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assessments and/or conclusions and recommendations written by individual FDA reviewers. Such 
conclusions and recommendations do not necessarily represent the final position of the individual 
reviewers, nor do they necessarily represent the final position of the Review Division or Office. We have 
brought the rituximab and hyaluronidase BLA to this Advisory Committee in order to gain the 
Committee’s insights and opinions regarding the effectiveness and safety of the proposed drug product for 
the proposed oncologic indications. The background package may not include all issues relevant to the 
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until input from the advisory committee process has been considered and all reviews have been finalized. 
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1. Introduction  

The Applicant (Genentech, Inc.) submitted a biologic license application (BLA) to support 
approval for a co-formulation of rituximab and hyaluronidase for the following oncologic 
indications:  
 

a. Follicular Lymphoma (FL) 
TRADENAME (rituximab/hyaluronidase) for subcutaneous injection is a co-formulation 
of rituximab and recombinant human hyaluronidase (rHuPH20) and is indicated for the 
treatment of patients with: 

• Relapsed or refractory, FL as a single agent. 

• Previously untreated FL in combination with first line chemotherapy and, in 
patients achieving a complete or partial response to TRADENAME™ for 
subcutaneous injection in combination with chemotherapy, as single-agent 
maintenance therapy. 

• Non-progressing (including stable disease), FL as a single agent after first-line 
cyclophosphamide, vincristine, and prednisone (CVP) chemotherapy. 

 
b. Diffuse Large B-Cell Lymphoma (DLBCL) 
TRADENAME (rituximab/hyaluronidase) for subcutaneous injection is indicated for the 
treatment of patients with previously untreated DLBCL in combination with 
cyclophosphamide, doxorubicin, vincristine, prednisolone (CHOP) or other 
anthracycline-based chemotherapy regimens. 

c. Chronic Lymphocytic Leukemia (CLL) 
TRADENAME (rituximab/hyaluronidase) for subcutaneous injection is indicated, in 
combination with fludarabine and cyclophosphamide (FC), for the treatment of patients 
with previously untreated and previously treated CLL. 

 
FDA Comment: At the time of completion of this briefing document, TRADENAME is still 
pending for the rituximab and hyaluronidase drug product. 
 
Rituxan® is an intravenously administered CD20-directed cytolytic antibody approved for the 
treatment of patients with NHL (Non-Hodgkin lymphoma) and CLL[1] .  
 
The co-formulation of rituximab and hyaluronidase, hereafter referred to as rituximab SC, is 
subcutaneously administered, which offers patients a different route of administration compared 
to intravenous rituximab, hereafter referred to as rituximab IV.  
 
The clinical development of rituximab SC was based on a pharmacokinetic bridging program to 
intravenously administered rituximab in patients with DLBCL, FL and CLL. Two different doses 
of rituximab SC were developed:  a 1400 mg subcutaneous (SC) dose to represent the 375 mg/m2 
intravenous (IV) rituximab dose and a 1600 mg SC dose to represent the 500 mg/m2 IV 
rituximab dose. This submission contains 5 clinical trials listed in Table 1.  
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One major difference between rituximab SC and rituximab IV is the inclusion of hyaluronidase 
in the rituximab SC formulation. In order to justify the inclusion of this adjuvant, the Applicant 
conducted a proof of concept study in minipigs. As shown in Figure 1, co-administration of 
rituximab SC with hyaluronidase increased the absorption rate of rituximab 3-fold.  

Figure 1 Absorption rate of rituximab SC 120 mg in minipigs with and without 2000 U/mL 
hyaluronidase 

 
 

SC injections are generally limited to 2.5 mL due to concerns regarding injection pain. Shpilberg 
et al showed in Figure 2 that hyaluronidase allows the rapid absorption of a relatively large 
volume (10 mL) when administered subcutaneously[8] . As shown in Figure 2, very little 
injection site swelling was observed when a 10 mL Immunoglobulin G (IgG) solution was 
administered subcutaneously with hyaluronidase. However, a large injection site swelling was 
observed when the solution was administered subcutaneously without hyaluronidase (Figure 2). 

Figure 2 Injection site swelling after the SC administration of 10 mL of 10% IgG solution 
with and without hyaluronidase  

 
Source: Shpilberg O et al. Br J Cancer 2013;109:1556-61. 
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2.2 Rituximab SC Development 

In the development of rituximab SC, the Applicant has changed the dose, dosing regimen, and 
dosage form relative to the previously approved intravenous formulation product. For the 
purposes of PK bridging, trough rituximab concentrations are considered as the key exposure 
metric. For chronically administered drugs, the area under the curve (AUC) and trough 
concentrations (Ctrough) often correlated with safety and efficacy. As shown in Figure 3 and 
Figure 4, Ctrough is highly correlated with efficacy [9-11]. Therefore, the Ctrough of rituximab 
following IV dose can serve as a reference threshold in assessing the required Ctrough following 
rituximab SC.  

Figure 3 Association of rituximab trough levels with quality of remission [complete 
response (CR) vs. partial response (PR)].  

 
Source: Ulrich Jäger et al. Haematologica 2012;97:1431-1438 

Figure 4 Relationship between serum rituximab levels and progression-free survival.  

 
Source: Igarashi et al. Ann Oncol. 2002;13(6):928-943 
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3. Studies conducted to support development of Rituximab SC 

The clinical development of rituximab SC consisted of five clinical trials. There were two Phase 
3 trials – Study BO22334/SABRINA conducted in frontline FL and Study MO28107/MabEase 
conducted in frontline DLBCL. These two Phase 3 trials were supported by Study BO25341/ 
SAWYER conducted in patients with previously untreated CLL, Study BP22333/SparkThera 
conducted in the maintenance treatment of FL and Study MO28457/PrefMab which was 
conducted in patients with previously untreated DLBCL or FL with the primary objective of 
patient preference. All clinical trials were conducted outside the U.S. All patients who took part 
in rituximab SC clinical trials received rituximab IV as their first dose.  

