondary endpoints, which included the important clinical endpoint of ARR.
[bookmark: _Toc475956941]Subgroup Analyses of the primary efficacy outcome
Across the overall study cohort, the reduction in Gd+ lesion count with ocrelizumab, compared to placebo, was 88.5% for 600 mg and 96.2% for 1000 mg. Broadly similar reductions were observed in all major subgroups, as summarised in the table below. There was a slight trend to greater relative efficacy in subjects who were younger, as observed in the pivotal studies. No consistent pattern was observed in patients with or without baseline Gd+ lesions: in the 600mg dose group, the relative reduction was greater in subjects without baseline Gd+ lesions; in the 1000mg dose group, the relative reduction was greater in those with baseline Gd+ lesions. Efficacy was maintained in subjects with higher EDSS. Overall, these results suggest broadly similar efficacy throughout a population with RRMS.
[bookmark: _Toc475957090]Table 61: Subgroup analysis of the primary endpoint, Study WA21493
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[bookmark: _Toc475956942]Results for other efficacy outcomes
All of the major efficacy endpoints, including the primary endpoint, are summarised in the table below. Most of the endpoints strongly favoured ocrelizumab.
The blinded treatment period in this study was short and most subjects, even in the placebo group, remained relapse-free. Despite this, the adjusted ARR significantly favoured ocrelizumab, with ARRs of 0.127 and 0.213 observed in the 600mg and 1000mg ocrelizumab groups, respectively, compared to 0.557 in the placebo group (p = 0.0019 and p = 0.0136, respectively). This is consistent with a relative reduction in the relapse rate of 77% with ocrelizumab 600mg, and 62% with ocrelizumab 1000mg. The proportion of relapse-free patients was not statistically different across groups, but this is a relatively underpowered endpoint because it discards information about the timing and frequency of relapses and, even in the placebo group, most subjects did not have a relapse.
Secondary MRI endpoints, including Gd+ lesions counted across a longer time period and counts involving new lesions only, strongly supported the primary MRI endpoint. T2 lesion volume change showed a strongly favourable trend, with reduced total T2 lesion volume in both ocrelizumab groups, compared to increased T2 lesion volume in the placebo group.
Avonex did not achieve a significant difference from the placebo group for any endpoint.
[bookmark: _Toc475957091]Table 62: Efficacy endpoints, primary analysis at 24 weeks (ITT Population, Study WA21493)
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[bookmark: _Toc475956943]Open-label extension
Although this study was designed with an Open-Label Extension (OLE), the primary purpose of the OLE was to gather long term safety data. No efficacy data from the OLE was submitted.
[bookmark: _Ref463280093][bookmark: _Ref463280097][bookmark: _Toc475956944][bookmark: _Toc523996674]Evaluator’s overall conclusions on clinical efficacy
The efficacy of ocrelizumab in MS has been assessed in four studies, including one Phase II study in RRMS, two identical pivotal Phase III studies in ‘RMS’ (including RRMS and other relapsing subtypes), and one Phase III study in PPMS. Efficacy in the RMS and PPMS populations needs to be considered separately.
[bookmark: _Toc475956945]Efficacy in Relapsing Forms of MS
The sponsor has provided strong evidence that ocrelizumab has substantial efficacy in relapsing forms of MS, with all three studies in RMS producing positive findings for their primary and most secondary endpoints, relative to active controls (low-dose weekly interferon β-1a for the supportive Phase II study, high-dose three-times weekly interferon β-1a for the two pivotal Phase III studies.).
The main results from the two pivotal RMS studies (Studies WA21092 and WA21093) are summarised below. In each study separately, as well as both studies pooled, there was a statistically robust benefit for ocrelizumab relative to interferon β-1a. For the primary endpoint, Annualised Relapse Rate (ARR), the rate ratio was about 0.53 in each study, indicating that the relapse rate on ocrelizumab is about 53% of the rate on three-times weekly interferon β-1a, which is already known to produce a significant reduction in relapses relative to placebo. The concordance between the two studies, as well as the low p-value (p < 0.0001 in each study) and a variety of sensitivity analyses, strongly suggests that this is not a chance finding but a reproducible result.
For sustained disability progression, regardless of whether this was defined as 12 week-confirmed disability progression or 24 week-confirmed, the hazard ratio across both studies pooled was 0.6, with little variation across the two studies. Significant, favourable results were also obtained for confirmed disability improvement and the proportion of patients achieving No Evidence of Disease Activity (NEDA). The absolute increase in NEDA attributable to ocrelizumab was about 20% in each study, indicating that only 5 patients would need to be treated to achieve one extra case of NEDA. The relative increase in NEDA was approximately 77%, which is a very strong result.
[bookmark: _Toc475957092]Table 63: Primary and secondary efficacy endpoints at week 96: studies WA21092, WA21093 and Pooled (ITT Population)
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These strong results come with an important qualification. The inclusion criteria for these two pivotal studies were unusual, in that the studies did not restrict the study to subjects with Relapsing Remitting MS (RRMS), who are the traditional target of disease-modifying treatments, but also allowed subjects to enter if they had Secondary Progressive MS (SPMS) and on-going relapses. It appears likely that most of the observed benefit in the pivotal Phase III studies was achieved in subjects with RRMS, rather than in subjects with SPMS, because most other immune treatments have shown greater efficacy in RRMS than in SPMS. Unfortunately, this possibility was not acknowledged or analysed by the sponsor, and subgroup analyses by basic disease classification were not performed. Considering the RMS data alone, it has not been proven that ocrelizumab has efficacy in subjects with SPMS and on-going relapses – it is possible that the efficacy in RRMS patients was so substantial that the overall study remained positive despite the inclusion of relatively unresponsive SPMS patients. This represents a major flaw in the submitted evidence.
The sponsor provided some indirect evidence that ocrelizumab has reduced efficacy in subjects with less active disease. In each of the pivotal RMS studies, subgroup analyses based on age, EDSS and presence of Gd+ MRI lesions at baseline showed that the trend in favour of ocrelizumab over interferon β-1a was weaker (with less favourable rate ratios) in subjects who were older, had higher EDSS, or lacked Gd+ lesions. These are the same clinical characteristics that are usually more prevalent in SPMS, compared to RRMS. In all of these subgroups, ocrelizumab still had numerically favourable results, but the effect, as quantified by the rate ratios for ARR, was often modest.
Given that the sponsor is seeking registration for the broad indication of ‘relapsing forms of MS’, which includes SPMS subjects with on-going relapses, it would have been appropriate for the sponsor to perform a subgroup analysis of subjects with a baseline diagnosis of SPMS. The sponsor should be asked to perform such an analysis, so that efficacy in this important subgroup can be assessed.
Admittedly, when the RMS data is considered in the context of positive results for the third pivotal study, conducted in Primary Progressive MS (PPMS) patients, this issue appears somewhat less concerning. If ocrelizumab does have efficacy in PPMS (as suggested by the lone pivotal PPMS study, discussed below), and it also has efficacy in RRMS (as strongly suggested by all 3 RMS studies), then it is very likely to have efficacy in SPMS with on-going relapses, because this represents an intermediate subtype in the spectrum between relapse-dominant disease (exemplified by RRMS) and progression-dominant disease (exemplified by PPMS). Thus, the PPMS study can be considered as a supportive study for the sponsor claims that ocrelizumab has efficacy across the MS spectrum, extending beyond the traditional target of immune therapies in MS, the RRMS population. Nonetheless, it would be preferable if efficacy in the SPMS population had been demonstrated directly, in a study specifically assessing this population, or at least in a subgroup analysis of the pivotal studies.
The sponsor also submitted a supportive study in RRMS (Study WA21493), which showed a clear therapeutic benefit for ocrelizumab over low-dose weekly interferon β-1a. The primary endpoint was radiological (change in Gd+ lesions) and the blinded treatment period was short (24 weeks), which makes the study unsuitable as a pivotal study. As a Phase II study, it was strongly supportive. Gd+ lesions were reduced substantially, relative to placebo and to interferon β-1a: mean counts were 5.6 and 6.9 for placebo and interferon β-1a, respectively, compared to 0.6 and 0.3 for ocrelizumab 600mg and ocrelizumab 1000mg, respectively (p < 0.0001 for ocrelizumab at either dose verse placebo). Secondary clinical endpoints were also positive, and broadly consistent with the subsequent pivotal studies, as shown in the second table below; ARR was reduced in both ocrelizumab groups, with a relative reduction in the relapse rate of 77% with ocrelizumab 600mg, and 62% with ocrelizumab 1000mg, compared to placebo (p = 0.0019 and p = 0.0136, respectively). This study therefore supports the efficacy of ocrelizumab in RRMS, but does not contribute to understanding of the efficacy of ocrelizumab in subjects with SPMS.
[bookmark: _Toc475957093]Table 64: Gd+ lesions from weeks 12-24, Study WA21493
[image: ]
[bookmark: _Toc475957094]Table 65: Efficacy endpoints, primary analysis at 24 weeks (ITT Population, Study WA21493)
[image: ]
[bookmark: _Toc475956946]Efficacy in primary progressive MS
The sponsor only submitted a single study in PPMS (Study WA25046). This is represents a significant flaw in the overall quality of the efficacy evidence, particularly in view of the fact that there is no other substantial support for the broad hypothesis that immune therapies are useful in PPMS. As already noted, another B cell depleting agent, rituximab, did not produce overall positive results in PPMS, but benefit was observed in subgroup analyses of younger patients and those with Gd+ lesions on their baseline MRI scan.
The fact that the sponsor has only performed a single study for this indication was flagged as a concern in initial discussions with overseas regulatory authorities, who suggested that the statistical standards required of such a lone study should be more rigorous than would ordinarily be considered standard.
The sponsor comments on pre-submission guidance make this clear (emphasis added):
‘A key point of discussion with FDA and CHMP was use of a single trial to support registration for PPMS. The FDA indicated that in certain circumstances, results from a single, adequate and well-controlled trial could provide substantial evidence of effectiveness to support registration. The study would need to provide unambiguous, robust results and be statistically persuasive. Certain aspects of trial design, for example a large multicentre trial with consistency of effect across subgroups and across centres, were highlighted as being relevant. From the European perspective, CHMP noted that statistical evidence stronger than p < 0.05 on the primary endpoint would be required to account for the fact that a single trial in PPMS was to be conducted, consistent with the CHMP points to consider on applications with one pivotal study (EMA guidance CPMP/EWP/2330/99, 2000). At the Scientific Advice discussion meeting, the Company presented their justification for designing the study such that the significance level of p < 0.01 could be reached. This was considered justified by the sponsor based on the high unmet medical need and the measures taken to ensure high data quality.’
For the primary endpoint in this lone PPMS study, the final p-value was 0.0321, which means that the sponsor failed to achieve the more ambitious target for statistical significance (p < 0.01), but they did achieve the traditional significance target (p < 0.05) that was pre-specified in the protocol. It thus appears likely that ocrelizumab has efficacy in PPMS, but the evidence is not as robust as might be hoped.
[bookmark: _Toc475957095]Table 66: Primary endpoint, 12-week confirmed disability progression (ITT, Study WA25046)
[image: ]
The clinical utility of the observed benefit is also debateable. The hazard ratio was 0.76, suggesting a 24% reduction in instantaneous hazard for reaching the 12 week CDP progression milestone. At 120 weeks, the proportion of patients showing a 12 week CDP was 0.302 in the ocrelizumab group, compared to 0.340 in the placebo group, consistent with a relative risk of 89% and a risk reduction of 11%. The absolute risk reduction was only 0.038 (0.340-0.302), or 3.8%, implying that about 26 subjects would need to receive treatment for 120 weeks to prevent one case of 12 week CDP. This is a clinically modest achievement; it could be perceived as worthwhile by some patients and clinicians, but does not justify any substantial safety risk.
A consideration of the efficacy across different subgroups suggests that much of this modest benefit was observed in subjects who were younger or had active, Gd+ scans at baseline. Although a statistical analysis of these baseline factors did not show a significant interaction with treatment, there are good a priori reasons for suspecting that a lymphocyte-depleting agent would have its greatest effect on subjects with active, inflammatory lesions. Also, very similar observations were made in the pivotal RMS studies for ocrelizumab, and a similar observation was made during subgroup analysis of PPMS patients given rituximab, which has a similar mode of action to ocrelizumab. Thus, it seems likely that ocrelizumab, when used to treat PPMS, has better efficacy in younger subjects and those with active MRI scans, and that efficacy in older subjects and those with inactive scans is likely to be inferior to that seen in the overall PPMS cohort, and of minimal clinical value.
[bookmark: _Toc475957096]Table 67: Subgroup analyses of 12-week CDP (with imputation), Study WA25046
[image: ]
The instantaneous hazard ratio for subjects with unfavourable baseline factors was 0.88 for those aged > 45 years, and 0.84 for those without Gd+ lesions (and it would be expected that the HR would be closer to unity for subjects with both of these adverse baseline factors). High EDSS was also associated with a relatively poor HR of 0.84.
In the sponsor description of these results, it was not clear how much delay in progression was achieved in the ocrelizumab group. Visual inspection of the Kaplan-Meier curves suggest that, for most of the time period in which there was adequate data, progression curves were roughly linear and parallel in the two treatment groups, with the ocrelizumab group reaching the same proportion of progressed patients as seen in the placebo group, but after a delay of about 18 weeks. The sponsor should be asked to quantify this estimate, or direct the evaluator to the relevant analysis in the submitted material. An 18 week delay in progression is clinically modest, but might be considered worthwhile by some patents and clinicians. The delay in progression achieved with ocrelizumab would be expected to be shorter in less favourable subgroups, and longer in younger patients with active scans.
[bookmark: _Toc475957193]Figure 14: Visual inspection: Delay in confirmed disability progression
[image: ]
The PPMS study also showed benefits for key secondary endpoints, as summarised below. For the timed 25-foot walk, the placebo group showed a substantial slowing (approximately 55%) over the 120 week study period (based on a geometric mean of 1.551 for the ratio of week 120 to baseline results). The active group also showed a substantial slowing (approximately 39%). The difference was significant (p = 0.04), but of uncertain clinical utility. There was also a reduction in the accumulation of T2 lesion volume (p = 0.0365) and a 17% relative reduction in the rate of brain atrophy (p = 0.02). These secondary endpoints increase confidence in the robustness of the study, but remain consistent with a modest clinical benefit.
[bookmark: _Toc475957097]Table 68: Primary and secondary efficacy endpoints at Week 120 (ITT Population)
[image: ]
[bookmark: _Toc475956947]Summary of efficacy conclusions
Overall, there was good evidence of efficacy for ocrelizumab in RMS, even in comparison with an acceptable, high-dose active comparator (interferon β-1a 44mcg three-times weekly, Rebif). Annualised relapse rate was reduced by about 47%, compared to Rebif, which is already known to produce a significant reduction in relapses relative to placebo. Disease progression (12 week CDP) was also reduced, along with a number of radiological endpoints, with consistent results across two pivotal studies. There was an absolute increase of 20% in the number of subjects enjoying NEDA status (No Evidence of Disease Activity).
It appears likely that the benefit observed in the two pivotal RMS studies extends to some patients with SPMS, especially if they are experiencing on-going relapses, but unfortunately this important target population was not studied directly, and was not the focus of any subgroup analysis.
It also appears likely that ocrelizumab has efficacy in PPMS, but the evidence is not as robust as could be hoped: only a single study has been submitted, with a modest statistical result for its primary endpoint (p = 0.0321), and the relative risk reduction for 12 week CDP was only 11% (with an absolute risk reduction of only 3.8%). This implies that a fairly high number of subjects would need to receive treatment to prevent one case of Confirmed Disability Progression, particularly if the drug were used in subgroups for which efficacy is less certain, such as older subjects and those with inactive MRI scans. The delay in progression achieved with active treatment was not clearly stated, but appeared to be about 18 weeks; the sponsor should clarify this.
7. [bookmark: _Toc523996675]Clinical safety
[bookmark: _Toc272414659][bookmark: _Toc290846284][bookmark: _Toc475956949][bookmark: _Toc523996676]Studies providing evaluable safety data
[bookmark: _Ref268776745]The sponsor submitted a Summary of Clinical Safety (SCS) and an Integrated Summary of Safety (ISS). Data were pooled from the four Phase II and III MS studies (one Phase II study in RRMS, two Phase III studies in RMS and one Phase III study in PPMS). Data were also pooled from nine previously performed studies in patients with rheumatoid arthritis (RA). Some safety data in studies of other indications (systemic lupus erythematosus (SLE), lupus nephritis (LN), and non-Hodgkin’s lymphoma (NHL)) were also summarised, with a focus on infections and malignancies. The data were not pooled across the different indication, which is appropriate given the different underlying risks of adverse events, active comparators, and concomitant medications.
The RA studies are not described in detail in this report, because the sponsor is no longer pursuing this indication. The RA studies generally combined ocrelizumab with methotrexate (MTX), but in one RA Study (Study WA20494), subjects received ocrelizumab with leflunomide or MTX. Combining ocrelizumab with other immunosuppressant agents, such as MTX, may have increased the risk of infections and other AEs. Also, many RA patients received long-term chronic daily corticosteroids: this not only increases the risk of immunosuppression, but reduces the risk of immunologically mediated infusion-related reactions (IRRs), making it difficult to infer any conclusions of direct relevance to MS, which is not treated with chronic steroids. The comparator for most RA studies was placebo, but one study (Study ACT4562g) compared ocrelizumab with infliximab.
The studies in SLE, LN and NHL provided only limited safety data of relevance to the proposed indication. Most subjects in these studies received a number of concomitant treatments likely to modify the risk profile of ocrelizumab. Also, two of the studies were terminated when it became apparent that other anti-CD20 treatments were not efficacious in these conditions, as summarised by the sponsor: ‘A Phase III study of ocrelizumab in patients with SLE (Study WA20499) was terminated during the recruitment period due to negative Phase III efficacy results from another anti-CD20 development program in SLE. A Phase III study of ocrelizumab in patients with LN (Study WA20500) was terminated early due to lack of efficacy from another Phase III anti-CD20 study in LN and due to the observation of an increased incidence of serious infections in the ocrelizumab LN study. In addition, a Phase I/II trial in NHL (Study BO18414), was completed but further development in this indication was not pursued.’ In this evaluation, the data from these studies has been assessed for evidence of an increased risk of infections and malignancies.
The sponsor defined 6 different data pools in their SCS:
Pool A: Phase III RMS Controlled Treatment
Pool B: MS All Exposure (RMS, RRMS, and PPMS)
Pool C: Phase III RMS All Exposure
PPMS (Study WA25046): Phase III PMS Controlled Treatment
Pool D: Phase II and Phase III RA Controlled Treatment
Pool E: RA All Exposure
Of these, the combined MS experience (Pool B) and combined RA experience (Pool E) is the most relevant. The MS and RA studies contributing to the overall safety assessment are summarised in the tables below.
[bookmark: _Toc475957098]Table 69: Studies contributing to safety evaluation of ocrelizumab in MS
[image: ]
[bookmark: _Toc475957099]Table 70: Studies contributing to safety evaluation of ocrelizumab in RA
[image: ]
Pivotal efficacy studies
In the major efficacy studies for MS and RA, the following safety data were collected:
General adverse events (AEs) were assessed through interviews and clinical examinations at scheduled visits as well as unscheduled hospital attendances.
AEs of particular interest, including infusion related reactions (IRRs), infections, and malignancies, were collected and considered separately.
Laboratory tests, including monitoring of electrolytes, liver function and haematological parameters were performed at regular intervals, and exploratory analyses assessed the incidence of AEs in relation to lymphocyte counts.
The sponsor also performed a Cox regression analysis for the RA safety data, attempting to assess the extent to which AEs (particularly infections) could be explained by baseline and treatment-emergent risk factors.
[bookmark: _Ref269204367]Nearly all of the safety data comes from Phase II and III efficacy studies, with some additional uncontrolled data from Open-Label Extensions. (OLEs).
[bookmark: _Toc241374318][bookmark: _Ref271196630][bookmark: _Toc272414662][bookmark: _Toc290846300][bookmark: _Toc475956950][bookmark: _Toc523996677]Patient exposure
Exposure to ocrelizumab has been fairly extensive for a new MS drug, partly because several additional studies were performed for the RA indication, which is no longer being pursued. The relevance of the safety data from the RA population is somewhat unclear, however, because of the concomitant use of other immunosuppressive agents, including methotrexate and corticosteroids. Considering the MS population alone, 2147 patients were exposed, with 4485 patient-years of follow-up.
Exposure for the MS and RA populations is summarised in the table below, and includes:
825 RMS patients (1448 patient years of exposure, Pool A);
486 PPMS patients (1416 patient years; PPMS Pool);
2147 patients in the MS all exposure population (4485 patient years; Pool B);
2926 patients with RA (7324 patient years, Pool E).
Across the MS and RA indications, 1775 patients (35% of all exposed patients) have received more than 4 doses of ocrelizumab, representing at least 2 years of exposure.
[bookmark: _Toc475957100]Table 71: Patient-years of exposure in MS and RA studies, by number of doses
[image: ]
For the proposed indications, the data that provides the clearest safety signals are those derived from the randomised, controlled phases of the pivotal MS studies. For RMS, exposure is summarised in the table below including exposure to placebo infusions in the interferon β-1a control group. For PPMS, the exposure is summarised in the subsequent table, including the placebo control group.
[bookmark: _Toc475957101]Table 72: Exposure to ocrelizumab or placebo infusion – Phase III RMS population (Pool A)
[image: ]
[bookmark: _Toc475957102]Table 73: Exposure to ocrelizumab/placebo – Phase III PPMS population
[image: ]
The overall extent of exposure in terms of weeks of safety follow-up is summarised below for the pooled MS population (Pool B) and the pooled RA population (Pool E).
[bookmark: _Toc475957103]Table 74: Exposure to ocrelizumab - MS all exposure population (Pool B)
[image: ]
[bookmark: _Toc475957104]Table 75: Exposure to ocrelizumab in the RA all exposure population (Pool E)
[image: ]
[bookmark: _Toc241374319][bookmark: _Ref271044764][bookmark: _Toc272414663][bookmark: _Toc290846301][bookmark: _Toc475956951][bookmark: _Toc523996678]Adverse events
[bookmark: _Ref272317284][bookmark: _Ref272333565][bookmark: _Toc272414664][bookmark: _Toc290846302][bookmark: _Toc475956952]Total adverse events
[bookmark: _Toc475956953]MS studies
In the Phase III RMS studies, adverse events (AEs) occurred with a very similar overall frequency in the ocrelizumab and interferon β-1a groups (83.3% of subjects in each group reported at least one AE). In the Phase III PPMS study, there was an excess of events with ocrelizumab compared to placebo: 90.0% of placebo recipients and 95.1% of ocrelizumab recipients reported an AE. In other words, of those who would be expected to be free of AEs, based on the background placebo AE rate, about half (5.1% of 10%) experienced an AE on ocrelizumab. Conversely, as will be seen below, event rates per 100 patient-years (PY) were not higher with ocrelizumab than placebo.
[bookmark: _Toc475957105]Table 76: Adverse events; Phase III RMS controlled treatment population (Pool A)
[image: ]
[bookmark: _Toc475957106]Table 77: Adverse events; Phase III PPMS controlled treatment population
[image: ]
When all MS studies were pooled, and the AEs were expressed in terms of events per 100 PY, the number of AEs in ocrelizumab recipients was 254 per 100 PY (95% CI 249 to 258), including 77 AEs of infection per 100 PY, as shown in the table below. Event rates were higher when considering the controlled period of exposure, as shown in the subsequent tables. For the RMS studies, event rates were similar in the ocrelizumab and interferon β-1a groups, with a slightly higher number of AEs per 100 PY in the interferon β-1a group (296 versus 290 AE per 100 PY). For the PPMS study, event rates were similar in the ocrelizumab and placebo groups, with a slightly higher number of AEs per 100 PY in the placebo group (267 versus 261). Overall, this reflects an acceptable AE rate per 100 PY in the controlled studies, compared to active and inactive controls. (The high background rate of AEs in the control arms could make it difficult to detect tolerability issues from a broad comparison of total AE event rates, however, so it is important to consider individual types of events, as discussed in later sections).
[bookmark: _Toc475957107]Table 78: Adverse event profile in 100 patient-years – MS all exposure population (Pool B)
[image: ]
[bookmark: _Toc475957108]Table 79: AE profile in 100 PY; Phase III RMS controlled treatment population (Pool A) [image: ]
[bookmark: _Toc475957109]Table 80: AE profile in 100 patient-years; Phase III PPMS controlled treatment population
[image: ]
[bookmark: _Toc475956954]RA studies
The RA studies had unequal durations of follow-up, so the sponsor presented the pooled data in terms of AEs per 100 PY, as summarised in the table below. For the total RA pool, the event rates were broadly similar to those seen in the total MS pool (approximately 250 AEs per 100 PY). In the controlled RA pool (excluding open-label follow-up), event rates were substantially higher (approximately 370 AEs per 100 PY). A broadly similar pattern was observed in MS studies; this could reflect enrichment of the long-term follow-up groups with patients who tolerated the drug.
Compared to the MS population, event rates per 100 PY were substantially higher in the RA studies, even in the placebo control groups, reflecting the underlying diseases and concomitant treatments in this population. Unlike the MS studies, there was a clear (and statistically significant) excess of AEs in the ocrelizumab groups, compared to the placebo controls, 95% CIs for the AE rate per 100 PY did not overlap when comparing placebo to ocrelizumab, in either the low dose ocrelizumab pool (200 mg x 2, then 400 mg per cycle) or the high-dose pool (500 mg x 2, then 1000 mg per cycle).
[bookmark: _Ref462167925][bookmark: _Toc475957110]Table 81: Overview of adverse events, RA controlled treatment population (Pool D)
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[bookmark: _Ref462167928][bookmark: _Toc475957111]Table 82: Adverse events per 100 patient-Years, RA all exposure population (Pool E)
[image: ]
[bookmark: _Ref272333567][bookmark: _Toc272414665][bookmark: _Toc290846303][bookmark: _Toc475956955]Types of adverse events
[bookmark: _Toc475956956]RMS studies
The most common AEs in the controlled RMS studies are summarised below, by System Organ Class (SOC). The ocrelizumab group had a mild excess of ‘Infections and Infestations’ and an increased incidence of ‘Injury, Poisoning and Procedural Complications’, relative to interferon β-1a, but it had less ‘General Disorders and Administrative Site Conditions’. This reflects, in part, the excess of infusion reactions with ocrelizumab and injection site reactions and flu-like symptoms with interferon β-1a, as shown in the subsequent table.
[bookmark: _Toc475957112]Table 83: AEs reported in ≥ 10% of patients in at least one group by SOC, Phase III RMS controlled treatment population (Pool A)
[image: ]
Individual AEs that were common in either treatment group are summarised below. Most individual types of AE occurred with a similar frequency across the two groups. After IRRs, which occurred in about a third of ocrelizumab recipients, the most marked differences between treatment groups were seen for symptoms known to be associated with interferon β-1a treatment (injection-site erythema and influenza-like illness). Most of the excess of infections in the ocrelizumab group could be accounted for by a higher incidence of upper respiratory tract infections and nasopharyngitis (more serious infections are considered separately, in later sections.)
[bookmark: _Toc475957113]Table 84: AEs reported in ≥ 2% of patients in at least one treatment group by preferred term, Phase III RMS controlled treatment population (Pool A)
[image: ]
[bookmark: _Toc475956957]PPMS study
In the PPMS population, the overall incidence of AEs for each SOC was broadly similar in the ocrelizumab and placebo groups, but there was an excess of AEs in the ocrelizumab group related to ‘Injury, Poisoning and Procedural Complications’, which was largely due to IRRs. ‘Infections and Infestations’ were only marginally more common in the ocrelizumab group.
As noted in the RMS studies, infusion reactions were common in the ocrelizumab group (39.9% of subjects) – in this population, they were also quite common with the placebo infusion (25.5%), albeit with a clear excess in the active group. Upper respiratory tract infections were more common in the ocrelizumab group (ocrelizumab 10.9% versus placebo 5.9%), but nasopharyngitis occurred with an excess in the placebo group (ocrelizumab 22.6% verse placebo 27.2%). Urinary tract infections occurred with a similar frequency in each group, and most other individual AEs occurred with a similar incidence in the active and placebo groups. Depression was more common in the placebo group.
[bookmark: _Toc475957114]Table 85: Adverse events reported in ≥ 10% of patients in at least one treatment group by system organ class, Phase III PPMS controlled treatment population
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[bookmark: _Toc475957115]Table 86: Adverse events reported in ≥ 2% of patients by preferred term, Phase III PPMS controlled treatment population
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Table 87: Adverse events reported in ≥ 2% of patients by preferred term - Phase III PPMS controlled treatment population
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Table 88: Adverse events reported in ≥ 2% of patients by preferred term - Phase III PPMS controlled treatment population
[image: ]
[bookmark: _Ref475462135][bookmark: _Ref475462140][bookmark: _Toc475956958]RA studies
The incidence of AEs in the RA population, grouped by organ class (SOC), is shown in the table below. Infusion reactions were common in ocrelizumab recipients, leading to an excess of AEs categorised under ‘Injury, Poisoning, and Procedural Complications’. There was also an excess of ‘Infections and Infestations’, but the excess event rate was small in terms of number of events per 100 PY.
[bookmark: _Toc475957116]Table 89: Common AEs (Rates per 100 PY) by SOC, RA controlled treatment (Pool D)
[image: ]
The sponsor did not initially provide a convenient summary table of common individual AEs in each treatment group, but instead provided a multi-page table of all AEs in the RA population. In response to a Clinical Question in the first round Clinical Evaluation Report, the sponsor has since presented the most common AEs in the RA studies in a more convenient format, reproduced below.
As the sponsor notes, only one AE occurred with a clear excess in the ocrelizumab groups: Infusion-Related Reactions, or IRRs, which were much more common with active treatment (placebo 11.0%, ocrelizumab 400 mg 23.8%, and ocrelizumab 1000 mg 29.4%). Other AEs in the RA population showed no clear imbalance between treatment groups.
[bookmark: _Toc475957117]Table 90: Adverse events reported in ≥ 2% of patients in placebo, ocrelizumab 400 mg or ocrelizumab 1000 mg treatment groups by system organ class and preferred terms. Pool D: Phase II and III RA controlled treatment population
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Table 91: Adverse events reported in ≥ 2% of patients in placebo, ocrelizumab 400 mg or ocrelizumab 1000 mg treatment groups by system organ class and preferred terms. Pool D: Phase II and III RA controlled treatment population
[image: ]
[bookmark: _Toc475956959]Treatment-related adverse events (adverse drug reactions)
The sponsor did not provide convenient summary tables of AEs that were thought by the investigator to be causally related to treatment. The Clinical Overview and the proposed PI listed AEs that occurred with an incidence of at least 2% and were more common with ocrelizumab than with comparator, classifying these as potential adverse drug reactions (ADRs). The ADRs identified with this approach are shown in the table below. Apart from IRRs, which were clearly related to active treatment with ocrelizumab, upper respiratory tract infections (URTIs) also appeared to be more common with ocrelizumab, and this was observed in both the RMS and PPMS studies, as shown below – in both studies, the excess incidence in URTIs was about 5%.
[bookmark: _Toc475957118]Table 92: ADRs associated with ocrelizumab (in RMS or PPMS) with an incidence of ≥ 2% and higher than the comparator
[image: ]
[bookmark: _Toc241374320][bookmark: _Ref272333507][bookmark: _Toc272414666][bookmark: _Toc290846304][bookmark: _Toc475956960]Serious adverse events
[bookmark: _Toc475956961]MS studies
Serious Adverse Events (SAEs) were relatively infrequent, and did not occur with an excess in the ocrelizumab groups. In the RMS studies, the proportion of patients reporting SAEs was similar between the IFN (8.7%) and ocrelizumab (6.9%) treatment groups. The most commonly reported SAE (≥ 1% of patients) by SOC was ‘Infections and Infestations’ (IFN 2.9% and ocrelizumab 1.3%), followed by ‘Nervous System Disorders’ (IFN 1.3% and ocrelizumab 1.0%), and ‘Injury, Poisoning and Procedural Complications’ (IFN 1.2% and ocrelizumab 0.7%).
When considered by SOC, there was no concerning pattern. In the IFN group, there were more reports of SAEs in the SOCs ‘Infections and Infestations’, (IFN 24 patients versus ocrelizumab 11) and ‘Injury, Poisoning, and Procedural Complications’ (IFN 10 patients versus ocrelizumab 6 patients). In the ocrelizumab group, there more reports of SAEs in the SOC ‘Hepatobiliary Disorders’, but this only amounted to an excess of 3 patients (IFN 3 patients versus ocrelizumab 6 patients).
By PT, there was no imbalance in any specific SAE except serious MS relapse, which was more common with IFN and is best considered as an efficacy endpoint (IFN 5 patients versus ocrelizumab 1 patient) and seizure (IFN 1 versus ocrelizumab 4 patients). There are no a priori reasons for suspecting ocrelizumab to increase the risk of seizures. There were no SAEs reported in ≥ 1% for any one PT in either group.
[bookmark: _Toc475957119]Table 93: Serious adverse events reported in ≥ 1% of patients by system organ class – Phase III RMS controlled treatment population (Pool A)
[image: ]
In the PPMS population, the proportion of patients reporting SAEs was higher, but the incidence was similar with placebo (22.2%) and ocrelizumab (20.4%). The most commonly reported SAE by SOC was ‘Infections and Infestations’, for which the incidence was similar between the placebo (5.9%) and ocrelizumab (6.2%) groups.
[bookmark: _Toc475957120]Table 94: Serious adverse event reported in ≥ 1% of patients by system order class, Phase III PPMS controlled treatment population
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[bookmark: _Toc475957121]Table 95: Serious adverse events reported in ≥ 1% of patients by preferred term, Phase III PPMS controlled treatment population
[image: ]
[bookmark: _Toc475956962]RA studies
[bookmark: _Toc475956963]The overall incidence of SAEs in the controlled RA data and the total RA population is shown above, but the individual types of SAE reported in the RA studies were not presented in a convenient format. Instead, a multi-page table listing all SAEs was submitted. The sponsor should be asked to provide a summary table of SAEs by organ class and common SAEs by descriptive label (preferred term).
[bookmark: _Toc475956964]MS studies
In the MS studies, 11 deaths were reported, including 8 deaths in patients who were receiving or had received ocrelizumab, and 3 in patients who had only received control therapies – placebo or interferon β-1a (exposure to control therapies only and to ocrelizumab was not equal, however, because of subjects switching to open-label follow-up). Expressed in terms of event rates per 100 PY, the mortality rate during ocrelizumab treatment was 0.18 (95% CI: 0.08, 0.35).
[bookmark: _Toc475957122]Table 96: Deaths in subjects who received ocrelizumab in MS studies[image: ]
Note: the subject listed as having received placebo also received ocrelizumab.
In the PPMS studies, there were four deaths in ocrelizumab recipients, compared to only one in a placebo recipient, but it should be recalled that the randomisation ratio was 2:1, with more patients receiving ocrelizumab. The only apparent pattern is that two of the four ocrelizumab deaths were attributed to pneumonia. This could indicate a causal role of ocrelizumab, which was associated with increased incidence of upper respiratory tract infections in the MS and RA populations.
[bookmark: _Toc475957123]Table 97: Deaths on ocrelizumab during controlled treatment, RMS Studies
[image: ]
[bookmark: _Toc475957124]Table 98: Deaths during controlled treatment, PPMS studies
[image: ]
[bookmark: _Toc475956965]RA studies
In the RA studies, 45 deaths were reported, including deaths in placebo control groups. Expressed as a death rate per 100 PY, the mortality rates were similar across treatment groups, with no excess in the ocrelizumab groups: the event rate in the pooled placebo group was 0.78 per 100 PY (95% CI: 0.31, 1.60); in the ocrelizumab 400 mg group it was 0.50 (95% CI: 0.16, 1.16) and in the ocrelizumab 1000 mg group it was 0.66 (95% CI: 0.24, 1.44). In the pool of all patients who received ocrelizumab (Pool E), the death rate was 0.61 (95% CI: 0.45, 0.82).
As shown in the table below, a high number of deaths were attributed to pneumonia or sepsis. In some cases, the cause of death was listed as ‘Death’, and the sponsor should be asked to provide a revised table listing the actual cause where this is known or can be inferred.
[bookmark: _Toc475957125]Table 99: Listing of deaths in RA studies
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Table 100: Listing of deaths in RA studies
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[bookmark: _Toc241374325][bookmark: _Ref272333477][bookmark: _Toc272414667][bookmark: _Toc290846305][bookmark: _Toc475956966]Discontinuation due to adverse events
[bookmark: _Toc475956967]MS studies
In the Phase III RMS controlled treatment population, the proportion of ocrelizumab recipients withdrawn from study treatment due to an AE was reasonably low, as shown in the table below (3.5%; 29 patients). Withdrawal due to AEs was more common in the pooled interferon recipients (6.2%, 51 patients). Among ocrelizumab recipients, the most common AEs leading to withdrawal were grouped in the SOC ‘Injury, Poisoning, and Procedural Complications’, which was entirely due to IRRs (1.3%; 11 patients). Other individual AEs were an infrequent cause of withdrawal for ocrelizumab recipients (≤ 0.3% of patients for individual preferred terms, ≤ 0.5% for SOCs). Among interferon recipients, influenza-like illness (ILI) was the most common AE leading to withdrawal (1.5%, 12 patients); this is a known tolerability issue with interferon treatment. In the broader pool of RMS patients, including open-label follow-up, the proportion of patients withdrawn from study treatment due to an AE was low (2.9%, 42 patients), and similar to the controlled treatment experience.
In the Phase III PPMS controlled treatment population, the incidence of AEs leading to withdrawal was broadly similar to that observed in the RMS population, as shown in the second table below. The incidence of AEs leading to withdrawal in the active ocrelizumab group was only slightly higher than that observed with placebo (ocrelizumab 4.1%, 20/486 patients, versus placebo 3.3%, 8/239 patients). IRRs were a less common cause of withdrawal, and discontinuations due to IRRs occurred with a similar incidence in the active and placebo groups (0.4% in each group).
[bookmark: _Toc475957126]Table 101: Adverse events leading to discontinuation of study treatment by body system class and preferred term, Pool A: Phase III RMS controlled treatment population
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Table 102: Adverse events leading to discontinuation of study treatment by body system class and preferred term, Pool A: Phase III RMS controlled treatment population
[bookmark: _Toc475957127][image: ]
Table 103: Adverse events leading to discontinuation of study treatment by body system class and preferred term; Phase III PPMS controlled treatment population
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[bookmark: _Toc475956968]RA studies
Discontinuations due to AEs in the RA population were not presented in a convenient format, but in a 10 page table unsuitable for inclusion in this report. In the RA Controlled Treatment Population (Pool D), the proportion of patients withdrawing due to an AE was generally low, but it was higher in the ocrelizumab groups (3.0% and 3.4% of patients in the ocrelizumab 400 mg and ocrelizumab 1000 mg groups, respectively) compared with placebo (2.1%). In the total RA pool, including open-label and uncontrolled exposure (Pool E), 3.8% of patients discontinued from study treatment due to an AE.
[bookmark: _Toc241374321][bookmark: _Ref271044780][bookmark: _Ref271196640][bookmark: _Ref272333085][bookmark: _Toc272414668][bookmark: _Toc290846306][bookmark: _Toc475956969][bookmark: _Toc523996679]Laboratory tests
Abnormal laboratory abnormalities in the RMS controlled treatment population are listed in the table below, and abnormalities in the PPMS controlled treatment population are listed in the subsequent table. Several abnormalities were observed in clinical chemistry or haematological parameters, but the incidence with ocrelizumab was generally similar to that observed with interferon, or in some cases lower, as discussed in the sections below. The incidence of laboratory abnormalities was also similar with ocrelizumab in comparison to placebo. Most of the abnormalities were isolated readings, rather than sustained abnormalities. Exceptions included a fall in immunoglobulin levels, which was seen in ocrelizumab recipients, as well as the expected B cell depletion (see subsection: Haematology, below).
[bookmark: _Toc475957128]Table 104: Post-Baseline laboratory abnormalities, Phase III RMS controlled treatment population (Pool A)
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Table 105: Post-Baseline laboratory abnormalities, Phase III RMS controlled treatment population (Pool A)
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Table 106: Post-Baseline laboratory abnormalities, Phase III RMS controlled treatment population (Pool A)
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Table 107: Post-Baseline laboratory abnormalities, Phase III RMS controlled treatment population (Pool A)
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[bookmark: _Toc475957129]Table 108: Post-Baseline laboratory abnormalities, Phase III PPMS controlled treatment population
[image: ]
Table 109: Post-Baseline laboratory abnormalities, Phase III RMS controlled treatment population (Pool A)
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Table 110: Post-Baseline laboratory abnormalities, Phase III RMS controlled treatment population (Pool A)
[image: ]
[bookmark: _Toc272414669][bookmark: _Toc290846307][bookmark: _Toc475956970]Liver function
[bookmark: _Toc475956971]MS studies
No strong signals emerged from the safety data suggesting significant hepatic toxicity. There were no cases fulfilling Hy’s Law criteria (simultaneous elevation of aminotransferases > 3 x ULN and total bilirubin > 2 x ULN), during the controlled treatment period. In the RMS population, the incidence of abnormal liver function tests (LFTs) was lower with ocrelizumab than with interferon (as an AE, elevated liver enzymes were reported in 2.9% of ocrelizumab recipients versus 0.4% of ocrelizumab recipients in the Phase III controlled pool of RMS subjects).
In the PPMS population, the incidence of abnormal LFTs was higher in placebo recipients than in ocrelizumab recipients, as shown in the table above.
[bookmark: _Toc475956972]RA studies
As shown in the table excerpts below, there were no signals in the controlled phases of the RA studies to suggest a significant excess of abnormal LFTs in ocrelizumab recipients, compared to placebo recipients. Also, there were no cases of Hy’s Law reported.
[bookmark: _Toc475957130]Table 111: Laboratory abnormalities related to LFTS, Controlled RA Studies
[image: ]
[bookmark: _Toc272414670][bookmark: _Toc290846308][bookmark: _Toc475956973]Kidney function
[bookmark: _Toc475956974]MS studies
The incidence of high urea or high creatinine was low (no ocrelizumab recipients in the RMS controlled data pool, and only one patient in the PPMS data pool.)
[bookmark: _Toc475956975]RA studies
In the RA studies, the incidence of AEs related to abnormal creatinine levels was also low, as shown in the table excerpt below.
[bookmark: _Toc475957131]Table 112: Laboratory abnormalities related to creatinine, controlled RA studies
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[bookmark: _Toc272414671][bookmark: _Toc290846309][bookmark: _Toc475956976]Other clinical chemistry
No concerning signals were observed during routine monitoring of electrolytes and other clinical chemistry parameters in the MS or RA studies.
[bookmark: _Toc272414672][bookmark: _Toc290846310][bookmark: _Ref463343900][bookmark: _Toc475956977]Haematology
[bookmark: _Toc475956978]MS studies
Marked decreases in total white blood cell counts were observed during treatment in the RMS population, but were more common with interferon (IFN 14.0% and ocrelizumab 2.6% of patients). A similar pattern was observed with decreases in lymphocytes (IFN 12.8% and ocrelizumab 5.3%). The proportion of patients with marked decreases in neutrophils was also higher in the interferon group (18.2%) than in the ocrelizumab group (4.4%). In most ocrelizumab recipients who showed a decrease in neutrophils, these were isolated laboratory abnormalities, with only 0.1% of patients showing repeated decreases in neutrophils. In the interferon group, by contrast, 7.0% of patients had marked decreases in neutrophils that were shown again on repeat testing.
In the PPMS population, a higher proportion of ocrelizumab recipients experienced marked decreases in white blood cells, compared to placebo recipients (19 patients (3.9%) versus 5 patients (2.1%)). A similar excess of marked decreases was noted for lymphocytes (6.8% versus 5.0%) and for neutrophils (4.6% verse 1.7%). A total of 0.6% of ocrelizumab-treated patients had markedly decreased levels of neutrophils that were replicated, compared to no patients in the placebo group.
Immunoglobulin levels showed falls with ocrelizumab treatment, which is potentially consistent with the depletion of B cells but could reflect a response to exogenous immunoglobulins. The observed falls are unlikely to have been of major clinical significance. The pattern was similar in the RMS and PPMS populations; the table below shows the pooled results in both populations. IgM showed the greatest fall, with a median reduction of 47% in the pooled MS population from baseline to Week 192; decreases in IgG and IgA were smaller, with median decreases of 16% and 12% by Week 192, respectively.
[bookmark: _Toc475957132]Table 113: Mean levels of immunoglobulins at baseline and Week 192; Phase III MS all exposure (Pool B excluding Phase II)
[image: ]
The proportion of patients with immunoglobulin levels below the lower limit of normal (LLN) was clearly elevated in ocrelizumab recipients, compared to interferon β-1a recipients in the RMS studies and placebo recipients in the PPMS study, but this information was not displayed in a convenient table. In the RMS population, the proportion of patients with IgM < LLN (0.4 g/L) was 0.1% at baseline and increased to 16.5% at Week 96. The proportion of patients with IgG or IgA < LLN (IgG LLN: 5.65 g/L, LLN IgA: 0.7 g/L) at Week 96 was 1.5% and 2.4% respectively. In the PPMS population, similar observations were made: the proportion of patients with IgM < LLN (0.4g/L) was 0.2% at baseline and increased to 15.5% at Week 120; the proportion of patients with IgG or IgA < LLN at week 120 was 1.1% and 0.5%, respectively.
The sponsor also monitored antibody titres to common bacterial and viral pathogens, including S. pneumonia, mumps, rubella, and varicella zoster. Ocrelizumab did not appear to have an effect on specific humoral immunity to these antigens, and the proportions of patients with positive antibody titres were similar to the proportions at baseline.
Overall, there does not appear to be a major haematological effect of ocrelizumab apart from the B cell depletion that is intrinsic to its mode of action. Some patients may show a fall in other white cell counts, and most patients can be expected to show a fall in immunoglobulin levels. There are potential safety issues arising from B cell depletion and low immunoglobulin levels, with the potential for immunosuppression leading to opportunistic infections or malignancies, but these issues are considered separately.
[bookmark: _Toc475956979]RA studies
In the RA studies, small decreases in IgA, IgG, and larger decreases in IgM were observed following treatment with ocrelizumab, and the incidence of Ig levels below the LLN was higher in ocrelizumab recipients. At Week 48 in the placebo, OCR 400 mg, and OCR 1000 mg groups, respectively, the incidence of levels below LLN was:
IgA: 0.3%, 1.0%, and 1.1%
IgG: 0.4%, 1.8% and 1.8%
IgM: 1.0%, 10.8%, and 8.6%%
[bookmark: _Toc475956980]Anti-drug Antibodies
[bookmark: _Toc475956981]MS studies
Treatment-induced anti-drug antibodies (ADA) were only infrequently detected during the controlled treatment period in both the RMS (0.4%) and PPMS (1.9%) populations. Of the ADA-positive patients, only two tested positive for neutralizing antibodies to ocrelizumab (antibodies that blocked the functional effect of ocrelizumab).
[bookmark: _Toc475956982]RA studies
During the placebo-controlled periods of the studies, the incidence of ADAs was low (below 5%) and similar between placebo and OCR groups in all studies. There was no apparent increase in ADA incidence due to OCR treatment.
[bookmark: _Toc272414676][bookmark: _Toc290846314][bookmark: _Toc475956983]Vital signs and Electrocardiograph (ECG)
[bookmark: _Toc475956984]MS studies
Across all MS studies, no concerning signals or patterns were noted for changes in vital signs or physical examination findings in ocrelizumab treated patients.
Events classified in the ‘Cardiac Disorders’ SOC were reported in 2.7% (59 patients) of all patients exposed to ocrelizumab (Pool B). No consistent patterns were observed, and no events were suggestive of QT prolongation.
[bookmark: _Toc475956985]RA studies
No concerning signals were noted in vital signs and physical examination findings when comparing ocrelizumab recipients with placebo recipients. In the total exposure pool, consisting of 7324 PY of exposure, 257 events (3.51 events per 100 PY) were assigned to the ‘Cardiac Disorders’ SOC. No events were suggestive of QT prolongation.
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc475956986][bookmark: _Toc523996680]Post-marketing experience
There is no available post-marketing information on the safety of ocrelizumab.
[bookmark: _Ref272333005][bookmark: _Toc272414680][bookmark: _Toc290846318][bookmark: _Toc475956987][bookmark: _Toc523996681]Safety issues with the potential for major regulatory impact
[bookmark: _Toc272414681][bookmark: _Toc290846319][bookmark: _Toc475956988]Liver toxicity
There is currently no evidence suggesting that ocrelizumab poses a substantial risk of hepatotoxicity.
[bookmark: _Toc272414682][bookmark: _Toc290846320][bookmark: _Toc475956989]Haematological toxicity
Ocrelizumab produces B cell depletion, with associated falls in immunoglobulin levels, particularly IgM. These effects are intrinsic to its mode of action, and may increase the risk of infections. There is no evidence that ocrelizumab produces one marrow suppression or significant cytopaenias, apart from the expected depletion of B cells.
[bookmark: _Toc272414683][bookmark: _Toc290846321][bookmark: _Toc475956990]Serious skin reactions
The incidence of infusion-related reactions included some reversible skin changes. In the RMS population, the incidence of cutaneous symptoms during IRRs was much higher in the ocrelizumab group (58.7% versus 12.5% with ocrelizumab-placebo), with pruritus (30% of patients) and rash (30% of patients) reported most commonly. Across the overall MS study program, however, there was no evidence of a significantly heightened risk of serious, persistent skin reactions.
[bookmark: _Toc272414684][bookmark: _Toc290846322][bookmark: _Toc475956991]Cardiovascular safety
There is currently no evidence suggesting that ocrelizumab poses a serious risk of cardiological toxicity, but the infusion of monoclonal antibodies can cause anaphylaxis in a small proportion of patients, so facilities for cardiac resuscitation should be available during ocrelizumab infusions.
[bookmark: _Toc241374323][bookmark: _Toc272414685][bookmark: _Toc290846323][bookmark: _Toc475956992]Unwanted immunological events
The use of ocrelizumab is associated with infusion-related reactions, as discussed below. IRRs were the most frequently reported AE and occurred with a clear excess in ocrelizumab recipients. Most were Grade 1 and 2 in intensity, and there were no fatal IRRs or hypersensitivity reactions. The highest incidence of IRRs occurred with the first ocrelizumab infusion, and the incidence decreased with subsequent dosing. Overall, IRRs appeared to be manageable with an approach consisting of prophylactic steroids and antihistamines, adjustments of the infusion rate in susceptible individual, and symptomatic treatment.
[bookmark: _Toc272414686][bookmark: _Ref273005527][bookmark: _Toc290846324][bookmark: _Toc475956993][bookmark: _Toc523996682]Other safety issues
[bookmark: _Ref463347984][bookmark: _Ref463348001][bookmark: _Toc475956994][bookmark: _Toc241374322][bookmark: _Ref272331212][bookmark: _Toc272414687][bookmark: _Toc290846325]Infusion-related reactions (IRRs)
In the pivotal RMS studies, IRRs occurred more commonly in patients treated with ocrelizumab than in interferon β-1a recipients, who received ocrelizumab placebo infusions in a double-dummy design (IFN 9.7% of patients and ocrelizumab 34.3% of patients). The higher incidence of IRRs with active ocrelizumab was most evident with the first infusion (IFN 6.5% versus ocrelizumab 27.5%), but it persisted for all infusions.
These IRRs occurred despite the fact that, about 30 minutes prior to every ocrelizumab infusion, patients were also administered 100 mg IV methylprednisolone (or an equivalent dose of alternative steroid), as well as other optional pre-medication treatments, to lower the risk of IRRs.
Most IRRs in were of Grade 1 or 2 in intensity (IFN 98.8% and IFN 92.6% of patients with IRRs). Grade 3 IRRs were reported in only one patient in the IFN group (0.1%), compared with 20 patients (2.4%) in the ocrelizumab group.
[bookmark: _Toc475957194]Figure 15: Percentage of patients with ≥ 1 IRR by infusion, Phase III RMS controlled treatment
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Individual AEs classified as IRRs are summarised in the table below: symptoms primarily included cutaneous and respiratory reactions.
[bookmark: _Toc475957133]Table 114: Infusion related reactions and symptoms overall and by infusion, RMS, Pool A
[image: ]
Similar findings were reported in the PPMS study. IRRs occurred more commonly in patients treated with ocrelizumab than in those receiving placebo (placebo 25.5% verse ocrelizumab 39.9% of patients). Again, the higher incidence of IRRs in ocrelizumab recipients was most evident at the first infusion compared with placebo (placebo 12.1%% versus ocrelizumab 27.4%). Comparing the two MS populations, there was no consistent differences between the incidence of IRRs by cycle, even though the PPMS study administered all 600mg dose cycles as two separate 300mg doses, whereas the RMS studies split the dose for the first cycle only.
[bookmark: _Toc475957134]Table 115: Incidence and severity of IRRs for single infusion versus divided dose regimens
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[bookmark: _Toc475956995]Safety in special populations
No studies have specifically assessed safety in special populations such as extremely young or old patients, or subjects with substantial renal or hepatic impairment. Two broad populations of subjects have been assessed: MS subjects with mild-to-moderate disability and a range of MS subtypes; and RA subjects receiving concomitant immunosuppressive agents.
Safety in the RA population was inferior to that seen in the MS population, with an excess of serious opportunistic infections, which is likely to reflect, in part, the concurrent use of immunosuppressant agents. It could also reflect an additional susceptibility to adverse events related to the underlying RA.
Within the MS population, no concerning safety signals were found in an assessment of safety data based on age, gender and concomitant disease including diabetes.
[bookmark: _Toc241374324][bookmark: _Ref272331214][bookmark: _Toc272414688][bookmark: _Toc290846326][bookmark: _Toc475956996]Safety related to drug-drug interactions and other interactions
No substantial PK interactions are expected, but interventions removing antibodies from circulation, such as plasma exchange, could reduce the efficacy of ocrelizumab.
The experience in the RA population suggests that synergistic immunosuppression could be a substantial problem, leading to an increased risk of infections, including serious and fatal infections.
Interactions between ocrelizumab and vaccines have not been studied, but are a focus of on-going investigation by the sponsor.
[bookmark: _Toc272414689][bookmark: _Toc290846327][bookmark: _Toc475956997]Infections
[bookmark: _Toc475956998]MS studies
Overall infections
For the RMS population, the sponsor listed all AEs classified as infections in a table, ranking AEs by frequency, reproduced below. URTIs and nasopharyngitis were both more common with ocrelizumab than with interferon, with an excess of about 5% for each.
[bookmark: _Toc475957135]Table 116: Infections by body system and preferred term, Pool A: Phase III RMS controlled treatment population
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The sponsor also analysed infective AEs by grouping them into clinically meaningful ‘baskets’ of related infections. This confirmed the excess of URTIs and URTI-related infections in ocrelizumab recipients, as shown below. A mild excess of some other infections, including herpes infections, was also observed.
[bookmark: _Toc475957136]Table 117: Infections by ‘Basket’; Phase III RMS controlled treatment population (Pool A)
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In the PPMS population, the proportion of patients experiencing an infection was high, but similar between placebo and ocrelizumab groups (placebo 69.9% and ocrelizumab 71.4% Infections). When corrected for exposure time, the infection rates per 100PY were very similar (placebo 76.1; 95% CI: 69.6, 83.0 and ocrelizumab 76.5; 95% CI: 72.0, 81.2). For this data pool, like the RMS pool, the sponsor listed all AEs classified as infections in a table, ranking AEs by frequency. The first page is reproduced below. As in the RMS pool, there was an excess of URTIs in ocrelizumab recipients.
[bookmark: _Toc475957137]Table 118: Infections by body system class and preferred term. Controlled treatment period, PPMS population
[image: ]
Serious infections
In the RMS population, infections defined as serious occurred at a low frequency, and the proportion of patients reporting serious infections was actually lower in the ocrelizumab group than the interferon group (interferon 2.9% versus ocrelizumab 1.3%).
An analysis of serious infections by affected organ system did not reveal any concerning patterns in the comparison of ocrelizumab and interferon.
[bookmark: _Toc475957138]Table 119: Serious Infections by type, pool A: Phase III RMS controlled treatment population
[image: ]
In the PPMS population, the rate of serious infections was similar in the placebo (2.88 per 100 PY) and ocrelizumab (2.97 per 100 PY) groups. The sponsor proposed that the higher rate of serious infections in both arms of the PPMS study (compared with RMS patients) is likely to reflect the relatively greater severity of PPMS. This is broadly plausible, as infections are a common complication of serious neurological dysfunction and impaired mobility.
Opportunistic infections
The sponsor also analysed the infective AEs using a set of terms intended to capture potential opportunistic infections (OI). In this analysis, there was a minor excess of potential OI in the ocrelizumab group, with an excess of herpes infections in particular, although the number of affected patients was small.
In the PPMS population, oral herpetic infections were substantially more common on ocrelizumab recipients, reported in 11 patients (2.3%) in the ocrelizumab group compared to 1 patient (0.4%) in the placebo group.
[bookmark: _Toc475957139]Table 120: Number of events falling in basket of terms to detect potential opportunistic infections by body system and preferred term, Pool A: Phase III RMS controlled treatment population
[image: ]
[bookmark: _Toc475956999]RA studies
An excess of serious infections in the RA studies were identified by the sponsor as one of the main safety concerns leading to abandonment of the RA indication (along with insufficient efficacy against the symptoms of RA). The proposed PI mentions this as an on-gong safety concern.
A simple comparison of the total number of subjects reporting common infections in ocrelizumab recipients does not suggest a major problem: common infections (those with an incidence of ≥5%) occurred in about one third of RA subjects regardless of whether they received a standard disease-modifying anti-rheumatic drug (DMARD) and placebo, or a DMARD and ocrelizumab (see the table below).
[bookmark: _Toc475957140]Table 121: Infections reported in ≥ 5% of patients in the RA controlled treatment population
[image: ]
A review of serious infections shows that the proportion of patients reporting a serious infection was higher with ocrelizumab 1000 mg (5.1% of patients; 66 events) than with ocrelizumab 400 mg (3.8%; 52 events) or placebo (3.4%; 36 events). Pneumonia, which was the most commonly reported serious infection, had a similar incidence across the groups: ocrelizumab 1000 mg (1.2%; 11 patients), ocrelizumab 400 mg (0.7%; 8 patients), placebo (1.0%; 10 patients).
Infections potentially classifiable as opportunistic infections also showed a mild excess in the ocrelizumab groups, with an apparent dose trend, as shown in the table below. The most common potentially opportunistic infections were herpes infections, which did not have a clear excess incidence in the ocrelizumab groups. Serious potential opportunistic infections were infrequent, but substantially more common with ocrelizumab treatment: ocrelizumab 1000 mg (9 patients, 10 events); ocrelizumab 400 mg (8 patients, 8 events); placebo (2 patients, 2 events). The imbalance across groups remained evident when converted to a rate per 100 PY: 1.10 (95% CI: 0.53, 2.03) in the ocrelizumab 1000 mg group; 0.80 (95% CI: 0.34, 1.57) in the ocrelizumab 400 mg group and 0.22 (95% CI: 0.03, 0.80) in the placebo group. In the combined ocrelizumab groups, pneumonia (atypical pneumonia, pneumonia systemic, varicella zoster pneumonia, pneumonia, pneumocystis jirovecii pneumonia) and herpes (herpes zoster, herpes zoster oticus, herpes simplex) were the most commonly reported serious potential opportunistic infections. The two serious cases in the placebo group consisted of ophthalmic herpes zoster.
In the broader pool of RA subjects (not just including the controlled data), the incidence of potential opportunistic infections and serious opportunistic infections remained concerning. Overall, 8.8% (258 of 2926 patients) potentially opportunistic infections. Herpes zoster (3.8%; 110 patients) was the most commonly reported, followed by oral herpes (2.3%; 66 patients), oral candidiasis (0.8%; 24 patients), herpes simplex (0.6%; 19 patients), candida infection (0.5%; 14 patients), and pneumocystis jirovecii pneumonia (0.2%; 5 patients), and then by dengue fever, herpes virus infection, and oesophageal candidiasis (each reported in 0.1% of patients).
[bookmark: _Toc475957141]Table 122: Potential opportunistic infections by basket; RA controlled treatment population
[image: ]
The sponsor assessed the incidence of serious infections according to baseline risk factors. The PI summarises this analysis as follows: ‘Risk factors for serious infections in these trials included other comorbidities, chronic use of immunosuppressants/steroids, and patients from Asia.’ Overall, this statement and the PI’s handling of this issue appear appropriate.
[bookmark: _Toc475957000]Other studies
Studies for indications other than MS and RA were not evaluated in detail. The sponsor ISS summarises Study WA20499, which used ocrelizumab to treat SLE, as follows (emphasis added):
Study WA20499
Study WA20499 evaluated the safety and efficacy of two ocrelizumab dose levels (1000 mg and 400 mg) compared with placebo in adult patients with moderately to severely active SLE. The OCR 1000 mg group received ocrelizumab 1000 mg IV on Days 1 and 15, followed by ocrelizumab 1000 mg at Week 16, and then every 16 weeks. The OCR 400 mg group received ocrelizumab 400 mg IV on Days 1 and 15, followed by ocrelizumab 400 mg at Week 16, and then every 16 weeks. In all groups, treatment was administered in combination with immunosuppressive therapy (azathioprine (AZA), mycophenylate mofetil (MMF), or MTX) plus corticosteroids. (…)
In total, infection was reported in 18 of 33 patients. The most common infections were upper respiratory tract infection, urinary tract infection, and sinusitis. Serious infections were reported in 3 patients (2 in the OCR 400 mg group and 1 in the OCR 1000 mg group). Two of these patients (both in the OCR 400 mg group) developed opportunistic infections (CMV retinitis and pneumocystis jirovecii pneumonia). Both of these patients died, as a result of upper respiratory infection and pneumocystis, respectively. The third patient with a serious infection had an SAE of pneumonia, which resolved without sequelae. One patient later developed an SAE of abdominal abscess during the SFU period.
Overall, this is a high rate of serious infections for a small study, and suggests that ocrelizumab should not be combined with other immunosuppressive agents.
Study WA20500, performed in lupus nephritis, was described as follows.
Study WA20500 evaluated the safety and efficacy of two ocrelizumab dose levels (OCR 1000 mg and OCR 400 mg) compared with placebo in patients with active lupus nephritis. A total of 381 patients were enrolled of which 378 patients with active LN received study drug (126 patients in the placebo group; 127 patients in the OCR 400 mg group, and 128 patients in the OCR 1000 mg group).
Infections, including serious infections, were common, as shown in the table below. The excess in infections attributable to ocrelizumab was small, overall. There was no clear dose trend: the results in the 400 mg dose group were worse than in the 1000 mg dose group, which had a similar incidence to placebo.
[bookmark: _Toc475957142]Table 123: Adverse events (Study WA20500)
[image: ]
In discussing these infections, the ISS notes:
Among the 64 patients who developed a serious infection, eight patients died from the serious infection (due to Legionella infection, pneumonia, sepsis, urosepsis, septic shock).
From a timing perspective, within each treatment group, more serious infections occurred during the first 12 weeks of study, also characterized by higher concomitant immunosuppressant medication use.
Infections identified as opportunistic in nature by medical review were reported in 6 patients. There were more patients in the OCR 400 mg group (3.2%; 4 patients) compared with OCR 1000 mg (0.8%; 1 patient) and placebo (0.8%; 1 patient).
In the OCR groups, infection events reported by PT were systemic herpes, neurocryptococcosis, disseminated herpes, pneumocystis jirovecii pneumonia, and disseminated herpes zoster.
This is a concerning mortality rate for serious infections, which was not adequately highlighted in the rest of the sponsor safety discussion. Overall, this study suggests that combining ocrelizumab with other immunosuppressive agents is dangerous, and increases the risk of opportunistic infections.
In a study of non-Hodgkin’s lymphoma (NHL), opportunistic infections were also observed, but the lack of a placebo control and the nature of the underlying condition make it difficult to discern a causal relationship. The sponsor described the results as follows.
Study BO18414
This open-label Phase I/II study recruited a total of 48 NHL patients aged 38 to 83 years from 19 centres in six countries (3 Australia, 3 Canada, 5 France, 3 Italy, 3 Sweden and 2 Switzerland).
Cohort A: 200 mg/m2 (8 doses)
Cohort B: 375 mg/m2 (8 doses)
Cohort C: 375 mg/m2 (1 dose) followed by 750 mg/m2 (7 doses)
In total, 17 patients experienced at least one infection over the course of the study (4 in Cohort A, 7 in Cohort B and 6 in Cohort C). All infections were Grade 1 or 2 in intensity and included upper respiratory tract infection, herpes simplex, and one case of pneumocystis jirovecii pneumonia.
[bookmark: _Toc272414690][bookmark: _Toc290846328][bookmark: _Toc475957001]Malignancies
[bookmark: _Toc475957002]MS studies
In the Phase III controlled MS studies, malignancy was reported in 6 patients during the controlled treatment period: 2 (0.2% of patients) patients in the IFN group (mantle cell lymphoma and squamous cell carcinoma) and 4 (0.6%) patients in the ocrelizumab group (renal cancer, malignant melanoma, and two cases of invasive ductal breast carcinoma). Expressed as a rate per 100PY, the incidence was 0.14 (95% CI: 0.02, 0.52) for the IFN group and 0.28 (95% CI: 0.08, 0.71) for the ocrelizumab group. Pre-malignant lesions were also reported in a total of 5 patients (0.6%); all of these were in the in the ocrelizumab group (Barret’s oesophagus, large intestine polyp, breast dysplasia, cervical dysplasia, and actinic keratosis).
There was also an excess of malignancy and pre-malignancy in the PPMS study. Malignancy was reported in 13 patients during the controlled treatment period: 2 (0.8%) patients in the placebo group and 11 (2.3%) patients in the ocrelizumab group (but it should be recalled that randomisation was unequal). The most common malignancies were female breast cancers, reported in 4 patients (0.8%) in the ocrelizumab group only, and basal cell carcinoma (BCC), which was also reported in 4 patients (1 patient in the placebo group and 3 in the ocrelizumab group). The rate per 100 PY of malignancy events was elevated in the ocrelizumab group, but numbers were small and the 95%CI was broad: 0.30 per 100PY (95% CI: 0.04, 1.10) for the placebo group and 0.92 (95% CI: 0.49, 1.57) for the ocrelizumab group. Pre-malignant lesions were reported in 7 patients during the controlled treatment period, with a similar incidence across groups: 2 patients (0.8%) in the placebo group and 5 patients (1.0%) in the ocrelizumab group. The pre-malignant disorders included: endometrial hyperplasia, Crohn’s disease, actinic keratosis, large intestine polyp, and dysplastic naevus.
Across the whole MS population, there was an excess of breast cancer cases, summarised in the ISS as follows:
The imbalance observed in MS malignancies identified female breast cancer as the single cluster of events. Of the 19 patients treated with ocrelizumab who reported a malignancy in the MS program, breast cancer was reported in 7 female patients, 6 of which occurred during the controlled treatment periods. There were no reports of breast cancer in the comparator groups (IFN and placebo). All cases were ductal invasive, with a latency period from first infusion of ocrelizumab of between 1 and 3 years.
It is not possible to draw strong conclusions from these results. The excess of malignant an pre-malignant AEs in ocrelizumab recipients raises the possibility that impaired immune surveillance, induced by B cell depletion, increases the risk of malignancy. Alternatively, the inequality in the incidence could simply reflect the low numbers of patients affected. The cluster of breast cancer cases is of some concern, but it is a post hoc observation based on a small number of cases. It would be appropriate for this issue to be the subject of ongoing surveillance and risk management.
The proposed PI does not mention malignancy as a significant safety concern, which is broadly appropriate given the paucity of the data, the lack of any clear signal, and the broadly similar incidence of malignancy across groups in the RA studies, described below.
[bookmark: _Toc475957003]RA studies
