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THIS SUBJECT
• Rituximab plus fludarabine and
cyclophosphamide is the standard treatment
for chronic lymphocytic leukaemia (CLL).

• Intravenous (i.v.) rituximab administration is

• This study investigates a new rituximab
formulation for subcutaneous (s.c.)
administration that could shorten
administration times and improve patient
convenience.

WHAT THIS STUDY ADDS
• Rituximab s.c. 1600mg is predicted to
achieve non-inferior Ctrough compared with
4 weekly rituximab i.v. 500mgm–2.

• Safety profiles for rituximab s.c. and i.v. were
similar and >90% of patients preferred s.c.
administration.
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WHAT IS ALREADY KNOWN ABOUT

AIMS
The aim of the phase Ib, two part SAWYER study (BO25341;
NCT01292603) was to investigate the pharmacokinetics and safety of
subcutaneous (s.c.) rituximab compared with intravenous (i.v.)
rituximab, both in combination with fludarabine and
cyclophosphamide (FC), as first line treatment for patients with chronic
lymphocytic leukaemia (CLL).
inconvenient for patients and burdensome

on healthcare resources.
 METHODS
During part 1 (dose-finding), CLL patients received rituximab i.v.
followed by a single dose of rituximab s.c. at one of three fixed doses
(1400, 1600 or 1870mg) in cycle 6. The primary objective was to
identify a fixed s.c. dose that would achieve comparable rituximab
serum trough concentrations (Ctrough) to those achieved with the
standard 4 weekly 500mgm–2 rituximab i.v. dose.
RESULTS
Fifty-five patients received a fixed dose of rituximab s.c., 16 received
1400mg, 17 received 1600mg and 22 received 1870mg. The 1600mg
dose was predicted to achieve non-inferior Ctrough to standard
rituximab i.v. treatment. The rituximab s.c. safety profile was comparable
with rituximab i.v., except that local administration-related reactions,
mainly mild/moderate injection site reactions, occurred more frequently
with rituximab s.c., which was not unexpected. Subcutaneous adminis-
tration was preferred to i.v. administration by >90% of patients and
nurses (n= 112).
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• CLL treatment comprising rituximab s.c. and
oral chemotherapy could substantially
reduce i.v. chair time.
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CONCLUSIONS
SAWYER part 1 data predict that rituximab s.c. 1600mg will achieve
non-inferior Ctrough concentrations to rituximab i.v. 500mgm–2,
administered 4 weekly. This fixed s.c. dose is currently undergoing
formal non-inferiority assessment in SAWYER part 2. In future, CLL
treatment regimens comprising rituximab s.c. and oral FC could
substantially reduce i.v. chair time.
Figure 1
Study design. AUC, area under the plasma concentration–time curve;
CLL, chronic lymphocytic leukaemia; Ctrough, trough serum concentra-
tion; FC, fludarabine and cyclophosphamide; i.v., intravenous; PK, phar-
macokinetic; s.c., subcutaneous
Introduction

Rituximab (MabThera®, Rituxan®), a chimeric anti-CD20
monoclonal antibody, in combination with fludarabine
and cyclophosphamide (FC) has improved both progres-
sion free and overall survival as first line treatment for
physically fit patients with chronic lymphocytic leukae-
mia (CLL) [1].

Rituximab is currently administered as an intravenous
(i.v.) infusion over 2.5–4h, which is inconvenient for pa-
tients and burdensome on healthcare resources. Subcuta-
neous (s.c.) administration of rituximab could simplify
drug delivery, shorten administration times and improve
patient convenience, as previously shown for trastuzumab
and alemtuzumab [2, 3].

The existing rituximab i.v. formulation is unsuitable for
s.c. administration as the volumes required to deliver an
efficacious dose would exceed tolerable levels. S.c.
administration of rituximab was made possible by
hyperconcentrating rituximab (12-fold compared with
the i.v. formulation) and including rHuPH20 as an excipi-
ent. rHuPH20 transiently degrades interstitial hyaluronan
at the injection site, allowing administration of larger vol-
umes and facilitating drug entry into the circulation [4–8].

