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dataset because of the high stability of the developed model
(Table 3).

In DLBCL, a rapid tumor control is critical to improving
outcome because tumors becoming refractory have a poor progno-
sis,18 particularly when pretreated with rituximab.19 Initial pharma-
cokinetic studies suggested that high plasma rituximab levels are
associated with a favorable outcome in indolent lymphomas.20 In a
study by Piro et al, higher efficacy was also associated with higher
cumulative doses and more prolonged rituximab exposure in
follicular lymphoma.21 In another pharmacokinetic study in pa-
tients with relapsed indolent lymphoma and low tumor burden who
received 4 weekly doses of rituximab 375 mg/m2 as consolidation
after chemotherapy, the median pre-infusion serum concentration of
rituximab increased from 80.3 !g/mL (range, 62.8-100.3 !g/mL)
after the first dose to 198.1 !g/mL (range, 172.0-267.6 !g/mL)
after the fourth.22

In the present study, all patients with DLBCL received 8 dose-
dense rituximab cycles and the median serum levels increased
slowly and no plateau was reached over the entire 8 applications.
Interestingly, we found a rituximab half-life of 27 days in the whole
study population, and in 9 of 10 evaluable patients, rituximab
serum levels were detectable 9 months after the last infusion. In a
study by Berinstein et al, the estimated half-life of rituximab was
considerably shorter, but it increased from 3 days after the first
cycle to 8.5 days after the fourth cycle.23 Similar to our study,
rituximab levels in that study were also detectable as late as
6 months after the last infusion. This difficult-to-explain prolonged
half-life and long persistence of measurable rituximab serum levels
were speculated to be because of the therapy-induced reduction of
tumor mass and saturation of CD20-binding sites, because serum
rituximab levels were inversely correlated with both tumor bulk
and the number of circulating B cells at baseline. Other studies
have found similar results.7,21,23

Our observation that rituximab serum levels are independent of
tumor mass are in agreement with a study by Mangel et al in mantle
cell lymphoma in which the level of rituximab exposure was
similar in patients with minimal disease states and patients with
active disease.24

The pharmacokinetics of an mAb depends on a variety of
factors, such as the dose and frequency of administration, the
metabolic turnover of the Ab, its distribution in the body, and its
specific and unspecific clearance. Some of these factors, such as the
specific clearance by binding to CD20" cells, may be influenced by
tumor bulk. In contrast, unspecific clearance, such as that caused by
binding to Fc receptors, might depend on other factors such as the
binding affinity of rituximab to distinct Fc receptor genotypes.25,26

Our results are in agreement with another study in which actual
concentrations of the first treatment cycle were used to simulate
concentrations of later cycles.11 In that study, the simulated values
were compared with the measured values and they did not differ. It
was concluded that the pharmacokinetic behavior of rituximab was
not altered despite the treatment-induced tumor mass reduction.
The determined rituximab half-life in that trial was 21 days.

Whereas age (within the range of 61-80 years, which was an
inclusion criterion for the RICOVER-60 and Pegfilgrastim
trials) did not influence pharmacokinetic parameters of ritux-
imab in our study, it can only be speculated whether our results
can be generalized to other populations with DLBCL (eg, young
patients) until data specifically obtained from these subpopula-
tions is available. The most important finding of our study is that
clearance is strongly and independently influenced by a patient’s
sex and, when rituximab dose is adjusted to body surface area,
by weight. Clearance was significantly reduced in the female
patients included in this study and was 1.5-fold faster (8.21 vs
12.68 mL/h) in male patients. Clearance was inversely corre-
lated with elimination half-life of rituximab, with a significant
decrease in men (t1/2# $ 24.7 days) compared with women
(t1/2# $ 30.7 days). These results are similar to the findings of
Ng et al using a population approach of rituximab in patients
with rheumatoid arthritis.17 These investigators also observed a
higher (39%) clearance in men than in women, but also
demonstrated an impact of body surface area in their study,
which was not observed in our study. This discrepancy, how-
ever, can be explained by the fact that patients in our study
received a rituximab dose calculated according to body surface
area, whereas patients received a fixed total dose of 1000 mg of
rituximab in the Ng et al study.17

Clinically relevant sex differences in pharmacology have been
described to date in only a few investigations. In one study, the
pharmacokinetics of anti-D Ig (144 kD), which is comparable to
rituximab with respect to chemical characteristics and molecular

Figure 5. Impact of weight on PFS in the RICOVER-60
trial. In patients with a body weight within the lower
quartile of the respective sex (! 60 kg and ! 73 kg for
females and males, respectively), the addition of 8 cycles
of rituximab to CHOP-14 resulted in a significant
(P $ .023) improvement of PFS (A). In contrast, in
patients with a body weight within the upper quartile of
the respective sex (% 77 kg and % 89 kg in females and
males, respectively), who have a faster rituximab clear-
ance, this improvement was only minor (P $ .284; B). Black
curves indicate CHOP-14 without rituximab; gray curves,
CHOP-14 with 8 applications of rituximab every 2 weeks.