3.1 BP22333/SparkThera 

Study BP22333 or SparkThera, entitled “A Two-Stage Phase Ib Study To Investigate the 
Pharmacokinetics, Safety, and Tolerability of Rituximab Subcutaneous Formulation in Patients 
with Follicular Lymphoma as Part of Maintenance Treatment”, was a two-stage clinical trial in 
patients with FL in the maintenance setting.  
 
The primary objective of Stage 1 was to determine a rituximab SC dose that would yield a serum 
Ctrough comparable to rituximab IV.  Stage 1 consisted of 4 cohorts with a randomization of 
1:2:2:2 as shown in Figure 5. The primary endpoint for Stage 1 was the evaluation of rituximab 
Ctrough levels after IV or SC administration. 
 
Figure 5 Study Design for Stage 1 of BP22333/SparkThera 

 
[Source: Roche Clinical Study Report Protocol BP22333 page 23] 
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The primary objective for stage 2 was to compare Ctrough of rituximab IV and rituximab SC.  In 
stage 2, patients with FL, who received one dose of rituximab IV in the maintenance setting, 
were randomized 1:1 to treatment with either rituximab IV 375 mg/m2 or rituximab SC 1400 mg 
for 24 months. A schematic of the study dosing in shown in Figure 6. Patients were stratified by 
the maintenance regimen used, every 2 months (Q2M) or every 3 months (Q3M). The primary 
endpoint for stage 2 was the evaluation of the rituximab Ctrough level after rituximab IV or 
rituximab SC administration.  
 
Figure 6 Study Design Stage 2 of BP22333/SparkThera 

 
[Source: Roche Clinical Study Report Protocol BP22333 page 24]  

3.2 BO22334/SABRINA 

Study BO22334 or SABRINA was a two-stage Phase 3 randomized trial entitled “A two-stage 
phase III, international, multi-center, randomized, controlled, open-label study to investigate the 
pharmacokinetics, efficacy and safety of rituximab SC in combination with CHOP or CVP 
versus rituximab IV in combination with CHOP or CVP in patients with previously untreated FL 
followed by maintenance treatment with either rituximab SC or rituximab IV”.   
 
The primary objective of stage 1 was to obtain the ratio of serum Ctrough concentrations (Ctrough 
SC/Ctrough IV) at Cycle 7, 21 days after SC administration.  The primary objective of stage 2 was 
to estimate the ORR including CR, CRu (complete response unconfirmed), and PR in the two 
arms at the end of induction. As shown in Figure 7, the design for the two-stages was the same 
except for more extensive PK sampling in stage 1. A total of approximately 125 patients were 
planned to be enrolled into Stage 1 of the study and 280 were planned for stage 2. Data from 
both stages (total of approximately 405 patients) would be combined for the analysis. 
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Figure 7 Trial Design for BO22334 SABRINA for stage 1 and stage 2 

 
[Source: Clinical Study Report Hoffmann-La Roche Ltd Protocol BO22334 page 2774] 
 
As shown in Figure 7, the rituximab SC arm consisted of the first cycle of rituximab IV 375 
mg/m2 followed by 7 cycles of rituximab SC 1400 mg both combined with a total of 8 cycles of 
CHOP or CVP chemotherapy.  A cycle was defined as 3 weeks. Patients with at least a PR were 
to receive rituximab SC maintenance which was rituximab SC monotherapy every 8 weeks for 
24 months.  The rituximab IV arm was 8 cycles of rituximab IV 375 mg/m2 in combination with 
CHOP or CVP every 3 weeks for 8 cycles.  Patients with at least a PR after induction were to 
receive rituximab IV 375 mg/m2 monotherapy maintenance every 8 weeks for a total of 24 
months. Patients who received rituximab CHOP and who achieved a CR, CRu, PR or stable 
disease (SD) at the interim assessment could receive either 4 more cycles of rituximab-CHOP 
with rituximab IV or SC depending on assignment at randomization, or 2 cycles of rituximab-
CHOP followed by two cycles of rituximab alone, either IV or SC depending on assignment at 
randomization. 
 
The primary endpoint for Stage 1 was the estimated ratio of observed rituximab serum         
Ctrough SC/Ctrough IV cycle 7 of induction treatment every 3 weeks. The primary endpoint for Stage 
2 was the estimated ORR consisting of CR, CRu, and PR at the completion of induction. 

3.3 MO28107/MabEase 

Study MO28107, or MabEase, was a randomized, multicenter, open-label trial entitled “A 
Comparative, Randomized, Parallel-group, Multi-center, Phase IIIB Study to Investigate the 
Efficacy of Subcutaneous Rituximab Versus Intravenous Rituximab Both in Combination with 
CHOP in Previously Untreated Patients with CD20-Positive Diffuse Large B-Cell Lymphoma”. 
The primary objective of this trial was to determine the CR and CRu rate one month after the end 
of treatment. As shown in Figure 8, treatment consisted of 8 cycles of rituximab with CHOP 
every 21 days, or 8 cycles of rituximab with CHOP every 14 days, or 6 cycles of rituximab with 
CHOP every 14 days followed by an additional 2 cycles of rituximab only. 
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Figure 8 Trial Design for DLBCL (Trial MO28107/MabEase) 
 

 
[Source: Roche Clinical Study Report MO28107 page 29] 
 
Patients were randomized 2:1 to the rituximab SC arm or the rituximab IV arm.  Patients 
randomized to the rituximab SC arm received rituximab SC at a fixed dose of 1400 mg in Cycles 
2 to 8 after the first cycle with rituximab IV 375 mg/m2.  Patients randomized to the rituximab 
IV arm received rituximab IV 375 mg/m2. An interim staging was done after the first 4 cycles. 
The primary endpoint of CR/CRu was based on investigator assessment at the end of induction. 
The secondary endpoints include event-free survival (EFS), disease-free survival (DFS), 
progression free survival (PFS) and overall survival (OS).  