Together with SparkThera (NCT00930514) and
SABRINA (NCT01200758), SAWYER is part of the rituxi-
mab s.c. clinical development programme. These studies
are designed to demonstrate pharmacokinetic non-
inferiority of selected rituximab s.c. doses vs. established
i.v. dosing regimens for follicular lymphoma (FL) and CLL
(pharmacokinetic bridging), and confirm that rituximab’s
anti-lymphoma activity is not impaired by a change in
administration route (clinical bridging). The underlying
hypothesis is that a rituximab s.c. dose which achieves
serum trough concentrations (Ctrough) at least as high as
those achieved with rituximab i.v., would result in at least
the same degree of target site saturation and hence the
same degree of efficacy. Fixed dosing is possible for ri-
tuximab due to its wide therapeutic window [9, 10], and
this non-inferiority design was chosen to ensure that
under-dosing was prevented in all patient subgroups. A
similar approach was used in the development of
trastuzumab s.c. [11–13].

SparkThera was a phase Ib study in patients with FL
receiving maintenance therapy. A 1400mg fixed dose
achieved non-inferior Ctrough relative to rituximab i.v.
375mgm–2 for both 2 and 3 monthly FL regimens [14].
Pharmacokinetic results from the phase III SABRINA study
subsequently showed that Ctrough with rituximab s.c.
1400mg was non-inferior to that achieved with 3 weekly
rituximab i.v. 375mgm–2 as induction therapy for FL [15].
Furthermore, overall and complete response rates in
SABRINA Stage 1 suggested that s.c. administration did
not impair rituximab’s anti-lymphoma activity.

Here we report part 1 of the open label, multicentre,
phase Ib SAWYER study (NCT01292603) in patients with
previously untreated CLL. Of note, the SAWYER study
was required in addition to the SparkThera study as it
was necessary to bridge individually different rituximab
doses and dosing intervals. Part 1 was designed to pre-
dict the rituximab s.c. fixed dose that would provide
non-inferior Ctrough concentrations to rituximab i.v. Con-
firmation of the pharmacokinetic non-inferiority of the
selected dose, compared with rituximab i.v. 500mgm�2,
is currently ongoing in SAWYER part 2.
Methods

Study design and treatment
Figure 1 shows the single group, sequential treatment
design. Eligible patients were enrolled at any point dur-
ing their rituximab plus FC treatment prior to com-
mencement of cycle 5. All patients received FC plus
rituximab i.v. 375mgm–2 in cycle 1 and rituximab i.v.
500mgm–2 in cycles 2–4, at 4 weekly intervals, either
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on-study or prior to enrolment. In cycle 5, all patients
received rituximab i.v. 500mgm–2 plus FC; in cycle 6, ri-
tuximab i.v. was replaced by a single fixed (i.e. not body
surface area [BSA]-adjusted) s.c. dose. Cycle 6 was se-
lected for the analysis of rituximab s.c. pharmacokinetics
as it allowed sample collection for more than 28days.
The first patients received the initial fixed dose of rituxi-
mab s.c. 1870mg, predicted from the SparkThera study.
This was higher than the 1400mg s.c. dose which
demonstrated non-inferiority to the 375mgm–2 regimens
employed in FL induction and maintenance [14, 15], and
reflects the higher i.v. dose used in the established 4
weekly CLL regimen (500mgm–2). The protocol allowed
dose adjustments in subsequent patients based on ongo-
ing pharmacokinetic analyses. FC could be administered
intravenously or orally, but for each patient the route
had to remain the same throughout treatment. Recom-
mended i.v. doses were fludarabine 25mgm–2 and
cyclophosphamide 250mgm–2 (both on days 1–3 for up
to six cycles). Oral FC was given in accordance with local
practice and guidelines. Recommended regimens
included fludarabine 24mgm–2 plus cyclophosphamide
150mgm–2 (both on days 1–5 for up to six cycles)
or fludarabine 30–40mgm–2 plus cyclophosphamide
200–250mgm–2 (both on days 1–3 for up to six cycles).
Follow-up visits were at 28 days, 56days and 3months
from last treatment, then every 3months until 3 years
from last treatment and every 6months until 4 years from
last treatment.