Table 5. PFS rates of female and male patients treated in the
RICOVER-60 trial with CHOP-14 with and without rituximab

CHOP-14 R-CHOP-14

2-year PFS, % (95% CI)
Female patients (n $ 287/285) 62 (56-68) 77 (72-82)

Male patients (n $ 325/325) 61 (56-67) 71 (66-76)

Difference 1.0 (0.7-1.3) 5.7 (5.4-6.0)

3-year PFS, % (95% CI)
Female patients (n $ 287/285) 60 (53-66) 75 (70-81)

Male patients (n $ 325/325) 55 (49-60) 68 (62-73)

Difference 5.1 (4.8-5.5) 7.7 (7.4-8.0)

4-year PFS, % (95% CI)
Female patients (n $ 287/285) 50 (42-58) 72 (65-78)

Male patients (n $ 325/325) 49 (42-56) 64 (58-70)

Difference 0.9 (0.3-1.5) 7.6 (7.2-8.0)
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trough levels increased from 38.9 !g/mL after the first adminis-
tration to 140 !g/mL after the eighth cycle. Steady-state
concentrations were not reached because of this relatively long
elimination half-life (Figure 2).

NONMEM analysis

The individual serum concentration-time data were fitted to an
open 2-compartment model and the following population pharma-
cokinetic parameters were investigated based on subroutine
ADVAN3 TRANS3 as the best fitting: Cl, Vc, Q, and Vdss. The final
parameter estimates calculated based on the structural model were:
Cl " 9.43 mL/h (95% CI, 8.05-10.81 mL/h) and Vdss " 9.61 l (95% CI,
8.44-10.78 l), with a remaining interindividual variability in Cl not
explained by the covariates and characterized by a coefficient of
variation of 33.17%. The coefficient of variation for residual

variability was 13.49%. For the whole study population, a t1/2# of
27.1 days was calculated.

Clearance was markedly influenced by patient sex and weight
(Figure 3) and was significantly reduced in female patients
(Cl " 8.21 mL/h; 95% CI, 7.16-9.26 mL/h) compared with male
patients (Cl " 12.68 mL/h; 95% C, 10.07-15.30 mL/h; P " .003
by t test and P " .003 by Mann-Whitney U test). Calculation of
total clearance for females and males was based on the final
covariate model: Cl " ($TVCl % $WT & (WT ' 75.2)) & exp((TVCl).
Clearance was inversely correlated with elimination half-life of
rituximab with a significant shorter t1/2# of 24.7 days in men
compared with 30.7 days in women (P " .003 by t test and
P " .003 by Mann-Whitney U test). Body weight showed also an
impact on volume of distribution (0.1 l increase of Vdss per
kilogram of body weight above a median body weight of 75 kg).

Figure 3. Rituximab clearance in elderly male (1) and
female (2) patients with DLBCL.

Table 3. Population pharmacokinetic parameters of rituximab presented as point estimates with corresponding 95% CIs for basic structural
and covariate models and bootstrap-analysis

Parameter
Model 1 (basic

structural)

Model 2
(covariate: WT
impact on V)

Model 3
(covariate: SEX
impact on Cl)

Model 4 (covariate:
SEX/WT impact

on Cl)
Bootstrap analysis

(500 replicates)

Objective function 7715.842 7695.438 7705.229 7689.212
)objective function '20.40 '10.61 '26.63

Apparent total clearance, all,
mL/h (95% CI)*

9.43 (8.05-10.81) 9.42 (8.05-10.79) 9.55 (9.48-9.61)

Interindividual variability, %† 33.17 32.71

Apparent total clearance, women,
mL/h (95% CI)*

7.77 (6.68-8.86) 8.21 (7.16-9.26)

Interindividual variability, %† 24.19 18.60

Apparent total clearance, men,
mL/h (95% CI)*

11.90 (9.74-14.06) 12.68 (10.07-15.30)

Interindividual variability, %† 26.85 18.60

Central volume, L (95% CI)* 3.88 (3.48-4.28) 3.88 (3.49-4.27) 3.88 (3.47-4.28) 3.87 (3.77-3.97) 3.92 (3.91-3.94)

Interindividual variability, %† 22.23 22.52 22.29 22.49

Intercompartmental clearance,
mL/h (95% CI)*

17.2 (9.73-24.67) 17.2 (11.03-23.37) 17.1 (12.28-21.92) 16.3 (10.93-21.67) 18.78 (18.37-19.19)

Interindividual variability, fixed, %†

Volume of distribution, L (95% CI)* 9.61 (8.44-10.78) 9.82 (8.76-10.88) 9.60 (8.51-10.69) 9.45 (8.26-10.64) 9.61 (8.61-10.9)

Interindividual variability, %† 18.79 14.66 18.95 20.42

Residual variability, %‡ 13.49 13.23 13.45 13.30

*95% CI " 1.96 & SEM.
†Between-subject variability " square root of *2.
‡Residual variability " square root of +2.
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Sex and weight independently affected rituximab clearance and
serum elimination half-life, respectively. In the example shown in
Table 4, the rituximab clearance of a male patient with a body
weight 25% above the median body weight of male patients in our
study (111.0 kg), is nearly 1.4 fold faster than the rituximab
clearance of a patient with a body weight 25% below the median
weight (66.6 kg). Conversely, the serum elimination half-life is
18 days and 30 days, respectively, in these 2 sample patients (Table 4).

Finally, the model for the standard-dose rituximab dose-dense
14-day cycle was then varied by changing the cycle duration to
21 days (R-CHOP-21). The model showed a markedly slower
increase of rituximab trough levels (Figure 4). The highest trough
serum levels in this simulation were approximately 105 !g/mL of
rituximab for the 3-week schedule compared with 140 !g/mL for
the 2-week schedule.