In the RA studies, the frequency of malignancy was broadly similar across the placebo (1.0%; 10 patients), ocrelizumab 400 mg (0.7%; 8 patients), and ocrelizumab 1000 mg groups (1.2%; 11 patients) group. Basal cell carcinoma was the most commonly reported malignancy, and showed a broadly similar incidence across groups: placebo 0.2% (2 patients), ocrelizumab 400 mg 0.2% (2 patients), ocrelizumab 1000 mg 0.3% (3 patients). No other type of malignancy occurred in more than 2 patients in any group. The incidence was also similar when expressed as a rate per 100PY: placebo (1.11; 95% CI: 0.53, 2.04), ocrelizumab 400 mg (0.90; 95% CI: 0.41, 1.70) and ocrelizumab 1000 mg (1.32; 95% CI: 0.68, 2.31) groups.
[bookmark: _Toc475957004]Other studies
No clear pattern of excess malignancies emerged from the additional studies performed in the setting of SLE, LN and NHL, but these studies were generally small and treatment duration was short. In Study WA20500, which was somewhat larger, no difference was noted across treatment groups:
Malignancy (coded to SOC Neoplasms, Benign, Malignant and Unspecified) was reported in a total of 18 (4.8%) patients. The frequency was similar between placebo (4.8%; 6 patients), OCR 400 mg (4.8%; 6 patients), and OCR 1000 mg (4.7%; 6 patients) groups.
[bookmark: _Toc241374328][bookmark: _Toc272414691][bookmark: _Toc290846329][bookmark: _Toc475957005][bookmark: _Toc523996683]Evaluator’s overall conclusions on clinical safety
The safety of ocrelizumab is broadly acceptable, given that its proposed use is treatment of a major neurological illness that has serious impacts on patients’ mobility, vision and cognition.
The most common tolerability issue is infusion-related reactions (IRRs), which can be partly reduced by pre-treatment with corticosteroids. The risk of serious IRRs means that ocrelizumab should only be administered in a controlled medical environment – preferably a hospital with resuscitation equipment and the ability to treat anaphylaxis. Ocrelizumab will not be suitable for home treatment by visiting MS nurses.
Ocrelizumab appears to increase the risk of respiratory infections, most of which consist of upper respiratory tract infections.
In the MS population, ocrelizumab did not produce a clear increase in the risk of serious infections or opportunistic infections, but these were seen in the RA population, possibly because of co-treatment with other immunosuppressive drugs including steroids.
Ocrelizumab was associated with an excess of breast cancer cases, with breast cancer reported in 7 female patients who received ocrelizumab, 6 of which occurred during the controlled treatment periods, compared to no reports of breast cancer in the comparator groups (IFN and placebo). All cases were ductal invasive, with a latency period from first infusion of ocrelizumab of between 1 and 3 years. The significance of this post hoc observation is uncertain.
Ocrelizumab suppresses B cell counts, which is intrinsic to its mode of action. It also slightly increased the risk of neutropaenia, and caused a mild reduction in immunoglobulin levels. Laboratory monitoring did not raise any other concerns. Haematological monitoring of ocrelizumab recipients is recommended.
Ocrelizumab is likely to increase the risk of progressive multifocal leukoencephalopathy (PML), based on the experience with other disease-modifying agents and, in particular, the occurrence of PML in some rituximab recipients. The proposed PI does not currently recommend performing JCV serology prior to or during treatment with ocrelizumab, but this seems advisable.
[bookmark: _Toc523996684]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc475957007][bookmark: _Toc523996685]First round assessment of benefits
The benefits of ocrelizumab in the proposed usage in ‘RMS’ are:
A significant reduction in Annualised Relapse Rate of approximately 46 to 47%, relative to interferon β-1a 44mcg TIW (Rebif)
A significant relative reduction in 12 week Confirmed Disability Progression 12 week CDP rates of 36% over 96 weeks, with an absolute reduction of 5.43%, compared to Rebif (ocrelizumab 9.75% verse interferon β-1a 15.18%)
Significant reductions in radiological activity, relative to Rebif, with ocrelizumab recipients showing 5-6% of the number of Gd+ lesions, 17 to 23% of the new/enlarging T2 lesions, and 36 to 43% of the number of T1 ‘black holes’, compared to the Rebif control group.
A substantial and clinically meaningful increase in the achievement of No Evidence of Disease Activity (NEDA), relative to Rebif, though this was, technically, not significant because of the hierarchical statistical approach. In Study WA21092, NEDA was achieved in 27.1% of interferon β-1a recipients, compared to 47.4% of ocrelizumab recipients. In Study WA21093, NEDA was achieved in 24.1% of interferon β-1a recipients, compared to 43.9% of ocrelizumab recipients.
Benefit across the full spectrum of RMS subjects has not been directly demonstrated. Although a Phase II Study in RRMS showed clear evidence of efficacy of ocrelizumab relative to low-dose weekly IM interferon β-1a (Avonex), no study has assessed ocrelizumab in subjects with SPMS. The pivotal studies in ‘RMS’ included an unknown proportion of subjects with SPMS, but efficacy was not specifically assessed in this important subgroup. The subgroup analyses that were submitted suggested better efficacy in subjects with Gd+ baseline scans, and worse efficacy in subjects without Gd+ lesions.
It appears likely that efficacy in SPMS subjects will be inferior to that observed across the entire RMS study cohort, but this has not been assessed. It also appears likely that, within the SPMS population, efficacy will be reduced in those without clinical or radiological evidence of disease activity, but this has not been assessed. The pivotal studies only recruited subjects with recent relapses, and there is no evidence that ocrelizumab has a role in RMS or SPMS subjects without recent relapses. (The positive results in PPMS do suggest some efficacy in MS subjects without relapses, but this is indirect evidence, and the evidence was not as robust as that in RMS).
[bookmark: _Toc475957143]Table 124: Summary of primary and secondary efficacy endpoints at Week 96 (ITT Population, Study WA21092)
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Table 125: Summary of primary and secondary efficacy endpoints at Week 96 (ITT Population, Study WA21092)
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Benefits of ocrelizumab in the proposed PPMS usage are:
A statistically significant but modest reduction in the rate at which PPMS patients reach 12 week CDP. The ocrelizumab group reached the 12 week CDP endpoint with 89% of the placebo incidence (30.2% verse 34.0%), for a relative risk reduction over 120 weeks of 11% (p = 0.0321). The absolute risk reduction was 3.8%, implying that about 26 subjects would need to receive ocrelizumab treatment for 120 weeks to prevent one case of 12 week CDP.
A modest, but poorly defined delay in progression, not yet clearly quantified in terms of weeks of delay.
A variable response across subgroups, with some evidence suggesting that efficacy is reduced, but sill nominally favourable, in older subjects and those without Gd+ MRI scans at baseline. The instantaneous hazard ratio for subjects with unfavourable baseline factors was 0.88 for those aged > 45 years, and 0.84 for those without Gd+ lesions (and it would be expected that the HR would be closer to unity for subjects with both of these adverse baseline factors). The relative risk reduction for older subjects was only approximately 7%.
So far, these benefits have only been shown in one study, which reached traditional and pre-specified significance thresholds (p < 0.05), but failed to reach more ambitious targets (p<0.01) proposed during guidance discussions.
Improved radiological outcomes, including the change in the volume of T2 hyperintense lesions from baseline to Week 120 (p < 0.0001) and a 17.5% relative reduction in the brain volume loss from Week 24 to Week 120, compared with placebo (p = 0.0206).
[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc475957008][bookmark: _Toc523996686]First round assessment of risks
The risks of ocrelizumab in the proposed usage are:
Infusion-related reactions in about one third of patients, although this was also observed to a lesser extent in control groups: (RMS studies, IFN 9.7% verse ocrelizumab 34.3%; PPMS study, placebo 25.5% versus ocrelizumab 39.9%)
A theoretical risk of anaphylaxis and more serious infusion reactions
An excess of upper respiratory tract infections
An excess of herpes infections
An excess of serious and opportunistic infections, as suggested by the experience in the rheumatoid arthritis studies, but possibly confined to subjects using concomitant immunosuppressive agents.
Possible compromise of vaccine function, or increased susceptibility to live vaccines.
An unknown risk of progressive multifocal leukoencephalopathy
[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290846333][bookmark: _Toc475957009][bookmark: _Toc523996687]First round assessment of benefit-risk balance
For RRMS subjects who have very aggressive MS or those who have had breakthrough disease while on established disease-modifying agents, the benefit-risk profile for ocrelizumab is positive. Even if infusion reactions occur, in most subjects they will be temporary, and the efficacy benefit is expected to last approximately six months. The risk of serious infections appears to be low in subjects who are not taking concurrent immunosuppressive agents, and is likely to be acceptable to patients and clinicians. Many existing agents used to treat RRMS (including natalizumab, dimethyl fumarate and fingolimod) carry a clear risk of causing PML, and despite this they have found a useful role in the treatment of MS.
For SPMS subjects, or RRMS subjects without recent relapses, there is currently insufficient evidence to assess the benefit-risk balance. The benefit-risk balance is likely to be favourable in SPMS subjects who have active baseline scans, and may be favourable even in subjects without active scans, but the submitted evidence does not allow this to be estimated.
For PPMS patients, the benefits of ocrelizumab are relatively modest, but the risks may be considered acceptable to many patients and clinicians. The benefit is unlikely to be consistent across all subjects with PPMS: the evidence for benefit is currently clearest for subjects who are younger and have active baseline scans, and it is less clear for subjects who are older and/or have no Gd+ lesions on their cerebral MRI. The risks of infection are likely to be higher in older, frailer subjects, so older subjects have less to gain and more to lose from ocrelizumab treatment.
8. [bookmark: _Toc523996688]First round recommendation regarding authorisation
In the absence of adequate information about the efficacy of ocrelizumab in subjects with SPMS, the recommendations listed below can be made. These recommendations could be revised if further evidence of efficacy in SPMS subjects were made available. Ocrelizumab should be approved for treatment of relapsing and remitting MS (RRMS), in subjects who have experienced at least 2 relapses in the previous 2 years or at least one relapse in the previous 12 months. Ocrelizumab should be approved for treatment of Secondary Progressive MS (SPMS), in subjects who have experienced at least 2 relapses in the previous 2 years and have contrast-enhancing (Gd+) lesions on their cerebral MRI. Ocrelizumab should be approved for treatment of primary progressive MS (PPMS) in subjects who have contrast-enhancing (Gd+) lesions on their cerebral MRI.
[bookmark: _Toc523996689]Evaluator comments on round 1 recommendations
It could be argued that the second recommendation listed above is not adequately supported by the evidence, as no study has directly assessed subjects with SPMS. It would be reasonable to exclude the second recommendation and only approve ocrelizumab in the MS subtypes where it has been directly assessed, RRMS and PPMS. On balance, however, the evaluator believes that: 1) SPMS occupies an intermediate position on the MS spectrum; 2) subtypes at both ends of the spectrum have shown a significant response to ocrelizumab; and, therefore, 3) by interpolation, some efficacy in SPMS appears almost certain. The proposed indication in the EU submission appears to be RRMS, not the broader category of RMS, and the sponsor should clarify reasons for this difference. It could also be argued that ocrelizumab should not be registered for use PPMS, as there has only been a single study performed in PPMS, and that study did not achieve the ambitious p-value proposed by the sponsor in guidance discussions. The strong concordance across multiple endpoints has convinced the evaluator that ocrelizumab has some efficacy, at least in a subset of patients, and subjects with contrast-enhancing lesions are the subset most similar to the RRMS population, in whom it clearly has good efficacy. These considerations led to the compromise suggested above: approving ocrelizumab in Gd+ PPMS patients, while awaiting confirmation of efficacy in the broader PPMS population. In addition to denying registration for PPMS patients without Gd+ scans, it would be reasonable to deny registration for use in older PPMS subjects (> 45 years or > 50 years). It is currently unclear how many older subjects had Gd+ scans, and whether ocrelizumab had acceptable efficacy in such patients, and how efficacy varies with age. Age and Gd positivity are not independent variables, and patients with Gd+ scans are likely to have active inflammation regardless of age, so the evaluator has recommended that suitable patients be identified with imaging rather than being excluded on the basis of chronological age alone. This approach, identifying patients with active disease by MRI, is consistent with standard clinical practice in subjects with treatment-resistant RRMS or SPMS and on-going relapses. The relationship between age, Gd-positivity and treatment response could be clarified by answers to the Clinical Questions posed, which could lead to a revision of these recommendations.
9. [bookmark: _Toc523996690]Clinical questions
[bookmark: _Ref272312341][bookmark: _Toc272414700][bookmark: _Toc290846340][bookmark: _Toc475957016][bookmark: _Toc523996691]Additional expert input
No additional input is recommended.
[bookmark: _Ref269908779][bookmark: _Toc272414701][bookmark: _Toc290846341][bookmark: _Toc475957017][bookmark: _Toc523996692]Clinical questions
[bookmark: _Toc272414702][bookmark: _Toc290846342][bookmark: _Toc475957018]Pharmacokinetics
No questions.
[bookmark: _Toc272414703][bookmark: _Toc290846343][bookmark: _Toc475957019]Pharmacodynamics
No questions.
[bookmark: _Toc272414704][bookmark: _Toc290846344][bookmark: _Toc475957020]Efficacy
Question 1
The two pivotal studies performed in ‘RMS’ included subjects with RRMS and subjects with SPMS and on-going relapses. Please report how many subjects in each pivotal study had RRMS and how many had SPMS.
Question 2
Please perform subgroup analyses of each pivotal RMS study (and both RMS studies pooled), based on the patients’ disease subtype, using standard MS classifications: RRMS, SPMS, (and progressive relapsing MS, PRMS, if some subjects were thought to have this subtype).
Question 3
In the PPMS study, the primary endpoint was described as ‘the time to onset of CDP over the treatment period,’ but the results were not presented in units of time, but as hazard ratios and proportions of subjects reaching each CDP endpoint by the end of the study period. In terms of time taken to reach CDP, please estimate the extent to which active treatment delayed reaching this milestone, expressed as weeks of delay. One possible approach would be to report, with confidence intervals, the number of weeks taken for 5%, 10%, 15%, 20%, 25% and 30% of subjects to reach 12 week CDP.
Question 4
In view of the fact that a previous study of rituximab suggested minimal benefit of B cell depletion in older subjects without Gd+ scans, please estimate efficacy in subjects with all four combinations of these potential markers of poor responsiveness. In particular, please perform a subgroup analysis of subjects who were both old (> 45 and > 50 years) and lacked Gd+ lesions at baseline, as well as an analysis of those who had Gd+ lesions, but were old. In the pivotal PPMS study, please perform a subgroup analysis for subjects aged ≤ 50 years and those > 50 years.
Question 5
What is known about the efficacy of ocrelizumab in subjects who have PPMS and a predominantly spinal distribution of lesions?
[bookmark: _Toc272414705][bookmark: _Toc290846345][bookmark: _Toc475957021]Safety
Question 6
Please provide, or indicate the location of, a convenient one-page summary table listing the most common AEs observed in the RA studies. An acceptable format would be the one used to report AEs in the SM population of the Summary of Clinical Safety (‘Adverse Events Reported in ≥ 2% of Patients in at Least One Treatment Group by Preferred Term; Phase III RMS Controlled Treatment Population (Pool A)’ and ‘Adverse Events Reported in ≥ 2% of Patients by Preferred Term - Phase III PPMS Controlled Treatment Population’), but it would be even more appropriate of AEs were grouped by System Organ Class, with totals shown for each SOC, as well as identified by Preferred Term.
Question 7
Please provide, or indicate the location of, a convenient one-page summary table listing the SAEs observed in the RA studies, grouped by SOC and PT.
Question 8
In the listing of deaths in the MS and RA populations, the cause of death was occasionally listed as ‘Death’. What was the likely cause of death in each of these cases? Please provide a table listing all deaths in ocrelizumab recipients.
Question 9
How many deaths in the RA study program were caused by infections, and which of these were potentially opportunistic infections?
10. [bookmark: _Toc523996693]Second round evaluation of clinical data submitted
The sponsor has submitted responses to Clinical Questions posed in the first-round Clinical Evaluation Report (CER).
[bookmark: _Toc523996694]Efficacy question 1
The two pivotal studies performed in ‘RMS’ included subjects with RRMS and subjects with SPMS and on-going relapses. Please report how many subjects in each pivotal study had RRMS and how many had SPMS.
The sponsor answered as follows:
The physician’s assessment of whether the patient was in the relapsing-remitting or in the secondary progressive course of the disease was not collected at baseline.
The question was raised because most major studies in MS leading to registration of new disease-modifying drugs in the last two decades have considered subjects with RRMS and SPMS separately, and the majority of successful MS studies leading to registration of new treatments have been performed in subjects with RRMS. For most agents, including those with a primarily immunological mechanism of action, efficacy in subjects with SPMS has been disappointing and there are currently no good therapeutic options for subjects with SPMS. Accordingly, it is a priori likely that, for any new MS agent with an immunological mechanism of action, efficacy in these two populations will be different, and efficacy in the SPMS population cannot be inferred from a study largely or solely conducted in an RRMS population. This logic still applies even if, as the sponsor claims, with some support from the literature, the two populations represent different parts of a continuous disease spectrum without clear boundaries. The lack of a clear boundary between RRMS and SPMS has been a feature of MS all along, during the same time period in which it has been observed that RRMS and SPMS have different responsiveness to immunological therapies, so pointing out the continuous nature of this spectrum does not circumvent the need to show efficacy at both ends of the spectrum.
In their two pivotal studies of ‘RMS’, the sponsor recruited a mixed population of subjects with both RRMS and SPMS, but failed to collect data on disease subtypes at baseline. This methodological choice now leads to major difficulties of interpretation of the results. If subjects with SPMS represented a poorly responsive minority within the larger, mixed cohort in the pivotal ‘RMS’ studies, and the positive results of the studies were largely attributable to the more responsive RRMS subjects, which constituted the majority of the study population, then it would be unreliable to conclude that the overall positive results of the pivotal studies could be extended to SPMS subjects merely because some SPMS subjects were recruited.
Because the disease subtype was not collected at baseline, it is not possible to determine how many study subjects had SPMS, and the sponsor has therefore missed the opportunity to estimate the magnitude of the treatment effect in such subjects. This situation was foreseeable when the sponsor decided not to collect this information.
Using an indirect, retrospective approach, the sponsor now estimates that only about 2-10% of the pivotal ‘RMS’ population had SPMS:
Post hoc analyses on relapse-independent disability progression have been performed in order to identify SPMS patients during the treatment period. Depending on the definition applied, the results allowed the identification of a range of 1.9% to 10.2% SPMS patients within the intent-to-treat (ITT) population. These numbers are consistent with an ITT population of predominantly (approximately 90% or greater) RRMS patients.
The evaluator does not accept that this approach is a reliable method of identifying subjects who had SPMS at baseline. One problem is that the treatments being assessed prevent relapses, and a lack of relapses around the time of progression is then interpreted as a marker of SPMS, so the treatments themselves are potentially modifying the categorisation of subjects during the study. This is not methodologically robust. It is known that the two treatments (ocrelizumab and interferon β-1a) have an unequal effect on the incidence of relapses (this was, after all, the primary endpoint of the study), so it is known that at least one of the factors contributing to the sponsor proposed post hoc identification of SPMS subjects was distorted by the treatment itself. There can be no guarantee that the result is an unbiased assessment of subjects with SPMS. (Further methodological issues with this approach are considered below.)
Even if the sponsor identification of SPMS subjects is taken at face value, their own rough estimate suggests that the pivotal ‘RMS’ studies were primarily (> 90%) performed in RRMS subjects, and positive results in RRMS subjects are likely to have had a dominant effect in determining the overall treatment effect in these studies. Accordingly, no reliable conclusions can be drawn about the efficacy of ocrelizumab in subjects with SPMS.
In their response to this question, the sponsor provided some additional material in support of their claim that the efficacy of ocrelizumab extends beyond RRMS. This material did not directly address the question asked, but it is summarised below.
For instance, the sponsor continues (emphasis added):
‘These analyses showed that ocrelizumab has a treatment benefit on relapse independent progression as well.
A 24% risk reduction in 12 week composite confirmed disability progression independent of relapses, with ocrelizumab compared with interferon beta-1a (p = 0.0098).
A 22% risk reduction in 24 week composite confirmed disability progression independent of relapses, with ocrelizumab compared with interferon beta-1a (p = 0.0456). These data provide compelling evidence of a consistent effect of ocrelizumab on measures of disability progression independent of acute inflammatory clinical events.’
The sponsor also produced a table, reproduced below, showing that ocrelizumab reduced the proportion of subjects with disability progression independent of relapses.
[bookmark: _Toc475957144]Table 126: Time to onset of composite confirmed disability progression independent of relapses (EDSS or 25-Foot Timed Walk or 9-Hole Peg Test) and its components for at least 12 weeks (Pooled Studies WA21092 and WA21093; ITT Population)
[image: ]
These analyses provide some reassurance that ocrelizumab does more than prevent overt relapses, but they have only partial relevance to the question of efficacy in SPMS subjects. As the sponsor suggests, subjects in whom progression occurs without clinical relapses are likely to be given a clinical diagnosis of SPMS, but it remains unclear when this diagnosis applies to the study subjects and whether subjects with established SPMS at baseline can expect reasonable efficacy from ocrelizumab.
According to the results cited above, it appears that ocrelizumab may reduce the risk of progressing without an identifiable relapse, which in turn implies that ocrelizumab may reduce the rate at which subjects reach a clinical diagnosis of SPMS. Preventing a subject from reaching SPMS is a worthwhile goal of treatment, but a treatment that reduces the risk of developing SPMS is not necessarily successful at treating subjects who already have established SPMS prior to treatment. As noted by the sponsor, there is a continuous spectrum from RRMS to SPMS: this implies that subjects transitioning to SPMS from RRMS are likely to be more treatment-responsive than subjects with established SPMS. Accordingly, the treatment benefits cited above could have been achieved, primarily, in subjects with RRMS who were transitioning to SPMS. The entry requirement for two relapses in the previous two years or one relapse in the previous year makes it even more likely that the few SPMS subjects entering the study were at the early stages of SPMS.
The critical question is whether subjects with known, established SPMS at baseline are likely to achieve acceptable efficacy with ocrelizumab, and this has not been directly tested. The history of MS studies has shown that, in general, established SPMS is much more resistant to immunomodulatory approaches than earlier, relapse-dominant disease, and the sponsor pivotal ‘RMS’ studies do not directly assess whether the same pattern of responsiveness across the MS spectrum applies with ocrelizumab. (The positive results in the PPMS study partially address this gap in the overall study program, but this evidence is indirect.)
It should also be noted that there is a conceptual difference between ‘disability progression independent of acute inflammatory clinical events’ (as underlined above) and ‘disability progression independent of acute inflammatory events’. The sponsor has provided evidence that ocrelizumab reduces the former, but it still seems likely that the main mechanism for reducing disability progression is nonetheless related to the prevention of acute inflammatory events, including subclinical inflammatory events, or so-called ‘radiological relapses’.
It is widely accepted that only a small proportion of new radiological lesions in MS are associated with overt clinical relapses. It is also well known and widely accepted that recovery from many clinical relapses is incomplete, and that this contributes to disease progression. It is therefore very likely that recovery from subclinical inflammatory lesions is also incomplete, and that this contributes to disease progression, but this important contribution to disability is difficult to assess clinically because the lesions themselves do not individually produce immediate and obvious deficits. Although the clinical effect of these lesions may be subtle on an individual basis, at the time the lesions appear, their cumulative effect is to reduce functional reserve in the CNS. A large component of clinical progression that is ostensibly ‘independent’ of relapses is therefore likely to be associated with the formation of new inflammatory subclinical lesions, followed by incomplete recovery. Some of the effects of these lesions are delayed, and include Wallerian degeneration of axons, secondary degeneration of regions that have lost their usual axonal input, and so on, with the result that the clinical fallout from the acute lesion is temporally smeared and indistinct. Whether there are other components of disease progression in MS that are truly independent of acute inflammatory events is unclear, and not addressed by the submitted data.
Given that RRMS subjects are more likely to have inflammatory CNS activity (both clinical and subclinical) than SPMS subjects, their responsiveness to ocrelizumab is likely to be greater than that of SPMS subjects. Subjects with early SPMS, transitioning from RRMS, are likely to have intermediate responsiveness to ocrelizumab. Subjects with established SPMS are likely to have inferior responsiveness. This notion is supported by a number of subgroup analyses in the sponsor pivotal studies, where efficacy was greater in younger subjects and in those with active scans.
In their response to this question, the sponsor also presented a post hoc subgroup analysis of disease progression in subjects who were likely to have had SPMS at baseline on the basis of their relatively advanced EDSS and pyramidal functional scores (see the table below). This approach is inherently unreliable. The presence of disability at baseline should not be considered an acceptable surrogate for a diagnosis of SPMS, because some subjects with RRMS who had failed to recover fully from earlier attacks could have accumulated disability, without entering a progressive stage of their disease.
In this post hoc subgroup, for the composite non-primary endpoint of disability based on EDSS progression or deterioration in the 25FTW or in the 9HPT, there was a significant benefit for ocrelizumab. For progression identified from EDSS alone, there was merely a favourable trend. This analysis is somewhat reassuring, but suffers from the fact that it is retrospective, with no statistical correction for the potential use of multiple different ways of defining the cohort of interest and multiple different potential definitions of disability progression. That is, the post hoc nature of this exercise leaves too much room for ‘cherry picking’ favourable results. Also, the results in this subgroup cannot be extended to all subjects with SPMS, because the entry criteria for the pivotal studies required that subjects had on-going relapses in the two years prior to study entry.
What is needed is prospective proof of efficacy in SPMS, where:
SPMS subjects are identified prospectively; and
a single primary efficacy measure is defined prospectively.
The sponsor claims of efficacy in this subgroup would have been far more convincing if the traditional disease subtype had been noted at baseline, and disease progression had been assessed using the main prospective measure of disability (based on EDSS).
[bookmark: _Toc475957145]Table 127: Time to onset of composite confirmed disability progression independent of relapses (EDSS or 25-Foot Timed Walk or 9-Hole Peg Test) and its components for at least 12 weeks (Subgroup of Patients with Baseline EDSS ≥ 4.0 and Pyramidal FFS ≥ 2)
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Evaluator’s overall conclusion:
Question 1 asked how many subjects in the ‘RMS’ studies had RRMS, and how many had SPMS. The sponsor has indicated that the requested information about the proportion of subjects with SPMS is unavailable, because it was not collected. The sponsor suggests that, despite this omission, efficacy in SPMS can be inferred, and that the traditional disease categories are not important.
The evaluator concedes that it can be difficult to diagnose subjects with SPMS, and this diagnosis is often made in retrospect, but it remains important to attempt to identify this end of the disease spectrum in all major MS studies and to assess whether efficacy in this population is compromised, relative to efficacy in RRMS. That the sponsor failed to do this represents a substantial deficiency in the overall study program. That deficiency cannot be corrected with post hoc analyses of subjects that might have had SPMS.
As the sponsor notes, there are some indications that ocrelizumab reduces disease progression that is independent of overt clinical relapses, and that it has efficacy in subjects who have already accumulated disability at baseline, so it is possible that the drug has efficacy in subjects with SPMS, provided they have evidence of on-going relapses. Unfortunately, there has been no robust prospective assessment of this hypothesis.
The fact that the sponsor has performed a pivotal study in PPMS partially compensates for the lack of a study specifically assessing SPMS, which is why the first-round CER did not recommend a complete rejection of ocrelizumab in the SPMS population. Without the PPMS study, there would be no valid grounds for considering registration of ocrelizumab in SPMS subjects.
Ultimately, in deciding who might benefit from ocrelizumab, it is probably more important to determine whether subjects have ongoing inflammatory activity at baseline, as evidenced by ongoing relapses or ongoing Gd+ scans, than whether they satisfy traditional definitions of RRMS. As already noted, the sponsor own subgroup analyses in the two ‘RMS’ studies and the pivotal PPMS study suggest that ocrelizumab is more effective in subjects with active scans at baseline, and it would be expected to have relatively poor efficacy in subjects with inactive scans, older age or advanced progressive disease.
[bookmark: _Toc523996695]Efficacy question 2
Please perform subgroup analyses of each pivotal RMS study (and both RMS studies pooled), based on the patients’ disease subtype, using standard MS classifications: RRMS, SPMS, (and progressive relapsing MS, PRMS, if some subjects were thought to have this subtype).
The sponsor answered as follows:
Given that this data was not collected, the sponsor was unable to provide the requested analysis.
The sponsor notes that the number of subjects with PRMS was likely to be low:
With regard to PRMS patients enrolled in the trials, it is likely that their number is very limited taking into consideration that the PRMS population represents a small proportion (< 5%) of MS patients. However this number remains unknown because the information was not collected at baseline.
To some extent, the additional material provided in response to Question 1 provided an indirect analysis of efficacy in subjects likely to have had SPMS in the pivotal ‘RMS’ studies. The limitations of this post hoc approach have already been discussed. Overall, it appears likely that ocrelizumab has some efficacy in subjects with SPMS (provided they have ongoing relapses), but the submitted data do not allow any firm conclusions to be drawn about how much efficacy can be expected in this important population.
In their response to this question, and in defence of the pivotal study design that ignored traditional definitions of disease subtypes, the sponsor also revisited some of the issues already discussed in their response to Question 1:
For the past two decades, MS has been clinically subcategorized into four phenotypic disease patterns distinguished by the occurrence and timing of episodes of transient neurological compromise (relapses) relative to disease onset and disability progression: relapsing-remitting MS (RRMS), secondary progressive MS (SPMS), primary progressive MS (PPMS), and progressive-relapsing MS (PRMS). A recently proposed revision to this classification recommends that the term PRMS is dropped as it is considered vague and overlapping with other disease course subtypes, and that PRMS and PPMS should therefore no longer be considered distinct entities but rather characterized both as PPMS, with or without activity. More recently, it has been proposed that PPMS is not a separate entity but rather a part of the spectrum of progressive disease and as such RMS and PPMS can be considered closely related diseases.
These comments mostly apply to PPMS, which was not the focus of the question, but the sponsor general point is that the traditional subtypes of MS have indistinct borders. This can be conceded, but it does not diminish the need to show efficacy for all subtypes. The evaluator agrees that RRMS and SPMS exist on a disease spectrum, with many patients evolving from RRMS to SPMS through a gradual indeterminate stage in which RRMS is associated with some accumulated disability. It may also be the case that the RRMS-SPMS spectrum is closely related to PPMS, and shares some pathogenic mechanisms. It nonetheless remains the case that, throughout the last two to three decades, efficacy in these different disease subtypes has been different for all agents tested despite that fact the subtypes exist on a continuous spectrum. Populations defined on the basis of having higher relapse rates and less progression between relapses have consistently shown a better response to immunological therapies, and populations with more progressive disease and less relapses have shown a poor response. By failing to study the traditional disease subtypes, the sponsor has made it impossible to draw firm conclusions about the efficacy of ocrelizumab in SPMS.
[bookmark: _Toc523996696]Efficacy question 3
In the PPMS study, the primary endpoint was described as ‘the time to onset of CDP over the treatment period,’ but the results were not presented in units of time, but as hazard ratios and proportions of subjects reaching each CDP endpoint by the end of the study period. In terms of time taken to reach CDP, please estimate the extent to which active treatment delayed reaching this milestone, expressed as weeks of delay. One possible approach would be to report, with confidence intervals, the number of weeks taken for 5%, 10%, 15%, 20%, 25% and 30% of subjects to reach 12 week CDP.
The sponsor answered as follows:
This question was asked because the clinical utility of ocrelizumab in PPMS is somewhat difficult to judge, but appears to be only modest. Ocrelizumab is not expected to prevent disease progression, but merely to slow it down. The degree to which ocrelizumab delays progression is potentially a natural, intuitive measure of efficacy. One drawback of this approach, noted by the sponsor, is that an estimate of delay, measured in weeks, does not use all of the available information – it is therefore not as robust, statistically, as a hazard ratio. It is, however, clinically meaningful, and it directly corresponds to the sponsor initial description of the endpoint as ‘the time to onset of CDP over the treatment period’. If subjects on ocrelizumab reach the same milestones as placebo recipients, but reach these milestones significantly later, then the clinical utility of the treatment does not depend on the statistical robustness of the analysis but on whether the delay is only a few weeks, or more substantial. (The delay in median time to progression would ordinarily be considered a more natural measure than the delay in 30% of subjects progressing, but not enough patients progressed during the study for calculations of median progression times. )
As the sponsor reports, below, the results of the PPMS study suggests that ocrelizumab provides a delay of about 20 to 26 weeks in the time taken for 30% of subjects to reach progression milestones (12 week CDP, delayed by 20 weeks, 24 week CDP, delayed by 26 weeks). This is a modest result, but one that is likely to be considered worthwhile by patients and clinicians. The provided tables suggest similar delays for other proportions of patients progressing, for both 12 week CDP and 24 week CDP.
[bookmark: _Toc475957146]The time taken for 30% of subjects to reach 12 week CDP was 100.1 weeks (95% CI: 72.7, 120.4) for those in the placebo group and 120.0 weeks (95% CI: 96.7, 153.0) in the ocrelizumab group. This demonstrates a treatment effect in favour of ocrelizumab of delaying 12 week sustained disability progression by 20 weeks ((first table below)). Furthermore, the time taken for 30% of subjects to reach 24 week CDP was also analysed. The placebo group took 108.1 weeks (95% CI: 84.1, 132.1) and the ocrelizumab group took 134.4 weeks (95% CI: 108.3, 181.0) to reach this milestone. This demonstrates a treatment effect in favour of ocrelizumab of delaying 24 week sustained disability progression by 26 weeks ((second table below)).
Table 128: Time to onset of confirmed disability progression for a least 12 weeks during the double-blind treatment period (With Imputation, ITT Population)
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[bookmark: _Toc475957147]Table 129: Time to onset of confirmed disability progression for a least 24 weeks during the double-blind treatment period (With Imputation, ITT Population)
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[bookmark: _Toc523996697]Efficacy question 4
In view of the fact that a previous study of rituximab suggested minimal benefit of B cell depletion in older subjects without Gd+ scans, please estimate efficacy in subjects with all four combinations of these potential markers of poor responsiveness. In particular, please perform a subgroup analysis of subjects who were both old (> 45 and > 50 years) and lacked Gd+ lesions at baseline, as well as an analysis of those who had Gd+ lesions, but were old. In the pivotal PPMS study, please perform a subgroup analysis for subjects aged ≤ 50 years and those > 50 years.
The original question only related to subjects with PPMS, but the sponsor provided a similar analysis for subjects with ‘RMS’. The subgroup analyses of the PPMS study are particularly important, because the pivotal PPMS study lacked any precedent in the MS literature, and was the first study to suggest a significant benefit of immunomodulatory therapies in PPMS. Typically, patients with PPMS are considered to have relatively less inflammatory activity than subjects on the RRMS/SPMS spectrum, and PPMS subjects are less responsive both to acute corticosteroids and to long-term disease-modifying immunomodulators. The unsupported nature of the sponsor findings in PPMS (including a lack of any supporting Phase II studies) makes it especially important to consider the extent to which the positive results across the full PPMS cohort were due to inclusion of an identifiable subset of patients with active inflammatory disease. If the sponsor wishes to register ocrelizumab for all patients with PPMS, it is important to consider whether the results of the pivotal PPMS study can truly be generalised to all PPMS subjects.
Subgroup Analysis: Effect of age and Gd-positivity in primary progressive MS
In the first-round CER, it was noted that, in subgroup analyses of the pivotal PPMS study, superior efficacy in the PPMS population was obtained in younger patients with active scans. Hazard ratios for 12 week CDP in older subjects (> 45 years, HR 0.88) and in those without Gd+ baseline scans (HR 0.84) were numerically in favour of ocrelizumab, but 95%CIs crossed unity and the HRs were less favourable than those observed in younger subjects (HR 0.64) and those with Gd+ baseline scans (HR 0.65). This question was raised to clarify the efficacy of ocrelizumab in subjects with an adverse combination of such factors (older age and lack of Gd+ scans). The 50 year age threshold was proposed for an additional exploratory analysis because this was the age cut-off in the rituximab study.
In retrospect, this question was poorly formulated. It asked for ‘all four combinations’ of age and Gd-positivity (old and young, Gd-positive and Gd-negative), to allow a 2 x 2 factorial table to be considered, including young subjects with and without Gd-positivity. Unfortunately, the question confused the issue by also asking for additional analyses based on the age group > 50 years of age. This creates 8 potential combinations, rather than 4. The sponsor did not, in the end, provide an analysis for younger subjects based on the Gd-positivity status, which is understandable, and reflects the wording of the question. Such an analysis could still be of interest.
The sponsor has provided new subgroup analyses of the pivotal PPMS study as shown below. In general, within the limitations of this underpowered, post hoc approach, the analyses were consistent with expectations. Subjects who were both older (> 45 years) and lacked Gd+ baseline scans had a numerically favourable hazard ratio with ocrelizumab, but it was close to unity (HR 0.93). The 95%CI extended above unity, consistent with a non-significant result, but this largely reflects the underpowered nature of the analysis. When Gd+ lesions were present at baseline, older subjects showed a hazard ratio of 0.85, inferior to that observed in the overall Gd+ cohort, which included younger subjects (HR 0.65). The combination of younger age and Gd+ baseline would be expected to produce more favourable HRs, but this statistic was not reported.
When the age cut-off was increased to 50 years, older subjects no longer had a favourable HR, regardless of whether Gd+ lesions were present (HR 1.68) or absent (HR 1.02); the HR in this age bracket was 1.05 overall. In this age group, the effect of Gd-positivity on the HR was reversed, which is unexpected and probably reflects an underpowered analysis: the number of patients older than 50 with Gd+ scans was low (placebo n = 34, ocrelizumab n = 22), so an accurate estimate of efficacy in this subgroup is not possible with the currently available data.
[bookmark: _Toc475957195]Table 130: CDP for 12 weeks by age and Gd+ lesions in PPMS; Study WA25046
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Qualitatively similar results were obtained when disability progression was defined as 24 week CDP, with unfavourable HRs observed in subjects > 50 years.
[bookmark: _Toc475957196]Table 131: CDP for 24 weeks by age and Gd+ lesions in PPMS; Studies WA25046
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In their response to this question (but not shown here), the sponsor also presented results for other efficacy endpoints, including the 25FTW, 9HPT, T2 lesion volume, total brain volume, and a composite measure of progression (based on the EDSS, 25-Foot Timed Walk, and the 9-Hole Peg Test). Overall, results were qualitatively similar to those obtained with the major efficacy endpoints of 12 week and 24 week CDP, but some individual measures showed apparent efficacy in older subjects (such as T2 lesion volume and 9HPT), with HRs below unity, numerically in favour of ocrelizumab. The finding of occasional positive results for minor endpoints in a post hoc analysis is not statistically robust, particularly when there has been no correction for multiplicity, and emphasis should be placed on the major endpoints shown in the two figures above.
On balance, these results suggest that the efficacy of ocrelizumab is likely to be poor in most subjects older than 50, poor in most subjects with the combination of age > 45 and Gd-negative scans at baseline, and intermediate in subjects with just one factor suggesting poor responsiveness (age > 45 or lack of Gd+ baseline scans). Most of the benefit of ocrelizumab in PPMS was obtained in subjects < 45 years and Gd+ scans at baseline. It is not currently clear whether subjects in the intermediate age bracket (45 to 50 years) would experience acceptable efficacy with ocrelizumab (a specific analysis of this small subgroup was not requested or performed, and would be expected to be underpowered), but efficacy in this intermediate age group would be expected to be relatively poor if baseline scans were Gd-negative.
In a different part of their response (in the discussion of the PI), the sponsor noted that Gd-positivity can fluctuate, and Gd-positive lesions usually cease to be contrast-enhancing after 2 to 3 weeks. Given this fluctuation, it seems likely that many responders among the Gd-negative group would have had Gd-positive lesions at other time points, and that Gd-status at a single time point is not a completely reliable indicator of potential responsiveness. This does not mean that Gd-status is irrelevant, indeed, it seems likely that persistently Gd-negative subjects (those lacking Gd+ lesions over multiple scans) would be even less responsive than the Gd-negative subgroups in this analysis (because some of them would have been Gd+ at other time points). It is not possible to address this possibility on the current evidence, but it is relevant to arguments raised by the sponsor where the sponsor claims that use of Gd-status to determine eligibility for treatment could deny some suitable patients access to ocrelizumab. The evaluator proposes that Gd-positivity on a single recent scan should be considered an adequate marker of inflammatory activity, qualifying a subject for treatment.
In the absence of supportive Phase 2 studies or confirmatory Phase 3 studies in the PPMS population, it would be reasonable to restrict ocrelizumab to PPMS subjects who are Gd+ at baseline and ≤ 50 years. It could be argued that ocrelizumab should not be used in PPMS subjects unless they are both Gd+ and ≤ 45 years, but within the limitations of the currently available data, the evaluator favours a slightly broader definition of the suitable target population (Gd+ and ≤ 50 years).
This differs slightly from recommendations in the first-round CER, where it was suggested that ocrelizumab should be restricted to subjects with Gd+ baseline scans, without reference to patient age, but it was anticipated in the first-round CER that an analysis with an age cut-off of 50 years might identify a poorly responsive group. The new analysis confirms poor responsiveness in subjects > 50 years, and this is consistent with observations of the rituximab study.
Subgroup Analysis: Effect of Age and Gd-positivity in ‘RMS’
The sponsor submitted a similar subgroup analysis of the pooled pivotal studies in ‘RMS’, although this was not specifically requested. The analysis is potentially relevant because the sponsor did not perform a pivotal study in subjects with SPMS, and did not collect data on SPMS-status at baseline, but instead lumped together subjects with RRMS and SPMS. Within this mixed population, it would be expected that age and Gd-positivity at baseline might serve as potential markers of responsiveness to treatment, in part because these factors may also act as surrogate markers for patients’ position on the RRMS/SPMS spectrum. Indeed, this pattern was observed in the sponsor original subgroup analysis, which considered age and Gd-positivity as separate factors rather than in combination. In that earlier analysis, the effect of Gd-positivity on ARR was statistically significant: the 95%CI for the HR in the Gd-negative subgroup, despite being numerically favourable for ocrelizumab (rate ratio = 0.787), did not overlap the 95%CI for the HR in the Gd+ subgroup, which was much more strongly favourable for ocrelizumab (rate ratio = 0.313). The effect of age was also marked, with the central estimate for the rate ratio in each age bracket (< 40 versus ≥ 40 years) falling outside the 95%CI for the other age bracket, although the 95%CIs overlapped (rate ratio for ARR for younger subjects, 0.423 95% CI 0.284, 0.631; rate ratio for older subjects 0.692, 95%CI 0.447, 1.072).
[bookmark: _Toc475957197]The new subgroup analysis looked at combinations of advanced age and Gd-positivity status, but focussing on different age groups than the one in the original submission (the new analysis used cut-offs of 45 years and 50 years, instead of 40 years, because the question was directed towards the PPMS population, where these cut-offs were more relevant). Results for the primary ARR endpoint are shown in the figure below. Although the subgroup analysis was underpowered, all rate ratios remained favourable, with a numerical superiority of ocrelizumab observed even in subjects with a combination of age > 45 years and a lack of Gd+ lesions on baseline scans. Similarly, in subjects with age > 50 years and Gd-negative scans, the rate ratio was favourable, compared to interferon β-1a. Statistically significant superiority of ocrelizumab in older subjects was generally not demonstrated, with the exception of subjects who were > 45 years and had Gd+ scans, but this partially reflects the lack of statistical power in this analysis. Rate ratios were not as favourable in subjects without Gd+ scans at baseline, when the age group > 45 years was considered, consistent with observations in the overall cohort. This pattern was also observed in subjects > 50 years, but the number of subjects > 50 years with Gd+ scans was low, and the analysis in this group was underpowered. Results for younger subjects with and without Gd+ scans were not provided.
Table 132: ARR by age and Gd+ lesions; pooled Studies WA21092 and WA21093
[image: ]
When a similar analysis was performed for the other major efficacy endpoint, CDP, a consistent pattern was not observed. Results were numerically in favour of ocrelizumab in older subjects defined on the basis of age > 45 years or > 50 years, but baseline Gd-positivity did not indicate a more favourable response to ocrelizumab within the older cohorts, compared to interferon β-1a. This could reflect the poor statistical power of the analysis. Results in younger subjects were not presented.
[bookmark: _Toc475957198]Table 133: CDP for 12 weeks by age and Gd+ Lesions; Pooled Studies WA21092 and WA21093
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Subgroup analyses by age and GD-positivity for the CDP endpoints of the ‘RMS’ studies were not emphasized in the first-round CER (because CDP was not a primary endpoint in the ‘RMS’ studies), but the results are shown below. The HR for 24 week CDP, in subjects with or without Gd+ scans, did not show a consistent relationship across the two pivotal studies, in terms of whether the treatment effect was better with or without Gd+ scans, but ocrelizumab was numerically superior to interferon β-1a regardless of age and Gd-positivity. Hazard ratios were also inconsistent with respect to the effects of age, but the 95%CIs were broad and overlapping, so no strong conclusions can be drawn.
[bookmark: _Toc475957199]Table 134: Forest plot of time to onset of confirmed disability progression for at least 24 weeks by subgroup (ITT Population, Study WA21092)
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[bookmark: _Toc475957200]Table 135: Forest plot of time to onset of confirmed disability progression for at least 24 weeks by subgroup (ITT Population, Study WA21093)
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Overall, subgroup analysis of the ‘RMS’ population suggests that, as already noted in the PPMS population, the efficacy of ocrelizumab deteriorates with advancing age and is worse in subjects without Gd+ lesions. Despite this, a poorly responsive subgroup within the broad ‘RMS’ population cannot be identified merely by combining age and Gd-positivity status, because (somewhat surprisingly) lack of Gd-positivity did not predict worse responsiveness within the older subjects. Interpretation of these results is made more difficult because the control treatment, interferon β-1a, would also be expected to have varying efficacy across the spectrum of age and radiological activity. (Interferon β-1a has not been approved for use in subjects with SPMS, and interferon β-1a would not normally be used in subjects with a combination of SPMS, older age and inactive scans. For subjects with SPMS, ocrelizumab was being compared to a treatment not thought to provide acceptable efficacy).
A more relevant subgroup analysis would have been one based on traditional disease subtype (RRMS verse SPMS); such an analysis was requested (see Responses 1 and 2, above), but was not provided, and is unfortunately not possible now because the relevant disease classifications were not collected at baseline. The subgroup analysis the sponsor has provided, based on age and Gd+ status, does not directly address the issue of whether subjects with SPMS can expect reasonable efficacy with ocrelizumab. Until prospective studies have been performed in subjects with SPMS, the evaluator believes that treatment of SPMS with ocrelizumab should be reserved for subjects in whom there is a high expectation of efficacy: at present, the evidence in favour of ocrelizumab is strongest for Gd+ patients.
[bookmark: _Toc523996698]Efficacy question 5
What is known about the efficacy of ocrelizumab in subjects who have PPMS and a predominantly spinal distribution of lesions?
Many subjects with PPMS have a predominantly spinal form of the disease, and show a progressive spastic paraparesis without other features typical of MS. It is not clear whether these subjects would necessarily respond to ocrelizumab with the same efficacy as subjects with predominantly cerebral disease.
The sponsor replied:
In study WA25046, magnetic resonance imaging (MRI) of the spinal cord was not performed. Therefore, the information to directly address the TGA’s question is not available.
The sponsor also points out that lesions in the spinal cord can be difficult to quantify because of the longitudinal anatomy of the cord, the tendency for MS to cause diffuse cord atrophy, and the presence of movement and respiration artefacts. The sponsor concludes:
Thus the current understanding of spinal cord pathology in MS continues to be evaluated outside the clinical trial setting, with the use of higher-magnetic fields and advanced MRI technology which will allow better definition of spinal cord involvement in MS and correlation with clinical outcomes. These higher-magnetic field MRIs and advanced image acquisition sequences are only available at a few select clinical sites.
These comments appear reasonable. It is currently not possible to determine whether ocrelizumab is likely to have substantial efficacy in subjects with predominantly spinal disease, and this issue may not be readily approached using traditional multicentre studies. Individual centres with interested MS specialists and radiologists may be able to clarify efficacy in this subgroup in future.
[bookmark: _Toc523996699]Efficacy question 6
Please provide, or indicate the location of, a convenient one-page summary table listing the most common AEs observed in the RA studies. An acceptable format would be the one used to report AEs in the SM population in the Summary of Clinical Safety (‘Adverse Events Reported in ≥ 2% of Patients in at Least One Treatment Group by Preferred Term - Phase III RMS Controlled Treatment Population (Pool A)’ and ‘Adverse Events Reported in ≥ 2% of Patients by Preferred Term - Phase III PPMS Controlled Treatment Population’), but it would be even more appropriate of AEs were grouped by System Organ Class, with totals shown for each SOC, as well as identified by Preferred Term.
[bookmark: _Toc475957148]The sponsor provided the figure below, which has now been incorporated into the second round CER. As shown, IRRs were more common with active treatment (placebo 11.0%, ocrelizumab 400 mg 23.8%, and ocrelizumab 1000 mg 29.4%), but other individual AEs in the RA population showed no clear imbalance between treatment groups. This new table is consistent with the original description of safety in the RA studies, and does not raise any new concerns.
Table 136: Adverse events reported in ≥ 2% of patients in placebo, ocrelizumab 400 mg or ocrelizumab 1000 mg treatment groups by system organ class and preferred terms. Pool D: Phase II and III RA Controlled Treatment Population
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[bookmark: _Toc523996700]Efficacy question 7
Please provide, or indicate the location of, a convenient one-page summary table listing the SAEs observed in the RA studies, grouped by SOC and PT.
The sponsor provided the table below, including SAEs that occurred with a frequency of > 0.1%. The sponsor provided the additional comments:
Consistent with the analyses on rates per 100-patient years, SAEs grouped to the SOC Infections and Infestations were reported more frequently in the ocrelizumab 1000 mg group compared with placebo and ocrelizumab 400 mg. Not unexpectedly, serious infusion related reactions (IRRs) were reported more frequently in the ocrelizumab 1000 mg group (6 patients) compared with ocrelizumab 400 mg and placebo (1 patient in each group).
These observations are consistent with the evaluator’s original analysis of SAEs in the RA studies, and confirm that IRRs and infections constitute the major risks with ocrelizumab. The overall assessment of safety is not altered.
[bookmark: _Toc475957149]Table 137: Serious Adverse Events Reported in > 0.1% of Patients in Placebo, Ocrelizumab 400 mg or Ocrelizumab 1000 mg treatment groups by System Organ Class and Preferred Terms. Pool D: Phase II and III RA Controlled Treatment Population
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Table 138: Serious Adverse Events Reported in > 0.1% of Patients in Placebo, ocrelizumab 400 mg or ocrelizumab 1000 mg treatment groups by System Organ Class and Preferred Terms. Pool D: Phase II and III RA Controlled Treatment Population
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[bookmark: _Toc523996701]Efficacy question 8
In the listing of deaths in the MS and RA populations, the cause of death was occasionally listed as ‘Death’. What was the likely cause of death in each of these cases? Please provide a table listing all deaths in ocrelizumab recipients.
The sponsor provided a listing of all deaths, as shown in the tables below. The preferred term was still listed as ‘Death’ for one MS subject below, rather than as the condition causing death, but the cause of death in this subject appears to have been unclear; the sponsor additional information provides some context. In the RA population, two patients had ‘Death’ as the preferred term, and another two had ‘Sudden Death’ as the preferred term. In these cases, the deaths occurred at home, details were lacking, and autopsies were not performed, so the cause of death was unclear, but it was suspected in all four cases that the cause was cardiac. Overall, no new concerning safety signals arise from consideration of these cases and the sponsor appears to have provided as much detail as is available.
The sponsor also reported 3 additional deaths in MS subjects, which occurred after the original data cut-off, as described below:
Patient [information redacted] (OCR group): A patient was diagnosed with adenocarcinoma of oesophagus on Day 1440. She had medical history of microcytic anaemia with low iron level. On Day 1440, she was diagnosed with adenocarcinoma of oesophagus (diagnostic details not provided). On Day 1446, the patient died due to the event. Autopsy was not performed. The investigator assessed the event as unrelated to study drug and related to disease under study.
Patient [information redacted] (OCR group) was a patient treated with ocrelizumab 600 mg who died of acute coronary insufficiency (medical history included heart failure, New York Heart Association classification (NYHA) II for 10 years, active smoker, arterial hypertension and obesity) on Day 1686. The investigator assessed the event as unrelated to study drug.
Patient [information redacted] (OCR group): was a patient treated with ocrelizumab 600 mg who was found dead in his residence on Day 1340. Cause of death was unknown at the time of writing (an autopsy report has been requested). Concurrent conditions included hypercholesterolemia, weight loss for unknown reasons, and smoking. The investigator assessed the event as unrelated to study drug. (Follow-up information received after 30 September 2016 stated the cause of death remained unclear after the autopsy, though an epileptic seizure process with consequent failure of central regulation is conceivable.)
In the RA All Exposure (Pool E, N = 2926 patients), the sponsor reported a total of 45 deaths, in ocrelizumab treated patients, including the 13 deaths already tabulated above. The causes were listed as follows:
Pneumonia (n = 7)
Septic shock (n = 2), Sepsis (n = 4)
Respiratory failure (n = 3), Acute respiratory failure (n = 1)
Multi-organ failure (n = 1)
Disseminated intravascular coagulation (n = 1)
Myocardial infarction (n = 2), Acute myocardial infarction (n = 1)
Sudden cardiac death (n = 1)
Pulmonary embolism (n = 1)
Ruptured cerebral aneurysm (n = 1)
Subdural haematoma (n = 1)
Ischaemic cerebral infarction (n = 1)
Brain oedema (n = 1)
Gastrointestinal haemorrhage (n = 1)
Lung adenocarcinoma (n = 1), Lung neoplasm (n = 1), Lung adenocarcinoma metastatic (n = 1)
Breast cancer (n = 1)
Gastrointestinal carcinoma (n = 1)
Metastasis gastric cancer (n = 1)
B cell lymphoma (n = 1)
Death (n = 2), Sudden death (n = 2)
Cough (n = 1)
Road traffic accident (n = 1)
Dementia (n = 1)
Carbon monoxide poisoning (n = 1)
Toxicity to various agents (n = 1)
This listing was accompanied by a multi-page table providing more detail.
Overall, the sponsor response to this question was adequate, and no new safety concerns were raised.
[bookmark: _Toc523996702]Efficacy question 9
How many deaths in the RA study program were caused by infections, and which of these were potentially opportunistic infections?
The sponsor’s main response was:
In the rheumatoid arthritis (RA) study program, 13 deaths were caused by infections. None of these 13 fatal infections were the result of a serious opportunistic infection.
The sponsor provided further details about the overall risk of infection with ocrelizumab, the risk of serious infection, and the risk of fatal infection. There was an overall increase in the risk of infection with ocrelizumab, including serious and fatal infections, but the fatal infections were not caused by pathogens usually regarded as opportunistic in nature.
Considering serious infections in the controlled RA studies, the sponsor summarised the results as follows:
In the controlled treatment period of the 7 placebo-controlled double blind RA trials (Pool D), the rate per 100PY of serious infection (SOC definition) was numerically higher in the OCR 1000 mg (6.40; 95% CI: 4.86, 8.27) group compared with the OCR 400 mg (4.38; 95% CI: 3.18, 5.88) and placebo (3.43; 95% CI: 2.33, 4.87) groups. The rates did not differ substantially when applying the broader definition of serious infection (includes non-serious treated with IV anti-infectives). The rate per 100PY in the placebo group was 3.99 (95% CI: 2.79, 5.52) compared with 5.18 (95% CI: 3.87, 6.79) and 7.28 (95% CI: 5.63, 9.27) in the OCR 400 mg and OCR 1000 mg groups, respectively.
Note that, by both definitions of serious infection, the rate in the high-dose ocrelizumab group approached a level twice that seen with placebo (6.4% versus 3.43% for the SOC definition, and 7.28% verse 3.99% for the broader definition).
The most common serious infections were those that are already common in the general community: pneumonia (1.6% of patients), followed by urinary tract infection (0.7%). No other individual serious infection, classified by preferred term, was reported in more than 0.5% of patients.
Fatal infections were summarised by the sponsor as follows:
In Pool D (the controlled RA studies), no fatal infections were reported in the placebo group, and 9 (in 7 patients) were reported in the OCR groups (n = number of events):
OCR 50 mg x 2 group: pneumonia (n = 1), Sepsis (n = 1) , Septic shock (n = 1) (all in one patient)
OCR 200 mg x 2 group: septic shock (n = 2)
OCR 500 mg x 2 group: pneumonia (n = 2)
OCR 500 mg x 2 group: sepsis (n = 1)
OCR 1000 mg x 1 group: pneumonia (n = 1)
In Pool E (all RA studies), 10 additional fatal infections were reported, leading to a total of 19 fatal infections (n = number of events) in 15 patients:
Placebo-OCR switchers : sepsis (n = 3); respiratory failure (n = 1); pneumonia (n = 1); septic shock (n = 1)
OCR 50mg x 2 group: pneumonia (n = 1); sepsis (n = 1); septic shock (n = 1)
OCR 200 mg x 2 group: pneumonia (n = 2); septic shock (n = 2),
OCR 500 mg x 2 group: pneumonia (n = 3); sepsis (n = 1),
OCR 1000 mg x 1 group: sepsis (n = 1); pneumonia (n = 1)’
For two RA subjects who died from a fatal infection, their past history included an opportunistic infection (mycobacterium abscessus infection in one case, and systemic/oesophageal candidiasis in the other), but the previous opportunistic infections were not temporally related to the deaths.
Reviewing this evidence, it appears that there was an excess of fatal infections in the ocrelizumab groups, which was likely to reflect an immunosuppressive effect of ocrelizumab, but these were not infections that are usually characterised as opportunistic. As already noted, serious infections were much less common in the MS studies, which partially reflects the fact that, in the RA studies, ocrelizumab was combined with other immunosuppressive agents including long-term corticosteroids. Ocrelizumab should therefore be avoided in combination with other chronic immunosuppressive agents. Short-term use of corticosteroids, such as high-dose methylprednisolone for MS relapses, does not appear to pose an excess risk of infection, as already discussed in the first round CER. RA patients were also likely to be older, with additional comorbidities. An increased risk of serious infections and opportunistic infections appeared to arise in RA subjects from Asia, but this was not statistically significant. The potential for ocrelizumab to increase the risk of infection, particularly when combined with other immunosuppressive agents, is already noted with appropriate emphasis in the proposed PI.
11. [bookmark: _Toc523996703]Second round benefit-risk assessment
The new material submitted in response to Clinical Questions clarifies some aspects of the benefit-risk assessment, but does not change the evaluator’s overall assessment of the efficacy and safety of ocrelizumab.
Despite the fact that the sponsor provided detailed answers to the questions raised, there are a number of points of residual disagreement between the evaluator and the sponsor about the quality of the efficacy data and its applicability across the full spectrum of MS disease. In particular, the evaluator and the sponsor do not agree on the appropriateness of grouping the traditional disease subtypes, RRMS and SPMS, under the broad heading of ‘RMS’. The sponsor responses reveal that details about disease subtype were not collected at baseline, so it is not possible, even in retrospect, to determine the efficacy of ocrelizumab in SPMS subjects.
[bookmark: _Toc523996704]Efficacy in RRMS
No substantial new data was submitted in relation to RRMS. The two pivotal ‘RMS’ studies largely consisted of RRMS subjects (> 90%, up to approximately 98%), and can be considered primarily as positive studies in RRMS.
The first-round CER suggested that the sponsor had only shown efficacy in RRMS subjects with recent relapses, because the pivotal ‘RMS’ studies had only recruited subjects with recent relapses. Strictly speaking, this remains true, but on reflection it appears very likely that other RRMS subjects would also benefit from ocrelizumab, even without a recent relapse, especially if they have radiological evidence of active disease. (The positive results in PPMS subjects support this conclusion.) On balance, the quality of the RRMS evidence is sufficiently robust that it could be left to clinicians to decide which RRMS subjects are suitable for treatment. In practice, this is likely to be subjects with clinical elapses or radiological evidence of disease activity. The recommendations for RRMS have therefore been altered to reflect this (see below).
[bookmark: _Toc523996705]Efficacy in SPMS
No study in SPMS has been submitted, and SPMS subjects are likely to have constituted only a small proportion of the cohort (2 to 10%) in the pivotal ‘RMS’ studies, so direct evidence of ocrelizumab efficacy in SPMS is currently lacking.
A number of indirect lines of evidence suggest that ocrelizumab probably has efficacy in some subjects with SPMS, at least when SPMS is associated with on-going relapses. These include trends in favour of ocrelizumab for ‘RMS’ subjects with advanced EDSS (≥ 4.0) at baseline, a reduced incidence of progression independent of overt relapses in the ‘RMS’ subjects, and positive results in the pivotal PPMS study.
None of these lines of evidence is considered entirely robust, so it would be reasonable to reject the registration of ocrelizumab in subjects with SPMS, pending an appropriate prospective study in this population. Instead, the evaluator has taken the view that efficacy in two neighbouring regions of the MS spectrum has been studied: the two pivotal RMS studies mostly recruited RRMS subjects, and showed positive results on relapse rate and disability progression; the pivotal PPMS study showed positive results for progression. By interpolation, it thus seems likely that SPMS, which is many ways intermediate between RRMS and PPMS, would also respond to ocrelizumab, with reductions in relapses and progression. Given the indirect nature of this evidence, though, caution should be applied in making inferences about the efficacy of ocrelizumab in SPMS.
The response to ocrelizumab in all three pivotal studies was heterogeneous, with inferior results obtained for subjects who were older (> 45 years or > 50 years) or had no evidence of Gd-positive lesions on their baseline scans.
Given that the claim for efficacy in SPMS relies on the PPMS results for indirect support, the subgroup analysis of PPMS subjects needs to be considered, even though it applies to a different disease subtype. For PPMS subjects > 50 years, hazard ratios for disability progression were not in favour of ocrelizumab. Hazard ratios for 12 week CDP in older subjects (> 45 years, HR 0.88) and in those without Gd+ baseline scans (HR 0.84) were numerically in favour of ocrelizumab, but 95% CIs crossed unity and the HRs were less favourable than those observed in younger subjects (HR 0.64) and those with Gd+ baseline scans (HR 0.65). Because of those pattern, the evaluator believes the case for efficacy in Gd+ patients with SPMS is probably adequate, despite the fact that it is indirect. By contrast, the case for efficacy in Gd-negative subjects with SPMS currently relies on too many untested assumptions and inferences.
[bookmark: _Toc523996706]Efficacy in PPMS
The new data supplied in response to Clinical Questions has shown that, in older subjects with PPMS, ocrelizumab has inferior efficacy. In subjects > 50 years, no favourable trends were observed for primary efficacy endpoints (HR 1.05 overall). In subjects > 45 years, favourable trends were observed (HR 0.88), but the benefit was largely observed in subjects who were Gd+ at baseline (> 45 years and Gd+, HR 0.85; > 45 years and Gd-negative, HR 0.93). In Gd-negative subjects, the efficacy of ocrelizumab was inferior, but there were trends favouring ocrelizumab over placebo (Gd- HR 0.65, Gd+ HR 0.84). In younger subjects (≤ 45 years), the evidence in favour ocrelizumab was reasonably strong (HR 0.64, 95%CI not crossing unity). It is unclear how subjects with PPMS responded to ocrelizumab if they were young but Gd-negative, because this was not reported.
As noted in the discussion, the evaluator’s overall assessment of this data is that, in the absence of supportive Phase 2 studies or confirmatory Phase 3 studies in the PPMS population, it would be reasonable to restrict ocrelizumab to PPMS subjects who are Gd+ at baseline and ≤ 50 years.
[bookmark: _Toc475957201]Table 139: CDP for 12 weeks by age and GD+ lesions in PPMS; Study WA25046
[image: ]
[bookmark: _Toc523996707]Risks of Ocrelizumab
The new data does not raise any new safety concerns. The Evaluator accepts the sponsor comments on the risks of PML in the setting of anti-CD20 monoclonal antibodies. This risk appears to be low in MS subjects exposed to ocrelizumab, compared to RA subjects exposed to rituximab, and the sponsor proposed comments in the PI are adequate. The PI does not need to recommend serological testing for JC virus.
12. [bookmark: _Toc523996708]Second round recommendation regarding authorisation
In the absence of adequate information about the efficacy of ocrelizumab in subjects with SPMS, the recommendations listed below can be made. These recommendations could be revised if further evidence of efficacy in SPMS subjects were made available. Ocrelizumab should be approved for treatment of Relapsing and Remitting MS (RRMS).Ocrelizumab should be approved for treatment of Secondary Progressive MS (SPMS), in subjects who have been experiencing ongoing relapses and have contrast-enhancing (Gd+) lesions on their cerebral MRI. Ocrelizumab should be approved for treatment of Primary Progressive MS (PPMS) in subjects who are < 50 years of age and have contrast-enhancing (Gd+) lesions on their cerebral MRI.
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image84.png
IFN OCR 600