The study was conducted in accordance with U.S.
Food and Drug Administration regulations, the Interna-
tional Conference on Harmonization ‘Guideline for Good
Clinical Practice’ Tripartite Guideline and applicable local
laws. The protocol for SAWYER was approved by the rel-
evant institutional review boards or ethics committees
at the participating study centres. All patients provided
written informed consent.

Patient eligibility
Eligible patients were aged ≥18 years with previously
untreated CD20-positive CLL (Binet stage A, B or C)
diagnosed per International Workshop CLL (iwCLL)
criteria [16]. Patients had an Eastern Cooperative
Oncology Group performance status of 0–1 and life ex-
pectancy >6months. Patients whose disease had trans-
formed to an aggressive B-cell malignancy or with a
history of another malignancy (unless treated with cu-
rative intent and in remission for ≥5 years) were not el-
igible. Other exclusion criteria included a Cumulative
Illness Rating Scale score >6, inadequate liver or renal
function (creatinine clearance <70mlmin–1) or disease
requiring prolonged use of glucocorticoids dosed at
>20mgday–1. Patients were also excluded if they had
experienced a grade 3 or 4 infusion-related reaction
during up to four previous rituximab i.v. treatment cy-
cles prior to enrolment.
Rituximab pharmacokinetic analysis
Blood samples for rituximab pharmacokinetic analyses
were drawn during cycle 5 (day 1 pre-dose and post-
dose, and days 2, 5, 11 and 15) and cycle 6 (pre-dose
and days 2, 3, 5, 11, 15, 29 and 57). For patients enrolled
before cycle 5, no pharmacokinetic sampling was per-
formed in cycles 1–4. Rituximab concentrations were
measured using a validated enzyme-linked immunosor-
bent assay (ELISA). The lower limit of quantification was
500 ngml–1 [14].

In SAWYER part 1, pharmacokinetic data collected af-
ter administration of one of three s.c. doses were used to
refine a pre-existing population pharmacokinetic model
that was developed based on clinical data from non-
Hodgkin’s lymphoma (NHL) and CLL populations, includ-
ing data from the SparkThera trial [14]. The base model
was a two compartment model with time-dependent
clearance [17]. Clearance was presented as a sum of a
non-specific time-independent clearance and time-
dependent clearance that exponentially decreased with
time, possibly due to depletion of the rituximab target
(B cells). Data from SAWYER part 1 were integrated into
this base model using parametric, non-linear, mixed ef-
fects modelling with NONMEM software version 7.2.0
(ICON Development Solutions, Ellicott City, Maryland,
USA) [18]. The model was refined to describe the absorp-
tion phase of rituximab following s.c. administration.
Model refinement was data driven and based on selected
goodness-of-fit indicators. Due to the small study size,
only a limited covariate analysis was performed. Explor-
atory covariate diagnostics were conducted by graphical
exploration of all measured covariate effects and the
model was revised, as necessary. The model was evalu-
ated by graphical evaluation, precision of parameter esti-
mates and visual predictive check plots.

The final population pharmacokinetic model was
then used to predict Ctrough and area under the curve
(AUC) in cycle 6 for incremental rituximab s.c. doses in a
virtual population to identify the s.c. dose for formal
non-inferiority testing in part 2. AUC values were calcu-
lated by numerical integration of individual concentra-
tion predictions.

rHuPH20 pharmacokinetic analysis
Samples for rHuPH20 pharmacokinetic analyses were
taken at day 1 pre-dose, 30min and 60min post-dose
and days 2, 29 and 57. rHuPH20 concentrations were
measured using a validated ELISA. The lower limit of
quantification was 500 ngml–1 [14].