Correlation with clinical outcome

The clinical impact of sex of the patients is shown in Table 5. In the
RICOVER-60 trial,4 the differences between males and females
with respect to progression-free survival (PFS) were considerably
bigger after R-CHOP compared with CHOP alone: the rates of PFS
of females were 1.0%, 5.1%, and 0.9% better after 2, 3, and 4 years,
respectively, than the respective figures in male patients after
CHOP-14 only; however, the respective differences in the rates of
PFS increased to 5.7%, 7.7%, and 7.6% after 2, 3, and 4 years,
respectively, when patients were treated with the same chemo-
therapy plus rituximab. This demonstrates that female patients,
with their slower clearance and longer serum elimination half-life
of rituximab, benefit considerably more from the addition of the
CD20 Ab.

Weight also affected outcome (Figure 5). In the RICOVER-60 trial,
patients having a body weight within the lower quartile in the
respective sex (! 60 kg and ! 73 kg for female and male patients,

respectively) had a significant improvement in PFS (P " .023) after the
addition of rituximab, whereas rituximab improved the PFS of
patients with a body weight within the upper quartile of the
respective sex (# 77 kg and # 89 kg for female and male patients,
respectively) only by a slight margin (P " .284).

Discussion

Whereas rituximab is supposed to be degraded in the liver and
other organs by a process of nonspecific catabolism,5,12-14 little is
known about the mechanisms of rituximab metabolism and elimi-
nation.15,16 To extend the sparse knowledge of rituximab pharmaco-
kinetics, in the present study, we investigated rituximab disposition
and the impact of covariates (ie, sex, age, and weight) on
pharmacokinetics in an elderly population of 20 patients with
DLBCL in an open prospective study using a population approach.
Population-pharmacokinetic information about rituximab is avail-
able from only a few studies performed in different patient
populations: in patients with rheumatoid arthritis,17 in 8 patients
with mostly indolent non-Hodgkin lymphoma,14 and 10 patients
with mostly DLBCL.11 To the best of our knowledge, this is the first
study on rituximab pharmacokinetics for a dose-dense 2-week
R-CHOP-14 schedule in patients with aggressive CD20$ B-cell
lymphoma. A comparison of our study with the pharmacokinetic
results of previous studies is shown in Table 6.

Based on a 2-compartmental nonlinear, mixed-effects, popula-
tion pharmacokinetic approach, a Vc of 3.9 l and a Cl of 9.4 mL/h
were determined in our study. The pharmacokinetics of rituximab
was appropriately described by a 2-compartmental model in our
study, confirming previously published studies (Table 6), even
though different subroutines for population analysis were used.11,17

Whereas subroutines other than ADVAN TRAN have been sug-
gested as the best-fitting routine for NONMEM, adequate calcula-
tion of t1/2% can only be obtained by Vdss calculated with the
ADVAN3 TRANS3 subroutine in NONMEM (as demonstrated in
this study).

Evaluation of the final model was performed with a bootstrap
analysis (500 replicates). The mean population parameters
obtained after bootstrap analysis were nearly identical to the
parameter estimates generated after a single run of the original

Figure 4. PK simulation R-CHOP-14 versus R-CHOP-21. The pharma-
cokinetic model is based on median values of pharmacokinetic parame-
ters as follows: Kelm, V1 (l/kgLBMc), k12, and k21 of 20 patients treated with
R-CHOP-14 according to a 2-compartment model. The model was then
calculated for 21-day intervals. Kelm indicates elimination constant; V1

(I/kgLBMc), central distribution volume; k12, first order rate (constant that
describes mean transfer from compartment 1 to compartment 2); and k21,
first order rate (mean transfer from compartment 2 to compartment 1)

Table 4. Impact of weight on rituximab clearance and serum t1/2! in
elderly male patients with DLBCL

Median Median " 25% Median # 25%

Weight 88.8 kg 111.0 kg 66.6 kg

Clearance, mL/h 12.43 15.90 8.96

t1/2% 527.0 412.0 731.3
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dataset because of the high stability of the developed model
(Table 3).

In DLBCL, a rapid tumor control is critical to improving
outcome because tumors becoming refractory have a poor progno-
sis,18 particularly when pretreated with rituximab.19 Initial pharma-
cokinetic studies suggested that high plasma rituximab levels are
associated with a favorable outcome in indolent lymphomas.20 In a
study by Piro et al, higher efficacy was also associated with higher
cumulative doses and more prolonged rituximab exposure in
follicular lymphoma.21 In another pharmacokinetic study in pa-
tients with relapsed indolent lymphoma and low tumor burden who
received 4 weekly doses of rituximab 375 mg/m2 as consolidation
after chemotherapy, the median pre-infusion serum concentration of
rituximab increased from 80.3 !g/mL (range, 62.8-100.3 !g/mL)
after the first dose to 198.1 !g/mL (range, 172.0-267.6 !g/mL)
after the fourth.22

In the present study, all patients with DLBCL received 8 dose-
dense rituximab cycles and the median serum levels increased
slowly and no plateau was reached over the entire 8 applications.
Interestingly, we found a rituximab half-life of 27 days in the whole
study population, and in 9 of 10 evaluable patients, rituximab
serum levels were detectable 9 months after the last infusion. In a
study by Berinstein et al, the estimated half-life of rituximab was
considerably shorter, but it increased from 3 days after the first
cycle to 8.5 days after the fourth cycle.23 Similar to our study,
rituximab levels in that study were also detectable as late as
6 months after the last infusion. This difficult-to-explain prolonged
half-life and long persistence of measurable rituximab serum levels
were speculated to be because of the therapy-induced reduction of
tumor mass and saturation of CD20-binding sites, because serum
rituximab levels were inversely correlated with both tumor bulk
and the number of circulating B cells at baseline. Other studies
have found similar results.7,21,23