(N =826) (N =825)
Duration of Observation
> 23 weeks 775 (93.8%) 788 (95.5%)
> 47weeks 720 (87.2%) 770 (93.3%)
> 71 weeks 683 (82.7%) 748 (90.7%)
> 95 weeks 650 (78.7%) 716 (86.8%)
Total patient-years 1399 1448
Number of Doses
1 74 (9.0%) 46 (5.6%)
2 49 (5.9%) 20 (2.4%)
3 39 (4.7%) 27 (3.3%)
4 663 (80.4%) 732 (88.7%)
Mean (SD) 3.6(1.0) 3.8(0.8)
Median 4.0 40
Total cumulative dose (mg)
mean (SD) 0.0 (0.0) 2240 (490)
median 0.0 2400
min-max 0-0 9-2700
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placebo OCR 600

(N =239) (N =486)
Duration of Observation
> 1 (dose) 239 (100%) 486 (100%)
> 23 weeks 227 (95.0%) 461 (94.9%)
> 47weeks 216 (90.4%) 448 (92.2%)
>71 weeks 201 (84.1%) 435 (89.5%)
> 95 weeks 188 (78.7%) 424 (87.2%)
> 119 weeks 172 (72.0%) 404 (83.1%)
>143 weeks 116 (48.5%) 296 (60.9%)
> 167 weeks 73 (30.5%) 183 (37.7%)
> 191 weeks 31(13.0%) 68 (14.0%)
>215 2(0.84%) 8(1.65%)
Total patient-years 660 1416
Number of Doses
1 12 (5.0%) 25 (5.1%)
2 11 (4.6%) 13 (2.7%)
3 15 (6.3%) 13 (2.7%)
4 13 (5.4%) 11 (2.3%)
5 18 (7.5%) 22 (4.5%)
>6 170 (71.1%) 402 (82.7%)
mean (SD) 6.1(22) 6.6(2.1)
Median 6.0 7.0
Total cumulative dose (mg)
mean (SD) 0.0 (0.0) 3868 (1244)
median 0.0 4200