Safety assessments
Safety assessments included laboratory assessments, vi-
tal signs and electrocardiograms. Patients were assessed
for adverse events (AEs) at each visit, including during cy-
cles 1–4 for patients enrolled before cycle 5, and as nec-
essary during the study. AEs were graded according to
Br J Clin Pharmacol / 80:5 / 1003
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National Cancer Institute Common Terminology Criteria
for AEs (NCI CTC-AE; Version 4.0). AEs occurring during
or within 24 h of rituximab administration and consid-
ered rituximab-related by the investigator were classified
as administration-related reactions (ARRs). Safety data
were reviewed regularly by an independent Data Moni-
toring Committee.

Immunogenicity
Blood samples for detection of human anti-chimeric anti-
bodies (HACAs; anti-rituximab antibodies) and human
anti-human antibodies (HAHAs; anti-rHuPH20 antibodies),
were taken at cycle 5 and 6 (pre-dose and day 15) for anti-
rituximab and at cycle 6 (pre-dose and day 15) for anti-
rHuPH20, as well as each follow-up visit until 9 or
24months after the last rituximab dose for HAHAs or
HACAs, respectively. Validated bridging ELISA and
electrochemiluminescent assays were used to detect the
presence of HACAs in serum and HAHAs in plasma [14].

Patient and nurse preference
After completion of cycle 6, patients and their treating
nurses were asked whether they had a preference for s.
c. or i.v. rituximab administration.

Study objectives
The primary objective of SAWYER part 1 was to identify a
rituximab s.c. dose with Ctrough similar to that obtained
with 4 weekly rituximab i.v. 500mgm–2. This dose will
be further investigated in part 2 to establish non-
inferiority between rituximab s.c. and i.v. Ctrough.
Additional objectives of part 1 were to determine other
pharmacokinetic parameters (e.g. AUC) for rituximab s.
c., evaluate safety (e.g. ARRs and immunogenicity) and
tolerability, and assess patient and nurse administration
route preferences.

Statistical analyses and methodology
Safety data were summarized descriptively. Pharmacoki-
netic data were analyzed according to the treatment
received during the cycle in which the sample was
collected. Patients served as their own control (i.e. pharma-
cokinetic values in cycle 5 [i.v.] were compared with those
in cycle 6 [s.c.]). Intravenous and s.c. concentration data
were combined and analyzed using a population approach
informed by post-i.v. administration pharmacokinetic data
from NHL and CLL populations and by post-s.c. administra-
tion pharmacokinetic data from an NHL population.
Individual predicted Ctrough and AUC(0,τ) were derived from
the final pharmacokinetic model and summarized using
descriptive statistics. An exploratory non-inferiority
comparison was conducted to inform dose selection for
part 2. Non-inferiority would be inferred if lower bound-
aries of the 90% confidence intervals (CIs) for the geometric
mean ratios of pharmacokinetic parameters of rituximab
s.c. vs. i.v. were above 0.8.
1004 / 80:5 / Br J Clin Pharmacol
Results

Patients
Sixty-four patients were enrolled and 56 received rituxi-
mab s.c. in cycle 6. Eight patients did not receive rituximab
s.c. five patients discontinued treatment before cycle 5, in-
cluding one who died shortly after enrolment (27days after
cycle 4, unknown cause of death considered unrelated to
study drug) and three patients withdrew after receiving ri-
tuximab i.v. in cycle 5. Per-protocol dose adjustments were
made based on ongoing pharmacokinetic analyses such
that the first 22 patients received rituximab s.c. 1870mg,
16 received 1400mg and 17 received 1600mg. One patient
assigned to rituximab s.c. 1870mg received 1000mg in
error.

Table 1 shows baseline patient characteristics. The
three dose groups were balancedwith respect to age, gen-
der and BSA. As expected for CLL, more men than women
were enrolled. Themajority of patients had CLL Binet stage
B and most had no B symptoms (i.e. fevers, night sweats,
weight loss or significant fatigue) at screening.