Our observation that rituximab serum levels are independent of
tumor mass are in agreement with a study by Mangel et al in mantle
cell lymphoma in which the level of rituximab exposure was
similar in patients with minimal disease states and patients with
active disease.24

The pharmacokinetics of an mAb depends on a variety of
factors, such as the dose and frequency of administration, the
metabolic turnover of the Ab, its distribution in the body, and its
specific and unspecific clearance. Some of these factors, such as the
specific clearance by binding to CD20" cells, may be influenced by
tumor bulk. In contrast, unspecific clearance, such as that caused by
binding to Fc receptors, might depend on other factors such as the
binding affinity of rituximab to distinct Fc receptor genotypes.25,26

Our results are in agreement with another study in which actual
concentrations of the first treatment cycle were used to simulate
concentrations of later cycles.11 In that study, the simulated values
were compared with the measured values and they did not differ. It
was concluded that the pharmacokinetic behavior of rituximab was
not altered despite the treatment-induced tumor mass reduction.
The determined rituximab half-life in that trial was 21 days.

Whereas age (within the range of 61-80 years, which was an
inclusion criterion for the RICOVER-60 and Pegfilgrastim
trials) did not influence pharmacokinetic parameters of ritux-
imab in our study, it can only be speculated whether our results
can be generalized to other populations with DLBCL (eg, young
patients) until data specifically obtained from these subpopula-
tions is available. The most important finding of our study is that
clearance is strongly and independently influenced by a patient’s
sex and, when rituximab dose is adjusted to body surface area,
by weight. Clearance was significantly reduced in the female
patients included in this study and was 1.5-fold faster (8.21 vs
12.68 mL/h) in male patients. Clearance was inversely corre-
lated with elimination half-life of rituximab, with a significant
decrease in men (t1/2# $ 24.7 days) compared with women
(t1/2# $ 30.7 days). These results are similar to the findings of
Ng et al using a population approach of rituximab in patients
with rheumatoid arthritis.17 These investigators also observed a
higher (39%) clearance in men than in women, but also
demonstrated an impact of body surface area in their study,
which was not observed in our study. This discrepancy, how-
ever, can be explained by the fact that patients in our study
received a rituximab dose calculated according to body surface
area, whereas patients received a fixed total dose of 1000 mg of
rituximab in the Ng et al study.17

Clinically relevant sex differences in pharmacology have been
described to date in only a few investigations. In one study, the
pharmacokinetics of anti-D Ig (144 kD), which is comparable to
rituximab with respect to chemical characteristics and molecular

Figure 5. Impact of weight on PFS in the RICOVER-60
trial. In patients with a body weight within the lower
quartile of the respective sex (! 60 kg and ! 73 kg for
females and males, respectively), the addition of 8 cycles
of rituximab to CHOP-14 resulted in a significant
(P $ .023) improvement of PFS (A). In contrast, in
patients with a body weight within the upper quartile of
the respective sex (% 77 kg and % 89 kg in females and
males, respectively), who have a faster rituximab clear-
ance, this improvement was only minor (P $ .284; B). Black
curves indicate CHOP-14 without rituximab; gray curves,
CHOP-14 with 8 applications of rituximab every 2 weeks.

Table 5. PFS rates of female and male patients treated in the
RICOVER-60 trial with CHOP-14 with and without rituximab

CHOP-14 R-CHOP-14

2-year PFS, % (95% CI)
Female patients (n $ 287/285) 62 (56-68) 77 (72-82)

Male patients (n $ 325/325) 61 (56-67) 71 (66-76)

Difference 1.0 (0.7-1.3) 5.7 (5.4-6.0)

3-year PFS, % (95% CI)
Female patients (n $ 287/285) 60 (53-66) 75 (70-81)

Male patients (n $ 325/325) 55 (49-60) 68 (62-73)

Difference 5.1 (4.8-5.5) 7.7 (7.4-8.0)

4-year PFS, % (95% CI)
Female patients (n $ 287/285) 50 (42-58) 72 (65-78)

Male patients (n $ 325/325) 49 (42-56) 64 (58-70)

Difference 0.9 (0.3-1.5) 7.6 (7.2-8.0)
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20 pts RCHOP 14 RICOVER 60 
Blood samples  
10 min pre-R  à 1 wk - 3,6,9 mos post R 
 

 Clearance  Half life 
 ml/h   days 

 
Male  12.6  24.7 

  p0.03   p0.03 
Female 8.21  30.7   

   



What	
  are	
  the	
  challenges	
  faced	
  	
  
for	
  IV	
  administra9on?	
  

IV	
  infusion	
  of	
  treatments	
  presents	
  a	
  challenge	
  to	
  organisaaonal	
  capacity	
  

	
  

IV	
  infusion	
  ames	
  for	
  rituximab	
  are	
  
long;	
  inconveniencing	
  paaents	
  

Preparaaon,	
  premedicaaon,	
  monitoring	
  and	
  
observaaon	
  of	
  paaents	
  are	
  ame-­‐consuming	
  
tasks	
  for	
  healthcare	
  professionals	
  

IV	
  infusion	
  is	
  associated	
  with	
  a	
  higher	
  PK	
  
variability,	
  and	
  is	
  a	
  poor	
  indicator	
  of	
  opamal	
  
drug	
  exposure*	
  	
  
	
  

Salar A, et al. ASH 2010. Abstract 2858 (poster).                                                                 
* Golay J. et al, mAbs 5:6, 1–12; November/December 2013 

* Cartron G. et al, Clin	
  Cancer	
  Res	
  2011;17:19-­‐30	
  



SC	
  Rituximab:	
  Physicochemical	
  Proper9es	
  
Rituximab	
  S.C.	
  :	
  

Same	
  molecule	
  of	
  rituximab	
  i.v.	
  	
