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Fixed Dose vs Body Weight Based Dosing  Body weight was identified as a significant covariate in the population 

pharmacokinetic analysis, with subjects with higher body weight having higher belimumab clearance. 

 

A decrease in efficacy of belimumab SC 200 mg due to increasing body weight or lower dosing relative to IV treatment 

was not observed in the phase 3 study BEL112341.  Though subjects with higher body weight were expected to have a 

lower belimumab exposure following 200 mg SC administration compared to IV dosing with the 10 mg/kg dose, the 

higher body weight subjects did not have a lower treatment response.  Similarly, subjects with a lower body weight did 

not experience a higher incidence of adverse events compared to subject with higher body weight.  Therefore, based on 

the pharmacokinetic and efficacy data discussed above, as well as consideration of clinical convenience, the proposed 

fixed dose of 200 mg is considered to be appropriate and no alternative dose or dosing regimen for different body weight 

subgroups is necessary. 

 

 

2.3 Outstanding Issues 
 

None. 

 

2.4 Summary of Labeling Recommendations 
 

In general the applicant proposed labeling statements are acceptable.  However, the Office of Clinical Pharmacology 

recommends the following labeling concepts to be included in the final package insert: 

 

 Section 7, Drug Interactions, should be formatted to be consistent with BENLYSTA® (Belimumab) BLA labeling 

language. 

 Sections 8.5, Geriatric Use, should be deleted since no formal studies have been conducted in these population 

and this information is covered in Section 12.3. 

 Section 12.2, Pharmacodynamics, should be edited to remove  

 

 Section 12.3, Pharmacokinetics, specific populations for age, gender and race can be combined as none of these 

factors significantly influence belimumab pharmacokinetics. Significant population covariates should be added. 
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maturation antigen (BCMA), but the phenotype of BLyS and BR3 deficient mice suggests that the biological effect of 

BLyS is predominantly mediated through BR3.  Inhibition of BLyS activity with soluble BLyS receptors (TACI-Fc or 

BR3-Fc) administered to New Zealand Black/New Zealand White (NZB/NZW) F1 mice, which develop a lethal, SLE-like 

autoimmune syndrome, slowed disease progression and improved survival.  In patients with SLE followed for 2 years, 

BLyS levels correlated with changes in lupus disease activity as well as with elevated anti-dsDNA antibody titers, and 

worsening disease activity was predicted by rises in serum BLyS concentrations.  Together, these data suggested an 

important role for BLyS in SLE pathogenesis and accordingly a role for an antagonist of BLyS, such as belimumab, as a 

therapeutic agent for SLE. 

 

Pharmacodynamics:  

Belimumab reduces IgG, anti-dsDNA, and various B cell populations, and increases complement (C3 and C4) and T-

lymphocytes.  A greater number of belimumab-treated subjects had normalization of these biomarkers than placebo.  

These biomarker changes were observed as early as week 8 following treatment and were sustained through Week 52.  

 

Pharmacokinetics: 

The pharmacokinetics of belimumab were similar between healthy subjects and SLE patients.  The absolute 

bioavailability of subcutaneously administered belimumab was 74.2%.  The time to reach maximum serum concentration 

at steady state (Cmax) following subcutaneous administration, was 2.6 days (tmax).  Peak to trough fluctuations at steady-

state were minor.  The average steady-state concentration (Cavg) of 104 µg/mL, and minimum concentration at steady-

state, Cmin of 97 µg/mLwere similar.  The Cavg of 104 µg/mL for 200 mg SC once weekly administration was similar to the 

Cavg of 110 µg/mL for the belimumab IV recommended dosing regimen of 10 mg/kg every 4 weeks.  SLE patients 

switching from 10 mg/kg IV every 4 weeks to 200 mg SC every week using a 1 to 4 week interval between the first SC 

dose and the last IV dose had first SC dose belimumab trough serum concentrations close to their eventual SC steady-state 

concentration (see Section 3.3.4). 

 

The systemic exposure to belimumab was comparable when belimumab was administered via an autoinjector or a pre-

filled syringe.  Injections into thigh and abdomen resulted in similar belimumab exposure.  Though a trend towards higher 

AUC (up to +17%) and Cmax (up to +13%) for injections into the thigh was observed with both injection devices, the 

exposure differences were within the bioequivalence range (20%).  The exposure was comparable between the two 

devices for each injection site.  Additionally the two devices resulted in comparable exposure across a wide body weight 

group.  Consequently, both devices are recommended for belimumab SC injections in the abdomen and thigh. 