Pharmacokinetics
The final dataset contained 859 samples (414 samples for
rituximab i.v. and 445 for rituximab s.c.) from 59 patients.
Five patients withdrew before cycle 5 and therefore had
no pharmacokinetic samples taken. Among these 59 pa-
tients, 56 had i.v. and s.c. data and three had i.v. data
only. Visual inspection of observed Ctrough concentra-
tions after i.v. or s.c. administration in cycle 5 and 6, re-
spectively, indicated that a rituximab s.c. dose between
1400 and 1650mg would achieve non-inferior Ctrough
and comparable AUC levels relative to those obtained
with the standard i.v. dose for CLL.

Table 2 presents geometric mean ratios (90% CI) of
Ctrough and AUC for incremental s.c. doses (1400–
1650mg) vs. rituximab i.v. 500mgm–2. For the geometric
mean Ctrough ratio of the fixed rituximab s.c. 1600mg dose
at cycle 5, the predicted lower boundary of the 90% CI was
1.01 (5th percentiles 0.82–1.21). For the geometric mean
AUC ratio of rituximab s.c. 1600mg at cycle 5, the pre-
dicted lower boundary of the 90% CI was 0.97 (5th percen-
tiles 0.84–1.10). As the lower bound of the lower
boundaries of the 90% CIs for both geometric mean ratios
were narrowly above 0.8 (0.82 for Ctrough and 0.84 for
AUC), a rituximab s.c. dose of 1600mg was considered
the lowest possible dose for formal non-inferiority testing.

Figure 2 shows model-based simulations of the
concentration–time course of fixed dose rituximab s.c.
1600mg and rituximab i.v. 500mgm–2 over cycles 5
and 6. The 5th percentile curves for rituximab s.c. and
i.v. showed that for rituximab exposure to be matched
in patients with higher body weight (i.e. superimposing
the two concentration curves), a higher exposure to ri-
tuximab s.c. would be experienced in patients with lower
body weight (i.e. patients in the 95th percentile).



Table 1
Baseline patient characteristics

Baseline characteristic s.c. 1400 mg (n = 16)* s.c. 1600 mg (n = 17)† s.c. 1870 mg (n = 22)‡

Median age, years (range) 57.5 (38–77) 61.0 (45–72) 58.5 (43–67)

Age category, n (%)

<65 years 13 (81) 10 (59) 20 (91)

65–70 years 2 (13) 6 (35) 2 (9)

>70 years 1 (6) 1 (6) –

Gender, n (%)

Male 10 (63) 15 (88) 15 (68)

Female 6 (38) 2 (12) 7 (32)

Race, n (%)

White 16 (100) 14 (88) 22 (100)

American Indian/Alaska – 1 (6) –

Native – 1 (6) –

Other

Hispanic ethnicity, n (%) 3 (19) 4 (27) 1 (5)

BSA (m
2
), median (range) 1.89 (1.60–2.35) 1.98 (1.63–2.40) 1.91 (1.56–2.13)

Median time from first CLL diagnosis, months (range) 8.2 (0.3–95.9) 10.8 (0.7–141.4) 20.3 (4.0–101.1)

Binet stage

A 5 (31) 4 (24) 5 (23)

B 10 (63) 8 (47) 14 (64)

C 1 (6) 5 (29) 3 (14)

BSA, body surface area; CLL, chronic lymphocytic leukaemia; sc, subcutaneous. *n = 15 for BSA. †n = 15 for Hispanic ethnicity and n = 16 for race. ‡n = 21 for Hispanic ethnicity.