  

Concentra9ng	
  the	
  rituximab	
  12-­‐fold	
  (MabThera	
  	
  i.v.	
  :	
  10	
  mg/ml	
  	
  MabThera	
  s.c:	
  120	
  mg/
ml	
  )	
  resul9ng	
  in	
  volume	
  of	
  11.7	
  ml	
  (=1400:120)	
  

Addi9on	
  of	
  hyaluronidase	
  as	
  permea9on	
  enhancer	
  

Efforts	
  have	
  been	
  made	
  to	
  concentrate	
  the	
  dose	
  of	
  rituximab	
  IV;	
  however,	
  volume	
  of	
  11.7	
  ml	
  
sall	
  remain	
  too	
  large	
  to	
  be	
  effecavely	
  administered	
  SC	
  without	
  permeaaon	
  enhancer	
  

	
  	
  	
  

	
  
	
  

rHuPH20	
  Gen2	
  =	
  	
  

	
  2000	
  U	
  /	
  ml	
  (2000	
  x	
  11,7	
  ml	
  =	
  23400	
  U)	
  

	
  Classified	
  as	
  a	
  novel	
  permea9on	
  enhancer	
  

No	
  therapeuac	
  effect	
  

Transient	
  and	
  reversible	
  impact	
  

Salar	
  A,	
  et	
  al.	
  Blood	
  2010;	
  116:Abstract	
  2858	
  (Poster	
  presentaaon).	
  	
  



NHL	
  Registra9on	
  Clinical	
  Development	
  Plan	
  Based	
  on	
  2	
  studies	
  

Spark-­‐Thera	
  

Phase	
  1b	
  in	
  FL	
  pa9ents	
  during	
  
maintenance	
  Trial	
  central	
  to	
  filing	
  
strategy	
  of	
  Ctrough	
  non-­‐inferiority	
  

Part	
  1	
  (dose-­‐definiaon):	
  88	
  pts	
  
Part	
  2(confirmaaon	
  part):	
  153	
  pts	
  

Only	
  complete	
  study	
  at	
  filing	
  

Sabrina	
  

Phase	
  III	
  trial	
  in	
  FL	
  paaents	
  
during	
  inducaon	
  &	
  

Maintenance	
  	
  

Part	
  1:	
  PK	
  in	
  inducaon	
  phase	
  
Part	
  2:	
  Assess	
  efficacy	
  



  Rituximab disposition after Intravenous administration 

Ctrough 

Cmax 

Csoglia >25 ug/ml 

Cmax : peak concentration 

Ctrough : conc. just before the next dose 

AUC : systemic exposure 

t1/2 : half-life 

The most important PK paramenter of rituximab is Ctrough  



A	
  Comparison	
  of	
  Subcutaneous	
  Versus	
  Intravenous	
  
Administra9on	
  of	
  Rituximab	
  as	
  Maintenance	
  Treatment	
  for	
  

Follicular	
  Lymphoma:	
  Results	
  from	
  a	
  Two-­‐Stage,	
  Phase	
  Ib	
  Study	
  
SPARK-­‐THERA	
  STUDY	
  	
  

▪ Primary Objective: to determine a SC rituximab dose that results in non-inferior Ctrough levels 
compared to an IV rituximab dose of 375 mg/m2  
▪ Non- inferiority = 90% CI of R-SC/R-IV Ctrough ratio above 0.8  
 



SPARK-­‐THERA	
  STUDY	
  stage1	
  



Therapeutic Windows: Cytotoxic Drugs vs Rituximab  

Drug Serum Level 

Minimum 
acceptable 
efficacy 

Maximum 
acceptable 
toxicity 

Therapeutic window 

Drug Exposure 

Minimum 
acceptable 
efficacy 

Maximum 
acceptable 
toxicity 

Therapeutic window 
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xi
ci

ty
 

E
ffi

ca
cy

 / 
To

xi
ci
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Cytotoxic Drug Rituximab 



Rituximab	
  SC	
  fixed	
  Dose	
  
The fixed dose has been calculated from the PK 

 results of the dose-finding stage of BP22333 (SparkThera trial) 
Ri
tu
xi
m
ab

	
  C
on

ce
nt
ra
9o

n	
  

AUC	
  

Cmax	
  

Ctrough	
  

SC	
  

EV	
  

The	
  most	
  important	
  PK	
  parameter	
  of	
  	
  R	
  is	
  Ctrough	
  



MabThera	
  IV	
  administra9on	
  	
  vs	
  	
  SC	
  
Mabthera	
  IV	
  

About	
  700mg	
  containing	
  375mg/mq	
  
administered	
  in	
  2,5-­‐4,5	
  hours	
  

Concentrate	
  for	
  soluaon	
  for	
  infusion	
  
	
  
Rituximab	
  at	
  a	
  concentraaon	
  of	
  10	
  mg/
mL	
  (total	
  500	
  mg	
  or	
  100	
  mg)	
  
	
  
To	
  be	
  diluted	
  in	
  glucosate	
  or	
  saline	
  
soluaon	
  to	
  a	
  calculated	
  concentraaon	
  
of	
  1	
  to	
  4	
  mg/ml	
  prior	
  to	
  administraaon	
  
	
  
The	
  drug	
  product	
  is	
  a	
  sterile,	
  clear,	
  
colourless	
  liquid	
  	
  
	