min-max 0-0 19-6000
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MS (Pool B)

(N=2147)
Duration of Observation
=1 (dose) 2147 (100%)
> 23 weeks 1880 (87.6%)
> 47 weeks 1640 (76.4%)
>71 weeks 1457 (67.9%)
> 95 weeks 1388 (64.6%)
> 119 weeks 1152 (53.7%)
> 143 weeks 702 (32.7%)
> 167 weeks 372 (17.3%)
> 191 weeks 191 (8.9%)
> 215 weeks 105 (4.9%)
> 239 weeks 67 (3.1%)
Total patient-years 4485
No of doses
Mean (SD) 4.7 (25)
Median 5.0
Total cumulative dose (mg)
mean (SD) 2825 (1536)
median 3000

min-max 9-8220
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RA (Pool E)

N=2926
Duration of Observation
=1 (dose) 2926 (100%)
>24 weeks 2847 (97.3%)
> 48 weeks 2738 (93.6%)
> 72 weeks 2396 (81.9%)
> 96 weeks 2012 (68.8%)
> 120 weeks 1420 (48.5%)
> 144 weeks 821 (28.1%)
> 168 weeks 446 (15.2%)
> 192 weeks 261 (8.9%)
> 216 weeks 124 (4.2%)
> 240 weeks 54 (1.8%)
Total patient-years 7324
No of doses
mean (SD) 3.2(1.7)
Median 3
Total cumulative dose (mg)
mean (SD) 2492 (1715)
median 2000
min-max 10 — 14403
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IEN beta-la  OCR 600mg

(N=826) (N=825)
Total number of patients with at least one adverse event 688 (83.3%) 687 (83.3%)
Total number of events 4141 4194
Total number of deaths 2 (0.2%) 1 (0.1%)
Total number of patients with at least one
AE with fatal outcome 2 (0.2%) 1 (0.1%)
Serious AE 72 ( 8.7%) 57 ( 6.9%)
Serious infection* 24 ( 2.9%) 11 ( 1.3%)
Serious AE leading to withdrawal from treatment 9 (1.1%) 6 (0.7%)
Serious AE leading to dose modification/interruption 5 ( 0.6%) 8 ( 1.0%)
AE leading to withdrawal from treatment 51 ( 6.2%) 29 ( 3.5%)
AE leading to dose modification/interruption 85 (10.3%) 38 ( 4.6%)
IRRs leading to withdrawal at first infusion 0 11 ( 1.3%)
Medical concepts: patients with
Malignancies+ 2 (0.2%) 4 ( 0.5%)
Infection** 441 (53.4%) 483 (58.5%)
Serious Infections** (incl. infections treated with IV anti- 31 ( 3.8%) 15 ( 1.8%)
infectives)

Investigator text for AEs encoded using MedDRA version MedDRA vI8.0

Percentages are based on N in the column headings.

Multiple occurrences of the same AE in one individual are counted only once except for
'Total number of AEs' row in which multiple occurrences of the same AE are counted
separately.

Includes AEs with onset from first dose through to 96 weeks after First Dose/Randomization.
Non-Serious Relapses are excluded.

*Serious infections are defined using Adverse events falling into the MedDRA System Organ
Class 'Infections and infestations', and using 'Is the event non-serious or serious' from
the Adverse events CRF page.

+Malignancies are identified using Adverse events falling into the MedDRA System Organ
Class 'Malignant tumours (narrow)’'.

**Infections are identified either using Adverse events falling into the MedDRA Infections
System Organ Class "Infections and Infestations" or AE with pathogen information provided.
Serious is defined using 'Is the event non-serious or serious' or infection requiring IV
anti-infectives.

Non-Serious Relapses are excluded
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Placebo OCR 600mg

(N=239) (N=486)
Total number of patients with at least one adverse event 215 (90.0%) 462 (95.1%)
Total number of events 1762 3690
Total number of deaths 1 ( 0.4%) 4 ( 0.8%)
Total number of patients with at least one
AE with fatal outcome 1 ( 0.4%) 4 ( 0.8%)
Serious AE 53 (22.2%) 99 (20.4%)
Serious Infection* 14 ( 5.9%) 30 ( 6.2%)
Serious AE leading to withdrawal from treatment 6 ( 2.5%) 13 ( 2.7%)
Serious AE leading to dose modification/interruption 4 (1.7%) 8 ( 1.6%)
AE leading to withdrawal from treatment 8 ( 3.3%) 20 ( 4.1%)
AE leading to dose modification/interruption 12 ( 5.0%) 47 ( 9.7%)
IRRs leading to withdrawal at first infusion 0 1 (0.2%)
Medical concepts: patients with
Malignancies+ 2 (0.8%) 11 ( 2.3%)
Infections** 167 (69.9%) 347 (71.4%)
Serious Infections** (incl. infections treated with IV anti- 21 ( 8.8%) 37 ( 7.6%)

infectives)

Investigator text for AEs encoded using MedDRA version MedDRA v18.0.

Percentages are based on N in the column headings.

Multiple occurrences of the same AE in one individual are counted only once except for
"Total number of AEs" row in which multiple occurrences of the same AE are counted

separately.

* Identified by MedDRA System Organ Class "Infections and Infestations".
+ Malignancies are identified using Adverse events falling into the Standard MedDRA Query

'Malignant tumours (narrow)'.

** Tdentified either using Adverse Events falling into the MedDRA Infections System Organ
Class "Infections and Infestations" or Adverse Events with pathogen information provided.

Non-Serious Relapses are excluded.
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TIT EposuEs OcrelizaEh

=2147)
(27=4234.5)
2Es per 100
Number of AEs  patient years s o1
Overall totel mmber of events 11376 253.67 (240,03, 258.33)
Death s 0.18 (0.8, 0.39)
Sericus 22 313 .o (&2, .80
Serious infection® 78 174 (LI, 2am)
Serious AE leading to withdrawal fraom treatment 2 068 (041, 0.l
Serious AE leading to dose medification/interruption 27 0.60 (0.0, 0.3
2E leading to withdraval fram treatment 74 1.5 (130,  2.0m)
2E leading to dose medification/interruption 140 312 (263, 3.6
IRRs leading to withdrawal at the first infusion 18 0.40 (028, 0.3
Medical concepts:

Infectiont+ e 77.73 ( 7518, 80.36)
Serious infection** (incl. infections treated with IV anti-infectives) 10¢ 2.32 ( 18e, 2.3

Thvestigator Text Tor IEs encoded Using WAdDRA version VadDRE vIED
Maltiple occurrences of the same AE in one patient will be counted multiple times.

2Y: Total patient years. 95% CI is calculated using an exact method based on the Poisson distribution.

¥Serious infections are defined using Adverse events falling into the MedDRA System Organ Class 'Infections and infestations’, and
using 'Is the event non-serious or serious’ from the Adverse events CRF page.

**Infections are identified cither using Adverse events falling into the MEdDRA Infections System Organ Class "Infections and
Infestations” or 2E with pathogen infomation provided. Serious is defined using 'Is the event mon-serious or serious’ or infection
requiring IV anti-infectives,

Non-Serious Relapses are excluded
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Blacebs OCR_600mg.
(N=235) (v=436)
(PY=655.8) (e¥=1416.4)

Overall total mumber of events

Number of AEs 1762 3630

2Es per 100 patient years 267.0¢ 260.51

55% CI (254.72, 279.81) ( 252.18, 269.06)
Death

Number of AEs 1 g

2Es per 100 patient years 0.15 0.28

55% CI (0.0, 0.84) ( 0.08,  0.72)
2E with fatal outcome

Number of ABs 1 <

2Es per 100 patient years 0.15 0.28

55% CI (0.0, T0.84) ( 0.08,  0.72)
Serious 22

Number of AEs 77 145

2Es per 100 patient years 11.67 10.22

55% CI ( s.21,7 '14.59) ( e.e4, 12.09)
Serious infection*

Namber of AEs 15 2

2Es per 100 patient years 2.88 2.97

5% CI (173, 4.50) ( 2.14,  4.01)
Sericus AE leading to withdrawal from treatment

Number of AEs 3 13

2Es per 100 patient years 0.51 a.52

55% CI (033, TLse) ( 0.45, 1.57)
Serious AE leading to dose
medification/interruption

Number of ABs 4 12

2Es per 100 patient years 0.61 a.85

55% CI (017, T L.ss) ( 0.44,  1.48)
2E leading to withdrawal from treatment

Number of ABs s 20

2Es per 100 patient years 1.21 1.1

5% CI (052, 2.39) ( 0.86,  2.18)

Tavestigator text for AEs encodsd using VedDRA version WedDRA vIS.0.
Multiple occurrences of the same AE in one patient are counted multiple times.
BY: Total patient years.

Incidence Rate: Number of cvents / BY*100
953 CI (IR) is calculated using exact method based on the Poisson distribution.
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AIL Exposure Ocrelizumab

(N=2926)
(F¥=7323.9)
2Es per 100
Number of AEs patient years 95% CT
overall total number of events 18030 246.18 (242.60, 249.80)
Death 45 0.61 ( 0.45, 0.82)
Withdrawn from study due to an AE 106 1.45 ( 1.18, 1.75)
Serious AE 1058 14.45 (13.59, 15.34)
Serious infection* 276 3.77 ( 3.34, 4.29)
Serious AE leading to withdrawal from treatment €9 0.94 ( 0.73, 1.19)
Serious AE leading to dose modification/interruption 7 0.10 ( 0.04, 0.20)
AE leading to withdrawal from treatment 118 1.61 (1.33, 1.93)
AE leading to dose modification/interruption 620 8.47 ( 7.81, 9.16)
IRRs leading to withdrawal at the first infusion 22 0.30 ( 0.19, 0.45)
Medical concepts:
Malignancies+ 121 1.65 ( 1.37, 1.97)
Infection** 5677 77.51 ( 75.51, 79.56)
Serious infection** (incl. infections treated with IV anti-infectives) 317 4.33 ( 3.86, 4.83)

Tnvestigator text for AEs encoded using MedDEA version 18.0

Multiple occurrences of the same AE in one patient will be counted multiple times.

PY: Total patient years. 95% CI is calculated using an exact method based on the Poisson distribution.

*Serious infections are defined using Adverse events falling into the MedDRA System Organ Class "Infections and infestations", and
using "Is the event non-serious or serious" from the Adverse events CRF page.

+Malignancies are identified using Adverse events falling into the MedDRA System Organ Class "Malignant tumours (narrow)".
**Infections are identified either using Adverse events falling into the MedDRA Infections System Organ Class "Infections and
Infestations", AE with pathogen information provided or if the event was recorded as an infection on the CRF. Serious is defined
using "Is the event non-serious or serious” or infection requiring IV anti-infectives.
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System Organ Class IFN beta-1a OCR 600 mg

(N =826) (N =825)
Infections and Infestations 433 (52.4%) 482 (58.4%)
General Disorders and Administrative Site Conditions 396 (47.9%) 173 (21.0%)
Injury, Poisoning, and Procedural Complications 155 (18.8%) 333 (40.4%)
Nervous System Disorders 252 (30.5%) 224 (27.2%)
Musculoskeletal and Connective Tissue Disorders 207 (25.1%) 204 (24.7%)
Gastrointestinal Disorders 156 (18.9%) 171 (20.7%)
Psychiatric Disorders 144 (17.4%) 149 (18.1%)
Skin and Subcutaneous Tissue Disorders 105 (12.7%) 117 (14.2%)
Respiratory, Thoracic, and Mediastinal Disorders 85 (10.3%) 87 (10.5%)
Investigations 102 (12.3%) 53 (6.4%)

IFN = interferon; N = number of patients; OCR = ocrelizumab; SOC = system organ class.
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IFN beta-la  OCR 600mg
MedDRA Preferred Temm (N=326) (n=325)
Total mumber of paticnts with at least one adverse svent €03 (73.0%) 620 (75.2%)
occurring at relative freguency >=2%

INFUSION RELATED REACTION 80 (9.7%) 283 (34.35)
HEADACHE 124 (15.08) 93 (11.3%)
INFLUENZA LIKE ILINESS 177 (21.48) 38 ( 4.6%)
UPPER RESPIRATORY TRACT INFECTION 87 (10.5%) 125 (15.25)
NASOPHARYNGITIS 84 (10:28) 122 (13.3%)
URINARY TRACT INFECTION 100 (12.1%) 96 (11.6%)
EATIGUE €4 (7.7%) €4 (7.8%)
INJECTION SITE ERYTHEMA 127 (15.48) 1 (0.1%)
DEPRESSION 54 (6.5%) 64 (7.8%)
ARTHRALGTA 5L (6.28) 46 (5.6%)
SINUSITIS 45 (5.4%) 46 (5.6%)
BACK PAIN 37 (4.5%) 53 (6.4%)
NsamIR 38 (4.65) 46 (5.6%)
INFLUENZA 38 (4.€%) 38 (4.6%)
BAIN IN EXTREMITY 35 (4.28) 39 (4.7%)
BRONCHITIS 29 (3.5%) 42 (5.1%)
DIZZINESS 35 (4.28) 28 (3.4%)
PYREXIA 38 (4.68) 23 (2.8%)
MUSCLE SeAsMS 30 (3.68) 30 (3.6%)
PHARYNGITIS 33 (4.08) 25 (3.08)
NAUSEA 28 (3.4%) 28 (3.4%)
ANKTETY 27 (3.35) 28 (3.4%)
MYALGIR 35 (4.28) 20 (2.4%)
PARAESTHESIA 27 (3.3%) 24 (2.%%)
DIARRHOEA 21 (2.5%) 28 (3.4%)
HYPORESTHESTA 29 (3.5%) 19 (2.3%)
INJECTION SITE REACTION 45 (5.4%) 2 (0.2%)
RasH 25 (3.08) 22 (2.7%)
GASTROENTERITIS 19 (2.3%) 25 (3.0%)
MUSCULOSKELETAL PAIN 24 (2.9%) 18 (2.2%)
MIGRAINE 16 (1.9%) 25 (3.0%
ORAL HERPES 17 (2.1%) 24 (2.9%)
VIRAL INFECTION 23 (2.8%) 18 (2.2%)
CONSTIEATION 17 (2.1%) 23 (2.8%)
HYPERTENSION 23 (2.89) 17 (2.1%)
VERTIGO 22 (278 17 (2.1%)
coueH 12 (1.5%) 25 (3.0%)
cysTITIS 18 (2.28) 18 (2.2%)
RESPIRRTORY TRACT INFECTION 17 (2.1%) 19 (2.3%)
ALANINE AMINOTRANSFERASE INCREASED 24 (2.9%) 9 (1.1%)
CONTUSTON 12 (1.5%) 18 (2.2%)
LEUROPENTA 22 (278 8 (1.0%)
CHILLS 21 (2.5%) & (1.0%)
VOMITING 11 (1.3%) 17 (2.1%)
ANREMIZ 17 (2.1%) B (1.0%)
HEPATIC ENZYME INCREASED 22 (2.7%) 3 (0.4%)
HERPES ZOSTER 8 (1.08) 17 (2.1%)
ERURTTUS € (0.78) 17 (2.1%)

Tnvestigator text for AEs encoded using VedDRA version VedDRA vIS.0
Percentages are based on N in the colum headings.