 

 

3.3 Clinical Pharmacology Questions 
 
3.3.1 Does the clinical pharmacology information provide supportive evidence of effectiveness? 
 

Yes, comparable exposure (Cavg) between the proposed 200 mg belimumab SC weekly  dosing regimen and 10 mg/kg 

belimumab IV every 4 weeks dosing regimen and biomarker data provided supportive evidence of effectiveness. 

 

In the Phase 3 trial BEL112341, only one dose, 200 mg SC once weekly, was evaluated.  This dosing regimen was chosen 

based on exposure matching between IV and SC dosing for the average concentration (Cavg) within the common dosing 

interval.  Study BEL112341 was the Phase 3 trial to evaluate the efficacy and safety of belimumab compared with placebo 

in patients with SLE and it met the pre-specified primary efficacy endpoint of SRI response rate at Week 52.  The study 

schematic is shown in Figure 1.  In addition to receiving stable standard therapy, eligible subjects were randomized to 1 of 

2 treatment groups in a 2:1 ratio: belimumab 200 mg SC weekly or placebo SC weekly. 
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Figure 1 Schematic for Study BEL112341 
(Source  eCTD for BLA 761043, Module 5.3.5.1, CSR for Study BEL112341, Figure 1, Page 34) 

 
The results of Phase 3 trial BEL112341showed that the Cavg of 104 µg/mL was similar to the Cavg of 110 µg/mL observed 

in the IV study (Table 1). 

 

Table 1 Derived Steady-State Belimumab PK Parameters from Simulated IV and SC Concentration 
Profiles 

 
(Source  eCTD for BLA 761043, Module 2.7.2, Summary of Clinical Pharmacology Studies, Table 11, Page 26) 

 

Belimumab reduces IgG, anti-dsDNA, and various B cell populations, and increases complement (C3 and C4) and T-

lymphocytes.  A greater number of belimumab-treated subjects had normalization of these biomarkers than placebo.  

These biomarker changes were observed as early as week 8 following treatment and were sustained through Week 52.  

Representative biomarkers changes are shown in Figure 2 below. 
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3.3.2 Is the proposed general dosing regimen appropriate for SLE patients? 

 

Yes, the proposed general dosing regimen of 200 mg SC weekly is appropriate for the SLE patients based on the 

assessment of PK, PD, efficacy and safety measurements.  Further, the proposed interval of 1 to 4 weeks between the last 

IV and first SC dose when transitioning from IV to SC therapy is also appropriate based on the assessment of 

exposure using a simulation approach.  

 

Dose Selection 

In the Phase 3 trial BEL112341, only one dose, 200 mg SC once weekly, was evaluated.  This dosing regimen was chosen 

based on matching of the average concentration (Cavg) within the common dosing interval between the 10 mg/kg 

belimumab IV every 4 weeks and 200 mg belimumabSC weekly.  

 

Pharmacokinetics 

Data from Study BEL 112341 also showed that the observed average steady-state belimumab concentrations from the 

study were similar to the predicted values from the PopPK model, indicating that the belimumab SC dosing of 200 

mg/week led to comparable belimumab average steady-state concentrations as the approved IV 10 mg/kg dosing regimen, 

and that the proposed dosing regimen is therefore appropriate for the general population. 

 

Average belimumab concentrations from the PK population from Phase 3 study BEL112341 were analyzed.  The 

observed median belimumab concentrations were 99 µg/mL by Day 112 and 105 µg/mL by day 168.  At the exit visit of 

the study (Day 364), a median belimumab concentration of 87 µg/mL was observed (Figure 3). 