  
Vials:	
  	
  colorless	
  50	
  ml	
  or	
  10	
  ml	
  vials	
  

Mabthera	
  SC	
  

11.7	
  ml	
  containing	
  1400	
  mg	
  administered	
  	
  
in	
  6	
  minutes	
  

Ready	
  to	
  use	
  liquid	
  formulaaon	
  	
  
	
  
Rituximab	
  at	
  a	
  concentraaon	
  of	
  120	
  
mg/mL	
  (total	
  1400	
  mg)	
  	
  

Must	
  not	
  be	
  diluted	
  prior	
  to	
  
administraaon	
  

	
  
The	
  drug	
  product	
  is	
  a	
  sterile,	
  colorless	
  
to	
  yellowish,	
  clear	
  to	
  opalescent	
  liquid	
  

Vials:	
  	
  colorless	
  11.7	
  mL	
  vials	
  



SPARK-­‐THERA	
  STUDY	
  stage2	
  

Stage	
  1	
  iden9fied	
  a	
  flat	
  dose	
  of	
  1.400	
  mg	
  rituximab	
  SC	
  for	
  non-­‐inferiority	
  tes9ng	
  

Stage	
  2:	
  N	
  =	
  154	
  (IV,	
  n	
  =	
  77;	
  SC,	
  n	
  =	
  77)	
  

Stage	
  2	
  primary	
  endpoint:	
  Non-­‐inferiority	
  of	
  rituximab	
  SC	
  Ctrough	
  compared	
  with	
  IV	
  

-­‐	
  Protocol-­‐specified	
  non-­‐inferiority	
  limit	
  was	
  an	
  SC:IV	
  Ctrough,	
  ra9o	
  of	
  0.8	
  

Secondary	
  endpoints	
  included:	
  PK	
  (AUC)	
  and	
  safety	
  

Salar	
  A,	
  et	
  al.	
  J	
  Clin	
  Oncol	
  doi:10.1200/JCO.2013.52.2631,	
  2014	
  



SPARK-­‐THERA	
  STUDY	
  stage2:	
  AEs	
  

AE,	
  n	
  (%) SC	
  1400	
  mg	
  
(n=77) 

IV	
  375	
  mg/m2	
  
(n=77) 

Any	
  AE 61	
  (79) 61	
  (79) 
Leading	
  to	
  withdrawal	
  from	
  treatment 4	
  (5) 4	
  (5) 

Leading	
  to	
  temporary	
  dose	
  modifica9on/interrup9on 8	
  (10) 7	
  (9) 

Grade	
  3	
  (severe)	
  AE 14	
  (18) 13	
  (17) 
Serious	
  AE 9	
  (12) 11	
  (14) 

Leading	
  to	
  withdrawal 2	
  (3) 2	
  (3) 

Leading	
  to	
  temporary	
  dose	
  modifica9on/interrup9on 2	
  (3) 0	
  (0) 

Related	
  to	
  treatment 2	
  (3) 1	
  (1) 

Treatment-­‐related	
  AE 37	
  (48) 19	
  (25) 
Leading	
  to	
  withdrawal	
  from	
  treatment 2	
  (3) 2	
  (3) 

Leading	
  to	
  temporary	
  dose	
  modifica9on/interrup9on 5	
  (6) 3	
  (4) 
ARRs* 24	
  (31) 3	
  (4)	
   

Erythema 10	
  (13) – 
Injec9on-­‐site	
  erythema 4	
  (5) – 
Myalgia 4	
  (5) – 

Overall	
  safety
	
  profiles	
  were

	
  similar	
  for	
  SC	
  vs	
  I
V.	
  Local	
  

administra9on-­‐rel
ated	
  reac9ons

	
  (ARRs;	
  mainly	
  mild-­‐

to-­‐moderate)	
  were
	
  more	
  frequent	
  w

ith	
  MabThera	
  SC	
  	
  	
  

Salar A, et al. J Clin Oncol doi:10.1200/JCO.2013.52.2631, 2014 



Pharmacokine9cs	
  and	
  safety	
  of	
  subcutaneous	
  
rituximab	
  in	
  follicular	
  lymphoma	
  (SABRINA):	
  stage	
  1	
  
analysis	
  of	
  a	
  randomised	
  phase	
  3	
  study	
  

Mantenimento	
  con	
  
MabThera	
  IV,	
  	
  
q2m	
  x	
  2	
  anni	
  

CR/CRu/PR	
  8R-­‐6-­‐8CHOP21/	
  
8R-­‐6-­‐8CVP21	
  

First-line FL 
grade 1, 2 or 3a 

Mantenimento	
  con	
  
MabThera	
  SC,	
  	
  
q2m	
  x	
  2	
  anni	
  

PR	
  
CR	
  

96
	
  w
ee
k	
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  fo
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w
-­‐u
p	
  

R	
  
A	
  
N	
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O	
  
M	
  
I	
  
ZZ
A
T	
  
IO
N	
  

Davies	
  A,	
  the	
  Lancet	
  Oncology,	
  vol15march2014	
  

•  Stage 1, N = 127 (rituximab IV, n = 64; rituximab SC, n = 63) 
•  Stratified by FLIPI, chemotherapy and region: 40 pts in each arm (63%) received R-CHOP 
•  Stage 1 primary endpoint: non-inferiority PK of the SC:IV Ctrough ratio at cycle 7 of induction 

(limit for non-inferiority was SC:IV Ctrough ratio > 0.8) 
•  Secondary endpoints: other PK endpoints, safety, efficacy and pharmacoeconomic 

parameters 



SABRINA	
  STUDY	
  stage1:	
  PK	
  endpoint	
  

Davies	
  A,	
  the	
  Lancet	
  Oncology,	
  vol15march2014	
  

Primary	
  PK	
  endpoint	
  was	
  met:	
  SC:IV	
  Ctrough	
  raao	
  of	
  1.62	
  (90%	
  CI:	
  1.36,	
  1.94)	
  