3.4 BO25341/SAWYER 

Study BO25341, also known as SAWYER, was a two part clinical trial entitled “An adaptive, 
comparative, randomized, parallel-group, multi-center, Phase Ib study of subcutaneous (SC) 
rituximab versus intravenous (IV) rituximab both in combination with chemotherapy 
(fludarabine and cyclophosphamide), in patients with previously untreated Chronic Lymphocytic 
Leukemia”.  This trial was designed with two parts, the primary objective of part 1 (pilot dose 
selection) was to confirm a selected rituximab SC  dose that would result in a Ctrough comparable 
to rituximab IV.  
 
In Part 1, the first dose was rituximab IV 375 mg/m2, doses 2 to 5 were rituximab IV 500 mg/m2, 
and dose 6 was rituximab SC 1400 mg, 1600 mg or 1870 mg. PK parameters were assessed 
during cycles 5 (rituximab IV) and cycle 6 (rituximab SC).  The schema for part 1 is displayed in 
Figure 9.  
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Figure 9 Trial Design for CLL – Part A (BO25341/SAWYER) 

 
[Source: Roche Clinical Study Report- Protocol BO25341 page 42] 
 
The primary objective for part 2 was to establish non-inferiority in observed Ctrough levels 
between the selected rituximab SC dose and rituximab IV.  For this part, patients were 
randomized 1:1 to rituximab IV (cohort B) or rituximab SC (cohort C). The schema for part 2 is 
displayed in Figure 10.  

Figure 10 Trial Design for CLL – Part B (BO25341/SAWYER) 

 
[Source: Roche Clinical Study Report- Protocol BO25341 page 43] 
 
As shown in Figure 10, patients received 6 cycles of treatment with an interim staging after 3 
cycles and patients with progressive disease at that point were withdrawn from the study. 
Rituximab was given as an IV infusion for the first cycle for all patients.  Similar to part 1, the 
dose for the rituximab IV arm (cohort B) was 375 mg/m2 for cycle 1 followed by rituximab IV 
500 mg/m2 for doses 2-6.  For the rituximab SC arm, for first cycle was rituximab IV 375 mg/m2, 
followed by rituximab SC 1600 mg SC for cycles 2-6.  The primary endpoint of the Part 2 of the 
BO25341/SAWYER study was non-inferiority in Ctrough between rituximab SC over rituximab 
IV arm. The secondary endpoint was response rate including CR, complete response with 
incomplete bone marrow recovery (CRi), and partial response (PR). 
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3.5 MO28457/PrefMab 

PrefMab is a Phase IIIb, prospective, multi-center, multinational, open-label, randomized study 
in 743 adult patients with previously untreated CD20-positive DLBCL or CD20-postive FL 
Grade 1, 2, or 3a. Prior to starting therapy, all eligible patients were randomized in a 1:1 ratio to 
Treatment Arm A (or Arm B as shown in Figure 11. Patients received rituximab SC at a fixed 
dose of 1400 mg and received rituximab IV at a dose of 375 mg/m2. Subjects were administered 
a patient preference questionnaire (PPQ) following cycles 6 and cycle 8, and were stratified 
according to age (<60 years and ≥60 years), International Prognostic Index (IPI) or Follicular 
Lymphoma International Prognostic Index (FLIPI) risk category (low, low-intermediate, high-
intermediate, and high), and chemotherapy regimen (CHOP; cyclophosphamide, vincristine, 
prednisone/prednisolone [CVP]; or bendamustine), which was selected by the investigator before 
randomization. The primary endpoint for PrefMab was the proportion of patients who preferred 
rituximab SC over rituximab IV. 

Figure 11 Trial Design for Patient Preference Study (MO28457/PrefMab) 

 
 [Source: Roche Clinical Study Report MO28457 CSR Page 4] 
 
4. PK Bridging Strategy in Development of Rituximab SC  

PK data to support the clinical development of rituximab SC was collected from three clinical 
studies in patients with FL and CLL (Table 3). Two of the three studies had dose selection and 
dose confirmation components. The first dose selection study was conducted in patients with FL 
and compared the labeled rituximab IV 375 mg/m2 dose with rituximab SC doses to select a 
rituximab SC dose of 1400 mg for the treatment of patients with NHL.  A second dose selection 
was conducted in patients with CLL and compared the rituximab IV 500 mg/m2 dose to 
rituximab SC doses to select a dose of 1600 mg for the treatment of patients with CLL. The non-
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inferiority of rituximab Ctrough following rituximab SC doses relative to rituximab IV doses were 
then evaluated in the dose confirmation studies.   

Table 3 Studies conducted to support development of rituximab SC 

Study 
(Population) 

Objective per Study Stage 

Dose Selection Stage Dose Confirmation Stage 

BP22333 (FL) 
Identify a SC dose that yielded 
comparable Ctrough to the IV dose 

Demonstrate Ctrough non-inferiority of SC 
dose when given every 2 or 3 months 

BO22334 (FL) Not Applicable 
Demonstrate Ctrough non-inferiority of 
1400 mg SC compared to 375 mg/m2 IV 

BO25341 
(CLL) 

Determine a SC dose that yielded 
comparable Ctrough to IV dose 

Demonstrate Ctrough non-inferiority of 
1600 mg SC compared to 500 mg/m2 IV 

 
When assessing the adequacy of the PK data provided to demonstrate the efficacy of rituximab 
SC by leveraging data from rituximab IV, the Food and Drug Administration (FDA) review 
evaluated the following questions: 

 Do the proposed rituximab SC doses of 1400 and 1600 mg provide adequate systemic 
exposures relative to exposures obtained following rituximab IV doses of 375 and 500 
mg/m2? 

 Do the proposed fixed doses of rituximab SC 1400 and 1600 mg provide adequate 
systemic exposures across all body surface area (BSA) sizes for their respective 
indications? 