Table 2
Predicted mean Ctrough and mean AUC values for fixed doses of rituximab s.c. (based on 1000 simulated trials)

Rituximab
SC dose

Geometric mean,
μg ml

–1
(90% CI) Power†, %

Geometric mean ratio vs. rituximab i.v.*

Ratio Lower bound of the 90% CI Upper bound of the 90% CI

Predicted mean Ctrough values

1400 mg 65.6 (51.9, 78.9) 77.2 1.05 (0.87, 1.30) 0.87 (0.71, 1.07) 1.25 (1.05, 1.60)

1500 mg 70.3 (56.8, 85.3) 90.9 1.13 (0.93, 1.41) 0.94 (0.77, 1.16) 1.35 (1.12, 1.72)

1600 mg 75.2 (60.1, 90.1) 96.3 1.21 (1.00, 1.48) 1.01 (0.82, 1.21) 1.45 (1.18, 1.83)

1650 mg 77.6 (62.6, 93.1) 96.9 1.24 (1.03, 1.52) 1.04 (0.84, 1.25) 1.48 (1.23, 1.89)

Predicted mean AUC values

1400 mg 3260 (2830, 3710) 71.9 0.94 (0.83, 1.07) 0.84 (0.73, 0.96) 1.06 (0.93, 1.21)

1500 mg 3520 (3060, 4030) 93.1 1.01 (0.89, 1.17) 0.90 (0.79, 1.04) 1.13 (1.00, 1.31)

1600 mg 3760 (3250, 4240) 98.8 1.09 (0.95, 1.23) 0.97 (0.84, 1.10) 1.22 (1.07, 1.39)

1650 mg 3870 (3380, 4390) 99.3 1.12 (0.99, 1.27) 1.00 (0.87, 1.13) 1.25 (1.11, 1.44)

AUC, area under the plasma concentration–time curve; CI, confidence interval; Ctrough, trough serum concentration; i.v., intravenous; s.c., subcutaneous. *Geometric mean
Ctrough for rituximab i.v. was 62.5 μg ml

–1
(90% CI 49.4, 73.6); Geometric mean AUC for rituximab i.v. was 3470 μg ml

–1
(90% CI 3100, 3820). †Power to achieve non-inferiority.

PK and safety of subcutaneous rituximab plus FC in patients with CLL
Parameter estimates for the final model are shown in
Supplementary Table S1. All structural parameters were
estimated with good precision with the relative standard
error (RSE) below 20%. All clearance and volume param-
eters increased with the body size. These dependencies
were described by the power functions of the BSA with
power coefficients of 1 and 4/3 for clearance and volume
parameters, respectively, mimicking the allometric
scaling of weight dependence. The visual predictive
check plots of the simulated percentiles overlaid with ob-
served data suggested good agreement between the
simulated and observed data, both for i.v. and s.c. doses
(Supplementary Figures S1 and S2).

Safety
The safety population included all patients who received
a per-protocol rituximab s.c. dose in cycle 6 (n=55). Com-
parison of AE profiles for rituximab s.c. and i.v. was
Br J Clin Pharmacol / 80:5 / 1005
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restricted to cycles 5 and 6 (Table 3) because patients
could have enrolled at any time during cycles 1–4. Three
patients withdrew from the study after cycle 5, but prior
to receiving rituximab s.c., due to AEs (neutropenia [n=2]
and Guillain-Barré syndrome [n=1]). Safety data for cy-
cles 1–6, and for patients who withdrew after cycle 5 or
were incorrectly dosed, are presented in Supplementary
Tables S2 and S3.

There was a slight increase in the number of AEs re-
ported during cycle 6 (n=36; 64%) vs. cycle 5 (n=32;
54%). The majority of AEs were grade 1 or 2 and the most
commonly reported in both cycles were neutropenia and
leucopenia. Patients who received higher s.c. doses experi-
encedmore AEs (n=7; 44%, n=10; 59% and n=18; 82% for
1400mg, 1600mg and 1870mg, respectively). However, a
similar pattern was observed in cycle 5 (i.v. administration).
Table 3
Overview of safety in cycles 5 and 6

Patients with AEs s.c. 1400 mg (n = 16)

Cycle 5 (rituximab i.v.)