Therefore,	
  SC	
  rituximab	
  (1,400	
  mg)	
  is	
  non-­‐inferior	
  to	
  IV	
  rituximab	
  (375	
  mg/m2)	
  	
  

SC:IV	
  AUC	
  raao	
  1.38	
  [90%	
  CI:	
  1.24,	
  1.53])	
  is	
  also	
  non-­‐inferior	
  



SABRINA	
  STUDY	
  stage1:	
  Efficacy	
  	
  

Davies	
  A,	
  the	
  Lancet	
  Oncology,	
  vol15march2014	
  



SABRINA	
  STUDY	
  stage2:	
  Safety	
  Results	
  	
  
Rituximab 

IV SC 
AE 92% 93% 

AEs	
  grade	
  ≤2	
   88% 90% 

Pa9ents	
  with	
  at	
  least	
  one	
  
toxicity	
  of	
  Grade	
  ≥3	
  	
  (%) 47% 49% 

SAE	
  
Infec9ons	
  	
  
Febrile	
  neutropenia 

26%	
  
8%	
  
6% 

29%	
  
10%	
  
4% 

ARRs 33% 47% 

Davies	
  A,	
  abs	
  5054,	
  EHA	
  Milano	
  12-­‐15	
  june	
  	
  2014	
  

SABRINA	
  STUDY	
  stage2:	
  Response	
  Rate	
  	
  
Rituximab	
  	
  

IV	
  (n.	
  205	
  	
  )	
   SC	
  (n.	
  205)	
  

ORR	
   84	
  %	
  	
  (78.7	
  -­‐	
  89.1%)	
  	
   83	
  %	
  (77.6	
  -­‐	
  88.2%)	
  	
  

CR/CRu	
   31.7%	
  	
   32.7%	
  	
  

ORR	
  and	
  CR	
  Rate	
  indicate	
  that	
  
switching	
  to	
  the	
  SC	
  route	
  of	
  
administra9on	
  does	
  not	
  impair	
  
rituximab’s	
  an9-­‐lymphoma	
  ac9vity	
  
(follow-­‐up	
  14.4	
  months)	
  

Additional 280 patients	
  



MabEase:	
  Compara9ve,	
  randomised	
  (2:1	
  ),	
  mul9centre,	
  
open-­‐label,	
  	
  phase	
  IIIb	
  study	
  in	
  previously	
  untreated	
  
CD20-­‐posi9ve	
  DLBCL	
  

Untreated CD20+ 
DLBCL (N = 600) 

Age 18–80 
IPI* score 1–5 or 0 
with bulky disease 

8 x R + CHOP-21  
or 6 x R + CHOP-14 

IN
TE

R
IM

  
ST

A
G

IN
G

 

R
ES

PO
N

SE
 

A
SS

ES
SM

EN
T 

SD, PD off study 

R 
A 
N 
D 
O 
M 
I 
S 
E 

n = 400 

n = 200 

IV (375 mg/m2) 

SC (1,400 mg) 

Primary objective: efficacy (CR) 4‒8 weeks after the end of treatment 

Secondary objectives: patient satisfaction with Rituximab SC vs Rituximab administered 
intravenously in patients with DLBCL, efficacy (EFS, DFS, PFS and OS from randomisation), 
safety 

Stra9fica9on	
  by:	
  
-­‐  Age	
  (<60/≥60	
  years)	
  
-­‐  IPI	
  category	
  
-­‐  Chemotherapy	
  regimen	
  	
  

Lugtenburg	
  P	
  et	
  al.	
  Abs	
  S484	
  ,	
  	
  presented	
  at	
  EHA	
  Vienna	
  11-­‐14	
  june	
  2015	
  



Lugtenburg	
  P	
  et	
  al.	
  Abs	
  S484	
  ,	
  	
  presented	
  at	
  EHA	
  Vienna	
  11-­‐14	
  june	
  2015	
  

MabEase	
  Study:	
  End	
  of	
  treatment	
  response	
  rate	
  ITT	
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MabEase: CR/CRu* by BSA 

End-of-induction CR/CRu was comparable between treatment arms 
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Lugtenburg P et al. Abs S484 ,  presented at EHA Vienna 11-14 june 2015 
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MabEase: CR/CRu* by age and sex (ITT) 

End-of-induction CR/CRu was comparable between treatment arms 

Lugtenburg P et al. Abs S484 ,  presented at EHA Vienna 11-14 june 2015 



MabEase	
  Study:	
  Progression	
  free	
  survival	
  

At risk 

SC, n 342 342 342 322 316 303 264 217 296 183 168 160 135 113 101 88 83 72 44 32 21 11 4 2 1 0 

IV, n 177 177 176 169 163 159 141 115 107 97 94 84 72 62 57 48 41 33 20 15 9 6 4 2 0 0 
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Median	
  follow-­‐up:	
  64	
  weeks	
  

Censored	
   n	
   Censored	
   Events	
   Median	
  
Rituximab	
  SC	
   342	
   288	
   54	
   NR	
  
Rituximab	
  IV	
   177	
   149	
   28	
   NR	
  

Lugtenburg	
  P	
  et	
  al.	
  Abs	
  S484	
  ,	
  	
  presented	
  at	
  EHA	
  Vienna	
  11-­‐14	
  june	
  2015	
  



MabEase	
  Study:	
  Adverse	
  events	
  grade	
  ≥3	
  in	
  cycle	
  2	
  or	
  later	
  (safety	
  popula9on)	
  