 

The observed average steady-state belimumab concentrations from the study (104 µg/mL) were comparable to the 

predicted average steady-state concentrations for the 10 mg/kg IV regimen from the PopPK model (110 µg/mL)  

 

 
Figure 3 Observed and predicted average steady-state belimumab concentrations in SLE patients 

receiving 200 mg belimumab subcutaneously once per week 
 

The simulated profiles for a typical subject receiving belimumab 200 mg SC once a week for 24 weeks and belimumab 10 

mg/kg IV every two weeks for 3 weeks (0, 2 and 4-week administrations) followed by administration every 4 weeks for 

24 weeks (8, 12, 16, 20 and 24-week administrations) are shown in Figure 4.  The predicted Cavg of 104 µg/mL following 

SC administration was comparable to the predicted value of 110 µg/mL following IV administration (Table 2). 
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Blue Line = IV administration; Purple line= SC administration; Dashed line= Cmin for IV profile 
 

Figure 4 Comparison of Simulated IV and SC Exposure 
(Plot generated by Reviewer utilizing code submitted by Sponsor) 
 
Table 2 Summary of the Belimumab PK Parameters from Simulated Concentration Profiles for IV 10 

mg/kg Every 4 Week and SC 200 mg Weekly Dosing 

 
(Source  eCTD module 5.3.3.5, Report “Population Pharmacokinetic and Pharmacodynamic Analysis of belimumab (Monoclonal Anti-Blys Antibody) Following 

Subcutaneous Administration in Subjects With Systemic Lupus Erythematosus”, Table 6-1, page 73) 

 

The simulated SC profiles were consistently above the trough IV profiles. This supports that when transitioning from 

intravenous therapy to subcutaneous therapy, the first subcutaneous dose can be administered 1 to 4 weeks after the last 

intravenous dose. 

 

Further simulations were carried out using population PK parameters to generate a serum IV profile following 3 doses of 

belimumab 10 mg/kg IV every two weeks followed by 3 doses of 10 mg/kg IV every 4 weeks.  The route of 

administration was then switched to SC and profiles following belimumab 200 mg SC once a week, starting 1, 2, 3 and 4 

weeks after the last IV dose were simulated (Figure 5). All 4 SC scenarios resulted in Cmax and Cmin values for belimumab 

within those attained following IV administration. 

 

Reference ID: 4113048



16 

 

 
Red Line = IV administration; Blue line= SC administration; Dashed line= Cmin for IV profile 
 

Figure 5 Plot of a Simulated Concentration Profile Following a Switch from IV to SC 
(Plot generated by Reviewer utilizing code submitted by Sponsor) 

 

 

Pharmacodynamics 

Belimumab reduces IgG, anti-dsDNA, and various B cell populations, and increases complement (C3 and C4) and T-

lymphocytes.  A greater number of belimumab-treated subjects had normalization of these biomarkers than placebo.  

These biomarker changes were observed as early as week 8 following treatment and were sustained through Week 52.  

Representative biomarkers changes are shown in the Figure 2. 

 

Efficacy 

Evidence of effectiveness and safety of 200 mg is supported by the pivotal Phase III study in SLE Patients.  The primary 

efficacy endpoint of SRI response at Week 52 was positive and statistically significant in the phase 3 study (study BEL 

112341) as shown in Tables 3 and 4. 

 
Table 3 SRI Response at Week 52 

 
 
(Source  eCTD for BLA 761043, Module 2.7.3, Summary of Clinical Efficacy, Table 3, page 33) 
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Table 4 The 3 Components of SRI Response at Week 52 

 
 

(Source eCTD for BLA 761043, Module 2.7.3, Summary of Clinical Efficacy, Table 4, page 33) 
 

Safety: 

The safety of SC belimumab comparing Belimumab 200 mg SC and placebo was assessed in the Phase 3 study, 

BEL1124341.  A summary of adverse events in Study BEL112341 are shown in Table 5.  The incidence of having at least 

one adverse event was comparable or better for the drug-treated group for Belimumab 200 mg as comparable with the 

placebo.  This is also consistent with previous findings from the IV study where no clear dose (exposure)-response 

relationship was observed for efficacy and safety enpoints (see Clinical Pharmacology review by Dr. Ping Ji in DARRTs). 

 

Table 5 Adverse Events Summary (Double-Blind Phase) (ITT Population) 

  
 

(Source  eCTD for BLA 761043, Module 5.3.5.1, CSR for Study BEL112341, Table 31, Page 118). 

 

None of the efficacy, safety, PD and biomarker endpoints showed a strong, consistent correlation with belimumab SC 

exposure (Cavg) in the exposure-response analysis. 