 Do differences in Ctrough between rituximab SC and rituximab IV lead to differences in 
safety? 

4.1 Do the proposed rituximab SC doses of 1400 and 1600 mg provide adequate systemic 
exposures relative exposures obtained following rituximab IV? 

Non-Hodgkin’s Lymphoma 

4.1.1.1 Dose Selection and Confirmation 

The initial selection of an appropriate dose for NHL was evaluated in the maintenance phase of 
treatment of patients with previously untreated and relapsed/refractory FL, who had received 
rituximab-containing induction therapy, achieved at least a partial response PR, and received at 
least one cycle of rituximab IV in maintenance (Stage 1 of Study BP22333). In this study, 
patients were administered rituximab IV 375 mg/m2 IV, or rituximab SC 375 mg/m2, 650 mg/m2, 
or 800 mg/m2 to determine which SC dose would yield comparable Ctrough to that observed 
following rituximab IV 375 mg/m2. Additional details on the design of Study BP22333 are 
provided in Section 3.1. 
 
The geometric means of the Ctrough and the geometric mean ratios (GMR) of the SC to IV dosing 
regimen Ctrough are shown in Table 4. 
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Table 4 Geometric mean (%CV) of the Ctrough by regimen and dosing schedule and 
SC to IV geometric mean ratio (90% CI) for Study BP22333 (Stage 1)  
Dosing 
Schedule 

Regimen N Geometric mean (CV%) GMR for SC/IV (90% CI) 

Every 2 
months 

375 mg/m2 IV 9 38.1 (69)  
375 mg/m2 SC 17 18.1 (85) 0.475 (0.279 – 0.81) 
625 mg/m2 SC 17 35.6 (51) 0.933 (0.588 – 1.48) 
800 mg/m2 SC 21 39.3 (80) 1.03 (0.625 – 1.70) 

Every 3 
months 

375 mg/m2 IV 6 14.2 (44)  
375 mg/m2 SC 15 11.7 (56) 0.823 (0.546 – 1.24) 
625 mg/m2 SC 13 12.4 (65) 0.871 (0.558 – 1.36) 
800 mg/m2 SC 17 16.8 (86) 1.18 (0.735 – 1.90) 

Based on the findings from stage 1, the 800 mg/m2 SC dose, for both the Q2M and Q3M, was 
shown to achieve equal or greater rituximab Ctrough relative to the 375 mg/m2 IV dose.  
Using modeling and simulation approaches, the body surface area (BSA)-based dose of 800 
mg/m2 SC was converted to a fixed 1400 mg SC dose. The 1400 mg dose of rituximab SC was 
then evaluated in the maintenance phase of the treatment in patients with FL (Stage 2 of 
BO22333). 
 
In Stage 2 of BO22333, patients were randomized to receive rituximab SC 1400 mg or  
rituximab IV 375 mg/m2 every 2 or 3 months. As shown in Figure 12 and Table 5, for the Q2M 
and Q3M  regimens, the Ctrough in rituximab SC 1400 mg arm was consistently higher than that in 
the rituximab IV 375 mg/m2 arm.  
 
Figure 12 Comparisons of the Ctrough after the administration of rituximab SC 1400 mg and 
rituximab IV 375 mg/m2 over time by dosing schedule 
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Note for above figure: The horizontal line represents the median, the top and bottom of the box represent the 25 and 
75 percentile, the top and bottom line represent the 5 and 95 percentile and the circles represent the values lower 
than the 5 percentile. 
 
Table 5 Geometric mean (%CV) of the observed Ctrough by regimen and dosing 
schedule and the SC to IV geometric mean ratio (90% CI) for Study BO22333 (Stage 2) 
at Maintenance Cycle 2 
Dosing 
Schedule 

Regimen N Geometric mean 
(%CV) 

GMR for SC/IV (90% CI) 

Q2Months 
375 mg/m2 IV 37 30.2 (57)  
1400 mg SC 41 36.6 (54) 1.21 (0.98 – 1.50) 

Q3Months 
375 mg/m2 IV 34 14.5 (56)  
1400 mg SC 34 19.0 (65) 1.32 (1.03 – 1.68) 

4.1.1.2 Dose Confirmation. 

The rituximab SC 1400 mg dose was confirmed in Study BO22334, a two-stage, phase III study 
designed to investigate the PK, efficacy, and safety of rituximab SC in combination with CHOP 
or CVP chemotherapy in induction followed by maintenance with rituximab as monotherapy in 
patients with previously untreated FL. In this study, patients were randomized to receive 
rituximab IV 375 mg/m2 or rituximab SC 1400 mg starting from Cycle 2. In the induction phase, 
patients received 8 cycles of chemotherapy including rituximab every 3 weeks. Additional 
details on the design of Study BO22334 are provided in Section 3.2. 
 
In order to evaluate the impact of the rituximab SC dose over time, the geometric mean ratio 
(GMR) of the SC to IV Ctrough were calculated and are shown in Figure 13 and Table 6, 
respectively. 

Figure 13 The change in the SC/IV Ctrough Geometric Mean Ratio (90% CI) over time for 
Study BO22334 
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Table 6 Geometric mean (%CV) of the Ctrough for the SC and IV arm and the SC to IV 
geometric mean ratio (90% CI) for Study BO22334 – predose Cycle 7 (Induction Phase) 
and pre dose Cycle 18 (Maintenance Phase)
Phase Cycle Rituximab IV Rituximab SC GMR for SC/IV 

(90% CI) N Geometric 
mean (%CV) 

N Geometric mean 
(%CV) 

Induction 7 185 78.7 (68.6) 175 121 (52) 1.53 (1.39 – 1.71) 
Maintenance 18 143 28.6 (57.1) 132 44.8 (62) 1.58 (1.39 – 1.76) 

As shown in Figure 13 and Table 6, the geometric mean ratios for SC/IV Ctrough and 90% CI of 
the Ctrough were higher than 1 over the duration of the study indicating that rituximab SC leads to 
consistently higher Ctrough relative to rituximab IV, supporting the rituximab SC 1400 mg dose. 