Lugtenburg	
  P	
  et	
  al.	
  Abs	
  S484	
  ,	
  	
  presented	
  at	
  EHA	
  Vienna	
  11-­‐14	
  june	
  2015	
  

AE	
  of	
  grade	
  ≥3	
  in	
  cycle	
  2	
  or	
  later Rituximab	
  SC Rituximab	
  IV 
Total	
  number	
  of	
  paaents	
  with	
  ≥1	
  AE	
  of	
  grade	
  ≥3	
   195	
  (52.8%) 93	
  (49.5%) 
Total	
  number	
  of	
  events	
  of	
  grade	
  ≥3	
   476 229 
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PrefMab	
  (MO28457):	
  Study	
  design	
  

•  Primary	
  objecave:	
  proporaon	
  of	
  paaents	
  with	
  a	
  preference	
  for	
  Rituximab	
  SC	
  or	
  Rituximab	
  
administered	
  intravenously,	
  to	
  be	
  assessed	
  using	
  a	
  Preference	
  Quesaonnaire	
  

•  Secondary	
  objecaves:	
  	
  
•  Safety	
  of	
  Rituximab	
  SC	
  
•  Efficacy	
  (CR	
  including	
  CRu,	
  EFS,	
  DFS,	
  PFS	
  and	
  OS)	
  
•  Comparisons	
  of	
  administraaon	
  ame,	
  paaent-­‐assessed	
  saasfacaon	
  and	
  convenience	
  using	
  the	
  Cancer	
  

Therapy	
  Saasfacaon	
  Quesaonnaire	
  and	
  Rituximab	
  Administraaon	
  Saasfacaon	
  Quesaonnaire	
  and	
  
immunogenicity	
  for	
  Rituximab	
  SC	
  vs	
  Rituximab	
  administered	
  intravenously	
  

Rummel	
  M.,	
  abstract	
  presented	
  	
  at	
  	
  19°	
  EHA	
  Congress,	
  abstract	
  #5054	
  Haematologica	
  June	
  2014	
  99:	
  1-­‐796,	
  P467	
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PrefMab	
  (MO28457):	
  Study	
  design	
  

In	
  the	
  study,	
  83%	
  of	
  paaents	
  in	
  Cycle	
  
6	
  (and	
  86%	
  in	
  Cycle	
  8)	
  expressed	
  a	
  
significant	
  preference	
  for	
  Rituximab	
  
SC	
  compared	
  to	
  the	
  IV	
  formula9on,	
  
ayer	
  experiencing	
  both	
  modes	
  of	
  

administraaon	
  during	
  inducaon	
  with	
  
MabThera	
  plus	
  chemotherapy	
  in	
  
DLBCL	
  and	
  follicular	
  lymphoma.	
  

190	
  paaents	
  completed	
  the	
  Pa-ent	
  Preference	
  Ques-onnaire	
  at	
  cycle	
  VI.	
  
Rituximab	
  SC	
  was	
  preferred	
  to	
  Rituximab	
  EV	
  for:	
  
-­‐  Less	
  ame	
  in	
  hospital	
  (68%)	
  
-­‐  Less	
  emoac	
  stress	
  (31%)	
  
-­‐  More	
  comfortable	
  administraaon	
  (42%)	
  

Rummel	
  M.,	
  abstract	
  presented	
  	
  at	
  	
  19°	
  EHA	
  Congress,	
  abstract	
  #5054	
  Haematologica	
  June	
  2014	
  99:	
  1-­‐796,	
  P467	
  



Impact	
  analysis	
  of	
  the	
  technical	
  and	
  organiza9onal	
  benefits	
  of	
  
a	
  subcutaneous	
  formula9on	
  in	
  pa9ents	
  with	
  lymphoma	
  path	
  

Results	
  of	
  Rituximab	
  SC	
  

-­‐59%	
  

Pa9ent's	
  overall	
  9me	
  
engagement	
  

-­‐54%	
  

Employee	
  engagement	
  for	
  
sevng	
  up	
  drug	
  

-­‐54%	
  

Engagement	
  of	
  nurses	
  in	
  
pa9ent	
  management	
  

-­‐94%	
  

Drug	
  waste	
  

Farina	
  M	
  et	
  al.	
  Frammena	
  Educaaonal	
  2014;	
  Suppl.	
  32:3-­‐22	
  .F	
  

The	
  project	
  involved	
  17	
  centers	
  of	
  Hematology	
  and	
  the	
  results	
  have	
  shown	
  that	
  the	
  use	
  of	
  
Rituximab	
  SC	
  can	
  reduce:	
  



Is	
  it	
  possible	
  to	
  improve	
  the	
  R-­‐side	
  of	
  ICT?	
  

• Dosing:	
  fixed	
  dose	
  grants	
  for	
  a	
  higher	
  
exposure	
  to	
  MoAb	
  (ca	
  +30%)	
  and	
  
probably	
  removes	
  sex	
  and	
  BMI	
  
differences	
  

• Administraaon:	
  administraaon	
  ame	
  is	
  
greatly	
  reduced	
  (beYer	
  for	
  hospital	
  and	
  
for	
  the	
  paaent)	
  

• Efficacy:	
  sc	
  therapy	
  is	
  at	
  least	
  as	
  effecave	
  
as	
  iv	
  administraaon	
  



Rituximab	
  SC:	
  indica9on	
  
Linfoma	
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