Any AE, n (%) 8 (50)

Total number of events 11

Any grade ≥3 AE, n (%) 5 (31)

Total number of events 5

Any ARR, n (%) –

Any serious AE, n (%) �
Cycle 6 (rituximab s.c.)

Any AE, n (%) 7 (44)

Total number of events 12

Any grade ≥3 AE, n (%) 3 (19)

Total number of events 4

Any ARR, n (%) 2 (13)

Any serious AE, n (%) �

AE, adverse event; ARR, administration-related reaction; i.v., intravenous; s.c., subcutaneous

1006 / 80:5 / Br J Clin Pharmacol
More patients experienced at least one grade ≥3 AE during
cycle 5 (n=19; 32%) than during cycle 6 (n=11; 20%). The
most common grade ≥3 AE was neutropenia. The treat-
ment groups (1400mg, 1600mg and 1870mg rituximab
s.c.) were well balanced with respect to the incidence of
grade ≥3 AEs, both at cycle 5 which was given i.v. (31%,
35% and 23%, respectively) and at cycle 6 (s.c. 19%, 24%
and 14%, respectively). Serious AEs (SAEs) were experi-
enced by two patients in cycle 5 (upper respiratory tract in-
fection and febrile neutropenia) and two patients in cycle 6
(diarrhoea and cholecystitis).

More patients experienced ARRs during cycle 6
(n=12; 21%) compared with cycle 5 (n=2; 3%). The most
frequently occurring ARRs in cycle 6 were pain (n=4; 7%)
and erythema (n=3; 5%) at the injection site; all were
grade 1 or 2.
s.c. 1600 mg (n = 17) s.c. 1870 mg (n = 22)

8 (47) 13 (59)

15 25

6 (35) 5 (23)

8 7

2 (12) �
1 (6) 1 (5)

10 (59) 18 (82)

27 37

4 (24) 3 (14)

4 3

5 (29) 5 (23)

2 (12) �

.
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Immunogenicity
One patient (1.7%) tested positive for HACAs at the
6-month follow-up visit, with no apparent effect on ritux-
imab pharmacokinetics or safety. Six patients (10.7%)
were positive for HAHAs, of whom four were positive
before rituximab s.c. was administered. No correlation
between HAHA-positivity and safety was apparent. The
presence of anti-rHuPH20 antibodies prior to the admin-
istration of rituximab s.c. is a reflection of the prevalence
of such antibodies of unknown etiology in the general
population, and has not been associated with any spe-
cific AEs or immune phenomena.

Patient and nurse preference
Fifty-six patients (including the patient who received ri-
tuximab s.c. 1000mg) and 56 nurses indicated their pref-
erence regarding route of administration. Of these, 52
(92.9%) patients and 53 (94.6%) nurses preferred s.c.
administration.
Discussion

Establishing the s.c. route of rituximab administration as
an effective and well tolerated alternative to i.v. adminis-
tration has the potential to not only simplify treatment,
but also improve patient convenience and reduce
healthcare resource utilization. To enable s.c. administra-
tion of clinically effective doses of rituximab, a formulation
of 120mgml–1 rituximab (12-fold more concentrated than
i.v.) with the addition of rHuPH20 (to facilitate s.c. admin-
istration), was developed. The clinical development of ri-
tuximab s.c. assumes that Ctrough concentrations of
rituximab obtained after s.c. administration that are at
least as high as those achieved with rituximab i.v. will re-
sult in at least the same degree of target site saturation,
and therefore achieve the same degree of efficacy.