Chronic Lymphocytic Leukemia (CLL) 

4.1.1.3 Dose Selection and Confirmation 

The dose for evaluation in CLL was initially evaluated in the Stage 1 of Study BPO25341, which 
was a two part clinical trial entitled “An adaptive, comparative, randomized, parallel-group, 
multi-center, Phase Ib study of subcutaneous (SC) rituximab versus intravenous (IV) rituximab 
both in combination with chemotherapy (fludarabine and cyclophosphamide), in patients with 
previously untreated CLL”. In Stage 1, patients received rituximab IV 375 mg/m2 in Cycle 1;  in 
cycles 2-5, patients were assigned to receive either rituximab IV 500 mg/m2, rituximab SC 1400 
mg, 1600 mg, or 1870 mg. Pre-dose Cycle 5 and Cycle 6 Ctrough were then evaluated. Additional 
details on the design of Study BO25431 are provided in Section 3.4. 
 
The geometric means of the Ctrough 28 days after the last rituximab IV dose and after the 
rituximab SC dose and the geometric mean ratios (GMR) are shown in Figure 14 and Table 6, 
respectively. 

Figure 14 Comparisons of Ctrough 28 days after the administration of rituximab IV 500 
mg/m2 and rituximab SC 1600 mg for Study BO25341 (Stage 1) 
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Note for above figure: The horizontal line represents the median, the top and bottom of the box represent the 25 and 
75 percentile, the top and bottom line represent the 5 and 95 percentile and the circles represent the values lower 
than the 5 percentile. 
 
Table 7 Geometric Mean (%CV) 28 days after the last rituximab IV dose and after the 
rituximab SC dose and the geometric mean ratios (90% CI) for Study BO25341 (Stage 1) 
Dose 28 days after 500 mg/m2 IV 28 days post SC dose  GMR for SC/IV 

(90% CI) Geometric mean (%CV) Geometric mean (%CV) 
1400 mg (n=16) 59.2 (45) 77.5 (38) 1.31 (1.17 – 1.46) 
1600 mg (n=17) 49.6 (117) 83.8 (96) 1.69 (1.30 – 2.19) 
1870 mg (n=22) 61.7 (46) 93.6 (44) 1.52 (1.41 – 1.64) 
 
Given that rituximab SC 1600 mg did not result in an appreciable difference in Ctrough compared 
to rituximab SC 1870 mg, the rituximab SC 1600 mg dose was selected for the dose 
confirmation part of Study BO23451. 

4.1.1.4 Dose Confirmation 

The rituximab SC 1600 mg dose was confirmed in Stage 2 of Study BO25431. Patients enrolled 
in this Stage were randomized to receive rituximab SC 1600 mg or rituximab IV 500 mg/m2 in 
Cycles 2 to 6, after an initial dose of rituximab IV 375 mg/m2 in Cycle 1. In order to evaluate the 
impact of the rituximab SC dose over time, the geometric mean ratio of the SC to IV Ctrough were 
calculated and are shown in Figure 15 and Table 8, respectively. 

Figure 15 Geometric mean ratio (90% CI) over time for 1600 mg SC vs. the 500 mg/m2 IV 
doses (Study BO25341 – Stage 2) 
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Table 8 Geometric mean (%CV) of the Ctrough for the SC and IV arm and the SC to IV 
geometric mean ratio (90% CI) for Study BO25341 after Cycle 2
Cycle Sample Day Rituximab IV Rituximab SC GMR for SC/IV 

(90% CI) N Geometric 
mean (%CV) 

N Geometric 
mean (%CV) 

2 Pre dose 72 2.40 (102) 75 3.15 (105) 1.31 (0.99 – 1.74) 
3 Pre dose 76 15.7 (124) 80 28.1 (108) 1.79 (1.32 – 2.44) 
4 Pre dose 74 33.6 (105) 78 55.1 (80) 1.64 (1.28 – 2.10) 
5 Pre dose 72 52.5 (88) 78 72.8 (73) 1.39 (1.11 – 1.73) 
6 Pre dose 72 60.2 (76) 74 86.5 (66) 1.44 (1.18 – 1.44) 

28 days Post dose 71 75.9 (71) 72 96.6 (71) 1.27 (1.04 – 1.55) 
56 days Post dose 72 34.1 (100) 72 47.1 (87) 1.38 (1.06 – 1.79) 

 
As shown in Figure 15 and Table 8, the geometric mean ratios for SC/IV and 90% CI of the 
Ctrough were consistently higher than 1 over the duration of the study indicating that the Ctrough 
after the SC administration was consistently higher than after IV dosing. 

4.2 Do the proposed fixed doses of rituximab SC 1400 and 1600 mg provide adequate 
systemic exposures across all BSA sizes for their respective indications 

Given that BSA-based dosing allows individualization of doses based on BSA, a transition to 
fixed dosing could lead to under- or over-dosing of patients in the extremes of the BSA 
spectrum. As shown in Figure 16 using data from Study BO22334, the distribution of rituximab 
Ctrough across BSA sizes appears to be consistent following Rituxmab IV 375 mg/m2. The solid 
black line represents the median Ctrough after the IV dose. However, as expected, the Ctrough 
following the rituximab SC 1400 mg dose was consistently equal or higher than that observed 
after the rituximab IV dose, with a gradual decrease with increasing BSA. The FDA concludes 
that rituximab 1400 mg SC will lead to fairly consistent Ctrough across all BSA sizes relative to 
375 mg/m2 rituximab IV. As shown in Figure 17, similar results were observed for the rituximab 
SC 1600 mg dose compared to the rituximab IV 500 mg/m2 dose. 
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Figure 16 Relationship between observed Ctrough and body surface area for rituximab IV 
375 mg/m2 and rituximab SC 1400 mg 

 

Figure 17 Relationship between observed Ctrough and body surface area for rituximab IV 
500 mg/m2 and rituximab SC 1600 mg  

 

4.3 Do differences in Ctrough between rituximab SC and rituximab IV lead to differences in 
safety? 

Neutropenia, serious adverse events (SAE), and adverse events (AE) ≥ Grade 3 were identified 
as potentially clinically important safety endpoints to be considered with higher rituximab 
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exposures. As such, the impact of exposure on these safety endpoints were explored by 
evaluating the relationship between Ctrough and each of these safety endpoints in patients with FL 
using data from Study BO22334 and in patients with CLL using data from Study BO23541. 
These exposure-response relationships for safety were evaluated using a logistic regression 
model. 
 