Table includes only AEs occurring in >=2% of paticnts in at least one treatment group.
For frequency counts by preferred term, multiple cccurrences of the same AE in an

individual are_counted only once.
Non-Serious Relapses are excluded.
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System Organ Class (T\:ic;:;) 0((3'\'7:5:):6')"9
Infections and Infestations 162 (67.8%) 339 (69.8%)
Injury, Poisoning, and Procedural Complications 104 (43.5%) 263 (54.1%)
Musculoskeletal and Connective Tissue Disorders 98 (41.0%) 181 (37.2%)
Nervous System Disorders 79 (33.1%) 174 (35.8%)
General Disorders and Administrative Site Conditions 60 (25.1%) 130 (26.7%)
Gastrointestinal Disorders 60 (25.1%) 126 (25.9%)
Psychiatric Disorders 59 (24.7%) 89 (18.3%)
Skin and Subcutaneous Tissue Disorders 44 (18.4%) 99 (20.4%)
Respiratory, Thoracic and Mediastinal Disorders 35 (14.6%) 87 (17.9%)
Metabolism and Nutrition Disorders 28 (11.7%) 56 (11.5%)
Renal and Urinary Disorders 30 (12.6%) 51 (10.5%)
Vascular Disorders 26 (10.9%) 54 (11.1%)

Investigations

20 (8.4%)

58 (11.9%)
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Placsbo  OCR 600mg
MedDRA Preferred Term (N=235) (N=486)
Total mumber of paticnts with at least one adverse svent 198 (32.8%) 426 (87.7%)
occurring at relative freguency >=2%

INFUSION RELATED REACTION 61 (25.5%) 194 (35.9%)
NASOPHARYNGITIS 65 (27.28) 110 (2216%)
URINARY TRACT INFECTION 54 (22.€%) 96 (19.8%)
HEADACHE 33 (13.8%) 65 (13.4%)
BACK PAIN 36 (15.1%) 59 (12.1%)
INFLUENZA 21 ((8.8%) 56 (11.5%)
DEPRESSTON 30 (12.68) 37 (7.6%)
UPPER RESPTRATORY TRACT INFECTION 14 (5.9%) 53 (10.9%)
ARTHRALGTA 21 (8.8%) 38 (7.8%)
PAIN IN EXTREMITY 25 (10.5%) 33 ( 6.8%)
FATIGUE 24 (10.0%) 27 ( 5.6%)
BRONCHITIS 12 (5.08 30 (€.2%)
INSQMNTR 12 (5.08 27 (5.6%)
CEDEMA PERTPHERAL 12 (5.08 26 (5.3%)
couer 8 (3.35) 29 (6.08)
DIzzINESS 11 (4.68) 25 (5.1%)
CONSTIEATION 12 (5.08 23 (4.7%)
DIARRHOEA 12 (5.08 23 (4.7%)
NAUSER 16 (6.7%) 19 (3.9%)
HYPERTENSION 9 (3.8%) 25 (5.1%)
CONTUSTON 19 (7.9%) 14 (2.9%)
GASTROENTERITIS 12 (5.08) 20 (4.1%)
MUSCULOSKELETAL BAIN 12 (5.08) 19 (3.%%)
PHARYNGITIS 11 (4.68) 20 (4.1%)
GATT DISTUREANCE 8 (3.3%) 13 (3.%%)
SINUSTTIS 7 (2:9%) 19 (3.5%)
cysTITIS 7 (2.9 17 (3.5%)
RHINITIS 9 (3.8%) 15 (3.1%)
MUSCLE SPASMS 9 (3.8%) 12 (2.%%)
VITAMIN D DEFICIENCY 8 (3.3%) 15 (3.1%)
TOOTH INFECTION 9 (3.8%) 13 (2.7%)
BALANCE DISORDER 7 (2.9%) 13 (2.3%)
LIGAMENT SPRAIN 8 (3.3%) 13 (2.7%)
CROPHARYNGERL PAIN 8 (3.3%) 13 (2.7%)
PYREXTR e (3.3%) 13 (2.7%)
VOMITING 7 (2.9%) 13 (2.5%)
MISCULAR WEAKNESS € (2.5%) 14 (2.%%)
SKIN ABRASTON 7 (2.9%) 13 (2.7%)
ANKIETY 10 (4.28) 9 (L.%%)
INFLUENZA LIKE ILLNESS 5 (2.1%) 14 (2.9%)
RasE 5 (2.1%) 14 (2.5%)
VIRAL INFECTION 4 (178 15 (3.1%)
ASTHENIA 8 (3.3%) 10 (2.1%)
PARAESTHESIA 4 (178 18 (2.5%)
ANAEMTA 7 (2:9%) 10 (2.1%)
MYALGTA 7 (2.9 10 (2.1%)

Tavestigator text for AEs encoded using VedDRA version VedbRR vIB.0.
Percentages are based on N in the column headings.

Table includes only AEs occurring in >=2% of paticnts in at least onc treatment group.
For frecuency counts by preferred term, multiple cccurrences of the same AE in an

individual are_counted only once.
Non-Serious Relapses are excluded.
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Placebo OCR 600mg
MedDRA Preferred Temm (w=239) (w=426)

EczmEm 5 (2.1%) 11 (2.3%)
NECK PAIN 8 (3.3%) & (1.6%)
VERTIGO 7(2.99 3 (1.%%)
‘ENEUMONIA 5 (2.1%) 10 (2.1%)
GASTROENTERITIS VIRAL 8 (3.3%) € (1.2%)
LACERATION 5 (2.1% 3 (1.%%)
NEURALGIA 2 (0.88) 12 (2.5%)
OSTEORRTHRITIS 8 (3.3%) € (1.2%)
PRURITUS 7 (2.9 7 (1.4%)
URINARY INCONTINENCE € (2.5%) & (1.6%)
DYSEEESIA € (258 7 (1.45)
DySENOER € (2.5%) 7 (1.4%)
HAEMATOMA 8 (3.35) 5 (1.08)
HYPERCHOLESTEROLREMIA 5 (2.1% B (1.6%)
MUSCLE SEASTICITY 3 (1.33) 10 (2.1%)
RESPIRATORY TRACT INFECTION 2 (0.8%) 11 (2.3%)
scIaTICA 2 (0.8%) 11 (2.3%)
CaTARRE 2 (0.88) 10 (2.1%)
JOINT SWELLING 5 (2.1% 7 (1.4%)
ORAL HERZES 1(0.45) 11 (2.33)
TOOTHACHE € (2.5%) € (1.2%)
DYSURIA 5 (2.1% 6 (1.2%)
SLEE® DISCRDER 8 (3.385) 3 (0.69)
INTERVERTEBRAL DISC PROTRUSION 0 10 ( 2.1%)
TACHYCARDIA € (2.5%) 4 (0.5%)
TREMOR. € (2.5%) 4 (0.5
MUSCULOSFELETAL CHEST 2AIN 5 (2.1%) 3 (0.6%)

Tavestigator text for AEs encodsd using VedDRA version WedDRA vIB.0.
Percentages are based on N in the colum headings

Table includes only AEs occurring in >=2% of patients in at least one treatment group.

For frecquency counts by preferred term, multiple cccurrences of the same AE in an

individual are counted only once.
Non-Sericus Relapses are excluded.




image100.png
Placsbo  OCR 600mg
MedDRA Preferred Term (N=235) (N=486)
Total mumber of paticnts with at least one adverse svent 198 (32.8%) 426 (87.7%)
occurring at relative freguency >=2%

INFUSION RELATED REACTION 61 (25.5%) 194 (35.9%)
NASOPHARYNGITIS 65 (27.28) 110 (2216%)
URINARY TRACT INFECTION 54 (22.€%) 96 (19.8%)
HEADACHE 33 (13.8%) 65 (13.4%)
BACK PAIN 36 (15.1%) 59 (12.1%)
INFLUENZA 21 ((8.8%) 56 (11.5%)
DEPRESSTON 30 (12.68) 37 (7.6%)
UPPER RESPTRATORY TRACT INFECTION 14 (5.9%) 53 (10.9%)
ARTHRALGTA 21 (8.8%) 38 (7.8%)
PAIN IN EXTREMITY 25 (10.5%) 33 ( 6.8%)
FATIGUE 24 (10.0%) 27 ( 5.6%)
BRONCHITIS 12 (5.08 30 (€.2%)
INSQMNTR 12 (5.08 27 (5.6%)
CEDEMA PERTPHERAL 12 (5.08 26 (5.3%)
couer 8 (3.35) 29 (6.08)
DIzzINESS 11 (4.68) 25 (5.1%)
CONSTIEATION 12 (5.08 23 (4.7%)
DIARRHOEA 12 (5.08 23 (4.7%)
NAUSER 16 (6.7%) 19 (3.9%)
HYPERTENSION 9 (3.8%) 25 (5.1%)
CONTUSTON 19 (7.9%) 14 (2.9%)
GASTROENTERITIS 12 (5.08) 20 (4.1%)
MUSCULOSKELETAL BAIN 12 (5.08) 19 (3.%%)
PHARYNGITIS 11 (4.68) 20 (4.1%)
GATT DISTUREANCE 8 (3.3%) 13 (3.%%)
SINUSTTIS 7 (2:9%) 19 (3.5%)
cysTITIS 7 (2.9 17 (3.5%)
RHINITIS 9 (3.8%) 15 (3.1%)
MUSCLE SPASMS 9 (3.8%) 12 (2.%%)
VITAMIN D DEFICIENCY 8 (3.3%) 15 (3.1%)
TOOTH INFECTION 9 (3.8%) 13 (2.7%)
BALANCE DISORDER 7 (2.9%) 13 (2.3%)
LIGAMENT SPRAIN 8 (3.3%) 13 (2.7%)
CROPHARYNGERL PAIN 8 (3.3%) 13 (2.7%)
PYREXTR e (3.3%) 13 (2.7%)
VOMITING 7 (2.9%) 13 (2.5%)
MISCULAR WEAKNESS € (2.5%) 14 (2.%%)
SKIN ABRASTON 7 (2.9%) 13 (2.7%)
ANKIETY 10 (4.28) 9 (L.%%)
INFLUENZA LIKE ILLNESS 5 (2.1%) 14 (2.9%)
RasE 5 (2.1%) 14 (2.5%)
VIRAL INFECTION 4 (178 15 (3.1%)
ASTHENIA 8 (3.3%) 10 (2.1%)
PARAESTHESIA 4 (178 18 (2.5%)
ANAEMTA 7 (2:9%) 10 (2.1%)
MYALGTA 7 (2.9 10 (2.1%)

Tavestigator text for AEs encoded using VedDRA version VedbRR vIB.0.
Percentages are based on N in the column headings.

Table includes only AEs occurring in >=2% of paticnts in at least onc treatment group.
For frecuency counts by preferred term, multiple cccurrences of the same AE in an

individual are_counted only once.
Non-Serious Relapses are excluded.
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System Organ Class

Placebo
(N=981)

OCR 400
(N'=1186)

OCR 1000
(N =947)

Overall Events per 100PY
(95%Cl)

Infections and Infestations

Injury, Poisoning, and
Procedural Complications

Gastrointestinal Disorders

Musculoskeletal and
Connective Tissue Disorders

Skin and Subcutaneous Tissue
Disorders

Respiratory, Thoracic, and
Mediastinal Disorders

Nervous System Disorders

General Disorders and
Administrative Site Conditions

Vascular Disorders

344 (332, 356)
97.8 (91.5, 105)
36.0 (322, 40.1)
4356 (39.4,48.2)
27.5(24.2,31.1)

19.9 (17.1,23.1)

17.1 (14,5, 20.0)
16.2 (13.7, 19.0)
15.3 (12.8, 18.1)
11.3(9.21, 13.7)

372 (360, 384)

105 (99.1, 112)
53.8 (49.3, 58.5)
42.3 (38.4, 46.6)
252 (22.2, 28.5)

18.9 (16.3, 21.8)

17.8 (15.3, 20.6)
202 (17.5,23.2)
13.5 (11.4, 16.0)
10.9 (8.91, 13.1)

374 (361, 386)
113 (108, 120)
55.8 (51.1,60.9)
413 (312,457)
247 (216,282)

18.2 (155, 21.2)

16.1(13.6, 18.9)
16.6 (14.0, 19.4)
12.0 (9.88, 14.5)
11.5 (9.38, 13.9)
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MedDRA System Pooled Placebo OCR 200 mg X 2/400 | OCR 500 mg X
Organ Class + DMARD mg X1 2/1000 mg X 1
MedDRA Preferred + DMARD + DMARD
Term (N=981) (N=1186) (N=947)
Infections and

Infestations

Upper Respiratory Tract | 131 (13.4%) 147 (12.4%) 126 (13.3%)
Infection

Nasopharyngitis 77 (7.8%) 84 (7.1%) 82 (8.7%)
Urinary Tract Infection 69 (7.0%) 78 (6.6%) 76 (8.0%)
Bronchitis 65 (6.6%) 97 (8.2%) 58 (6.1%)
Sinusitis 42 (4.3%) 47 (4.0%) 50 (5.3%)
Influenza 35 (3.6%) 40 (3.4%) 37 (3.9%)
Gastroenteritis 24 (2.4%) 27 (2.3%) 20 (2.1%)
Pneumonia 22 (2.2%) 19 (1.6%) 21 (2.2%)
Pharyngitis 23 (2.3%) 13 (1.1%) 21(2.2%)
Injury, Poisoning And

Procedural

Complications

Infusion Related 108 (11.0%) 282 (23.8%) 278 (29.4%)
Reaction

Fall 12 (1.2%) 15 (1.3%) 19 (2.0%)
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MedDRA System Pooled Placebo OCR 200 mg X 2/400 | OCR 500 mg X
Organ Class +DMARD mg X 1 211000 mg X 1
MedDRA Preferred +DMARD + DMARD
Term (N=981) (N=1186) (N=947)
Gastrointestinal

Disorders

Nausea 70 (7-1%) 57 (4.8%) 57 (6.0%)
Diarrhoea 43 (4.4%) 54 (4.6%) 56 (5.9%)
Dyspepsia 34 (3.5%) 30 (2.5%) 36 (3.8%)
Vomiting 20 (2.0%) 21(1.8%) 17 (1.8%)
Musculoskeletal And

Connective Tissue

Disorders

Back Pain 29 (3.0%) 39 (3.3%) 37 (3.9%)
Rheumatoid Arthritis | 34 (3.5%) 17 (1.4%) 21(2.2%)
Nervous System

Disorders

Headache 52 (5.3%) 60 (5.1%) 50 (5.3%)
Dizziness 16 (1.6%) 29 (2.4%) 21(2.2%)
General

And Administration

Site Conditions

Fatigue 26 (2.7%) 29 (24%) 9(1.0%)
Oedema Peripheral 27 (2.6%) 20 (1.7%) 15 (1.6%)
Skin And

Subcutaneous Tissue

Disorders

Rash 21 (2.1%) 23 (1.9%) 28 (3.0%)
Respiratory, Thoracic

And Mediastinal

Disorders

Cough 39 (4.0%) 28 (2.4%) 39 (4.1%)
Vascular Disorders

Hypertension 60 (6.1%) 68 (5.7%) 56 (5.9%)
Psychiatric Disorders

Depression 26 (2.7%) 32 2.7%) 33 (3.5%)
Tnsomnia 27 (28%) 21 (1.8%) 30 (3.2%)
Hepatobiliary

Disorders

Drug-induced Liver 29 (3.0%) 48 (4.0%) 40 (4.2%)
Injury

Blood And Lymphatic.

System Disorders

‘Anaemia 28 (2.9%) 14 (1.2%) 18 (1.9%)
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RMS (Pool A) PPMS Frequency
ADR OCR IFN OCR Placebo Category for
SOC and PT N =825 N =826 N =486 N=239 OCR

jury, Peisoning and Procedural Complications

Infusion-related
oA 283 (34.3%) 80 (9.7%) 194 (39.9%) 61(25.5%) | Very common
Infections and Infestations
Upper respiratory
oo 125 (15.2%) 87 (10.5%) 53 (10.9%) 14(59%) | Very common
Nasopharyngitis | 122 (14.8%) 84 (10.2%) 110 (22.6%) 65(27.2%) | Very common
Sinusitis 46 (5.6%) 45 (5.4%) 19 (3.9%) 7 (2.9%) Common
Bronchitis 42 (5.1%) 29 (3.5%) 30 (6.2%) 12 (5.0%) Common
Oral herpes 24 (2.9%) 17 (2.1%) 11(2.3%) 1(0.4%) Common
Respiratory tract
D focton 19 (2.3%) 17 (2.1%) 11(2.3%) 2(0.8%) Common
Viral infection 18 (2.2%) 23 (2.8%) 15 (3.1%) 4(1.7%) Common
Herpes zoster 17 (2.1%) 8(1.0%) 6(12%) 2(0.8%) Common
Influenza - - 56 (11.5%) 21(8.8%) | Very common
Psychiatric Disorders
Insomnia 46 (5.6%) 38 (4.6%) 27 (5.6%) 12 (5.0%) Common
Respiratory, Thoracic and Media isorders
Cough 25 (3.0%) 12(1.5%) 29 (6.0%) 8(3.3%) Common
Catarth - - 10 (2.1%) 2(0.8%) Common

ADR = adverse drug reaction; IFN

interferon beta 1-a; OCR = ocrelizumab; PPMS = primary

progressive multiple sclerosis; PT = preferred term; RMS = relapsing multiple sclerosis; SOC = system
organ class.
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System Organ Class

IFN OCR

(N=826) (N=825)
Infections and Infestations 24 (2.9%) 11 (1.3%)
Nervous System Disorders 11 (1.3%) 8(1.0%)
Injury, Poisoning, and Procedural Complications 10 (1.2%) 6(0.7%)
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System Organ Class (I;’\‘Ia:c:::) (Nci(i';e)
Infections and Infestations 14 (5.9%) 30 (6.2%)
Injury, Poisoning, and Procedural Complications 11 (4.6%) 6(3.9%)
Nervous System Disorders 9 (3.8%) 18 (3.7%)
Neoplasms Benign, Malignant and Unspecified 7 (2.9%) 8(1.6%)
Gastrointestinal Disorders 3(1.3%) 10 (2.1%)
Musculoskeletal and Connective Tissue Disorders 6 (2.5%) 6 (1.2%)
General Disorders and Administrative Site Conditions 3(1.3%) 6 (1.2%)
Renal and Urinary Disorders 3(1.3%) 5(1.0%)
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Placsbo  OCR 600mg

MedDRA Preferred Temm (N=239)  (n=486)
Total mumber of patients with at least one adverse 5 (3.8%) 18 (3.7%)
event

ENEUMONTA 2 (0.8%) 6 (1.2%)
MULTIPLE SCLEROSIS RELAPSE 2 (0:8%) 5 (1.0%)
URINARY TRACT INFECTION 2 (0:8%) 5 (1.0%)
INFUSION RELATED REACTION a 5 (1.0%)
UROSEESTS 3138 2 (0.4%)

Tnvestigator text for AEs encoded using VedDRA version VedDRA vIB.0.
Percentages are based on N in the colum headings.

Table includes only Serious As occurring in >=i% of patients in at least one treatment
group- . .

For frequency counts by preferred term, multiple cccurrences of the same AE in an
individual are_counted only once.

Non-Serious Relapses are excluded.
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Treatment: Placebo

Center/
Patient ID

Age/Sex/Race

Treatment: OCR 600mg

Center/
Patient ID

Age/Sex/Race

Date of First
St

udy udy Drug
Administration Administration

19JAN2012 183

Date of First Day of Last
Study Drug Study Drug

Administration Administration
16AUG2011 337
260CT2011 37
170CT2011 1193
04JUL2012 854

Day of Last
St

Day of
Death

295

Day of
Death
642
68
1351
876

Cause of Death

ROAD TRAFFIC ACCIDENT

Cause of Death

PULMONARY EMBOLISM
PNEUMONIA

Autopsy
Performed?

Autopsy
Performed?

Yes

Yes

PANCREATIC CARCINOMA METASTATIC No

PNEUMONIA ASPIRATION

Unknown
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Date of Piret Day of Last

St St Nﬁ of Autopey
Actual Treatment Subject Identifier Age/Sex/Race lhh‘gtm mmtnt on mh Cause of Death Performed?
Pooled Placedo 06AVG2008 s $82  MYOCARDIAL Yoo
INFARCTION
26FEB200% 34 €84 TOXICITY TO Yes
VARIOUS AGENTS
245892009 is 7 sEPsis No
290EC2008 54 €33  RESPIRATORY No
FAILURE
TWN2009 12 186 SUTOEN DEATH Yes
1MMAR2009 pL 78)  DISSEMINATED Yes
INTRAVASCULAR
COASULATION
OSFEB2009 ey $61  SEPSIS ¥o
227an2009 ss 731 METASTATIC No
GASTRIC CANCER
Ocrelizumad SO mg X 2 0IJUL2009 1s €7 PNEUMONIA No
Ocrelizumad 200 mg X 2 JoNOV2009 ”» 701 RESPIRATORY No
FAILURE
2708C2007 m 854 RESPIRATORY No
FAILURE
1UL2007 m CAFBON MONOXIDE  No
POISONING
17TWN2008 s 401 MULTI-ORGAN No
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Date of FPirst Day of Last

Study Study Day of Autopey
Actual Treatment Subject Identifier Age/Sex/Race Administration lﬂlutm Death Cause of Death Performed?
Ocrelizumad 200 mg X 2 20UL2008 210 724 MYOCARDIAL ¥o
INFARCTION
11JUN2008 168 346 PNEUMONIA ¥o
15SEP2008 am 865 PNEUMONIA ¥o
Q2APR2008 $5) 1245 DEBMENTIA No
150CT2007 729 74)  SUDOEN CARDIAC Yes
DEATH
070CT2008 266 404 PULMONARY Yes
BMBOLISM
OIAPR2008 55 €22 SEPTIC SNOCXK ¥o
24MAR2008 555 727 SEPTIC SHOCK ¥o
24MAR2008 pL3 ) 192 RUPTURED No
CEREBRAL
ANEURYSM
1908C2007 is 149 ¥o
RESPIRATORY
FAILURE
Ocrelizumab 400 mg X 2 19UN2008 18 309 GASTROINTESTINAL No
HABMORFHAGE
010CT2000 is $7%  LNG
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MedDRA System Organ Class IFN beta-1a OCR 600mg

MedDRA Preferred Term (N=826) (N-825)
Total number of patients with at least one adverse event 51 (6.28) 29 (3.5%)
Overall total number of events 55 EN
GENERAL DISORDERS AND ADMINISTRATION SITE CONDITIONS
Total number of patients with at least one adverse event 18 (2.28) 4 (0.5%)
Total number of events 18 4
INFLUENZA LIKE ILLNESS 12 (1.5%) 1 (0.1%)
FATIGUE 1(0.1%) 1 (0.1%)
INJECTION SITE REACTION 2 (0.28) 0
CHEST PAIN 0 1 (0.1%)
CHILLS 0 1 (0.1%)
INJECTION SITE ERYTHEMA 1(0.1%) 0
INJECTION SITE INFLAMMATION 1 (0.1%) o0
INJECTION SITE PAIN 1 (0.1%) o
INJURY, POISONING AND PROCEDURAL COMPLICATIONS
Total number of patients with at least one adverse event 1(0.1%) 11 (1.3%)
Total number of events 1 11
INFUSION RELATED REACTION 0 11 (1.3%)
INJECTION RELATED REACTION 1(0.1%) o0
INVESTIGATIONS
Total number of patients with at least one adverse event 1 (1.3%) o
Total number of events 15 o
ALANINE AMINOTRANSFERASE INCREASED 4 (0.5%) o0
LIVER FUNCTION TEST ABNO) 2 (0.28) 0
ALANINE AMINOTRANSFERASE ABNORMAL 1 (0.1%) o0
AMYLASE INCREASED 1 (0.1%) o0
ASPARTATE AMINOTRANSFERASE ABNORMAL 1 (0.1%) o0
BLOOD CREATINE PHOSPHOKINASE INCREASED 1 (0.1%) o0
GAMMA-GLUTAMYLTRANSFERASE INCREASED 1 (0.1%) o0
LIPASE INCREASED 1 (0.18) o0
PLATELET COUNT ABNORMAL 1(0.1%) o0
TRANSAMINASES INCREASED 1 (0.1%) o0
WHITE BLOOD CELL COUNT ABNORMAL 1 (0.1%) o
PSYCHIATRIC DISORDERS
Total number of patients with at least one adverse event 6 (0.7%) 3 (0.4%)
Total number of events 6 4
DEPRESSION 4 (0.5%) 0
ANKIETY 1(0.1%) 1 (0.1%)
DEPRESSION SUICIDAL 1 (0.1%) 0
INSOMNIA 0 1 (0.1%)
SUICIDAL IDEATION 0 1 (0.1%)
SUICIDE ATTEMPT 0 1 (0.1%)
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Laboratory Test

IFN beta-la OCR 600mg

Direction of Abnormality Value (N=826) (N=825)
Albumin n 823 818
Low single, not last 4 (0.5%) 0
Last or replicated 1 ( 0.1%) 2 (0.2%)
Any abnormality 5 (0.6%) 2 (0.2%)
Alkaline Phosphatase n 823 818
High single, not last 2 (0.28) 1 (0.1%)
Last or replicated 1 ( 0.1%) 0
Any abnormality 3 (0.4%) 1 (0.1%)
SGPT/ALT n 823 818
High single, not_last 88 (10.7%) 31 (3.8%)
Last or replicated 58 ( 7.0%) 11 (1.3%)
Any abnormality 146 (17.7%) 42 (5.1%)
SGOT/AST n 822 818
High single, not last 59 (7.2%) 16 (2.0%)
Last or replicated 24 ( 2.9%) 2 (0.2%)
Any abnormality 83 (10.1%) 18 (2.2%)
Basophils Abs n 823 818
vrea n 823 818
High single, not last 10018 o0
Last or replicated 0 o
Any abnormality 10018 o0
calcium n 823 818
Low single, not last 25 (3.08) 30 (3.7%)
Last or replicated 2 ( 0.2%) 0
Any abnormality 27 (3.3%) 30 (3.7%)
Cholesterol n 823 818
High single, not_last 7 (0.9%) 4 (0.5%)
Last or replicated 0 1 (0.1%)
Any abnormality 7 (0.9%) 5 (0.6%)
Creatine Kinase n 823 818
High single, not last 47 (5.7%) 64 (7.8%)
Last or replicated 10 ( 1.2%) 5 (0.6%)
Any abnormality 57 ( 6.9%) 69 (8.4%)
Creatinine n 823 818
High single, not last 2 (0.28) 0
Last or replicated 0 o
Any abnormality 2 (0.28) 0
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Laboratory Test IFN beta-la OCR 600mg

Direction of Abnormality Value -826)
Eosinophils Abs n 823 818
High single, not last 1(0.1%) 4 (0.5%)
Last or replicated 0 1 (0.1%)
Any abnormality 1(0.1%) 5 (0.6%)
Gamma Glutamyl Transferase n 823 818
High single, not last 34 ((4.1%) 23 (2.8%)
Last or replicated 41 ( 5.0%) 12 (1.5%)
Any abnormality 75 ( 9.1%) 35 (4.3%)
Hematocrit n 823 817
Low single, not_last 8 (1.08) 9 (1.1%)
Last or replicated 8 ( 1.0%) 3 (0.4%)
Any abnormality 16 ( 1.9%) 12 (1.5%)
High single, not last 1(0.1%) 2 (0.2%)
Last or replicated 0 0
Any abnormality 10018 2 (0.2%)
Hemoglobin n 823 818
Low Single, not last 12 ((1.5%) 9 (1.1%)
Last or replicated 16 ( 1.9%) 13 (1.6%)
Any abnormality 28 (3.4%) 22 (2.7%)
High single, not last 1(01%) 0
Last or replicated 0 o
Any abnormality 10018 o0
Lactate Dehydrogenase n 822 818
High single, not last 0 2 (0.2%)
Last or replicated 0 0
Any abnormality o 2 (0.2%)
Lymphocytes Abs n 823 818
Low single, not last 78 (9.5%) 35 (4.3%)
Last or replicated 27 ( 3.3%) 8 (1.0%)
Any abnormality 105 (12.8%) 43 (5.3%)
Monocytes Abs n 823 818
Neutrophils, Total, Abs n 823 818
Low single, not last 92 (11.2%) 35 (4.3%)
Last or replicated 58 ( 7.0%) 1 (0.1%)
Any abnormality 150 (18.2%) 36 (4.4%)
High single, not last 16 ((1.9%) 47 (5.7%)
Last or replicated 3 ( 0.4%) 11 (1.3%)

Any abnormality 19 ( 2.3%) 58 (7.1%)
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Laboratory Test IFN beta-l1a OCR 600mg

Direction of Abnormality Value (N=826) (N=825)
Phosphorus n 823 818
Low single, not last 39 ('4.7%) 40 (4.9%)
Last or replicated 6 ( 0.7%) 2 (0.2%)
Any abnormality 45 ( 5.5%) 42 (5.1%)
High single, not_last 13 ( 1.6%) 14 (1.7%)
Last or replicated 0 ]
Any abnormality 13 ( 1.6%) 14 (1.7%)
Platelet n 823 818
Low single, not last 9 (1.1%) 3 (0.4%)
Last or replicated 3 ( 0.4%) 0
Any abnormality 12 (1.5%) 3 (0.4%)
High single, not last 3 (0.4%) 1 (0.1%)
Last or replicated 0 o
Any abnormality 3(0.4%) 1 (0.1%)
Potassium n 823 818
Low single, not last 1(0.1%) 1 (0.1%)
Last or replicated 1 ( 0.1%) 0
Any abnormality 2 (0.28) 1 (0.1%)
High single, not last 4 (0.5%) a4 (0.5%)
Last or replicated 1 ( 0.1%) 0
Any abnormality 5 (0.6%) 4 (0.5%)
Red Blood Cell Count n 823 818
Low single, not_last 3 (0.4%) 2 (0.2%)
Last or replicated 0 0
Any abnormality 3 (0.4%) 2 (0.2%)
High single, not last 1(01%) 0
Last or replicated 0 o
Any abnormality 10018 o0
Sodium n 823 818
Low single, not_last 1(0.1%) 4 (0.5%)
Last or replicated 0 0
Any abnormality 1(0.1%) 4 (0.5%)
High single, not last 2 (0.28) 2 (0.2%)
Last or replicated 0 0
Any abnormality 2 (0.28) 2 (0.2%)
Bilirubin n 820 816
High Single, not last 1 (0.1%) 4 (0.5%)
Last or replicated 0 0
Any abnormality 1(0.1%) 4 (0.5%)
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Laboratory Test IFN beta-l1a OCR 600mg

Direction of Abnormality Value (N=826) (N=825)
Protein, Total n 823 818
Low single, not last 10018 o0
Last or replicated 0 o
Any abnormality 10018 0
High single, not_last 4 (0.5 1 (0.1%)
Last or replicated 1 ( 0.1%) 0
Any abnormality 5 (0.6%) 1 (0.1%)
Thyroid Stimulating Hormone n 798 798
High single, not last 9 (1.1%) o
Last or replicated 6 ( 0.8%) 3 (0.4%)
Any abnormality 15 ( 1.9%) 3 (0.4%)
Uric Acid n 823 818
High single, not last 1(0.1%) 2 (0.2%)
Last or replicated 2 ( 0.2%) 0
Any abnormality 3 (0.4%) 2 (0.2%)
Urine Specific Gravity n 822 818
White Blood Cell Count n 823 818
Low single, not last 83 (10.1%) 19 (2.3%)
Last or replicated 32 ( 3.9%) 2 (0.2%)
Any abnormality 115 (12.0%) 21 (2.6%)
High single, not last 2 (0.28) 3 (0.4%)
Last or replicated 0 0
Any abnormality 2 (0.28) 3 (0.4%)

Tab abnormalities are based on COG normal ranges. Percentages are based on n (no. of
patients evaluated) .

Single = A marked abnormality followed by at least one valid assessment which is not a
marked abnormality(of the same type - LL or HH).

Replicated - A marked abnormality followed immediately by a marked abnormality of the same
type.

Last - A marked abnormality which is not followed by a next valid assessment.

Assessments which are not in the scheduled time windows are removed.
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Laboratory Test Placebo  OCR 600mg
Direction of Abnormality Value (N=239) (N-186)
Albumin n 239 481
Low single, not last 10048 2 (0.4%)
Last or replicated 0 0
Any abnormality 100.4%) 2 (0.4%)
Alkaline Phosphatase n 239 481
High single, not last 2 (0.8%) 2 (0.4%)
Last or replicated 0 1(0.2%)
Any abnormality 2 (0.8%) 3 (0.6%)
SGPT/ALT n 239 481
High single, not last 12 ( 5.08) 21 ( 4.4%)
Last or replicated 6 ( 2.5%) 12 ( 2.5%)
Any abnormality 18 ( 7.5%) 33 ( 6.9%)
SGOT/AST n 239 481
High single, not last 6 (2.5%) 13 ( 2.7%)
Last or replicated 2 ( 0.8%) 1 ( 0.2%)
Any abnormality 8 (3.3%) 14 (2.9%)
Basophils Abs n 239 482
High single, not last 30139 1 (0.2%)
Last or replicated 0 1(0.2%)
Any abnormality 301.3%) 2 (0.4%)
Urea n 239 481
calcium n 239 481
Low single, not last 5 (2.1%) 12 ( 2.5%)
Last or replicated 1 ( 0.4%) 1 ( 0.2%)
Any abnormality 6 (2.5%) 13 (2.7%)
Cholesterol n 239 481
High single, not_last 4 (1.7%9) 4 (o0.8%)
Last or replicated 1 ( 0.4%) 2 ( 0.4%)
Any abnormality 5(2.1%) 6 (1.2%)
Creatine Kinase n 239 481
High single, not last 15 ( 6.3%) 18 ( 3.7%)
Last or replicated 5 ( 2.1%) 6 ( 1.2%)
Any abnormality 20 ( 8.4%) 24 ( 5.0%)
Creatinine n 239 481
High single, not last 0 o
Last or replicated 0 1(0.29)
Any abnormality o 1(0.2%)
Eosinophils Abs n 239 482
High Single, not last 2 (0.8%) 3 (0.6%)
Last or replicated 0 2 ( 0.4%)
Any abnormality 2 (0.8%) 5 (1.0%)
Gamma Glutamyl Transferase n 239 480
High single, not last 6 (2.5%) 11 ( 2.3%)
Last or replicated 5 ( 2.1%) 22 ( 4.6%)
Any abnormality 11 ( 4.6%) 33 ( 6.9%)
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Laboratory Test Placebo  OCR 600mg
Direction of Abnormality Value (N=239) (N-186)
Hematocrit n 239 481
Low single, not last o 5 (1.08)
Last or replicated 1 ( 0.4%) 4 ( 0.8%)
Any abnormality 1(0.4%) 9 (1.9%)
High single, not_last 0 o
Last or replicated 0 1(0.29)
Any abnormality o 1(0.2%)
Hemoglobin n 239 482
Low single, not last 0 6 (1.2%)
Last or replicated 4 ( 1.7%) 10 ( 2.1%)
Any abnormality 4 (1.7%) 16 ( 3.3%)
High single, not last 10048 0
Last or replicated 0 o
Any abnormality 10048 0
Lactate Dehydrogenase n 239 481
High single, not last o 0
Last or replicated 1 ( 0.4%) 0
Any abnormality 10048 o0
Lymphocytes Abs n 239 482
Low single, not last 9 (3.8%) 23 ( 4.8%)
Last or replicated 3 ( 1.3%) 10 ( 2.1%)
Any abnormality 12 (5.08) 33 ( 6.8%)
High single, not_last 3(1.3%) 2 (0.4%)
Last or replicated 0 1(o0.2%)
Any abnormality 30139 3 (0.6%)
Monocytes Abs n 239 482
High single, not last 30139 3 (0.6%)
Last or replicated 0 1(0.2%)
Any abnormality 301.3%9) 4 (0.8%)
Neutrophils, Total, Abs n 239 482
Low single, not last 4 (1.7%) 19 ( 3.9%)
Last or replicated 0 3 (0.6%)
Any abnormality 4 (1.7%) 22 ( 4.6%)
High single, not last 24 (10.0%) 62 (12.9%)
Last or replicated 6 ( 2.5%) 17 ( 3.5%)
Any abnormality 30 (12.6%) 79 (16.4%)
Phosphorus n 239 481
Low single, not last 16 ( 6.7%) 18 ( 3.7%)
Last or replicated 3 ( 1.3%) 4 ( 0.8%)
Any abnormality 19 (7.9%) 22 ( 4.6%)
High single, not last 4 (1.7%) 11 ( 2.3%)
Last or replicated 0 2 (0.4%)
Any abnormality 4 (1.7%) 13 ( 2.7%)
Platelet n 239 482
Low single, not last 10048 0
Last or replicated 0 o
Any abnormality 10048 0
High single, not_last 4 (1.7%) 2 (0.4%)
Last or replicated 0 1(o0.2%)
Any abnormality 4 (1.7%9) 3 (0.6%)




image123.png
Laboratory Test Placebo  OCR 600mg
Direction of Abnormality Value (N=239) (N-186)
Potassium n 239 481
Low single, not last 10048 1 (0.2%)
Last or replicated 0 o
Any abnormality 1(0.4%) 1 (0.2%)
High single, not_last 2 (0.8%) 4 (0.8%)
Last or replicated 0 0
Any abnormality 2 (0.8%) 4 (0.8%)
Red Blood Cell Count n 239 482
Low single, not last 10048 6 (1.29)
Last or replicated 2 ( 0.8%) 1 ( 0.2%)
Any abnormality 301.3%) 7 (1.5%)
Sodium n 239 481
Low single, not last 0 2 (0.4%)
Last or replicated 0 0
Any abnormality o 2 (0.4%)
High single, not last 2 (0.89) 0
Last or replicated 0 0
Any abnormality 2 (0.89) 0
Bilirubin n 239 480
High single, not last 2 (0.8%) 1 (0.2%)
Last or replicated 2 ( 0.8%) 1 ( 0.2%)
Any abnormality 4(1.7%) 2 (0.4%)
Protein, Total n 239 481
Low single, not last 2 (0.8%) 1 (o0.2%)
Last or replicated 0 o
Any abnormality 2 (0.8%) 1 (0.2%)
Thyroid Stimulating Hormone n 14 39
White Blood Cell Count n 239 482
Low Single, not last 5 (2.1%) 14 (2.9%)
Last or replicated 0 5 (1.08)
Any abnormality 5 (2.1%) 19 ( 3.9%)
High single, not last 4(1.7%) 6 (1.2%)
Last or replicated 1 ( 0.4%) 4 ( 0.8%)
Any abnormality 5 (2.1%) 10 (2.1%)
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Post-Baseline Lab Abnormality, Pool D: Phase II & IIT RA Controlled Treatment Population
Protocol (s) - ACT28470/MAL8230/3A21963/ WAZD494G,/NR20495G, WA20436G/ WA20457G.
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Pooled Placebo