 

Therefore, the PK, PD, efficacy and safety data support a dosing regimen of 200 mg SC weekly for patients with SLE. 

 

3.3.3 Is an alternative dosing regimen and management strategy required for subpopulations based on 
intrinsic factors? 

 
No, the alternative dose or dosing regimen is not required for subpopulation based on the intrinsic factors such as weight, 

age, gender, race, ethnicity, hepatic and renal impairment.  The fixed 200 mg dose weekly is appropriate. 

 

Body weight: 
Body weight was identified as a significant covariate in the population pharmacokineticanalysis.  Response by body 

weight quartiles in Study BEL112341 is of interest as increased body weight is known to decrease belimumab exposure 

(Table 6).  

Reference ID: 4113048



18 

 

 

Table 6 Summary of Derived Pharmacokinetic Parameters Based on Final Population PK Model Post-
Hoc Estimates, Stratified by Body Weight Quartiles (Study BEL112341) 

 
(Source  eCTD for BLA 761043, Module 5.3.3.5, Pop-PKPD- Population Pharmacokinetic and  Pharmacodynamic Analysis of Belimumab, Table 4-13, page 57) 

In the Phase 3 SC study BEL112341, belimumab treatment in the higher weight quartiles Q3 and Q4 was 

associated with greater response rates relative to placebo than the lower weight quartiles Q1 and Q2 (Source: 

CSR BEL112341 Table 2.82).  Thus an anticipated decrease in efficacy of belimumab SC 200 mg due to 

increasing body weight or lower dosing relative to IV treatment was not observed (Figure 6). 
 

 
Figure 6 Odds Ratio of SRI Response at Week 52 by Baseline Body Weight Quartiles 
(Source  eCTD for BLA 761043, Module 5.3.5.1, CSR for Study BEL112341, Figure 2.20, Page 820) 

 

Higher exposure in the lower body weight quartiles did not impact the safety profile of belimumab. 

 

No dose adjustment is required for high body weight subjects with lower than average exposure, since exposure was not a 

significant predictor for efficacy.  No dose adjustment is required for low body weight subjects with higher than average 

exposure, since higher exposure was not a predictor for SAEs in general or SAE in the infection and infestations category.  

Therefore, based on the pharmacokinetic and efficacy data discussed above, as well as consideration of patient 

convenience, the proposed fixed dosing of 200 mg SC weekly is considered to be appropriate and no alternative 

dose or dosing regimen for different body weight subgroups is necessary. 
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Age and Gender: 

Population PK analysis showed that age (median 37 years, range 18-77 years) or gender (n = 584, 85% females; n=104, 

15% males) did not impact the exposure of belimumab  

 

Race and Ethnicity: 

Population PK analysis showed that race did not impact the exposure of belimumab.  The population PK dataset included 

422 white (61%), 76 African American (11%), 83 non-north-east Asians (12%), 54 north-east Asians (8%), 41 American 

Indian or Alaskan natives (6%), 9 Multi-racial (1%), and 3 Native Hawaiian or other Pacific Islander (0%).  From the 

BLA submission for the IV formulation (BLA 125370), it was noted that response rates for the primary endpoint were 

lower for black subjects receiving BENLYSTA relative to black subjects receiving placebo.  It appeared that Belimumab 

IV was ineffective in the Black population after 52 weeks of treatment.  The treatment difference between belimumab 200 

mg SC and placebo groups in Black subjects, however, remained positive although a lower magnitude of treatment effect 

was observed compared to non-blacks. 
 

Renal and Hepatic Impairment: 

There were no dedicated studies conducted in patients with renal or hepatic impairment since PK of monoclonal 

antibodies are not known to be affected by renal or hepatic impairment.  There was no change in pharmacokinetics 

observed in patients with mild renal impairment, or in patients with elevated liver enzymes.  For details of the population 

PK analysis see Section 4.2. 