Based on the univariate evaluations relating exposure to each of the safety endpoints, no 
significant relationships was observed between Ctrough and each of the safety endpoints (See 
Figure 18 and Figure 19) in patients with NHL and CLL.  
 
Figure 18 Relationship between probability of any SAE and Ctrough during induction period 
(From cycle 1 until end of induction) 
 

 
Source: Applicant’s Response to FDA Information Request 04Jan2017 
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Figure 19 Relationship between probability of any AE Grade ≥ 3 and Ctrough during 
induction period (From cycle 1 until end of induction) 

 
Source: Applicant’s Response to FDA Information Request 04Jan2017 
 
5. Clinical Efficacy and Safety 

For safety and efficacy, the objective was to describe the data and to determine if efficacy is 
compromised, or if safety risk is increased by the use of rituximab SC compared to  rituximab 
IV.  Three clinical trials will be discussed: BO22334/SABRINA in patients with FL, 
MO28107/MabEase in patients with DLBCL and BO25341/SAWYER in patients with CLL. 
From an efficacy perspective, none of the studies had pre-specified hypotheses testing on the 
efficacy endpoints. The studies were not powered for the clinical efficacy endpoints either. For 
each study, there are multiple secondary endpoints; however, no adjustment for multiplicity is 
carried out.  
 
The evaluation of safety is descriptive.  While the difference in safety events between the two 
arms is discussed, this is not meant to imply statistical significance. An area of concern this 
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safety evaluation does not address is long term safety.  Rituximab IV is typically given with each 
subsequent regimen or line of chemotherapy. Patients, over the course of their disease, may 
receive multiple courses of rituximab. The trials discussed are all in the first line indication.  
None of the trials discussed address the potential longer term risks if multiple courses of 
rituximab SC are given.   

5.1 Follicular Lymphoma 

The safety and efficacy of rituximab SC was described in trial BO22334 or SABRINA. As 
discussed previously (Section 3.2), the same design was used in the two stages with more 
extensive PK sampling in stage 1. For safety and efficacy, the two stages were analyzed together. 

Patient Population 

The patient population was ≥18 year of age with histologically confirmed CD20-positive 
follicular lymphoma grade 1, 2, or 3a according to WHO classification. Patients with 3b 
follicular lymphoma, transformation to high-grade, presence of CNS disease (lymphoma or 
lymphomatous meningitis) or other types of NHL were excluded. Patients could not have 
received prior treatment. Other pertinent inclusion and exclusion criteria are below. 
 
Inclusion (summarized) 

 Tumor biopsy within 6 months available for central review.  Tissue samples > 6 months 
old were acceptable if certain criteria were met.  

 One of the following signs or symptoms requiring treatment 
o Bulky disease defined as a nodal or extranodal (except spleen) mass ≥ 7 cm in its 

greatest diameter 
o B-symptoms 
o Elevated serum lactate dehydrogenase (LDH) or β2-microglobulin 
o Involvement of at least 3 nodal sites (each with a diameter greater than 3 cm) 
o Symptomatic spleen enlargement 
o Compressive syndrome 
o Pleura/peritoneal effusion 

 Eastern Cooperative Oncology Group (ECOG) performance status of 0-2 
 Life expectancy of 6 months or more 
 Adequate hematologic function within 28 days unless related to lymphoma infiltration of 

the bone marrow 
o Hemoglobin ≥ 8.0 g/dL 
o Absolute neutrophil count (ANC) ≥ 1.5 x 109/L 
o Platelet count ≥ 100 x 109/L 
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Exclusion criteria (summarized) 
 Corticoid therapy during the last 4 weeks, unless the dose was below 20 mg/day 

prednisone equivalent 
 Presence or history of malignancies other than FL  
 Any of the following abnormal laboratory values 

o Serum creatinine >2 mg/dL 
o Total bilirubin > 1.5 x upper limit of normal (ULN) with an exception for patients 

with Gilbert’s disease 
o Aspartate aminotransferase (AST) or alanine aminotransferase (ALT) >2.5 x ULN 

(or > 5 x ULN if liver involvement) 
 Active hepatitis B virus or hepatitis C virus or history of hepatitis B virus infection 
 Known human immunodeficiency virus (HIV) disease 
 Known active bacterial, viral, fungal or mycobacterial, or any major episode of infections 

requiring hospitalization or treatment with IV antibiotics within 4 weeks of start of study 
medication, or oral antibiotics within 2 weeks prior to start of study medication 

 Organ transplantation including stem cell transplantation 
 Uncontrolled concomitant diseases which could affect compliance with the protocol or 

interpretation of results, including significant cardiovascular disease (such as New York 
Heart Association class III or IV cardiac disease, myocardial infarction within the last 6 
months, unstable arrhythmias, or unstable angina) or pulmonary disease (including 
obstructive pulmonary disease and history of symptomatic bronchospasm) 

Trial Design 

As discussed previously (Section 3.2), the trial was a two-stage, international, multicenter, 
randomized, controlled, open-label trial to evaluate PK, efficacy, and safety. Patients received 
induction treatment of rituximab in combination with CHOP or CVP followed by maintenance 
treatment with rituximab monotherapy.  The randomization ratio was 1:1 and randomization was 
stratified by selected chemotherapy (CHOP or CVP), FLIPI score (low-risk, intermediate-risk, or 
high-risk), and region, (Europe and North America, South and Central America, and Asia). 
 