In SAWYER part 1, pharmacokinetic data collected af-
ter administration of one of three s.c. doses were used to
refine a pre-existing population pharmacokinetic model
that was developed based on clinical data from NHL
and CLL populations, including data from the SparkThera
trial [14]. All structural parameters in the refined model
were estimated with good precision with RSE not ex-
ceeding 20%. In addition, visual predictive check plots in-
dicated the ability of the model to predict the central
tendency and distribution of rituximab concentrations.
The final model predicted that a fixed dose of rituximab
s.c. 1600mg would achieve non-inferior Ctrough values
compared with 4 weekly rituximab i.v. 500mgm–2. Given
the wide therapeutic window of rituximab [9, 10], and its
established efficacy and safety [1], a fixed dose approach
was considered feasible in adults, provided that the dose
selected was sufficient to prevent under-dosing in all
patient subgroups. Studies employing high doses of
rituximab in CLL did not show any dose limiting toxicity
or loss of clinical benefit compared with standard doses
[9, 10]. In the SABRINA and SparkThera (maintenance set-
ting) studies of rituximab s.c., the s.c. route of administra-
tion did not have an increased incidence of serious or
severe AEs vs. rituximab i.v., over the entire BSA range
or in patients with low BSA (BSA ≤1.70m–2) [14, 15]. The
safety findings were similar for the induction and mainte-
nance settings. Although exposure to rituximab s.c. was
reduced with greater body size (BSA), a subset of 15 pa-
tients in the SABRINA study with very high BSA (defined
as ≥2.1m–2) had a Ctrough(s.c.) : Ctrough(i.v.) geometric mean
ratio of 1.327 (90% CI [0.925, 1.905]) and overall response
rates were comparable between arms (rituximab s.c. 7/8
patients; rituximab i.v. 6/7 patients). Using modelling
and simulation approaches, there appeared to be
a minimal risk of underexposure for patients with a
BSA <2.7m2 who are administered rituximab s.c.
(F. Hoffmann-La Roche Ltd, data on file). Furthermore,
in a study of 12 different monoclonal antibodies, a fixed
dosing approach was found to have similar PK and PD
outcomes to body size-based dosing [19].

The rituximab s.c. 1600mg dose selected for further
investigation in SAWYER part 2 is higher than the
1400mg dose that demonstrated non-inferior Ctrough in
SparkThera and SABRINA [14, 15]. This difference reflects
the fact that these fixed s.c. doses were bridged to the
different weight-based i.v. doses and dosing intervals
used for patients with CLL (500mgm–2 given 4 weekly)
vs. FL (375mgm–2 given 3 weekly, 2 or 3 monthly).

With the limitation of a small sample size and single s.c.
administration, the safety profile for s.c. administration
appeared similar to that of rituximab i.v. and no new clini-
cally relevant safety signals were identified. The incidence
of AEs increased slightly with increasing doses of rituximab
s.c.. However, this trend was not observed for grade ≥3 AEs
or SAEs. A greater proportion of patients experienced ARRs
after treatment with rituximab s.c. than rituximab i.v.. These
were primarily transient injection site pain and erythema.
This observationwas not unexpected and is consistent with
results from other rituximab s.c. studies [14, 15] and other
s.c. monoclonal antibodies [3, 20]. Interestingly, the
increase in ARRs reported with rituximab s.c. did not
adversely affect patient preference. More than 90% of
patients and treating nurses preferred s.c. to i.v. administra-
tion. Preference for s.c. vs. i.v. administration of rituximab
will be further assessed in the phase IV PrefMab study
(NCT01724021).

The incidence of HACA and HAHA positivity was low
and therefore limited conclusions can be drawn regard-
ing their potential effect on the occurrence of AEs or
ARRs. However, the available data from part 1 suggest
that these antibodies do not adversely affect safety. Fur-
ther monitoring of immunogenicity and its potential im-
plications will be performed in part 2.

Evaluation of rituximab s.c. efficacy and safety com-
pared with rituximab i.v. is currently ongoing in SAWYER
Br J Clin Pharmacol / 80:5 / 1007
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part 2 and, if the results are positive, rituximab s.c. has the
potential to replace rituximab i.v. as the standard treatment
(plus FC) for CLL. As oral formulations of FC are already
available, it is possible that future treatment of patients
with CLL could comprise a chemoimmunotherapeutic reg-
imen with minimal i.v. infusions, which would represent an
important advance in treatment.
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