 

Others: 
Albumin: An inverse relationship was found between baseline albumin levels and belimumab clearance. CL decreased 

with albumin with the power coefficient of -0.736, (i.e. as (ALBU/41)-0.736).  For the range of albumin (5 to 95% 

percentile) in the analysis (33-47 g/L), CL ranged from 239-184 mL/day.  Maximal changes ranged from 83% increase to 

19% decrease.  The effects of albumin and IgG on CL likely result from neonatal Fc receptor (FcRn) related recycling of 

endogenous and exogenous IgG antibodies [Roopenian, 2010]1 and were also observed for other monoclonal antibodies 

[Dirks, 2010]2. 
 

 

3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what is the appropriate 
management strategy? 

 

No formal drug-drug interaction studies were conducted in this submission.  Direct drug-drug interactions are not 

expected based on the Cytochrome P450s or transporters since beliumab is a monoclonal antibody. 

 

Since belimumab is administered by SC or IV, food-drug interactions are not anticipated or applicable. 

 

The impact of concomitant medications on the PK of belimumab was assessed using population PK analysis in the Phase 

3 study BEL112341 in which subjects received a wide range of concomitant SLE medications in addition to belimumab or 

placebo.  The concomitant medications included immunosuppressants (e.g., methotrexate, azathioprine, or mycophenolate 

mofetil), anti-malarials (e.g., hydroxychloroquine or chloroquine), corticosteroids, HMG CoA-reductase inhibitors 

(statins), angiotensin pathway antihypertensives, non-steroidal anti-inflammatory drugs and aspirin on the PK of 

belimumab.  None of these co-medications showed significant effects on belimumab PK. 

 

The effect of belimumab on the PK of other drugs has not been evaluated.  The non-clinical study 2012N147634_00 

[GlaxoSmithKline Document Number 2012N147634_00, 2012]3 was an in vitro evaluation of the effect of BLyS on the 

mRNA levels of cytochrome P450 enzymes in cultured human hepatocytes.  Following exposure of cultured human 

hepatocytes to BLyS for 48 hours, no concentration dependent changes in the mRNA levels of CYP1A2, CYP2C8, 

CYP2C9 or CYP3A4 were observed.  As no suppression of CYP450 was observed with BLyS, de-suppression 

                                                           
1 Roopenian DC, Sun VZ. Clinical ramifications of the MHC family Fc receptor FcRn. J Clin Immunol. 2010;30(6):790–7. 
2 Dirks NL, Meibohm B. Population pharmacokinetics of therapeutic monoclonal antibodies. Clin Pharmacokinet. 2010;49(10):633-59. 
3 GlaxoSmithKline Document Number 2012N147634_00 Study Number 12DMW025. An in vitro evaluation of the effect of belimumab 

(GSKI550188) and its cytokine target Blys on the mRNA levels of cytochrome P450 enzymes in cultured human hepatocytes. 13 September 2012. 
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Figure 7 Mean (±SE) Serum Belimumab Concentrations Following Administration Through an 

Autoinjector or Pre-filled Syringe 
 

 

A reduced ANCOVA model incorporating fixed effect terms of injection device, injection location and baseline weight 

was used to compare the PK parameters between the two devices.  The statistical analysis demonstrated that the 90% CI 

of the GMR for Cmax, AUClast, and AUCinf of belimumab are all within 80-125% range (Figure 8). 
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Following single SC administration of belimumab in a 200 mg/mL liquid formulation at 
200 mg given as a single injection of 1.0 mL, the median tmax was 5.9 days (range: 1.9 to 
13.9 days). The mean (%CV) Cmax and AUC0-∞ values were 27 μg/mL (40.3) and 
666 day·μg/mL (37.9), respectively.  The mean t1/2,term was 16.0 days, which was similar 
to that of IV administration. The bioavailability of 74% (90% CI: 60 to 91%), was similar 
to that for the other 2 SC dose groups.  
 
Table 4.1.1-1: Mean (± SD) PK parameters following a single dose of belimumab at 

240 mg given as 1-hour IV infusion or at 2x120, 240 or 200 mg given 
as SC injection in healthy subjects 

 
(Source: eCTD for BLA 761043, Module 5.3.3.1, PK Report for Study HGS1006-C1105, Table 3-3, page 23) 

 
Multiple-Dose: 
Mean (± SD) serum belimumab concentration-time profiles following multiple SC dosing 
are presented in Figure 4.1.1-2. 