OCR 200 mg X 2/400 mg X 1

Laboratory Test + DMARD + DMARD + DMARD
Direction of Abnormality Value (N=981) (N=1186) (N=947)
Creatinine n 979 1182 944
High single, not last 0 0 2 (0.2%)
Any abnormality 0 0 2 (0.2%)

OCR 500 mg X 2/1000 mg X 1
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Phase Ill MS All Exposure OCR 600

(N=1934)
Ig (g/L) Baseline Week 192
Total Ig, n 1930 72
Mean (SD) 14.40 (3.11) 12.73 (3.04)
IgA, n 1927 72
Mean (SD) 2.23(0.85) 2.05(0.83)
IgG, n 1930 104
Mean (SD) 10.84 (2.53) 9.23(2.28)
IgM, n 1930 70
Mean (SD) 1.34 (0.67) 0.91(0.60)

Note: Last available values for week 216 note shown as patient numbers

were < 10.
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The Percentage of Patients with at Least One Infusion Related Reaction by Infusion and Treatment Over Time, Pool A: Phase Il RMS Controlled Treatment Population
Protocol(s) : WA21092 1 WA21093
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Infusion

MedDRA System Organ Class IFN beta-1a  OCR 600mg
MedDRA Preferred Term (N-826) (N-825)

overall
Number of Patients with Infusions 825 825
Total Number of Patients with IRRs 80 ( 9.7%) 283 ( 34.3%)
Total Number of Patients with IRR Symptoms 80 ( 9.7%) 283 ( 34.3%)
Total Number of IRR Symptoms 133 609

SKIN AND SUBCUTANEOUS TISSUE DISORDERS
Number of Patients with Symptoms 10 ( 12.5%) 166 ( 58.7%)
Number of Symptoms 10 216
PRURITUS 6 ( 7.5%) 85 ( 30.0%)
RASH 2 ( 2.5%) 85 (30.0%)
URTICARTA 0 25 ( 8.8%)
ERYTHEMA 10 1.3%) 8 ( 2.8%)
ANGIOEDEMA 0 4 ( 1.4%)
HYPERHIDROSTS 0 2 ( 0.7%)
RASH MACULAR 0 2 ( 0.7%)
RASH PRURITIC 0 2 ( 0.7%)
PAIN OF SKIN 1( 1.3 0
PRURITUS GENERALISED 0 10 0.4%)
SKIN DISCOLOURATION 0 1( 0.4%)
SKIN WARM 0 10 0.4%)
RESPIRATORY, THORACIC AND MEDIASTINAL DISORDERS

Number of Patients with Symptoms 4 ( 5.08) 112 ( 39.6%)
Number of Symptoms a 148
THROAT IRRITATION 10 1.3%) 67 (23.7%)
OROPHARYNGEAL PAIN 0 24 ( 8.5%)
DYSPNOEA 2 ( 2.5%) 10 ( 3.5%)
NASAL CONGESTION 0 10 ( 3.5%)
BRONCHOSPASM 0 7 ( 2.5%)
coucH 0 5 ( 1.8%)
RHINORRHOEA 0 5 ( 1.8%)
SNEEZING 0 5 ( 1.8%)
LARYNGEAL OEDEMA 0 2 ( 0.7%)
PHARYNGEAL OEDEMA 0 2 ( 0.7%)
THROAT TIGHTNESS 0 2 ( 0.7%)
WHEEZING 0 2 ( 0.7%)
CATARRE 0 10 0.4%)
EPISTAXIS 10 1.3 0
NASAL OEDEMA 0 10 0.4%)
OROPHARYNGEAL DISCOMFORT 0 1( 0.4%)
OROPHARYNGEAL SWELLING 0 1( 0.4%)
RESPIRATORY TRACT CONGESTION 0 1( 0.4%)
SINUS CONGESTION 0 1( 0.4%)
UPPER-AIRWAY COUGH SYNDROME 0 1( 0.4%)
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RMS PPMS RMS PPMS RMS PPMS
Dose 2 Dose 2 Dose 3 Dose 3 Dose 4 Dose 4
Day 1 Day 1 Day15 | Dayt Day 1 Day 15 Day 1 Day 1 Day 15
Regimen 600 mg 300 mg 300mg | 600mg | 300mg | 300mg 600mg | 300mg 300 mg
Fts with 779 465 e 750 452 437 732 430 430
Infusions
Piswith IRRs | 107 (13.7%) | 54(11.6%) | 23(5.1%) | 73 (9.6%) | 52(11.5%) | 22(5.0%) | 57(7.8%) | 29(6.6%) | 13 (3.0%)
Severity
Grade 1 84(10.8%) | 39(84%) | 22(4.9%) | 56(7.4%) | 39(8.6%) | 19(43%) | 44(6.0%) | 26(59%) | 12(28%)
Grade 2 20 (2.6%) 15(32%) | 1(0.2%) | 14(18%) | 13(29%) | 3(0.7%) | 13(1.8%) | 3(0.7%) 1(02%)
Grade 3 3(0.4%) [} 0 3(0.4%) 0 0 0 0 0
pruritus, rash, pruritus,
Most pruritus, throat | headache, throat hg:d’:l‘:‘ﬁ'e s, Irm’:‘" flushing, fatique
common | irritation, rash, throat pyrexia, | imitation, | [eStaeTe hZa dnche. rrtue rash, ﬁusﬁl .
symptoms | oropharyngeal | irritation, flushing | pruritus, o | Metine | P pyrexia, "9,
>10% pain oropharyngeal rash | 9calpain, | flushing, ash | oropharyn | PYeX@
= flushing headache
pain, pyrexia geal pain
Most disiness rash, throat asthenia, chills,
common ] iitation, oropharynge headache,
headache, fatigue, | dysgeusia, fatigue chills,
te
symptoms s it 50U, | flushing | cills, ovrorin alpain, | S| dysgeusia,
e nausea, flushing somnolescenc,
25% < 10% ear pruritus nausea
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MedDRA System Organ Class IFN beta-la  OCR 600mg
MedDRA Preferred Term (N=826) (N-825)
Total number of patients with at least one adverse event 441 (53.4%) 483 (58.5%)
Overall total number of events 966 1237
INFECTIONS AND INFESTATIONS
Total number of patients with at least one adverse event 433 (52.4%) 482 (58.4%)
Total number of events 948 1224
UPPER RESPIRATORY TRACT INFECTION 87 (10.5%) 125 (15.2%)
NASOPHARYNGITIS 84 (10.2%) 122 (14.8%)
URINARY TRACT INFECTION 100 (12.1%) 96 (11.6%)
SINUSITIS 45 ((5.2%) 46 ( 5.6%)
INFLUENZA 38 (4.6%) 38 ( 4.6%)
BRONCHITIS 29 (3.5%) 42 ( 5.1%)
PHARYNGITIS 33 (4.08) 25 (3.0%)
GASTROENTERITIS 19 (2.35) 25 ( 3.0%)
ORAL HERPES 17 (2.1%) 24 ( 2.9%)
VIRAL INFECTION 23 (2.8%) 18 ( 2.2%)
CYSTITIS 18 (2.28) 18 ( 2.2%)
RESPIRATORY TRACT INFECTION 17 (2.1%) 19 ( 2.3%)
GASTROENTERITIS VIRAL 10 (1.28) 15 ( 1.8%)
HERPES ZOSTER 8 (1.0%8) 17 ( 2.1%)
EAR INFECTION 8 (1.08) 15 ( 1.8%)
VIRAL UPPER RESPIRATORY TRACT INFECTION 10 (1.28) 9 (1.1%)
TOOTH INFECTION 8 (1.08) 9 (1.1%)
RHINITIS 3 (0.4%) 12 ( 1.5%)
TONSILLITIS 9 (1.1%) & (0.7%)
CONJUNCTIVITIS 5 (0.6%) 9 (1.1%)
LARYNGITIS 8 (1.08) 6 (0.7%)
LOWER RESPIRATORY TRACT INFECTION 4 (0.5%) 10 (1.2%)
PNEUMONIA 7 (0.8%) 7 (0.8%)
VAGINAL INFECTION 6 (0.7%) 7 (0.8%)
CELLULITIS 5 (0.6%) 7 (0.8%)
TINEA PEDIS 1(0.1%) 10 ( 1.2%)
VULVOVAGINAL MYCOTIC INFECTION 8 (1.08) 3 (0.4%)
FUNGAL INFECTION 4 (0.5%) & (0.7%)
GASTROINTESTINAL INFECTION 4 (0.5%) 6 (0.7%)
RESPIRATORY TRACT INFECTION VIRAL 5 (0.6%) 5 (0.6%)
VULVOVAGINAL CANDIDIASIS 3 (0.4%) 7 (0.8%)
HERPES SIMPLEX 2 (0.28) 7 (0.8%)
PHARYNGITIS STREPTOCOCCAL 6 (0.7%) 3 (0.4%)
ACUTE TONSILLITIS 2 (0.28) & (0.7%)
CONJUNCTIVITIS BACTERIAL 3 (0.4%) 5 (0.6%)
GINGIVITIS 3 (0.4%) 5 ( 0.6%)
ORAL CANDIDIASIS 2 (0.28) 6 (0.7%)
TOOTH ABSCESS 1(0.1%) 7 (0.8%)
APPENDICITIS 4(0.5%) 3 (0.4%)
HORDEOLUM 4 (0.5%) 2 (0.2%)
OTITIS MEDIA 3 (0.4%) 3 (0.1%)
BACTERTAL VAGINOSIS 2 (0.2%) 3 (0.4%)
ONYCHOMYCOSIS 2 (0.28) 3 (0.4%)
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Infections by Typs, Pool A: Phase ITT RMS Controlled Treatment Population

Protocol(s) : WA21092 / WA21093

IFN beta-la  OCR 600mg
Infection Type (v=326) (N=325)
Total mumber of paticnts with at least ons adverse cvent 401 (48.5%) 446 (54.1%)
UPPER RESPTRATORY TRACT INFECTIONS 273 (33.1%) 329 (39.9%)
URINARY TRACT INFECTIONS 121 (14.68) 114 (13.8%)
GASTROINTESTINAL TRACT INFECTIONS €0 (7.3 69 (8.4%)
SKIN INFECTIONS 49 (5.5%) 6L (7.4%)
LOWER RESPIRATORY TRACT INFECTIONS 43 (5.28) 62 (7.5%)
HERPES VIRUS-ASSOCIATED INFECTIONS 30 (3.68) 50 (6.1%)
INFECTIOUS BILIARY DISORDERS 4(0.5%) 7 (0.8%)
SEPSIS/SIRS (BRORD) 3(0.48) 1 (0.1%)
SEPSIS/SIRS (NARROW) 3 (0.48) 1 (0.1%)
CNS INFECTIONS 0 °
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MedDRA System Organ Class Placebo OCR 600mg
MedDRA Preferred Term (N=239) (N-486)
Total number of patients with at least one adverse event 167 (69.9%) 347 (71.4%)
Overall total number of events 502 1084
INFECTIONS AND INFESTATIONS
Total number of patients with at least one adverse event 162 (67.8%) 339 (69.8%)
Total number of events 487 1015
NASOPHARYNGITIS 65 (27.2%) 110 (22.6%)
URINARY TRACT INFECTION 54 (22.6%) 96 (19.8%)
INFLUENZA 21 (8.8%) 56 (11.5%)
UPPER RESPIRATORY TRACT INFECTION 14 (5.9%) 53 (10.9%)
BRONCHITIS 12 (5.08) 30 (6.2%)
GASTROENTERITIS 12 (5.08) 20 (4.1%)
PHARYNGITTS 11 (4.6%) 20 (4.1%)
SINUSITIS 7 (2.9%) 19 ( 3.9%)
CYSTITIS 7 (2.9%) 17 ( 3.5%)
RHINITIS 9 (3.8%) 15 (3.1%)
TOOTH INFECTION 9 (3.8%) 13 (2.7%)
VIRAL INFECTION 1(1.7%) 15 ( 3.1%)
PNEUMONIA 5 (2.1%) 10 ( 2.1%)
GASTROENTERITIS VIRAL 8 (3.3%) 6 (1.2%)
RESPIRATORY TRACT INFECTION 2 (0.8%) 11 (2.3%)
EAR INFECTION 4(1.7%) 8 (1.6%)
ORAL HERPES 1 (0.4%) 11 ( 2.3%)
TOOTH ABSCESS 2 (0.8%) & (1.6%)
CELLULITIS 1 (0.4%) 8 (1.6%)
CONJUNCTIVITIS 1 (0.4%) 8 (1.6%)
ONYCHOMYCOSIS 3 (1.3%) 6 (1.2%)
PARONYCHIA 2 (0.8%) 7 (1.4%)
VAGINAL INFECTION 4(1.7%) 5 (1.0%)
HERPES ZOSTER 2 (0.8%) 6 (1.2%)
FUNGAL SKIN INFECTION 2 (0.8%) 5 (1.08%)
PERTODONTITIS 4(1.7%) 3 (0.6%)
LOWER RESPIRATORY TRACT INFECTION 1 (0.4%) 5 (1.0%)
RESPIRATORY TRACT INFECTION VIRAL 1 (0.4%) 5 (1.08)
UROSEPSIS 3 (1.3%) 3 (0.6%)
HERPES SIMPLEX 2 (0.8%) 3 (0.6%)
HORDEOLUM 1 (0.4%) 4 (0.8%)
OTITIS MEDIA 2 (0.8%) 3 (0.6%)
TINEA VERSICOLOUR 3 (1.3%) 2 (0.4%)
TRACHEITIS 0 5 (1.0%)
ERYSIPELAS 1(0.4%) 3 (0.6%)
GASTROINTESTINAL INFECTION 1 (0.4%) 3 (0.6%)
GINGIVITIS 2 (0.8%) 2 (0.4%)
LARYNGITIS 2 (0.8%) 2 (0.4%)
OTITIS EXTERNA 1 (0.4%) 3 (0.6%)
SKIN INFECTION 2 (0.8%) 2 (0.4%)
TINEA PEDIS 0 1 (0.8%)
TONSILLITIS 1 (0.4%) 3 (0.6%)
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IFN beta-la OCR 600mg

Infection Type (N=826) (N=825)
Total number of patients with at least one adverse event 26 (3.1%) 20 (2.4%)
GASTROINTESTINAL TRACT INFECTIONS 9 (1.1%) 5 (0.6%)
INFECTIOUS BILIARY DISORDERS 2 (0.2%) 7 (0.8%)
URINARY TRACT INFECTIONS 5 (0.6%) 4 (0.5%)
SKIN INFECTIONS 5 (0.6%) 3 (0.4%)
LOWER RESPTRATORY TRACT INFECTIONS 2 (0.2%) 4 (0.5%)
UPPER RESPIRATORY TRACT INFECTIONS 3 (0.4%) 1 (0.1%)
SEPSIS/SIRS (BROAD) 1 (0.1%) 1 (0.1%)
SEPSIS/SIRS (NARROW) 1 (0.1%) 1 (0.1%)
HERPES VIRUS-ASSOCIATED INFECTIONS 0 1 (0.1%)

CNS INFECTIONS 0 0
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MedDRA System Organ Class IFN beta-la OCR 600mg

MedDRA Preferred Term (N=826) (N=825)
Total number of patients with at least one adverse event 34 (4.1%) 58 (7.0%)
Overall total number of events 39 76

INFECTIONS AND INFESTATIONS

Total number of patients with at least one adverse event 33 (4.0%) 56 (6.8%)
Total number of events 38 74
ORAL HERPES 17 (2.1%) 24 (2.9%)
HERPES ZOSTER 8 (1.0%) 17 (2.1%)
HERPES SIMPLEX 2 (0.2%) 7 (0.8%)
ORAL CANDIDIASIS 2 (0.2%) 6 (0.7%)
CANDIDA INFECTION 0 3 (0.4%)
VARICELLA 1 (0.1%) 1 (0.1%)
GENITAL HERPES 0 1 (0.1%)
HERPES VIRUS INFECTION 0 1 (0.1%)
KERATITIS VIRAL 1 (0.1%) 0
OPHTHALMIC HERPES SIMPLEX 1 (0.1%) 0

ORAL FUNGAL INFECTION 1 (0.1%) 0

NEOPLASMS BENIGN, MALIGNANT AND UNSPECIFIED (INCL CYSTS AND POLYPS)

Total number of patients with at least one adverse event 1 (0.1%) 2 (0.2%)
Total number of events 1 2
ANOGENITAL WARTS 1 (0.1%) 1 (0.1%)

CERVIX WARTS 0 1 (0.1%)
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Pocled Placebo OCR 200 mg X 2/400 mg X 1 OCR 500 mg X 2/1000 mg X 1

MedDRA System Organ Class + DMRRD + DURRD + DMARD
MedDRR Preferred Term (v=381) (~v=1186) (v=347)
Total mmber of paticnts with at least one infection 322 (32.8%) 388 (32.7%) 318 (33.6%)

occurring at relative freguency >=5%

Overall total mumber of svents 461 550 504

INFECTIONS AND INFESTATIONS
Total mmber of paticnts with at least one infection 322 (32.8%) 388 (32.7%) 318 (33.6%)
occurring at relative fregquency >=5%
Total mmber of svents <61 550 504
UBPER RESPIRATORY TRACT INFECTION 131 (13.4%) 147 (12.4%) 126 (13.3%)
NASOPHRRYNGITIS 77 (7.8%) 24 (7.13) B2 (8.78)
URINARY TRACT INFECTION 65 (7.0%) 78 ( 6.63) 76 (8.0%)
BRONCHITIS 65 (6.68) 57 (8.28) 58 (6.1%)

STNUSTTIS 42 (4.3%) 47 (4.0%) 50 (5.3%)
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OCR 200 mg X 2 OCR 500 mg X 2

7400 mg X 1 71000 mg X 1
MedDRR System Organ Class Pooled Placebo + DMARD  + DMARD + DMRRD
MedDRA Preferred Temm (v=381) (v=1186) (v=547)
Total mumber of patients 33 (3.4%) 54 ( 4.6%) 50 (5.3%)
with at least one
adverse svent
Overall total number of 38 & 58
events
INFECTIONS AND
INFESTATIONS
Total mumber of 33 (3.4%) 54 (4.63) 50 (5.3%)
paticnts with at least
one_adverse vent
Total number of cvents 38 &0 s8
HERPES ZOSTER 17 (1.7%) 5 (1.6%) 17 (1.8%)
ORAL HERPES 4 (0.4%) 7 (1.4%) 11125
ORAL CANDIDIASIS 4 (0.4%) 2 (0.2%) 7 (0.7%)
HERPES SIMPLEX 2 (0.2%) 5 (0.3 4 (0.4%)
CANDIDA INFECTION 0 3 (0.3y) 2 (0.28)
DENGUE FEVER 1 (0.1%) 1 (<0.1%) 1 (0.1%)
GENITAL HERPES 2 (0.2%) 1 (<0.1%) a
ENEUMOCYSTIS JIROVECIT ° 2 (0.2%) 1 (0.1%)
ENEUMONTA
BULMONARY TUBERCULOSIS 0 2 (0.2%) o
ANAL FUNGAL INFECTION 0 o 1 (0.1%)
ATYPICAL ENEUMONIA 0 o 1 (0.1%)
FUNGAL OESOPHAGITIS 0 o 1 (0.1%)
HEPATITIS B 0 1 (<0.1%) o
HERPES 20STER OTICUS 0 o 1 (0.1%)
HISTOPLASMOSTS 0 1 (<0.1%) o
MENINGOENCEPHRLITIS 0 o 1 (0.1%)
VIRRL
MYCOBACTERTIM 1 (0.1%) o a
ABSCESSUS INFECTION
MYCOBACTERTUM KANSASTI 0 1 (<0.1%) a
INFECTION
OESOPHAGEAL 0 o 1 (0.1%)
CANDIDIASTS
OPHTHALMIC HERPES 1 (0.1%) o a
Z0STER
ORAL FUNGAL INFECTION 1 (0.1%) o o
OROPHARYNGEAL o o 1 (0.1%)
CANDIDIASIS
OROPHARYNGITIS FUNGAL 0 o 1 (0.1%)
BULMONARY MYCOSIS 0 o 1 (0.1%)
SYSTEMIC CANDIDA 0 o 1 (0.1%)
VARICELLA 0 o 1 (0.1%)
VARICELLA ZOSTER 0 o 1 (0.1%)

ENEUMONTA
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Placebo OCR 400 mg OCR 1000 mg Total

Parameter N=125 N=126 N=127 N=378
AE 110 (88.0%) 109 (86.5%) 102 (80.3%) 321 (84.9%)
SAE 34(27.2%)  45(357%) 28 (22.0%) 107 (28.3%)
Infections? 70 (56.0%) 86 (68.3%) 75 (59.1%) 231 (61.1%)
Serious Infections 18 (14.4%) 27 (21.4%) 19 (15.0%) 64 (16.9%)
IRRs 11 (8.8%) 14(11.1%) 18 (14.2%) 43 (11.4%)

Deaths 6 (4.8%) 3 (24%) 5(3.9%) 14 (4.4%)
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Endpoints Interferon Ocrelizumab
beta-1a 44yg 600mg
(N=829) (N=827)
Composite
Number of patients included in the analysis 829 827
Number of patients with events (%) 189 (22.8%) 156 (18.9%)
Proportion of patients with events at 96 weeks (Kaplan- 254% 19.6%
Meier estimate)
Hazard ratio (95% CI) 0.76 (061, 0.94)
p-value (log-rank) 0.0098
CDP (EDSS)
Number of patients included in the analysis 829 827
Number of patients with events (%) 77(9.3%) 63 (7.6%)
Proportion of patients with events at 96 weeks (Kaplan- 102% 75%
Meier estimate)
Hazard ratio (95% CI) 0.77 (055, 1.07)
p-value (log-rank) 0.1187
Confirmed 20% Increase in 25-Foot Timed Walk
Number of patients included in the analysis 770 775
Number of patients with events (%) 113 (14.7%) 96 (12.4%)
Proportion of patients with events at 96 weeks (Kaplan- 16.5% 13.4%
Meier estimate)
Hazard ratio (95% CI) 0.78 (059, 1.02)
p-value (log-rank) 0.0697
Confirmed 20% Increase in 9-Hole Peg Test
Number of patients included in the analysis 775 773
Number of patients with events (%) 31 (4.0%) 22 (2.8%)
Proportion of patients with events at 96 weeks (Kaplan- 46% 31%

Meier estimate)
Hazard ratio (95% CI)
p-value (log-rank)

0.68 (039, 1.17)
0.1569
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Endpoints Interferon Ocrelizumab
beta-1a 44yg 600mg
(N=180) (N=175)
Composite
Number of patients included in the analysis 180 175
Number of patients with events (%) 50 (27.8%) 33 (18.9%)
Proportion of patients with events at 96 weeks (Kaplan- 312% 19.8%
Meier estimate)
Hazard ratio (95% CI) 0.62 (040, 0.96)
p-value (log-rank) 0.0308
CDP (EDSS)
Number of patients included in the analysis 180 175
Number of patients with events (%) 16 (8.9%) 7(4.0%)
Proportion of patients with events at 96 weeks (Kaplan- 8.9% 37%
Meier estimate)
Hazard ratio (95% CI) 045 (0.18, 1.09)
p-value (log-rank) 0.0706
Confirmed 20% Increase in 25-Foot Timed Walk
Number of patients included in the analysis 163 167
Number of patients with events (%) 32 (19.6%) 25 (15.0%)
Proportion of patients with events at 96 weeks (Kaplan- 226% 16.1%
Meier estimate)
Hazard ratio (95% CI) 0.68 (040, 1.15)
p-value (log-rank) 0.1445
Confirmed 20% Increase in 9-Hole Peg Test
Number of patients included in the analysis 163 165
Number of patients with events (%) 12(7.4%) 6(3.6%)
Proportion of patients with events at 96 weeks (Kaplan- 85% 38%

Meier estimate)
Hazard ratio (95% CI)
p-value (log-rank)

046 (0.17,1.23)
0.1133
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Placebo OCR 600mg
Event Rate (v244) (=288
ES

Number of patients at risk 225 Py

Number of weeks taken 12.1 23.1

(655 c1) (11.1,13.9) (12.1,24.3)
108

Number of patients at risk 211 420

Number of weeks taken 24.0, 32.e

(655 c1) (12.3,35.7) (25.0,48.4)
158

Number of patients at risk 197 336

Number of weeks taken 6.0 .1

(655 c1) (24.1,€0.0) (48.1,72.3)
208

Number of patients at risk 178 280

Number of weeks taken 0.1 73.3

(655 c1) (36.0,77.4) (62.0,85.4)
25%

Number of patients at risk 165 233

Number of weeks taken 75.1, %1

(855 c1) (€0.0,105.3) (24.0,10804)
308

Number of patients at risk 148 304

Number of weeks taken 100.1 120.0

(655 c1) (72.7,120.4) (96.7,153.0)

T5% CT_Tor peroentiles vas computed using The TEthd of Brookeeyer and Crowley Bassd on
a log-log transformed confidence interval for the Kaplan-Meier estimates.
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Placebo OCR 600mg
Event Rate (v244) (=288
£

Number of patients at risk 225 426

Number of weeks taken 2.3 24.1

(655 c1) (12.0,15.6) (12.4,36.1)
108

Number of patients at risk 209 a7

Number of weeks taken 24.1 F:RY

(655 c1) (12.4,36.0) (36.1,58.9)
158

Nurber of patients at risk 102 £

Number of weeks taken 48.0, 72.1

(655 c1) (24.1,€0.7) (48.6,83.7)
208

Nurber of patients at risk 177 260

Number of weeks taken €13 541

(655 c1) (47.9,84.1) (72.3,87.1)
25

Nurber of patients at risk 163 227

Number of weeks taken 521 08,1

(655 c1) (60.7,108.1) (e5.4,13200)
208

Nurber of patients at risk 185 223

Number of weeks taken 108.1 1324

(655 c1) (84.1,132.1) (108.3,181.0)

T5% CT_Tor peroentiles vas camputed using The mEthod of Brookmeyer and Crowley Bassd o
a log-log transformed confidence interval for the Kaplan-Meier estimates.
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Placebo OCR 600mg
(H=244) (N=488)
Total Hazard OCR 600my Placebo
Baseline Risk Factors n n Events n Events Ratio 95% CI p-value (Wald) better  befter
All Patients 731 244 9% 487 160 0.76 (059,0.98) 0.0330 "*'*
Age 45 Yearsand Gd+ Lesions Absent at Baseline |
300 102 3 198 65 083 (0.62,1.40) 0.7242 -
Age >45 Yearsand Gd+ Lesion(s) Present at Baseline |
79 23 1 6 2 085 0.40.1.80) 0.6707 e
Age 50 Years and Gd+ Lesions Absent at Baseline |
173 60 21 13 40 102 0.60.1.73) 0.9376 [am
N . I
Age >50 Yearsand Gd+ Lesion(s) Present at Baseline
3 12 3 2 7 168 (0.38,7.42) 0.4911 7
Age >50 Years !
209 72 24 137 48 1.08 (064,1.71) 0.8485 H——
|
Age <=50 Years
522 172 72 350 112 067 (0.50,041) 0.0091 HilH
|
Age >45 Years
383 126 47 257 a9 088 062,1.26) 0.4937 HI—H
Age <=45 Years
348 118 49 230 7 064 (0.45,092) 0.0170 '—IJ‘-'
Gd+ Lesions Absent at B aseline
533 183 88 350 115 084 0.62.1.13) 0.2441 FF*
Gd+ Lesion(s) Present at Baseline |
193 60 27 133 43 065 (0.40,1.06) 0.0826 ==
|
|





image143.png
Placebo

OCR 600mg

=488)
Total Hazard OCRB00mg  Placebo
Baseline Risk Factors n n__ Events n__ Events Ratio 95% C1 p-value (Wald) better _better
Al Patients 731 244 87 487 144 075 058,0.98) 0.0375
Age >45 Yearsand Gd+ Lesions Absent at Baseline |
300 102 30 198 57 097 063,151 0.9039 T
Age >45 Yearsand Gd+ Lesion(s) Present at Baseline |
73 23 10 56 20 082 ©38,1.81) 0.6312 Lo o
Age >50 Years and Gd+ Lesions Absent at Baseline !
173 80 17 13 kS m 062,1.98) 0.7221 [n ]
. " |
Age >50 Yearsand Gd+ Lesion(s) Present at Baseline,
M 12 2 2 7 216 0.40,11.71) 0.3701 —t—
Age >50 Years !
209 72 19 137 43 121 ©70,2.07) 0.4938 -
|
Age <=50 Years
9 522 172 68 350 101 084 047.087) 0.0040 HElH
|
Age >45 Years
383 126 41 257 79 092 (063,1.34) 0.6478 »-:I—1
Age <=45 Years
348 118 46 230 85 081 ©0.42,050) 0.0114 ’—IJI4
G+ Lesions Absent at B aseline
533 183 83 350 103 081 059.1.10) 01783
G+ Lesion(s) Present at Baseline !
193 60 23 133 k] 067 (0.40,1.14) 01417 '—'r*
|
|
T T |
o 1 10
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Annualized Protocol Defined Relapse Rate by Week 96 (Negative Binomial Model) by Subgroups - Age and Presence/Absence of Gd+ Lesions
at Baseline. Intent-to-Treat Population

Pooled: WA21092 and WA21093

IFN beta-1a (N=829)

OCR 600mg (N=827)

Baseline Risk Factors Rate Ratio 9%l prvalue Forest plot
o, No. No. No. OCR 600mg IFN Beta-1a
in of Patient in of Patient better better
group  Relapses years  group _ Relapses _years
A Patients 829 334 133996 827 194 141572 0535 (04350659 <0001 H
I
!
Age>45 YrsiGas Les. Absent |
120 s 21561 12 El 223.08 0680 (04011183 04781 |J|._.|
|
Age>45 Yrs/Gas Les. Present |
“ u on . ’ 7547 oM ©aB0sN 00157 e
|
Age>50 Yrs/Gas Les. Absent I
56 19 o441 53 9 88.90 0528 (019414400 02139 ——
|
Age>50 Yrs/Gas Les. Present I
15 4 20 16 2 28.40 0360 (0066,1972) 02222 b——m——|
|
!
|
|
|
L
0.1 1 10
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IFN beta-1a  OCR600mg
(N=829) (N=827)
Total Hazard OCR600mg  IFN beta-1a
Baseline Risk Factors n_ n Events n Events Ratio 95% CI_p-value (Wald) better better
All Patients 1655 828 113 827 75 060 (0.45081) 0.0007 ‘
|
Age>45 Years and Gd+ Lesions Absent at Baseline |
261 129 24 132 17 057 (030,108 0.0864 B
I
Age>45 Years and Gd+ Lesion(s) Present at Baseline |
87 44 743 6 080 (0.26,246) 07002 FT'H
Age>50 Years and Gd+ Lesions Absent at Baseline '
109 56 14 53 6 018 (0.05065 0.0090 i
Age50 Years and G+ Lesion(s) Present at Baseline !
3115 116 3219 022,2155 0.5029 L m—
I
|
I
|
|
I
|
I
T ™ n
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IFN beta-1a OCR 600mg

(N=411) (N=410)
Total Hazard OCR600mg  IFN beta-Ta
Baseline Risk Factors n n Events n Events Ratio 9s% 1 p-value Wald) betier _ better
T
All Patients 820 410 EIT 2 0s7 (034,095 00299 ——
Age Group |
<40 486 242 16 224 1 065 (030.1.41) 0.2800 —
=40 334 68 23 166 3 053 ©27.1.05) 00689 -
|
Sex
Female s on 2 m 13 055 028.1.09) 00866 u
RSt e a7 % 1 2 036 033,098 00347 —
Other 7 3 3 3 2 082 633398 05080 —————F————1

Body Mass Index !
<25

425 209 2 216 9 034 (016.073) 0.0060 -
] 2 200 (R " 031 (044189 07954 ——a—
Baseling Weight (ko) a5 m 3 m 8 029 013.065) 00028 :
. —a—
>=75 73 197 g 176 15 101 (050, 2.06) 0.9695 D‘—I—4
Region*
ROW 611 308 8 30 15 051 027.098) 00370 —
USA 00 04 o0 g 070 0.29.1.70) 04348 e
Sub-Region
EUlSwizerianaNorway a5 20 8 2 2 062 (030.130) 02058 —
Latn America 1 33 4 2 1 028 003235 02570 —
Non'£0  Isrzel + Africa 132 64 H 8 2 034 0.07.174) 0138 «——=———1
USA/CanadalAustralia 22 w07 210 9 070 ©29.170) 04348 '—L'*‘ —
Baseline EDSS™
<4 62 318 31 34 20 060 (034.1.05) 00759 i
18 2 8 % 4 045 013149 01913 s T——
Baseline Gd-enhancing Lesions
Ves 27 s 2 n 044 021,02 00283 —al
No 484 251 19 233 3 070 (035.1.43) 03309 —i—
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IFN beta-1a OCR 600mg
(=418 N=417)
Total Hazard OCR600mg  IFN beta-Ta
Baseline Risk Factors n n Events n Events Ratio 9%l p-value Wald) betier_better
T
All Patients 835 418 8 a7 3 063 (0.40.0.98) 00388 i
Age Group |
<40 493 241 2 252 18 055 029.1.03) 00608 o=
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MedDRA System | Pooled Placebo | OCR 200 mg X 21400 | OCR 500 mg X
Organ Class. +DMARD mgX1 201000 mg X 1
ModDRA Proforred + DMARD + DMARD.
Torm (n=ss1) (N=1186) (N=s7)
nfoctions and

Infostations

Upper Respratory Tract | 137 (13.4%) TaT (724%) 26 (133%)
Infection

Nasopharyngits 77078%) 84(7.1%) 8207%)
Urinary Tract Infecton | 69 (7.0%) 78 (66%) 76 (80%)
Bronchits 65 (66%) 97 (62%) 58(6.1%)
Sinusts 42(83%) 478.0%) 50(53%)
Influenza 3536%) 4034%) 3739%)
Gastroenterts 2 (4%) 2703%) 20(21%)
Pneumonia 2(2%) 19(16%) 2162%)
Pharyngits 2323%) 13 (1.1%) 2122%)
njury, Poisoning And

Procedural

Complications

nfusion Related 708 (11.0%) W 278 (29.4%)
Reacton

Fal 12(12%) 15(13%) 1920%)
WedORA System | Pooled Placebo | OCR 200 mg X 21400 | OCR 500 mg X
Organ Class. + DMARD mgX1 211000 mg X 1
MedORA Preferred +DMARD + DMARD
Term (nes1) (N=1186) (N=s47)
Gastrointestnal

Disorders

Nausea 007 T%) TN 5760%)
Dianthoea 434%) 54(4.8%) 56(6.9%)
Oyspepsia 34 35%) 30(5%) 36 (38%)
Vomitng 200%) 21(18%) 17(18%)
Wusculoskeletal And

Connective Tissue

Disorders

Back Pan 0% o) a0
Rheumatoid Arthits | 34 (3.5%) 7(14%) 2122%)
Nervous System

Disorders

Headache 2EI wE T 0EI)
Dizziness 16 (16%) 2004%) 2102%)
‘General Dizarders

And Administration

Site Conditions

Fatigue HETH PLTPERD) 5(T0%)
Ocdema Perpheral | 27 (28%) 20 (1.7%) 15 (1.6%)
Skin And

Subcutaneous Tissue

Disorders

Rash EAICAL) ) HE0H
Repiratory. Thoracic

And Mediastinal

Disorders

Cough L) EIeE) EIER)
Vaseular Disorders

Fypertension e WET )
Paychiatrc Disorders

Depression HETH EIAL) EE0)
Tnsomnia 7 Es% T 5%) EIE)
Hepatobilary

Disorders

Drug-Induced Lver | 20 (50%) WA EEs)
njury

Blood And Lymphatic

System Disorders

“Anaemia BT 2% T (9%





image149.png
MedDRA System Pooled Placebo OCR 200 mg X 2/400 | OCR 500 mg X
Organ Class + DMARD mg X1 2/1000 mg X 1
MedDRA Preferred (N=981) +DMARD + DMARD
Term (N=1186) (N=947)
Infections And

Infestations

Pneumonia 10 (1.0%) 8(0.7%) 11 (1.2%)
Urinary Tract 2(0.2%) 4(0.3%) 4(0.4%)
Infection

Cellulitis 4(0.4%) 1(<0.1%) 3(0.3%)
Gastroenteritis 0 1(<0.1%) 4 (0.4%)
Musculoskeletal And

Connective Tissue

Disorders

Rheumatoid Arthritis 12 (12%) 5(0.4%) 7(0.7%)
Osteoarthritis 1(0.1%) 4(0.3%) 4(0.4%)
Osteonecrosis 2(0.2%) 1(<0.1%) 0

Injury, Poisoning And

Procedural

Complications

Infusion Related 1(0.1%) 1(<01%) 6(0.6%)
Reaction

Tendon Rupture 2(0.2%) 2(0.2%) 0

Hip Fracture 2(0.2%) 1(<0.1%) 0





image150.png
MedDRA System
Organ Class.
MedDRA Preferred
Term

Pooled Placebo.
+ DMARD
(N=981)

'OCR 200 mg X 2/400
mgX1

+DMARD

(N=1188)

'OCR 500 mg X
21000 mg X1
+ DMARD
(=27)

Cardise disorders

“Atrial Fibrlaton
Acute Myocardial
Infarction

‘Angina Pectoris
Coronary Artery
Disease
Arteriosclerosis.
‘Coronary Artery
Pericardial Effusion

T 1%)
202%)

100.1%)
100.1%)

o
202%)

T 1%)
1(<0.1%)

303%)
202%)

202%)
o

303%)
10.1%)

[
101%)

o
o

‘General Disorders
And Administration
Site Conditions

Inguinal Heria

30

Teopissms Benign,
Malignant And
Unspecified (incl
cysts

And Polyps)

Uterine Leiomyoma.
Basal Cell Carcinoma
‘Adenocarcinoma Of
Colon

202%)
101%)
202%)

202%)
0
o

o
202%)
o

Respiratory, Thoracic.
And Mediastinal
Disorders.