Patients randomized to the rituximab SC arm received the first dose of rituximab IV.  Patients 
were to receive 8 cycles of induction therapy with an interim assessment after 4 cycles. Patients 
with CR, CRu, PR or SD at the interim assessment were to continue with induction treatment. 
Patients receiving CHOP as the backbone had two options, 6 cycles of R-CHOP with the last two 
cycles of induction being rituximab only or 8 cycles of R-CHOP.  After induction, patients with 
CR, CRu or PR, were to continue rituximab maintenance every 8 weeks for 2 years. The 
rituximab IV dose of 375 mg/m2 in this trial was compared to rituximab SC 1400 mg. The 
schema for the trial is displayed in Figure 20. 
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Figure 20 Trial Design in Follicular Lymphoma (trial BO22334/SABRINA) 

  
[Source: Clinical Study Report Hoffmann-La Roche Ltd Protocol BO22334 page 39] 
 
Statistical Evaluation 
 
The primary endpoint in the study was investigator-assessed objective response rate (ORR). 
ORR was defined as CR, CRu and PR in each treatment arm at the end of completion of 
induction treatment. 
 
The secondary endpoints are CRR (CR and CRu) at the end of completion of induction 
treatment, ORR and CRR at the end of completion of maintenance treatment, and time-to-event 
endpoints (Progression-free survival (PFS), Event-free survival (EFS), Overall Survival (OS)).  
 
PFS was defined as time from randomization to disease progression, relapse, or death due to any 
cause. If the specified event (i.e., disease progression/relapse or death) did not occur, PFS was 
censored at the last tumor assessment date either during the treatment period or the follow-up 
period. 
 
EFS was defined as time from randomization to disease progression/relapse, death or initiation of 
new non-Hodgkin’s lymphoma (NHL) therapy treatment. If the specified event (i.e., 
progression/relapse, death or new NHL treatment) did not occur, EFS was censored at the last 
tumor assessment date either during the treatment period or the follow-up period. 
OS was defined as time from randomization to death due to any cause. Patients without death 
were censored at the last time known to be alive. 
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Figure 22 Kaplan Meier for OS for FL 

 
 

Safety Evaluation 

The ITT population consisted of 205 patients in each arm.  The safety population was defined as 
patients who received at least one dose of rituximab IV or SC, analyzed as treated.  Six patients 
randomized to rituximab SC withdrew after cycle 1 (the first cycle for all patients is rituximab 
IV), and were analyzed in the rituximab IV arm for the safety population. One patient in the 
rituximab IV arm and 2 patients in the rituximab SC arm discontinued prior to receiving 
rituximab.  Thus, the safety population was 210 for rituximab IV and 197 for rituximab SC for 
this trial.  
 
The majority of patients, 89.5% in the rituximab IV arm and 90.9% in the rituximab SC arm 
completed all eight cycles of induction treatment. A total of 69.0% in the rituximab IV arm and 
69.5% in the rituximab SQ arm completed all 20 cycles. 
 
Deaths within 30 days 
 
A total of 3 patients (1.4%) on the rituximab IV arm and 4 patients (2.0%) on the rituximab SC 
arm died within 30 days of last dose.  The causes of death on the rituximab IV arm were acute 
respiratory failure, myocardial infarction/pneumonia and infection/hepatic coma.  The causes of 

OS 
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o total bilirubin ≥1.5 x ULN unless Gilbert’s disease then patient eligible if total 
bilirubin ≤ 3.0 x ULN 

 Known HIV disease 
 Active or severe bacterial, viral, fungal, mycobacterial, parasitic or other infection or any 

major infection requiring IV antibiotics within 4 weeks prior to start 
 Active hepatitis B virus or active hepatitis C virus.  Patients with occult or prior hepatitis 

B infection with undetectable deoxyribonucleic acid may be included but followed 
closely. Patients positive for hepatitis C antibody are eligible if polymerase chain reaction 
testing for hepatitis C virus ribonucleic acid is negative.  Prior treatment with cytotoxic 
drugs or rituximab for another condition or prior use of an anti-CD20 antibody 

 Treatment with a monoclonal antibody within 3 months 
 Ongoing corticosteroid use at a dose of >20 mg/day of prednisone or equivalent 
 Life expectancy of less than 6 months 

Trial Design 

This was a phase IIIb, multi-center, international, open label trial in patients randomized 2:1 to 
rituximab SC + CHOP and rituximab IV + CHOP.  Patients were stratified by age (<60 and 
≥60 years), IPI risk category (low, low-intermediate, high-intermediate, and high), and 
chemotherapy regimen (CHOP-21 and CHOP-14). Patients were to receive 8 cycles of rituximab 
with 6 or 8 cycles of CHOP-21 or 6 or 8 cycles of CHOP-14.  Response was assessed 
approximately one month after day 1 of the last cycle. An interim staging was done after 4 
cycles. All patients received the first cycle with rituximab IV.  The trial schema is displayed in 
Figure 23. 