 
Figure 4.1.1-2: Mean (± SD) serum belimumab concentrations in healthy subjects 

administered 4 weekly SC doses of belimumab at 2x120 or 200 mg 
 
Mean (± SD) PK parameters following multiple-dose SC administration are summarized 
in Table 4.1.1-2. 
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Figure 4.1.2-1: Mean (± SD) serum belimumab concentrations in healthy Japanese 

subjects administered a single dose of belimumab at 200 mg either 
as an intravenous or subcutaneous injection 

 
Mean (± SD) PK parameters following single IV and SC administration are summarized in 
Table 4.1.2-1. 
 
The geometric mean (95% C.I.) Cmax were 63 (55, 72) µg/mL and 26 (20, 34) µg/mL 
following I.V. and S.C. administrations, respectively.  The geometric mean (95% C.I.) 
AUC0-∞ values were 1206 (1018, 1428) day·µg/mL and 1025 (772, 1362) day·µg/mL 
following I.V. and S.C. administrations, respectively.  Mean Belimumab CL was 166 
mL/day and 195 mL/day following I.V. and S.C. administrations, respectively, while 
mean t1/2, was 17.7 and 15.9 days following I.V. and S.C. administrations, respectively. 
 
The absolute bioavailability of belimumab from the S.C. administration was 77.5%. 
 
Table 4.1.2-1: Mean (± SD) PK parameters following a single 200 mg dose of 

belimumab given as an IV or SC injection in healthy Japanese 
subjects 

 
(Source: eCTD for BLA 761043, Module 5.3.3.1, CSR for Study BEL116119, Table 11, page 41) 
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Mean (± SD) PK parameters following single SC administration via PFS or AI are 
summarized in Table 4.1.3-1. 
 
The geometric mean (% CV) Cmax were 25.3 (34) µg/mL and 27.0 (31) µg/mL following 
PFS and AI administrations, respectively.  The geometric mean (% CV) AUC0-∞ values 
were 735 (40) day·µg/mL and 701 (36) day·µg/mL following PFS and AI 
administrations, respectively.  Mean t1/2, was 16.2 and 14.8 days following PFS and AI 
administrations, respectively. 
 
Table 4.1.3-1: Mean (± SD) PK parameters following a single 200 mg dose of 

belimumab administered via PFS or AI in healthy subjects 

 
(Source  eCTD for BLA 761043, Module 5.3.3.1, CSR for Study BEL117100, Table 4, page 27) 

 
The relative bioavailability of belimumab from the 2 devices was evaluated statistically 
using an analysis of variance model with fixed effect terms of injection device, injection 
location (abdomen or thigh) and protocol pre-specified baseline weight (<70kg, 70 - 
<80kg, ≥80kg), and treatment by body weight and treatment by site of injection 
interaction terms. Upon analysis, treatment by body weight and treatment by site of 
injection interaction terms were found to be not significant.  A reduced ANOVA model 
incorporating fixed effect terms of injection device, injection location and baseline 
weight was then used to compare the PK parameters between the two devices.  The 
statistical analysis demonstrated that there were no statistically significant differences in 
the total and peak exposures of belimumab between prefilled syringe and autoinjector 
for a single SC dose of 200 mg belimumab (Figure 4.1.3-3). 
 

 
Figure 4.1.3-3 Forest plot of comparison of Belimumab PK parameters following 

administration of 200 mg Belimumab via PFS or AI 
 

An examination of the effect of baseline bodyweight on PK parameters AUC and Cmax 
showed that exposure ranges largely overlapped between weight categories.  
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As shown in Table 4.1.4-1, a logistic regression analysis adjusted for baseline 
stratification factors in the ITT population showed that the percentage of responders at 
Week 52 was greater for the belimumab 200 mg SC group (61.4%) compared with 
placebo (48.4%).  The odds of being an SRI responder at Week 52 were significantly 
higher for subjects in the belimumab group compared with placebo (Odds Ratio 1.68; 
95% CI: 1.25, 2.25; p=0.0006) 
 
Table 4.1.4-1 SRI Response at Week 52 in the ITT Population 

 
(Source: eCTD for BLA 761043, Module 5.3.5.1, CSR for Study BEL112431, Table 15, page 78) 

Pharmacokinetics: 
The average serum belimumab concentration-time results are illustrated in  
Figure 4.1.4-1. Median belimumab concentrations peaked on Day 112 (99 µg/mL) and 
Day 168 (105 µg/mL). A median concentration of 87 µg/mL was observed at the Day 
364/EXIT visit.  The observed median belimumab concentration of 105 µg/mL on Day 
168 was in agreement with a population PK predicted average concentration of 
104 µg/mL. 
 