Intersttial Lung
Disease

Asthma

Chronic Obstructive
Puimonary Disease

TO %)
202%)
o

T %)

1(<0.1%)
303%)

O

0
o

Blood And Lymphatic
| System Disorders.

“Anaemia

303%)

T

Vascular Disorders

Deep Ve Thiomboss.

EI0ED)

| ENGRED)

[To1%)

Eye Disorders

Cataract

T

[303%

JEXCXED)

Hepatobiliary
Disorders.

Cholelthiasis

202%)

WedDRA System

Organ Class
MedDRA Preferred
Term

Fooled Placebo
+ DMARD
(N=981)

OCR 200 mg X 21400
mg X1

+DMARD

(N=1186)

GCR 500 mg X
21000 mg X 1
+ DMARD
(=47)

Paychiatric Disorders.

Aty
Depression

T
202%

202%)
o

Endocrine Disorders

Basedow’s Disease

2025

T

T





image151.png
Placebo OCR 600mg
(N=244) (n=488)
Total Hazrd OCRB00mg  Placebo
Baseline Risk Factors n__ Events n__ Events Ratio 95% €1 p-value Wald) better _better
All Patients Rl 244 96 487 160 078 (059, 0.98) 0.0330 "
Age >45 Years and Gd+ Lesions Absent at Baseline |
300 102 35 198 65 083 (062.1.40) 0.7242 e
Age >45 Years and Gd+ Lesion(s) Present at Baseline. |
7 B 1 s 2 085 (040,180 06707 e
Age >50 Years and Gd+ Lesions Absent at Baseline !
173 60 2 13 40 102 ©80.173) 09376 an ol
. i |
Age >50 Years and Gd+ Lesion(s) Present at Baseline
o © M 12 3 = 7 168 (038,742 0.4811 b
Age >50 Years !
209 72 24 137 48 105 064,1.71) 0.8485 H_-—
|
Age <=50 Years
o s2 172 72 30 12 067  (050,081) 0.0091 HIH
1
Age 45 Years
383 126 47 257 89 088 (062.126) 0.4337 ":I"
Age <=45 Years
348 118 49 230 7 064 (0.45,092) 0.0170 '—I:-‘
Gd+ Lesions Absent at B aseline
533 183 68 350 1ns 084 062,113) 0.2441 "F"
Gd-+ Lesion(s) Present at Baseline |
u 193 60 27 133 43 065  (0.40,1.06) 0.0825 =
|
|
110 1 10




image4.png
Quantity of OCREVUS
to be administered*

Infusion Instructions

Initiate the infusion at a rate

Infusion 1 300 mg in 250 mL.
of 30 mL/hr
Initial Dose jl‘hereaﬂer_ the rate can be
(600 mg) increased in 30 mL/hr
D '3 Infusion 2 increments every 30 minutes
divided into 2 week: 300 mg in 250 mL t imum of 180 mL/b
2 infusions ( weeks 300 mg in 250 m] 0 a maximum o mL/hr
later) Each infusion should be
given over approximately 2.5
hrs
Initiate the infusion at a rate
of 40 mL/hr
Subsequent Thereafter the rate can be
Doses** Single increased in 40 mL/hr
(600 mg) TS 600 mg in 500 mL. increments every 30 minutes
infusion .
once every to a maximum of 200 mL/hr
6 months

Each infusion should be
given over approximately 3.5
hrs

" Solutions of OCREVUS for IV infusion are prepared by dilution of the drug product into an
infusion bag containing 0.9% sodium chloride. to a final drug concentration of approximately
1.2 mg/mL (see Dosage and administration — Instructions for dilution)

" The first single infusion should be administered 6 months after Infusion 1 of the Initial dose
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Protocol No. No. (Patients) Patient Population Design Treatment Regimen Comparator
WA20499/ 33 enrolled at the Patients with active SLE Blinded, multicenter, Al patients received standard of care plus IV infusions Placebo
ACT4071g time of study placebo-controlled, on Days 1and 15, and at Week 16 of either:
termination (of 423 parallel arm ocrelizumab 400 mg  or ocrelizumab 1000 mg.
planned) Phase Ill study Treatment repeated every 16 weeks.
Al patients were receiving azathioprine,
mycophenolate mofetil or MTX.
WA20500/ 381 enrolled Patients with active lupus Blinded, multicenter, Al patients received standard of care plus |V infusions | Placebo
ACT4072g nephritis placebo-controlled, on Days 1 and 15, and at Week 16 of either
parallel arm ocrelizumab 400 mg or ocrelizumab 1000 mg.
Phase IIl study Treatment repeated every 16 weeks.
Patients were treated with either cyclophosphamide
followed by azathioprine, or mycophenolate mofetil.
BO18414 48 Patients with CD20" follicular Open-label, Single IV infusion given at 3 week intervals for a N/A
NHL whose disease has multicenter, dose- maximum of eight cycles: 200 mg/m? x 8
progressed after a rituximab- escalation or 375mg/m?x 8 or 375 mg/m?x 1 + 750 mg/m? x 7
containing regimen Phase I/l study

SLE=systemic lupus erythematosus; NHL=non-Hodgkin lymphoma.
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% patients

Cmean Exposure Crean N patients in N patients with
Category (ng/mL) category with relapses relapses
1 (600 mg) <154 210 35 16.67
2 (600 mg) 15.4-18.7 209 46 22.01
3 (600 mg) 18.7-222 207 31 14.98
4 (600 mg) >222 208 38 18.27
2000 mg 17.52 - 64.60 53 11 20.75
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Annualized Protocol Defined Relapse Rate by Week 96 (Negative Binomial Model) by Cmean Quartile. Intent-to-Treat Population
Pooled: WA21092 and WA21093

Interferon Ocrelizumab 1  Ocrelizumab 2 Ocrelizumab 3 Ocrelizumab 4
Beta-la Cmean<Ql Ql<=Cmean<Median Median<=Cmean<Q3  Cmean>=03
Efficacy Variable (N=829) (N=196) (N=197) (N=196) (N=197)
Total number of relapses 334 41 56 a1 52
Total patient-years followed 1339.2 331.8 352.2 352.5 355.9
Unadjusted annualized relapse rate * 0.249 0.124 0.159 0.116 0.146
Adjusted annualized relapse rate ** 0.291 0.139 0.183 0.132 0.166
95% CI of adjusted annualized relapse rate (0.250, 0.339) (0.098, 0.197)  (0.134, 0.250) (0.093, 0.187)  (0.120, 0.228)
Adjusted annualized relapse rate ratio ** 0.478 0.629 0.454 0.569
95% CI of adjusted annualized relapse rate ratio (0.331, 0.691)  (0.453, 0.876) (0.315, 0.654)  (0.406, 0.798)
p-value 0.0001 0.0060 <.0001 0.0011

* The total number of relapses for all patients in the treatment group divided by the total patient-years of exposure to that
treatment.

**  Adjusted by Study, Baseline EDSS (<4.0 vs. >=4.0) and Geographical Region (US vs. ROW).

Log-transformed exposure time is included as an offset variable.

Patients were grouped in guartiles according to their Cmean values.

211 patients with missing Cmean are excluded from the analysis.
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Mean+SD Median Counts Depleted below the

Dose B-Cell Counts B-Cell Counts LLN (40 cells/ulL)
Placebo 167+103.6 133 0%
(n=41) (n=36) (0 of 36)
2x10-mg Ocrelizumab 121+344.0 47 39.4%
(n=36) (n=33) (13 0f 33)
2x50-mg Ocrelizumab 40.9+41.8 22 64.1%
(n=40) (n=39) (25 of 39)
2x200-mg Ocrelizumab 25.8+24.2 15 73.0%
(n=40) (n=37) (27 of 37)
2x500-mg Ocrelizumab 26.0+354 16 83.8%
(n=40) (n=37) (310f37)
2x1000-mg 20.0+22.3 13 89.5%
Ocrelizumab (n=38) (34 of 38)
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WA21493
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Multicenter, randomized, double-blind,

double-dummy, parallel-group, comparator
controlled study

Multicenter, randomized, double-blind,
double-dummy, parallel-group, comparator
controlled study

Multicenter, randomized, parallel-group,
double-blind, placebo controlled, dose
finding study with an open-label active
comparator group

Patient Population

MS according to McDonald criteria 2010
(RRMS or SPMS with relapses)

Prior to screening: = 2 relapses in 2 years
or one relapse in the year before
screening

EDSS at screening from 0 to 5.5 points
Male and female aged 18-55 years

MS according to McDonald criteria 2010
(RRMS or SPMS with relapses)

Prior to screening: = 2 relapses in 2 years
or one relapse in the year before screening

EDSS at screening from 0 to 5.5 points
Male and female aged 18-55 years

RRMS according to McDonald criteria 2005

Prior to screening: = 2 relapses in 3 years,
with 1 relapse in the year before screening

EDSS at screening from 1.0 to 6.0 points
Male and female aged 18-55 years

Regions US, Europe, Central and South America, US, Canada, Europe, and Central and Europe and North America
Africa and Australia South America

Randomized 821 835 220

Patients

Ocrelizumab Dose | 600 mg 600 mg 2000 mg, 600 mg

)

Comparator Interferon beta-1a SC (Rebif®) 44pg Interferon beta-1a SC (Rebif®) 44pg Placebo or Interferon beta-1a IM
(Avonex®) 30ug

Primary Endpoint | Annualized protocol-defined relapse rate Annualized protocol-defined relapse rate Total number of T1 gadolinium-enhancing

by 96 weeks by 96 weeks lesions observed on magnetic resonance

imaging (MRI) scans of the brain at weeks
12,16, 20 and 24

First Secondary Confirmed disability progression sustained | Confirmed disability progression sustained | Annualized protocol-defined relapse rate

Endpoint for at least 12 weeks for at least 12 weeks by week 24
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(N=411) (N=410)
Discontinued Treatment 71 (17.3%) 44 (10.7%
ADVERSE EVENT 25 ( 6.1%) 13 ( 3.2%
DEATH 1 (0.2%) 0
LACK OF EFFICACY 12 ( 2.9%) 8 (2.0%
LOST TO FOLLOW-UP 1 (0.2%) 1 (0.2%
NON-COMPLIANCE 2 ( 0.5%) 0
NON-COMPLIANCE WITH STUDY DRUG 3 (0.7%) 0
OTHER 11 ( 2.7%) 8 ( 2.0%)
PHYSICIAN DECISION 0 1 (0.2%)
PREGNANCY 2 ( 0.5%) 3 (0.7%)
PROTOCOL VIOLATION 1 (0.2%) 2 ( 0.5%)
WITHDRAWAL BY SUBJECT 13 ( 3.2%) 8 ( 2.0%)
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IEN beta-la OCR 600mg

(N=418) (N=417)
Discontinued Treatment 98 (23.4%) 57 (13.7%)
ADVERSE EVENT 25 ( 6.0%) 16 ( 3.8%)
DEATH 1 (0.2%) 1 (0.2%)
LACK OF EFFICACY 15 ( 3.6%) 6 ( 1.4%)
LOST TO FOLLOW-UP 10 ( 2.4%) 6 (1.4%)
NON-COMPLIANCE 1 (0.2%) 3 (0.7%)
NON-COMPLIANCE WITH STUDY DRUG 1 (0.2%) 1 (0.2%)
OTHER 16 (13.8%) 10 ( 2.4%)
PHYSICIAN DECISION 0 1 (0.2%)
PREGNANCY 3 (0.7%) 0
PROTOCOL VIOLATION 1 (0.2%) 1 (0.2%)
WITHDRAWAL BY SUBJECT 25 ( 6.0%) 12 ( 2.9%)
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IFN beta-la OCR 600mg

(N=411) (N=410)

Age (years)

n 411 410

Mean (SD) 36.9 (9.3) 37.1 (9.3)

Median 37.0 38.0

Min - Max 18 - 55 18 - 56
Age Group (years)

n 411 410

<40 243 (59.1%) 244 ( 59.5%)

>= 40 168 ( 40.9%) 166 ( 40.5%)
DSUR Age Group Categories (years)

n 411 410

<18 0 0

>=18 to 65 411 (100.0%) 410 (100.0%)

> 65 0 0
sex

n 411 410

Male 139 (1 33.8%) 140 ( 34.1%)

Female 272 ( 66.2%) 270 ( 65.9%)
Race

n 411 410

American Indian or Alaska Native 0 1 ( 0.2%)

Asian 1 ( 0.2%) 0

Black or African American 12 (1 2.9%) 19 ( 4.6%)

White 375 (1 91.2%) 375 ( 91.5%)

Other 14 (1 3.4%) 10 (1 2.4%)

Multiple 9 ( 2.2%) 5 ( 1.2%)
Asian Race Subcategories

n 1 0

INDIAN SUBCONTINENT 0 0

OTHER THAN INDIAN SUBCONTINENT 1 (100.0%) 0
Ethnicity

n 411 410

HISPANIC OR LATINO 61 ( 14.8%) 45 (11.0%)

NOT HISPANIC OR LATINO 315 ( 76.6%) 328 ( 80.0%)

NOT REPORTED 35 ( 8.5%) 37 ( 9.0%)
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IFN beta-la OCR 600mg
(N=411) (N=410)

Weight (kg)

n 410 409

Mean (SD) 75.86 (17.52) 74.60 (18.35)

Median 74.00 72.00

Min - Max 3.0 - 137.4  41.0 - 170.0
Body Mass Index (kg/m2)

n 410 408

Mean (SD) 26.37 (6.03)  25.88 (5.93)

Median 24.92 24.57

Min - Max 16.9 - 55.8  15.8 - 61.7
Region

n 411 410

EOW 306 ( 74.5%) 305 ( 74.4%)

usa 105 ( 25.5%) 105 ( 25.6%)
Sub-Region

n 411 410

EU/Switzerland/Norway 204 (49.6%) 211 ( 51.5%)

Latin America 35 ( 8.5%) 26 ( 6.3%)

Non-EU + Israel + Africa 64 ( 15.6%) 68 ( 16.6%)

UsA/Canada/Australia 108 ( 26.3%) 105 ( 25.6%)
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IFN beta-la

OCR 600mg

(N=411) (N=410)

Baseline EDSS (Rounded)

n 410 410

Mean (SD) 2.75 (1.29) 2.86 (1.24)

Median 2.50 2.50

Min - Max 0.0 - 6.0 0.0 - 6.0
Baseline EDSS category

n 410 410

<4 318 (77.6€%) 314 (76.6%)

>=4 92 (22.4%) 96 (23.4%)
Region

n 411 410

ROW 306 (74.5%) 305 (74.4%)

UsA 105 (25.5%) 105 (25.6%)
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IFN beta-la OCR 600mg

(N=418) (N=417)

Age (years)

n 118 417

Mean (SD) 37.4 (2.0 37.2_(2.1)

Median 38.0 37.0

Min - Max 18 - 55 18 - 55
Age Group (years)

n 418 417

< 40 241 ( 57.7%) 252 ( 60.4%)

>= 40 177 ( 42.3%) 165 ( 39.6%)
DSUR Age Group Categories (years)

n 418 417

<18 0 0

>= 18 to 65 418 (100.0%) 417 (100.0%)

> 65 0 0
sex

n 418 417

Male 138 ( 33.0%) 146 ( 35.0%)

Female 280 ( 67.0%) 271 ( 65.0%)
Race

n 418 417

American Indian or Alaska Native 4 ( 1.0%) 2 ( 0.5%)

Asian 2 ( 0.5%) 2 ( 0.5%)

Black or African American 20 ( 4.8%) 21 ( 5.0%)

Native Hawaiian or other Pacific Islander 0 1 ( 0.2%)

White 382 ( 91.4%) 368 ( 88.2%)

other 9 ( 2.28) 19 ( 4.6%)

Multiple 1( 0.2%) 4( 1.0%)
Asian Race Subcategories

n 2 2

INDIAN SUBCONTINENT 0 1 (50.0%)

OTHER THAN INDIAN SUBCONTINENT 2 (100.0%) 1 (50.0%)
Ethnicity

n 418 417

HISPANIC OR LATINO 51 (12.2%) 56 ( 13.4%)

NOT HISPANIC OR LATINO 338 ( 80.9%) 335 ( 80.3%)

NOT REPORTED 29 ( 6.9%) 26 ( 6.2%)
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IFN heta-la OCR 600mg
(=418) (N=417)

Weight (kg)

n 412 411

Mean (SD) 74.98 (18.98) 75.85 (17.14)

Median 73.80

Min - Max 42.1 38.0 - 135.0
Body Mass Index (kg/m2)

n 412 410

Mean (SD) 26.34 (6.33) 26.42 (5.69)

Median 25.04 25.33

Min - Max 16.7 - 57.3  15.2 - 45.3
Region

n 418 417

EOW 304 ( 72.7%) 305 ( 73.1%)

usa 114 ( 27.3%) 112 ( 26.9%)
Sub-Fegion

n 418 417

EU/Switzerland/Norway 182 ( 43. 187 ( 44.8%)

Latin America 26 ( 6 19 ( 4.6%)

Nen-EU + Israsl + Africa 53 (1 58 ( 13.9%)

USA/Canada/Bustralia 157 ( 37. 153 ( 36.7%)
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IFN beta-la  OCR €00mg
(N=418) (N=417)
Baseline EDSS (Rounded)
n 413 417
Mean (SD) 2.84 (1.38) 2.75 (1.30)
Median 2.50 2.50
Min - Max 0.0 - 6.0 0.0 - 6.0
Baseline EDSS category
n 118 417
<4 309 (73.9%) 315 (75.5%)
>=4 109 (26.1%) 102 (24.5%)
Region
n 418 417
ROW 304 (72.7%) 305 (73.1%)
UsA 114 (27.3%) 112 (26.9%)
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IFN beta-la  OCR 600mg
(N=411) (N=410)

Duration since MS Symptom Onset (years)

n 411 410

Mean (SD) 6.25 (5.98) 6.74 (6.37)

Median 4.62 4.88

Min - Max 0.2 -34.9 0.2 -33.6

1.68 1.51

75%-ile 8.95 9.83
Duration since MS Symptom Onset category

n 411 410

<= 3 Years 160 (38.9%) 156 (38.0%)

>3 to <=5 vears 60 (14.6%) 50 (12.2%)

> 5 to <= 10 Years 105 (25.5%) 104 (25.4%)

> 10 Years 86 (20.9%) 100 (24.4%)
Duration since RMS Diagnosis (years)

n 411 410

Mean (SD) 3.71 (4.63) 3.82 (4.80)

Median 1.57 1.53

Min - Max 0.1-28.0 0.0 -28.9

25%-ile 0.49 0.47

75%-ile 5.36 5.79
Duration since RMS Diagnosis category

n 411 410

<= 2 Years 219 (53.3%) 219 (53.4%)

> 2 to <=5 Years 84 (20.4%) 68 (16.6%)

>5 to 10 vears 6l (14.8%) 79 (19.3%)
> 10 Years 47 (11.4%) 44 (10.7%)
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IFN beta-la  OCR 600mg
(N=411) (N=410)

Time since last onset of MS relapse prior to randomization (years)

n 410 410
Mean (SD) 0.47 (0.28) 0.50 (0.29)
Median 0.39 0.43
Min - Max 0.1-1.8 0.1-1.6
Number of relapses in the past year
n 410 410
Mean (SD) 1.33 (0.64) 1.31 (0.65)
Median 1.00 1.00
Min - Max 0.0-4.0 0.0-5.0
Number of relapses in the past 2 years
n 410 410
Mean (SD) 1.74 (0.91) 1.79 (0.87)
Median 2.00 2.00
Min - Max 1.0-6.0 1.0 -7.0
Time since last onset of MS relapse prior to randomization
n 410 410
<= 3 Months 107 (26.1%3) 90 (22.0%)
>3 to <= 6 Months 150 (36.6%) 156 (38.0%)
> 6 Months 153 (37.3%) 164 (40.0%)

Number of relapses in the past year

n 110 410
0 10 (2.43) 17 ( 4.1%)
1 278 (67.8%) 271 (66.1%)
2 103 (25.1%3) 105 (25.6%)
3 14 (3.43) 14 ( 3.4%)
>=4 5 (1.28) 3 (0.7%)

Number of relapses in the past 2 years

110 410
0 0

195 (47.6%) 170 (41.5%)
157 (38.3%) 180 (43.9%)
35 (1 8.5%) 42 (10.2%)
23 (1 5.6%) 18 ( 4.4%)

Vwnron

il
IS
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IFN beta-la OCR 600mg
(N=411) (N=410)

Number of Gd-enhancing T1 lesions

n 407 405

Mean (SD) 1.87 (5.17) 1.69 (4.16)

Median 0.00 0.00

Min - Max 0.0 - 50.0 0.0 - 48.0
Categorical number of Gd-enhancing T1 lesions

n 407 405

0 252 (61.9%) 233 (57.5%)

1 52 (12.8%) 64 (15.8%)

2 30 ( 7.4%) 30 (7.4%)

3 16 ( 3.9%) 20 ( 4.9%)

>=4 57 (14.0%) 58 (14.3%)
Number of T1 hypo intense lesions

n 407 405

Mean (SD)  32.92 (37.17) 33.14 (35.31)

Median 21.00 21.00

Min - Max 0.0 - 247.0 0.0 - 226.0
volume of T2 lesions (cm3)

n 408 408

Mean (SD)  9.74 (11.28) 10.84 (13.90)

Median 6.20 5.67

Min - Max 0.0 - 63.5 0.0 - 83.2
Number of T2 lesions

n 408 408

Mean (SD)  51.06 (39.90) 51.04 (39.00)

Median 41.00 40.50

Min - Max 1.0 - 226.0 1.0 - 218.0
Categorical number of T2 lesions

n 408 408

0-5 17 ( 4.2%) 12 (2.9%)

6-9 12 ( 2.9%) 16 ( 3.9%)

>9 379 (92.9%) 380 (93.1%)
Normalized brain volume (cm3)

n 404 406

Mean (SD) 1499.18 (87.68) 1500.93 (84.10)

Median 1503.59 1493.76

Min - Max 1251.8 - 1729.6 1271.7 - 1736.5
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IFN beta-la OCR €00mg
(N=418) N=417)

Duration since MS Symptom Onset (years)
418 417

6.68 (6.13) €.72 (6.10)
5.07 5.16

0.2 -31.7 0.2 -33.9
1.68 1.72
.88 5.30

Duration since MS Symptom Onset category

n 113 217

<= 3 Years 149 (35.7%)
> 3'to <= 5 Years 54 (12.9%)
> 5 to <= 10 Years 117 (28.1%)
> 10 Years 37 (23.3%)

Duration since RMS Diagnosis (years)

417
4.13 (5.07) 4.15 (4.95)
1.94 2.10
0.1-28.5 0.1-26.9
0.25 0.22
6.45 6.36
Duration since RMS Diagnosis category
n 113 417
<= 2 Years 220 (52.6%) 206 (49.4%)
> 2 to <=5 Years 70 (16.7%) 79 (18.9%)
55 to <= 10 Years 79 (18.9%) 85 (20.4%)
> 10 Years 45 (11.7%) 47 (11.3%)

T Tepresents nuiber Of patients contributing to swmmary statistics.
Percentages are based on n (number of valid values).
Percentages are not calculated if m
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IFN beta-la OCR €00mg
(N=418) N=417)

Time since last cnset of MS relapse prior to randomization (years)

n 417 416
Mean (SD) 0.51 (0.32) 0.50 (0.30)
Median 0.40 0.41
Min - Max 0.1-2.0 0.1-1.9

Number of relapses in the past year
n 417 416
Mean (SD) 1.34 (0.73) 1.32 (0.69)
Median 1.00 1.00
Min - Max 0.0 - 6.0 0.0-5.0

Number of relapses in the past 2 years
n 417 116
Mean (SD) 1.78 (0.92) 1.78_(0.95)
Median 2.00 2.00
Min - Max 1.0 6.0 1.0-8.0

Time since last onset of MS relapse prior to randomization
n 17 116
<= 3 Months 82 (19.7%) 76 (16.3%)
> 3'to <= 6 Months 168 (40.3%) 176 (42.3%)
> & Months 167 (40.0%) 1led (35.2%)

Number of relapses in the past year
n 417 416
0 16 (3.8%) 15 ( 3.6%)
1 280 (67.1%) 282 (67.8%)
2 94 (22.5%) 93 (22.4%)
3 21 (75.0%) 22 ((5.3%)
>=4 6 (1.45) 4 (1.0%)

Number of relapses in the past 2 years
n 217 416
0 0 ]

1 187 (44.8%) 194 (46.€%)
2 167 (40.0%) 147 (35.3%)
3 41 (9.8%) 58 (13.9%)
>=4 22 (5.3%) 17 (4.1%)
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IFN beta-la OCR 600my
(N=418) (N=417)

Number of Gd-enhancing T1 lesions

n 415 413

Mean (SD)  1.95 (4.86) 1.827 (4.96)

Median 0.00 0.00

Min - Max 0.0 - 54.0 0.0 - 56.0
Categorical mumber of Gd-enhancing T lesions

n 15 113

0 243 (58.6%) 252 (61.0%

1 €2 (14.9%) 58 (4.

2 38 ((9.2%) 33 (s

3 14 (3.2%) 15 ( 3.

S=4 58 (14.0%) 55 (13.3
Number of T1 hypo intense lesicns

n 115 413

Mean (SD)  32.84 (33.07)  31.63 (35.11)

Median 21.00 20,00

Min - Max 0.0 - 184.0 0.0 = 200.0
Volume of T2 lesions (cm3)

n 416 414

Mean (SD)  10.61 (12.30)  10.73 (14.28)

Median 6.15 5.30

Min - Max 0.0 - 76.1 0.0 - 96.0
Number of T2 lesions

n 416 414

Mean (SD) 51.01 (35.69)  49.26 (38.59)

Median 45.00 39.00

Min - Max 0.0 - 218.0 1.0 ~7233.0
Categorical mumber of T2 lesions

n 116 414

0-5 13 (3.1%) 15 (3.6%)

6-9 22 (5.3%) 30 ( 4.8%)

>9 381 (9l.6%) 379 (91.5%)
Nommalized brain volume (cm3)

n 414 414

Mean (SD) 1501.12 (90.98) 1503.90 (92.63)

Median 1506.54 1510.47

Min - Max 1245.9 - 1751.9 1202.7 - 1761.3
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Interferon beta-1a Ocrelizumab
[Endpoints 449 600 mg
(N=411) (N=410)
Primary endpoint
ARR at 96-weeks N=411 N=410
Rate 0.202 0.156
Rate ratio (95% Cl) 0.536 (0.400, 0.719)
p-value <0.0001
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IFN beta-Ta OCR
[Endpoints 44 g 600 mg
(N=418) (N=417)
Primary endpoint
ARR at 96-weeks N=418 N=417
Rate 0.290 0.155
Rate ratio (95% Cl) 0.532 (0.397, 0.714)
p-value <0.0001
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Analysis Adjusted ARR Ratio (95% CI) p-value

Primary Analysis for Study WA21093

ITT Population 0.532 (0.397, 0.714) <0.0001
PP Population 0.528 (0.391, 0.712) <0.0001
Sensitivity Analyses Excluding Patients from Center # 209771

ITT Population 0.533 (0.397, 0.717) <0.0001
PP Population 0.529 (0.391, 0.715) <0.0001

ARR annualized relapse rate; Cl confidence interval; ITT intent to treat; PP per protocol.
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Sensitivity Analysis Adjusted ARR Ratio (95% Cl) p-value

Assessment including relapses 0.553 <0.0001

occurring during double blind (0416, 0.734)

treatment period, as well as

SFU up to 96 weeks

PP Population 0.514 <0.0001
(0.380, 0.696)

Safety Population 0.537 <0.0001
(0.400,0.719)

Adjusted for 0.541 <0.0001

additional covariates® (0.405,0.723)

Poisson model 0.552 <0.0001
(0.432, 0.706)

Assessment of Different Methods for Handling Missing Data

50% imputation® 0538 na
(0.402, 0.718)

100% imputation® 0.537 <0.0001
(0.411,0.701)

ARR annualized relapse rate, ITT intent to treat, PP per protocol

*number of relapses occurting within 2 years prior to study entry, presence or absence of

baseline Gd lesions, prior MS treatment, age (<40, =40).

® For patients who discontinued early during the double-blind, double-dummy treatment period
without any protocol-defined relapse in the 30 days prior to discontinuation, 50% of patients
were assigned an event of elapse on day of discontinuation, and 50% were censored on day

of discontinuation

As in footnote b, except 100% patients who discontinued counted as having had a relapse on

dav of discontinuation.
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Sensitivity Analysis Adjusted ARR Ratio (95% Cl) p-value

Assessment including relapses 0.518 <0.0001

occurring during double blind (0.389, 0.691)

treatment period, as well as

SFU up to 96 weeks up to

Week 96

PP Population 0.528 <0.0001
(0.391,0.712)

Safety Population 0.532 <0.0001
(0.397,0.714)

Adjusted for additional 0.547 <0.0001

baseline covariates® (0.409, 0.732)

Poisson model 0.545 <0.0001
(0.427, 0.697)

Assessment of Different Methods for Handling Missing Data

50% imputationb 0.516 n/a
(0.390, 0.684)

100% imputation® 0.507 <0.0001

(0.397, 0.647)
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IFN beta-1a (N=411) OCR 600mg (N=410)
Baseline Risk Factors Rate Ratio 95% CI p-value Forest plot
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IFN beta-1a (N=418) OCR 600mg (N:
Baseline Risk Factors Rate Ratio 9s%Cl p-value Forest plot
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Subgroup

Definition

Active Inadequate
Responders

Highly Active
Inadequate
Responders

Active Treatment
Naive

Highly Active
Treatment Naive

Treated with interferon or glatiramer acetate for at least 1 year and:
— had at least one relapse in the year prior to randomization OR

— had at least one baseline T1 Gd-enhancing lesion

Treated with interferon or glatiramer acetate for at least 1 year and:
— had at least one relapse in the previous year AND

— had at least nine T2 hyperintense lesions or at least one T1
Gd-enhancing lesion at baseline

Treatment-naive (had not been treated with any MS medication in
the 2 years prior to randomization) with at least two relapses in the
previous 2 years and at least one relapse in the last year prior to
randomization

Treatment-naive with at least two relapses in the last year prior to
randomization and:

— had at least one baseline T1 Gd-enhancing lesion OR
— anincrease in T2 hyperintense lesion count at baseline visit

(changing from 0-5 to 6-9 lesions or from 6-9 lesions
to > 9 lesions), as compared to the prior MRI
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Annualized Protocol Defined Relapse Rate by Week 96 (Negative Binomial Model) by Subgroups - Inadequate Responder and Treatment-Naive,

Intent-to-Treat Population

Pooled: WA21092 and WA21093

IFN beta-1a (N=829)

OCR 600mg (N=827)

Baseline Risk Factors Rate Ratio 95% CI p-value Forest plot
No.in  No.of Patient No.in No.of Patient OCR 600mg better  IFN Beta-1a better
group Relapses years group Relapses years

All Patients. 829 334 1339.16 827 194 141572 0535 (0.435.0.659) <.0001 }-H
|
Active inadequate responder I
Yes 148 66 23525 153 26 261.21 0.345 (0.204,0.585) <.0001 }—I—H
No 681 268 110391 674 168 115451 0584 (0466.0.733) <0001 HH
|
Active treatment naive
Yes an 137 51095 323 89 557.40 0556 (04050764) 00003
No s18 197 82822 504 105 85832 0506 (03850666) <0001
Highly active inadequate responder |
Yes 140 64 22356 143 23 24307 0317 (0.181,0.556) <0001
No 689 270 111560 684 hral 117265 0589 (0.471.0.736) <0001 |
Highly active treatment naive |
Yes 107 65 17385 12 23 194 50 0.306 (0.180.0.518) <.0001 |—I—‘
No 722 269 116531 715 71 12212 0593 (04730743 <0001 HeH
|
|
|
|
|
|
I

0.1
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Time to Onset of CDP for at least 12 weeks during the Double-Blind Treatment Period by Subgroups - Inadequate Responder
and Treatment-Naive, Intent-to-Treat Population
Pooled: WA21092 and WA21093

IFN beta-1a  OCR 600mg

(N=829) (N=827)
Total __ Hazad OCR 600mg  IFN beta-1a
Baseline Risk Factors n n Events n Events Ratio 95% ClI p-value (Wald) better better
T
All Patients 1655 828 13 827 75 0.60 (0.45,0.81) 0.0007 "-"
|
Active inadequate responder |
Yes 301 148 22 153 12 0.46 (0.23,0.93) 0.0318 ]
No 1354 680 91 674 63 0.64 (0.46,0.88) 0.0066 }‘-"
|
Active treatment naive !
Yes 634 311 39 323 31 0.72 (0.44,1.16) 0.1750 il
No 1021 517 74 504 44 0.54 (0.37,0.79) 0.0015 ’_.‘_‘
. o |
Highly active inadequate responder
Yes 283 140 22 143 12 0.47 (0.23,0.95) 0.0351 =l
No 1372 688 91 684 63 0.63 (0.46, 0.87) 0.0055 "-"
|
Highly active treatment naive |
Yes 219 107 15 112 13 0.72 (0.34,1.52) 0.3893 ’—__T“
No 1436 721 98 715 62 0.57 (0.42,0.79) 0.0007
|
|
|
|
|
|

110 1 10
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Tnterferon beta-Ta Ocrelizumab
[Endpoints 44 g 600 mg
(N=411) (N=410)

Primary endpoint

ARR at 96-weeks N=411 N=410
Rate 0.202 0.156
Rate ratio (95% Cl) 0.536 (0.400, 0.719)
p-value <0.0001

Disabi

12-week CDP* N=411 N=410
Proportion of patients with events at 96 weeks 12.97 8.31

(Kaplan Meier estimate)
Hazard ratio (95% Cl) 0.57 (0.37, 0.90)
p-value (Log-rank) 0.0139

12-week CDP (pooled WA21092 and WA21093)° N=829 N=827
Proportion of patients with events at 96 weeks 15.18 975

(Kaplan Meier estimate)
Hazard ratio (95% Cl) 0.60 (0.45, 0.81)
p-value (Log-rank) 0.0006

24-week CDP" N=a11 N=410
Proportion of patients with events at 96 weeks 10.57 6.51

(Kaplan Meier estimate)
Hazard ratio (95% CI) 0.57 (0.34, 0.95)
p-value (Log-rank) 0.0278

24-week CDP (pooled WA21092 and WA21093)° N=829 N=827
Proportion of patients with events at 96 weeks

(Kaplan Meier estimate) 12.03 7.58
Hazard ratio (95% Cl) 0.60 (0.43,0.84)
p-value (Log-rank) 0.0025

12-week CDI** N=306 N=310
Proportion of patients with improvement 12.42 20.00
Relative risk (95% Cl) 1.61 (1.1, 2.33)
p-value 0.0106

12-week CDI (pooled WA21092 and WA21093)*™® N=614 N=628
Proportion of patients with improvement 15.64 207
Relative risk (95% Cl) 1.33 (1.05, 1.68)
p-value 0.0194

MSFC N=308° N=322°
Mean z-score change from baseline to Week 0.174 0213

9% 0.039 (-0.039 0.116)
Mean difference (95% Cl) 0.3261

p-value
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linterferon beta-1a] Ocrelizumab
[Endpoints 44 pg (N=411) 600 mg
(N=410)
Brain MRI
T1 Gd-enhancing lesions N=377° N=388°
Mean number of lesions per MRI scan 0.286 0.016
Rate ratio (95% Cl) 0.058 (0.032, 0.104)
p-value <0.0001
New and/or enlarging T2 hyperintense lesions N=378° N=390°
Mean number of lesions per MRI scan 1413 0.323
Rate ratio (95% ClI) 0.229 (0.174, 0.300)
p-value <0.0001
New T1 hypointense lesions N=377° N=388°
Mean number of lesions per MRI scan 0.982 0.420
Rate ratio (95% Cl) 0.428(0.328, 0.557)
p-value <0.0001
Brain volume N=267° N=2817
Mean % change from Week 24 to Week 96 0.741 0.572
Mean difference (95% Cl) 0.168 (0.053, 0.283)
p-value 0.0042°
9% Relative reduction (95% CI) 22.807 (8.186, 35.043
Disease Activity
NEDA® N=291 N=289
Proportion of patients with NEDA 271 474
Relative risk (95% Cl) 1.74 (139, 2.17)
p-value <0.0001°
Health-Related Quality of Life
SF-36 PCS N=300° N=331°
Mean change from baseline to Week 96 0.657 0.036
Mean difference (95% Cl) 0.693 (-0.414, 1.800)
p-value 0.2193

ARR annualized relapse rate, CDI confirmed disability improvement, CDP confirmed disability
progression, Gd gadolinium, MSFC Multiple Sclerosis Functional Composite, NEDA No
evidence of disease activity, SF-36 PCS Short Form 36 Physical Component Summary.