Figure 23 Trial schema for DLBCL (trial MO28107/MabEase) 

 
[Source: Roche Clinical study Report MO28107 page 29] 
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Figure 24 Kaplan Meier PFS plot for DLBCL 

 

Figure 25 Kaplan Meier OS plot for DLBCL 

 

PFS 

OS 
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 Known HIV 
 Clinically significant autoimmune cytopenia including Coombs positive hemolytic 

anemia 
 Inadequate liver function:  

o alkaline phosphatase and transaminases > 2 x ULN  
o total bilirubin > 2 x ULN  

 Inadequate renal function: creatinine clearance <70 ml/min calculated according to 
Cockcroft and Gault formula 

 Concomitant disease requiring prolonged use of glucocorticoids (> 1 month) unless 
below 20 mg/day prednisone 

 Active bacterial, viral, or fungal infection requiring systemic therapy 
 Uncontrolled concomitant diseases, including significant cardiovascular disease (New 

York Heart Association class III or IV cardiac disease, myocardial infarction within 6 
months, unstable arrhythmias, or unstable angina) or pulmonary disease (including 
obstructive pulmonary disease and history of symptomatic bronchospasm)  

 Any patient with a history of malignancy with less than 5 years remission must be 
approved by the Roche Clinical Scientist 

Trial Design 

For part 2 patients with untreated CLL were randomized 1:1 to rituximab IV (cohort B) or 
rituximab SC (cohort C).  Cohort A was part 1 and is not discussed here.  Treatment was 
rituximab 375 mg/m2 for the first cycle for both treatment arms combined with FC followed by 
rituximab IV 500 mg/m2 + FC in the rituximab IV arm and rituximab 1600 mg SC + FC in the 
rituximab SC arm.  Cycles were every 28 days for 6 cycles. Patients could receive FC either 
orally or intravenously.  For fludarabine, the IV dose was 25 mg/m2 IV days 1-3 or the oral 
regimens of 24 mg/m2 days 1-5 or 30-40 mg/m2 on day 1-3.  Cyclophosphamide was 250 mg/m2 
IV on days 1-3 or 150 mg/m2 orally on days 1-5 or 200-250 mg/m2 orally on days 1-3.  Patients 
were stratified by Binet stage (A, B or C) and route of chemotherapy (IV or oral). The schema 
for the trial is displayed in Figure 26. 

















 
   
  BLA 761064  

ODAC Briefing Document  Rituximab and hyaluronidase 
 

53 

7. Conclusion 

The Applicant used primarily a PK-bridging approach to establish the safety and effectiveness of 
a rituximab and hyaluronidase product intended for subcutaneous route of administration. A 
notable feature of the Applicant’s approach was the targeting of a trough concentration (Ctrough) 
for the rituximab SC product that would be at least as high as that achieved with the rituximab IV 
product. Additional changes include the use of a fixed-dose regimen instead of BSA-based 
dosing, and the addition of hyaluronidase to facilitate absorption and administration. 
 
FDA verified that rituximab SC achieved equal or higher Ctrough relative to rituximab IV in 
patients with FL, DLBCL, and CLL. The addition of hyaluronidase increased the absorption rate 
of rituximab. The fixed-dosing strategy lead to reasonably consistent Ctrough across all BSA sizes 
relative to BSA-based dosing of rituximab IV.  
 
Although the clinical trials were not designed for efficacy hypothesis testing, the efficacy results  
between rituximab SC and rituximab IV are comparable.  
 
There were no major differences in safety findings between rituximab SC and rituximab IV, with 
the exception of increase in administration site-related local reactions with rituximab SC. In 
addition, exposure-response analyses for safety did not show significant relationships between 
Ctrough and any of the safety endpoints evaluated.  
 
Finally, results based on the PPQ instrument from the PrefMab clinical trial, demonstrate that 
80% of the patients preferred rituximab SC over rituximab IV. 
 
FDA requested discussion at ODAC to obtain feedback and insights on the acceptability of the 
above development approach to support the approval of the rituximab SC product for the same 
oncologic indications as intravenous rituximab (Rituxan).  
  



 
   
  BLA 761064  

ODAC Briefing Document  Rituximab and hyaluronidase 
 

54 

 
8. REFERENCES 

1. Rituxan® [Package Insert]. March 2, 2017]; Available from: 
http://www.accessdata.fda.gov/drugsatfda docs/label/2014/103705s5432lbl.pdf. 

2. Hylenex ® [Package Insert]. March 2, 2017]; Available from: 
http://www.accessdata.fda.gov/drugsatfda_docs/label/2016/021859s023lbl.pdf. 

3. Providing Clinical Evidence of Effectiveness for Human Drug and Biological Products. 
Available from: 
<https://www.fda.gov/downloads/Drugs/GuidanceCompliance%20RegulatoryInformatio
n/Guidances/UCM078749.pdf>. 

4. Justice, R. Summary Review. Available from: 
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2009/022277s000_SumR.pdf. 

5. Clinical Pharmacology and Biopharmaceutics Review(s). Available from: 
http://www.accessdata.fda.gov/drugsatfda docs/nda/2006/022012s000 ClinPharmR.pdf. 

6. Application Number: 208424Orig1s000 Clinical Pharmacology and Biopharmaceutics 
Review(s). Available from: 
http://www.accessdata.fda.gov/drugsatfda_docs/nda/2016/208424Orig1s000ClinPharmR.
pdf. 

7. Ann Farrell, M. Supplement Approval. Available from: 
http://www.accessdata.fda.gov/drugsatfda docs/appletter/2014/125359Orig1s085ltr.pdf. 

8. Shpilberg, O. and C. Jackisch, Subcutaneous administration of rituximab (MabThera) 
and trastuzumab (Herceptin) using hyaluronidase. Br J Cancer, 2013. 109(6): p. 1556-61. 

9. Jager, U., et al., Rituximab serum concentrations during immuno-chemotherapy of 
follicular lymphoma correlate with patient gender, bone marrow infiltration and clinical 
response. Haematologica, 2012. 97(9): p. 1431-8. 

10. Tobinai, K., et al., Japanese multicenter phase II and pharmacokinetic study of rituximab 
in relapsed or refractory patients with aggressive B-cell lymphoma. Ann Oncol, 2004. 
15(5): p. 821-30. 

11. Igarashi, T., et al., Factors affecting toxicity, response and progression-free survival in 
relapsed patients with indolent B-cell lymphoma and mantle cell lymphoma treated with 
rituximab: a Japanese phase II study. Ann Oncol, 2002. 13(6): p. 928-43. 

 