 
Figure 4.1.4-1: Median (25th and 75th percentile) serum belimumab 

concentrations in SLE patients administered 200 mg SC dose of 
belimumab weekly through 51 weeks of treatment 

 
Mean (± SD) belimumab trough concentrations are summarized in Table 4.1.4-2. 
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 As is expected for fixed dose administration, belimumab exposure decreased 
with increasing subject baseline body weight or body mass index.  However, the 
changes were modest compared to the overall exposure variability as the 1st 
body and 4th body weight quartiles differed by 18%, and -26% respectively 
relative to the overall PK population median of 105 µ/mL at Day 168. The 
reduced exposure of heavier subjects in the 3rd and 4th body weight quartiles 
was not associated with reduced efficacy, nor was the higher exposure in the 
lighter subjects associated with increased adverse events or poorer tolerability. 

 The primary efficacy endpoint was met in this study. The percentage of SRI 
responders at Week 52 was greater for the belimumab 200 mg SC group 
(61.4%) compared with placebo (48.4%). The odds of being an SRI responder 
was 68% more likely for the belimumab 200 mg SC group compared with 
placebo (Odds ratio 1.68; 95% CI: 1.25, 2.25; p=0.0006). 
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Figure 4.1.5-1: Median serum belimumab concentrations in SLE patients following 

switch from IV to SC administration 
 

Mean (± SD) belimumab trough concentrations are summarized in Table 4.1.5.1. 
 
Table 4.1.5-1: Belimumab Serum Concentrations (µL/mL) by Visit (Double-Blind 

Phase) (PK Population) 

 
(Source: eCTD for BLA 761043, Module 5.3.5.4, CSR for Study 200339, Table 29, page 51) 

 
Depending on the time interval between last IV and first SC dose, the Week 1 serum 
belimumab concentrations were either similar, substantially lower or higher than the 
corresponding Week 8 concentrations.  Median % changes between Week 8 and Week 1 
concentrations were -50.8 %, -22.6 %, 1.3%, and -3.0% for subjects with IV to SC 
switching time intervals of ≤1.5 weeks, 1.5-2.5 weeks, 2.5-3.5 weeks and >3.5 weeks, 
respectively.  The distribution of Week 8 to Week 1 differences were evenly around zero 
for subjects with an IV to SC switching interval of more than 2 weeks (Figure 4.1.5-2). 
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4.2 Appendix – Population PK Analysis 
 
4.2.1 Are the PK parameters reported in the proposed label supported by the population PK analysis 

submitted by the sponsor? 
 

Yes, the PK parameters reported in the label are supported by the population PK (popPK) analysis submitted by the 

sponsor.  The Sponsor’s analysis was independently confirmed by this reviewer. 

 

The Sponsor’s population PK/PD analysis was based on PK data from three studies: BEL1161194, BEL114448 (C1105) 

and BEL1123416 and PD data available from study BEL112341 only. The summary of study information included in the 

popPK/PD analysis is presented in Table 4.2.1-1 below. 
 

Table 4.2.1-1: Summary of Study Information Included in the Population PK and Population PK/PD Analysis 

 
(Source  eCTD for BLA 761043, Module 5.3.3.5, Pop-PKPD- Population Pharmacokinetic and  Pharmacodynamic Analysis of Belimumab, Table 3-1, page 25) 

The final model was a linear two-compartment model with first order absorption, elimination and an absorption lag time. 

All the parameters were estimated with good precision (RSE% ranged from 0.3 to 28%) The bioavailability (F) of 

belimumab following SC administration was estimated to be 74.2% (95% CI: 64.4-84.0%). CL and Vc increased with 

body weight with the power coefficient of 0.75 and 1, respectively. 

 

In general, belimumab CL increased with increasing levels of baseline IgG.  An inverse relationship was found between 

baseline albumin levels and belimumab clearance. 