* Endpoint not powered for individual study.
“in patients with baseline EDSS score > 2.0

® number of patients with measurements at baseline and Week 96

© number of patients with MRI scans at Week 96

¢ humber of patients with MRI scans at Weeks 24 and 96

© non-confirmatory p-value
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IFN beta-1a OCR
[Endpoints 44 g 600 mg
(N=418) (N=417)

Primary endpoint

ARR at 96-weeks N=418 N=417
Rate 0.290 0.155
Rate ratio (95% Cl) 0.532 (0.397, 0.714)
p-value <0.0001

Disability

12-week CDP* N=418 N=417
Proportion of patients with events at 96 weeks 17.54 11.14

(Kaplan Meier estimate)
Hazard ratio (95% Cl) 0.63 (0.42,0.92)
p-value (Log-rank) 0.0169

12-week CDP (pooled WA21092 and WA21093)° N=829 N=827
Proportion of patients with events at 96 weeks

(Kaplan Meier estimate) 15.18 975
Hazard ratio (95% Cl) 0.60 (0.45, 0.81)
p-value (Log-rank) 0.0006

24-week CDP" N=418 N=417
Proportion of patients with events at 96 weeks 13.63 8.60

(Kaplan Meier estimate)
Hazard ratio (95% Cl) 0.63 (0.40, 0.98)
p-value (Log-rank) 0.0370

24-week CDP (pooled WA21092 and WA21093)° N=829 N=827
Proportion of patients with events at 96 weeks

(Kaplan Meier estimate) 12.03 7.58
Hazard ratio (95% Cl) 0.60 (0.43, 0.84)
p-value (Log-rank) 0.0025

12-week CDI** N=308 N=318
Proportion of patients with improvement 18.83 2138
Relative risk (95% Cl) 1.14 (0.84, 1.56)
p-value 0.4019

12-week CDI (pooled WA21092 and WA21093)*™® N=614 N=628
Proportion of patients with improvement 15.64 20.70
Relative risk (95% Cl) 1.33 (1.05, 1.68)
p-value 0.0194

MSFC N=269° N=308°
Mean z-score change from baseline to Week 96 0.169 0276
Mean difference (95% Cl) 0.107 (0.034 0.180)
p-value 0.0040
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Endpoints IFN beta-1a OCR
449 600 mg
(N=411) (N=410)
Brain MRI
T1 Gd-enhancing lesions N=375" N=389°
Mean number of lesions per MRI scan 0.416 0.021
Rate ratio (95% Cl) 0.051 (0.029, 0.089)
p-value <0.0001
New and/or enlarging T2 hyperintense lesions N=376" N=390°
Mean number of lesions per MRI scan 1.904 0.325
Rate ratio (95% Cl) 0.171(0.130, 0.225)
p-value <0.0001
New T1 hypointense lesions N=389°
Mean number of lesions per MRI scan 0.449
Rate ratio (95% Cl) 0.357 (0.272, 0.470)
p-value <0.0001
Brain volume N=2597 N=287"
Mean %change from Week 24 to Week 96 0.750 0.638
Mean difference (95% Cl) 0.112 (-0.018, 0.241)
p-value 0.0900
9% Relative reduction (95% CI) 14.933 (-2.011, 30.174)
Disease Activity
NEDA” N=270 N=289
Proportion of patients with NEDA 24.1 439
Relative risk (95% Cl) 1.81 (1.41,232)
p-value <0.0001°
Health Related Quality of Life
SF-36 PCS N=276" N=315"
Mean change from baseline to Week 96 0.833 0.326
Mean difference (95% Cl) 1.159 (0.051, 2.268)
p-value 0.0404°

ARR annualized relapse rate, CDI confirmed disability improvement, CDP confirmed disability
progression, Gd gadolinium, MSFC Multiple Sclerosis Functional Composite, NEDA No
evidence of disease activity, SF-36 PCS Short Form 36 Physical Component Summary.

* Endpoint not powered for individual study.
“ in patients with baseline EDSS score at least 2.0

® number of patients with measurements at baseline and Week 96

© number of patients with MRI scans at Week 96

¢ humber of patients with MRI scans at Weeks 24 and 96

 hon-confirmatory p-value
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Analysis Hazard Ratio (95% CI) p-value

Main Analysis for Study WA21093

ITT Population 0.63 (0.42,0.92) 0.0169
PP Population 0.62 (0.42, 0.93) 0.0183
Sensitivity Analyses Excluding Patients from Center # 209771

ITT Population 0.63 (0.42,0.92) 0.0175
PP Population 0.62 (0.42, 0.93) 0.0191

ARR annualized relapse rate; Cl confidence interval; ITT intent to treat; PP per protocol.
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Endpoint

Statistical Model

Stratification/adjusting factors

Primary Endpoint

Time to onset of CDP for at
least 12 weeks

Log-rank test for
p-value,
Cox regression (for
estimation of hazard
ratio (HR))

Age (<45 vs. > 45 years),
geographical region (US vs. ROW)

Secondary Endpoints
Disability

Time to onset of CDP for at
least 24 weeks

Log-rank test for
p-value,
Cox regression (for
estimation of hazard
ratio (HR))

Age (<45 vs. > 45 years),
geographical region (US vs. ROW)

Change in Timed 25-Foot Walk
Relative Ratio to Baseline at
Week 120

ranked ANCOVA with
LOCF for p-value;
MMRM for treatment

Baseline T25FTW, age (<45 vs.
> 45 years),

geographical region (US vs. ROW)

estimates
Brain MRI
T2 Lesion Volume Relative ranked ANCOVA with Baseline T2 lesion volume, age
Ratio to Baseline at Week 120 LOCF for p-value; (<45 vs. > 45 years),
MMR’:S:?;‘;Z:""%‘ geographical region (US vs. ROW)
Percent Change from Week 24 MMRM ‘Week 24 brain volume age (< 45
to Week 120 in Total Brain vs. > 45 years)
Volume geographical region (US vs. ROW)
Quality of Life
Mean change from baseline in MMRM Baseline SF-36 PCS, age (< 45
SF-36 PCS vs. > 45 years),

geographical region (US vs. ROW)
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Screened

N=043
Randomized
N=732
Placebo
Withdrawn N=244 Withdrawn
before before
dosing dosing
N=1 Received Received N=5
treatment treatment
N=243 (100%) N=482 (99%)
- N=69 N=80 i
Did nSaFtUen(er'i Withdrawn € > Withdrawn [——>| bid nSaFtUen(er
Y v v
N=36 (15%) WRELY Completed Complated 195 (20%) N=34(7%)
ey | | treatment to treatment to
- Week 120 Week 120 | | N=15

‘Withdrawn |[¢—— Entered SFU N=17471%) 1402 (826), Entered SFU > Withdrawn

1=11 (5%) N=45(18%) 1 v N=61 (13%) 1=24 (5%)

ccop ccop
Completed Ong N=162 (66%) N=387(79%) | | Completed Ongoing
N=28 (12%) N=6(3%) N=20(4%) N=17 (4%)
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Placebo OCR 600mg

(N=244) (N=488)
Discontinued Treatment 82 (33.6%) 101 (20.7%)
ADVERSE EVENT 12 ( 4.9%) 18 ( 3.7%)
DEATH 1 (0.4%) 3 (0.6%)
LACK OF EFFICACY 27 (11.1%) 21 ( 4.3%)
LOST TO FOLLOW-UP 1 (0.4%) 4 (0.8%)
NON-COMPLIANCE 2 (0.8%) 2 (0.4%)
NON-COMPLIANCE WITH STUDY DRUG 2 (0.8%) 2 ( 0.4%)
OTHER 13 ( 5.3%) 20 ( 4.1%)
PHYSICIAN DECISION 2 (0.8%) 6 (1.2%)
PREGNANCY 1 (0.4%) 1 (0.2%)
PROTOCOL VIOLATION 0 2 ( 0.4%)
WITHDRAWAL BY SUBJECT 21 ( 8.6%) 22 ( 4.5%)
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Placebo OcR &00my

(=244 (u=488)
Age (years)
n 244 458
Mean (sD) 4404 0.3 487 (0.9
Median 6.0 46.0
Min - max 18 e 20 - se
Age Group (years)
n 244 428
<= a5 118 (48.43) (47.1%)
> 45 126 ( s1lé3) (5218%)
DSUR Age Group Categories (years)
n 244 e
<18 o 9
>= 18 to 65 244 (100.0%) 433 (100.0%)
> o °
sex
n 244 488
Male 120 (T48.28) 251 ('51.4%)
Female 124 (50188 237 (48le%)
Face
n 244 438
American Indian or Alaska Native 0 5 ( 1.08
Black or African American S 2.0 5 ( 18%)
White 235 (96.3%) 454 ( 93.0%)
Othex 40 1e) 13 (379
Unknown o EREER S
Ethnicity
n 244 8¢
HISPANIC OR LATINO 4 (5 32 (e
NOT HISPANIC OR LATINO 206 (84148) 333 ( 79.2%)
NOT REPORTED 16 ( 6.68) 51 (10.5%)
ety B 33 I8 ( 378
Weight (kg)
n 243 426
Mean (sD) 72.31 (15.13) 7246 (17.11)
Median 72.00 71.00
Min - Max 45.0-136.0 40.2 -'135.9
ocR 60img.
(=4ss)
Body Mass Index (ky/m2)
S 202 r
Mean (D) 25.33 (4.7 24.84 (4.92)
Median EERS) 03
Min - Max 16380 Saes
Region
n 244 433
Fow 210 (8e.13) 421 (86.3%)
usa 34 (13ey) @ (1307%)
sub-Regicn
n 244 Fee)
EU/Switzerland/Norway 157 (ed.3m) 315 (64.5%)

(
Latin America € ( 233 16 ( 33%)
Non-EU + Israel + Africa 2 (13013 el (12059
USA/Canada/Australia/iie Zealand 45 (20113) e ( 18.73)
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Placebo OCR 600mg
(N=244) (N=488)
Age
n 244 488
Mean (SD) 44.3 (8.3) 44.6 (7.9)
Median 46.0 46.0
Min - Max 18 - 55 20 - 56
Age Group Category
n 244 488
<= 45 118 (48.4%) 230 (47.1%
> 45 126 (51.6%) 258 (52.9%
Region
n 244 488
ROW 210 (86.1%) 421 (86.3%
USR 34 (13.9% 67 (13.7%
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Placebo OCR 600mg
(N=244) (N=488)

Duration since MS Symptom Onset (years)

n 237 474

Mean (SD) 6.14 (3.59) 6.66 (4.01)

Median 5.51 5.95

Min - Max 0.9 - 23.8 1.1 - 32.9

25%-ile 3.31 3.79

75%-ile 8.28 8.74
Duration since MS Symptom Onset Category

n 237 474

<= 3 Years 53 (22.4%) 79 (16.7%)

> 3 to <= 5 Years 52 (21.9%) 111 (23.4%)

> 5 to <= 10 Years 96 (40.5%) 202 (42.6%)

> 10 Years 36 (15.2%) 82 (17.3%)
Duration since PPMS Diagnosis (years)

n 243 486

Mean (SD) 2.75 (3.32) 2.85 (3.16)

Median 1.34 1.58

Min - Max 0.1 - 23.8 0.1 - l6.8

25%-ile 0.48 0.53

75%-ile 3.89 4.11
Prior Treatment with Any MS Disease Modifying Therapy Prior to Baseline

n 244 488

Yes 30 (12.3%) 55 (11.3%)

No 214 (87.7%) 433 (88.7%)
Patients Received Steroids as MS Therapy

n 244 488

Yes 45 (18.4%) 89 (18.2%)

No 199 (8l.6%) 399 (81.8%)
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Number of Gd-enhancing Tl Lesions

n 243 4384

Mean (SD) 0.60 (1.55) 1.21 (5.14)

Median 0.00 0.00

Min - Max 0.0 - 10.0 0.0 - 77.0
Categorical Number of Gd-enhancing T1 Lesions

n 243 4384

0 183 (75.3%) 351 (72.5%)

1 29 (11.9%) 62 (12.8%)

2 15 ( 6.2%) 22 ( 4.5%)

3 5 (2.1%) 17 ( 3.5%)

>=4 11 ( 4.5%) 32 ( 6.6%)
Volume of T2 Lesions (cm3)

n 243 486

Mean (SD) 10.91 (12.95) 12.67 (15.11)

Median 6.17 7.31

Min - Max 0.0 - 81.1 0.0 - 90.3
Number of T2 Lesions

n 243 4386

Mean (SD) 48.15 (39.31) 48.71 (38.16)

Median 43.00 42.00

Min - Max 0.0 - 208.0 0.0 - 249.0
Categorical Number of T2 Lesions

n 243 4386

0-5 29 (11.9%) 50 (10.3%)

6 -9 6 (2.5%) 11 ( 2.3%)

>9 208 (85.6%) 425 (87.4%)
Normalized Brain Volume (cm3)

n 243 482

Mean (SD) 1469.86 (88.73) 1462.91 (83.95)

Median 1464.51 1462.23

Min - Max 1216.3 - 1701.7 1214.3 - 1711.1
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[Endpoints

Placebo

Ocrelizumab 600 mg

(N=244) (N=488)

PRIMARY ENDPOINT

12:Week CDP N=244 N=487
Proportion of patients with events at 120 weeks 0.340 0.302

(Kaplan Meier estimate)
Hazard ratio (95% CI)
p-value (Log-rank)

0.76 (059, 0.98)
0.0321





image60.png
80— — Placebe (N=204)
OCR 500mg (N=438)

0 g

&

i +  Censared
g

2 s
&
L
T

£
1
2

i

£ »
g

®

&

5

&

£

g

g

&

No. of Patients at Risk
Placbo 204 232 212 1% e 10 2 2 15 148 1% 120 8 6 46 H 2 7 2

ocReeomg 47 42 40 e 414 3 e 35 3 y;e 04 w1 207 168 1% 80 4 20 7

Baselne 12 24 Jo 48 U /2 B4 Yo U8 1 132 148 Isp B 180 192 4 1o
Time to onset of Confirmed Disability Progression (Weeks)




image61.png
Sensitivity Analysis | Patients with event /N | Hazard Ratio | _pvalue
Placebo | OCR (86% ¢y

PP Population 91/232 | 153/469 | 0.74(057,096) | 0.0239
(summary and plot)

ITT population with multiple # # 078(060,1.02) #
imputation
(summary)

ITT population without 841244 | 151487 | 082(063,107) | 0.1477
imputation
(summary and plot)

Influence of early 947244 | 160/487 | 078(060,100) | 00500
progression events, by
omission of EDSS
assessments from
randomization to Week 12
(<83 days after
randomization) (ITT
Population)

(summary )

Analysis using planned 831200 | 145/420 | 079060, 1.04) | 00867
number of patients, i.e, using
first 630 patients randomized
(T Population) (summary)

Adjustment with additional | 96/244 | 160/487 | 076(059,098) | 00321
strata for presence of T1 Gd-
enhancing lesions (present /
absent) and baseline EDSS
(555 vs.>55) (summary)

Exclusion of patients with | 77/204 | 144/456 | 074(056,098) | 00324
clinical relapses (including
protocok-defined relapses)
(summary and plot)

*Analysis including 97/244 | 166487 | 080(0.62,102) | 00736
progression after
treatment discontinuation

(summary and listing)

“Imputation by efficacy | 92/244 | 156/487 | 0.77(060,1.00) | 00490
related reason for
withdrawal / withdrawal by
subject

(summary)

“Analysis excluding COP | 92/244 | 157/487 | 0.78(060,1.01) | 00561
events where a PDR was
‘experienced from 30 days
preceding an IDP or
between IDP and COP

(summary)
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44) (N=488)
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Stratified 2nalysis

Hazard Ratio log-rank Interaction Test
Neme Level Hazard Ratio 95¢ CI  p-value pvalue (likelihood ratio)
a n/a 0.7¢ (0.5, 0.98)  0.0321
Age Group (years) 0.6¢ (0.45, 0.92)  0.0160 0.2278
> a5 .88 (062, 1126) 014524

sex vale 0.61 (0.43, 0.83)  0.0065 0.0962
Female 0.9¢ (0.66, 1.36) 0.7568

Baseline EDSS <=5.5 0.73 (0.53, 1.00)  0.0512 0.6577
> 55 0.8 (0155, 1128) 04187

Region RoW 0.75 (0.60, 1.03)  0.0824 0.4140
usa 0.55 (026, 1.18)  0.1216

Baseline Gd-enhancing Lesions Yes 0.65 (0.40, 1.06)  0.0803 0.2076
No 0.8z (062, 1113) 012425

Prior M3 discase-modifying therapies® Yes 0.65 (0.32, 1.31)  0.2224 0.5245
No 0.75 (0:60, 1l08) 010532

Duration since MS symptom cnset <= 3 Years 0.63 (0.36, 1.12)  0.1111 0.6788
5 Years 0,92 (053, 1158) 017545
10 Years 0.83 (0.54, 1.28)  0.3562
0.63 (033, 1119) 011512

Weight at Baseline (kg) <75 0.7¢ (0.54, 1.07)  0.1171 0.5169
o= 0.7¢ (052, 1112) 01685

Body Mass Index at Baseline (kg/m2) < 25 0.68 (0.48, 0.34)  0.0156 0.3074
o= .85 (0:60; 1133) 015746

Stratificd by Geographical Reglion (US vs, ROW) and Age (<=45, > 45 yeazs) .

Age: Stratified by Region (US vs ROW) omly, Region: Stratified by Age (<=45, > 45 years) only.
pvalues have not been adjusted to account for multiple treatment comparisons.

Patient with missing basclinc EDSS xcluded from analysis.
ith the excertion of corticosteroids.
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Placebo OCR 600 mg
(N=244) (N=488)
Baseline
n 234 464
Mean (cm’) (SE) 11.039 (0.858) 12761 (0.709)
Week 120 (Ratio Relative to Baseline)
n 183 400
Adjusted Geometric Mean 1.074 0.966
95% CI Adjusted Geometric Mean 1.050, 1.099 0.950, 0.983
Ratio of Adjusted Geometric Means 0.900
95% Cl for Ratio of Adjusted Geometric Means 0.876, 0.924
Adjusted Geometric Mean (% change) 7.426 -3.366
95% ClI for Adjusted Geometric Mean 4.967,9.942 -4.987,-1.718
(% change)
p-value (Ranked ANCOVA) <0.0001
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Placebo OCR 600 mg
(N=244) (N=488)
Week 24
n 203 407
Mean (cm?®) (SE) 1467.186 (6.34) 1458.473 (4.17)
Week 120 (% Change relative to Week 24)
n 150 325
Adjusted Mean (% change) -1.093 -0.902
95% Cl for Adjusted Mean -1.236, -0.951 -1.004, -0.799
Difference in Adjusted Means 0.182
95% Cl for Difference in Adjusted Means 0.030, 0.354
Relative reduction (%) 17.475
95% ClI for Relative Reduction 3.206, 29.251
p-value 0.0206
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Placebo Ocrelzumab 600 mg
[Endpoints (N=264) (N=488)
PRIMARY ENDPOINT
12:4Week COP =0 Nedg?
Proportion of patients with events at 120 weeks 0340 0302
(Kaplan Meier estmate)
Hazard rato (85% CI) 076(059,098)
pvalue (Log-rank) 00321
'SECONDARY ENDPOINTS
Disability
24.Week COP Ne24s N=ag7
Proportion of patients ith events at 120 weeks 0321 0283
(Kaplan Weier estmate)
Hazard rato (85% C) 075(058,098)
pvalue (Log-rank) 00385
(Change in Timed 25-Foot Walk Relative Ratio to N=174 =3
Baseline atWeek 120 (MMRM)
‘Adsted Geometric Mean 1851 1380
Ratio of Adjusted Geometic Means (85% CI) 089 (079, 1.01)
9 Relative reducton (95°% CI) 29397 (-1.62,51.46)
p-value (ranked ANCOVA) 00404
Brain MRI
72 Lesion Volume Relative Rati to Baseline at Week (= N=400
120 (MMRM)
Adusted Geometric Mean 1074 0968
Ratio of Adjusted Geometric Means (85% C1) 0900 (083092)
‘Adsted Geometric Mean (% change) 7428 2366
p-value (ranked ANCOVA) <00001
ercent Change flom Week 24 to Week 120 n Total N=150 N=325
Brain Volume (MMRM)
‘Adsted Mean (% change) 1083 0902
Difference of Adjusted Means (95% CI) 0192(003,035)
% Relative reducton (955% CI) 17475 321,2025)
pvalue 00208
Quality of Life
‘Change fom Baseline in SF-36 PCS Score (MMRM) N=128 N=292
Adusted Mean 1108 0731
Diffeence of Adjusted Means (655% CI) 0377 (-1.05,1.80)
pvalue 05034

‘COP confied disabilty progression, SF-36 PCS Shart Form 35 Physical Component Summary.
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Total Gadolinium-Enhancing T1 Lesion

Count at Week 12, 16, 20, and 24 (%) Placebo OCR
0 51.4% 80.3%
>0-1 11.4% 9.1%
>1-2 14.3% 7.6%
>2-3 2.9% 0%
>3 20.0% 3.0%





image68.png
stwithd trex saf 144 Patients Withdrawn from Trial Treatment by Cycle and Trial Treatment (Safety Population)

Elacebo ocx 600 ng Ocz 1000 mg. Avonex
N =54 N =55 N =55 N =54
Reason for Withdrawal No. (%) No. (3) No. (8) Yo. (%)

cycle 1
Safety
adverse Event(a)
Death

() () (] 2

Non Safety
Failurs to retum
Viclation of selection criteria at entry
BRefused treatment/did not cooperate
Withdrew consent.

2) ) °) €

coorr coo
BLEan B

cycle 2
Safety
Adverse Event(a)

Non Safety
Insufficient therapeutic response
Refused treatment/did not cooperate
Withdrew consent.

Bl 2) 2) 0

rrRRe oo

cycle 3
Safety
Adverse Event(a)

Non Safety
Insufficient therapeutic response
Refused treatment/did not cooperate
Withdrew consent
Administrative/other

oroor oo

cycle 4
Non Safety
Insufficient therapeutic response
Withdrew consent

2 o 0
0
0

(] ()

rowr

Patient 1515 withdrew from the treatment period on the 15th June 2009 with reason for withdrawal as 'DEATH' on the CRF, then
withdrew from the safety follow-up period on the 29th June 2000 with reason for withdrawal also as 'DEATH'.

2) = Including intercurzent illness

Percentages aze based on n.
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Placebo Ocz 600 mg, Ocr 1000 mg. Evonex
N=se N =55 N =55 N=se
Sex
ALE 18 ( 33%) 20 ( 36%) 17 ( 31%) 22 (41%)
FEMALE 36 (€7%) 35 (e2%) 38 ( 69%) 32 (5%%)
n 54 55 55 En
2ge in years
Mean 38.0 35.6 38.5 38.1
s .80 349 .70 5.25
Median 38.5 35.0 35.0 38.0
Min-Max 22 Zse 15 <53 21 - s 22 255
n 54 55 55 E
Weight in kg
Mean 75.27 74.2¢ 73.69 74.98
s 18.285 15.540 15.147 17.293
Median 74135 70.00 70.20 73.00
Min-Max 45.0 = 139.0 43.2 - 133.6 40.0 - 116.0 43.0 - 127.5
n B 55 55 54
Height in cm
Mean 170.33 170.22 169.33 171.01
s 9.021 10.704 5.155 10.951
Median 165.00 170.00 167.00 170.00
Min-Max 155.0 - 193.0 150.0 - 197.0 153.0 = 205.0 150.0 < 202.0
n B 55 55 54
Female reproductive status
'POSTMENOPAUSAL 3 ( 8y - 2 ( 5%) 1 3%)
SURGICALLY STERIL. 5 (185) 4 (11%) 4 (115) 4 (13%)
WITH CONT. BROT. 28 (78%) 3L (8%%) 32 ( 84%) 27 ( 82%)
n 36 35 38 32
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Placsbo Ocz €00 mg Ocz 1000 mg Evonex

N=se N =55 N =55 N=se
Racs
AMERICAN INDIAN OR - 1 2%) - -
ALASKA NATIVE
ASIAN (INDIAN 1 29 - - -
'SUBCONTINENT)
BLACK - 3 5%) 2 ( 4% 1 2%)
MESTIZO 1( 2%) - - -
WHITE 52 ( 96%) 5L ( 93%) 53 ( 96%) 53 ( 98%)
n Er 55 55 En
Ethnicity
HISPANIC & (115) € (11%) 7 (13%) 7 (13%)
"NON-HISEANIC 48 ( 8%%) 49 ( 8%%) 48 (87%) 47 ( 87%)

n 54 55 s5 s¢
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Placebo Ocr 600 mg Ocr 1000 mg, AvVOnex

N =54 N =55 N =55 N =54

Duration Since MS Symptom Onset (yrs)

Mean 7.173 6.937 8.724 8.385

sD 6.1092 5.0005 6.6222 7.2007

Median 4.815 6.489 7.715 5.348

Min-Max 0.57 - 26.18 0.50 - 20.48 0.25 - 27.96 0.82 - 35.21

n 54 55 55 54
Duration Since MS Diagnosis (yrs)

Mean 3.943 4.739 4.901 5.122

sD 4.5679 4.1143 4.3695 5.2360

Median 2.728 3.578 4.364 3.296

Min-Max 0.11 - 19.23 0.05 - 16.48 0.09 - 19.22 0.10 - 20.24

n 54 55 55 54
Disease Mod. Therapies € mths Prior to Rnd?

N 48 ( 89%) 42 ( 76%) 41 ( 75%) 42 ( 78%)

¥ 6 (11%) 13 ( 24%) 14 ( 25%) 12 ( 22%)

n 54 55 55 54
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Placebo Gcr 600 mg Gcr 1000 mg Evonex

N =54 N =55 N =55 N =54

Region (North America incl. USA, CDN)
EASTERN CENTRAL 30 ( 56%) 30 ( 55%) 30 ( 55%) 30 ( 56%)
EUROPE/ASIA
LATIN-AMERICA 2 ( 4%) 2 ( 4%) 2 ( 4%) 2 ( 4%)
NORTH AMERICA 14 ( 26%) 14 ( 25%) 15 ( 27%) 14 ( 26%)
WESTERN EUROPE 8 ( 15%) 9 ( 1leé%) 8 ( 15%) 8 ( 15%)
n 54 55 55 54

No. Relapses in the Past Year Category
0 2 ( 4%) - 1 ( 2%) 1 ( 2%)
1 24 ( 44%) 23 ( 42%) 20 ( 36%) 25 ( 46%)
2 20 ( 37%) 27 ( 49%) 25 ( 45%) 23 ( 43%)
3 7 (13%) 4 ( 7%) 8 ( 15%) 4 ( 7%)
>=4 1( 2%) 1( 2%) 1( 2%) 1( 2%)
n 54 55 55 54

No. Relapses in the Past Year
Mean 1.6 1.7 1.8 1.6
sD 0.83 0.69 0.79 0.74
Median 2.0 2.0 2.0 2.0
Min-Max 0-4 1-4 0-14 0-4
n 54 55 55 54

No. Relapses in the Past 3 Years Category
1 2 ( 4%) 1 ( 2%) 1 ( 2%) -
2 27 ( 50%) 27 ( 49%) 29 ( 53%) 27 ( 50%)
3 16 ( 30%) 14 ( 25%) 15 ( 27%) 24 ( 44%)
>=¢ 9 (17%) 13 ( 24%) 10 ( 18%) 3 ( 6%)
n 54 55 55 54

No. Relapses in the Past 3 Years
Mean 2.7 3.0 2.9 2.6
sD 1.17 1.39 1.40 0.71
Median 2.0 2.0 2.0 2.5
Min-Max 1-7 1-7 1-8 2-5

n 54 55 55 54
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Placebo GCT 600 mg Oct 1000 mg Avonex
N =54 N =55 N =55 N =54
No. of Gd* enhancing TI lesions at baseline
Mean 1.6 3.9 2.2 2.3
sD 405 9.88 6.33 5.31
Median 0.0 1.0 0.0 0.0
Min-Max 0-25 0- 46 0-37 0-24
n) 47 51 53 19
Baseline Gd+ Tl Lesions (0,>0)
0 26 ( 55%) 25 ( 49%) 29 ( 55%) 33 ( €6%)
>0 21 ( 45%) 26 ( 51%) 24 ( 45%) 17 ( 34%)
n 47 51 53 50
Baseline Gd+ enhancing Tl lesions (Category)
0 26 ( 55%) 25 ( 49%) 29 ( 55%) 32 ( €5%)
1-2 13 ( 28%) 12 ( 24%) 16 ( 30%) 9 (18%)
3-4 4 ( 9%) 7 (14%) 2 ( 4%) 1( 2%)
>4 4 ( 9%) 7 (14%) 6 (11%) 7 (14%)
n 47 51 53 19
Volume of T2 lesions at baseline
Mean 8950.84 13972.61 13178.30 13209.11
sD 9776.261 19930.16 14271.38 17206.51
Median 4764.70 6687.50 7124.70 8246.80
Min-Max 47.4 - 39919.5 10.5 - 93777.6 202.8 - 59431.5 23.7 - 102912.0
n) 47 51 53 19
No. Prev Tl Lesions in the Past 12 Months
0 20 ( 54%) 16 ( 44%) 14 ( 47%) 21 ( 55%)
1 4 (11%) 5 (14%) 5 (17%) 1( 3%
>1 13 ( 35%) 15 ( 42%) 11 ( 37%) 16 ( 42%)
n 37 36 30 38
No. Prev T2 Lesions in the Past 12 Months
0-5 3 (%) 1( 2% 3( 7% 3( 7%
6-9 7 (14%) 12 ( 27%) 11 ( 26%) 8 ( 19%)
>9 41 ( 80%) 31 ( 70%) 28 ( 67%) 32 ( 74%)
n 51 44 12 13
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Total Number of Gadolinium-enhancing T1 Placebo ocr 600 mg ocr 1000 mg Avonex
Lesions on MRI Scans of the Brain (N=54) (N=55) (N=55) (N=54)

WEEK 12, 16, 20 and 24

n 54 51 52 52
Mean (SD) 5.6 (12.53) 0.6 (1.52) 0.2 (0.65) 6.9 (16.01)
SE 1.71 0.21 0.09 2.22
Median 1.7 0. 0.0 1.0
95% CI of Median (0.4,3.0) (0.0,0.0) (0.0,0.0) (0.0,2.0)
Range 0-79 0 0-3 0-78
Van Elteren Test (stratified)
p-value <0.0001 <0.0001 0.7496
Van Elteren Test (stratified*)
p-value <0.0001 <0.0001 0.3457
Wilcoxon-Mann-Whitney Rank Sum Test
p-value <0.0001 <0.0001 0.3721

Van Elteren test is stratified by region and presence of baseline gadolinium-enhancing lesions (absent of present) .
* Van Elteren test is stratified by region only.

Average Method Imputation only occurs from Weeks 0-24; No Imputation at Weeks 96 and 144

For the calculation of Total Number of Gadolinium-enhancing T1 Lesions on MRI Scans of the Brain at a specific week before week 24,
the missing value at a time point is imputed using the average of available observations at the other time points before week 24.
MRI data collected post week 24 for OCR 600 and 1000 mg groups only.
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Placebo ocr 600 my ocr 1000 mg Avonex
(N=54) (N=55) (N=55) (N=54)
Relative Relative Relative
Reduction Reduction Reduction
N Mean(sD) N Mean(sD) (3) N Mean(sD) (8) N Mean(sD) (%)
overall 54 5.6(12.53) 51 0.6( 1.52) 88.5% 52 0.2( 0.65) 96.2% 52 6.9(16.01) -24.2%
Age
<40 28 8.3(16.62) 32 0.2( 0.52) 97.7% 27 .35) 99.0% 31 9.6(19.54) -16.3%
>=40 26 2.7(4.200 19 1.4(2.22) 47.2% 25 .85) 86.8% 21 3.0(7.27) -10.6%
<38 median) 23 9.8(17.99) 29 0.2( 0.49) 98.4% 24 .00) 100.0% 26  10.9(21.11) -10.8%
>=38 (median) 31 2.4(3.99) 22 1.3( 2.10) 47.1% 28 .85) 83.7% 26 3.0( 6.67) -22.7%
Sex
Male 18 3.7(5.61) 20 0.7( 1.59) 80.4% 17 .00) 90.4% 20 2.9( 5.19) 22.7%
Female 36 6.5(14.82) 31 0.6( 1.49) 90.9% 35 .38) 97.8% 32 9.5(19.69) -45.3%
Region
North American 14 2.8(4.87) 14 0.9(1.92) 68.8% 14 .00) 100.0% 13 13.0(21.61)  -358.8%
Other 40 €.5(14.21) 37 0.6( 1.35) 91.6% 38 .74) 95.5% 39 4.9(13.39) 25.1%
Baseline EDSS
<=2.5 24 2.6(4.12) 18 0.1( 0.47) 95.7% 18 .98) 85.0% 26 8.3(19.95)  -219.3%
>2.5 30 8.0(16.13) 33 0.9( 1.80) 88.3% 34 .36) 93.5% 26 5.6(11.00) 29.7%
<=3 (median) 32 3.3( 4.90) 22 0.2( 0.64) 92.5% 24 0.26) 91.1% 29 9.2(20.23)  -182.3%
>3 (median) 22 8.9(18.46) 29 0.9( 1.89) 89.4% 28 0.39) 98.4% 23 4.1( 7.60) 54.7%
Number of baseline
gadolinium-enhancing T1
lesions*
missing 7 4.7(5.31) 4 0.7( 0.85) 84.5% 2 (0.16) 94.0% 3 0.0( 0.00) 100.0%
0 26 1.2( 2.24) 23 0.0( 0.00) 100.0% 26 (0.59) 90.7% 32 2.3( 6.21) -81.8%
>0 21 11.2(18.52) 24 1.2( 2.03) 88.9% 24 (0.73) 97.2% 17  16.9(24.15) -50.9%

¥ missing baseline GD T1 lesions are imputed using screening values. IT
missing
MRI data collected post week 24 for OCR 600 and 1000 mg groups only.

To baseline or no

Screening valus, then baseline equals
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Endpoint Placebo OCR600mg | OCR 1000 mg Avonex

p-value vs Placebo Arm Arm

Total No. of Gd T1 lesions 5.6 (12.53) 0.6 (1.52) 0.2(0.65) 6.9 (16.01)

(Week 12 to 24) <0.0001 <0.0001 0.3457

Mean (SD)

Adjusted ARR * 0.557 0.127 0213 0.364

(95% Cl) (0.370,0.839) (0.054,0.299) (0.110,0.414) (0.220,0.602)
0.0019 0.0136 0.1814

Proportion of relapse-free 75.9% 85.5% 87.3% 77.8%

patients (64.5%,87.3%) | (76.1%,94.8%) | (78.5%,96.1%) | (66.7%,88.9%)

(95% Cl) 0.1978 0.1310 0.8206

Total No. of Gd T1 lesions | 8.7 (17.54) 25 (5.10) 1.8 (5.26) 10.3 (22.15)

(Week 4 to 24) <0.0001 <0.0001 0.2725

Mean (SD)

Total No. of new Gd T1 5.1 (11.99) 0.8 (1.95) 0.8 (2.16) 6.2 (13.79)

lesions (Week 4 to 24) <0.0001 <0.0001 0.4985

Mean (SD)

Total T2 volume (change 237 -76.3 -163.4 26

from BL to Week 24) (-121.2,1923) | (-297.6-34.2) | (-679.5,60.5) | (-121.2,555.8)

Median (95% Cl) 0.1391 0.1596 0.4740

Gd = gadolinium, BL = baseline
? adjusted for geographic region
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Study WA21092 WA21093 WA21092/3 Pooled

Treatment IFN SC OCR 600 mg IFN SC OCR 600 mg IFN SC OCR 600 mg
N=411 N=410 N=418 N=417 N=829 N=827

Clinical Endpoints

Annualized relapse rate: adjusted rate 0.202 0.156 0.200 0.155 0.291 0.156

Rate ratio (95% CI) 0.536 (0.400, 0.719) 0.532 (0.397, 0.714) 0.535 (0.435, 0.659)

p-value <0.0001 <0.0001 <0.0001

12-week CDP: % pts at 96 weeks (KM 12,97 831 17.54 11.14 15.18 975

estimate)

Hazard ratio (95% CI)
p-value

0.57 (0.37, 0.90)
0.0139

0.63 (0.42,0.92)
0.0169

0.60 (0.45, 0.81)
0.0006

24-week CDP: % pts at 96 weeks (KM
estimate)

Hazard ratio (95% CI)

1057 6.51

0.57 (0.34, 0.95)

1363 8.60

0.63 (0.40, 0.98)

12.03 758

0.60 (0.43, 0.84)

p-value 0.0278 0.0370 0.0025
12-week CDI: % pts with improvement* 1242 20.00 18.83 2138 15.64 2070
Relative increase (95% CI) 1.61(1.11,2.33) 1.14 (0.84, 1.56) 1.33 (1.05, 1.68)
p-value 0.0106 0.4019 0.0194
MSFC®: Adjusted mean change 0.174 0213 0.169 0.276 0171 0.248
Mean difference (95% CI) 0.039 (~0.039, 0.116) 0.107 (0.034, 0.180) 0.077 (0.025, 0.129)
p-value 0.3261 0.0040 0.0038
NEDA: % pts with NEDA* 271 474 241 439 257 457
Relative increase (95% Cl) 1.74(1.39,2.17) 1.81(1.41,2.32) 1.77 (1.50, 2.09)
p-value <0.0001™* <0.0001™* <0.0001
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Pool B (MS All Exposure) Pool E (RA All Exposure)
N“D";EZ;“ N = 2147 N = 2926
Patient Years =4485 Patient Years =7324
N PY N PY
1 Dose 2147 4485 2926 7324
4 Doses 1340 3832 1222 3726
5 Doses 1224 3547 551 1804
6 Doses 960 2953 225 775
8 Doses 272 1046 38 140

MS =multiple sclerosis; N=number of patients; PY =patient-years; RA=rheumatoid arthritis




image1.gif
% Australian Government

Mg 5 T Department of Health
Therapeutic Goods Administration

Health Safety
Regulation





image2.jpeg
% Australian Government

Department of Health and Ageing
Therapeutic Goods Administration

Health Safety
Regulation