 

The parameter estimates of the final PK model are presented in Table 4.2.2-2. 
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Table 4.2.2-2: Parameter Estimates of Final Population PK Model 

 
(Source  eCTD for BLA 761043, Module 5.3.3.5, Pop-PKPD- Population Pharmacokinetic and  Pharmacodynamic Analysis of Belimumab, Table 4-9, page 51) 

The goodness-of-fit plots for the final model indicated that the model provided a good description of the data.  The visual 

predictive check (VPC) plot shown in Figure 4.2.1-1 indicates that the median of the observed concentrations lie within 

the 95% PI for median of the predicted concentrations for most of the data before Day 56 except in early time points 

(between Days 0 and 7) where there was a slight tendency of under-prediction. Also, there was a slight tendency of over-

prediction at later time points (>56 days) which possibly is because of the relatively few data points after Day 56. 
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Open Circle: Observed Concentrations; Solid Line: Median of Observed Concentrations; Dashed Lines: 5th and 95th percentile of observed 
concentrations. Red Shaded Region: 95% Prediction Interval for Median of Predicted Concentrations; Blue Shaded Regions: 95% Prediction 
Intervals for the 5th  and 95th  percentiles of Predicted Concentrations 

 
Figure 4.2.1-1: Visual Predictive Check for the Final Population PK Model (All Data) 
(Source  eCTD for BLA 761043, Module 5.3.3.5, Pop-PKPD- Population Pharmacokinetic and  Pharmacodynamic Analysis of Belimumab, Figure 4-1, page 52) 

 

A summary of estimated pharmacokinetic parameters from the the final population PK model, stratified by body weight 

quartiles from the Phase 3 study BEL112341 is presented in Table 4.2.1-3.  A summary of derived pharmacokinetic 

parameters based on final population PK model post-hoc estimates, stratified by body weight quartiles from study 

BEL112341 is presented in Table 4.2.1-4. 

 
Table 4.2.1-3: Summary of Estimated Pharmacokinetic Parameters from Final Population PK Model, 

Stratified by Body Weight Quartiles (Study BEL112341 Only) 

 
(Source  eCTD for BLA 761043, Module 5.3.3.5, Pop-PKPD- Population Pharmacokinetic and  Pharmacodynamic Analysis of Belimumab, Table 4-12, page 56) 
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Table 4.2.1-4: Summary of Derived Pharmacokinetic Parameters Based on Final Population PK Model Post-
Hoc Estimates, Stratified by Body Weight Quartiles (Study BEL112341 Only) 

 
(Source  eCTD for BLA 761043, Module 5.3.3.5, Pop-PKPD- Population Pharmacokinetic and  Pharmacodynamic Analysis of Belimumab, Table 4-13, page 57) 

 

 

4.2.2 What are the effects of intrinsic factors on the PK of belimumab? 
 
The covariate modeling did not reveal any statistically significant covariate effects of age, gender and race. 

 

4.2.2.1. Age 

Specific studies were not conducted in the elderly population, however, belimumab SC was administered to subjects aged 

up to 77 years old (19 subjects ≥65 years in BEL112341 and 200339).  In the population PK analysis of belimumab SC 

(age range 18 –77 years, 508 subjects or 74% between 18 and 45 years of age, 180 subjects or 26% ≥45 years, 12 subjects 

or 2% ≥65 years, 1 subject ≥75 years) age did not have a significant impact on belimumab SC PK.  However, given the 

small number of subjects 65 years or older, an effect of age on PK cannot be ruled out conclusively. No dose adjustment 

is recommended for elderly patients. 

 

4.2.2.2. Gender 

Gender did not have a statistically significant impact on belimumab SC PK in the population PK analysis (85% female 

and 15% male subjects). No dose adjustment is recommended with respect to gender. 

 

4.2.2.3. Race and Ethnicity 

The absolute bioavailability of belimumab administered SC to healthy subjects was similar for US and Japanese subjects: 

73.5-81.8% in US (C1105) and 77.5% in Japanese (BEL116119). The overall estimate of bioavailability from the 

population PK analysis was 74%. 

 

Race (61% white, 20% Asian, 6% Alaska Native or American Indian and 11% African American) or ethnicity (26% 

Hispanic) did not have a statistically significant impact on belimumab PK in the population analysis. 

 

Japanese subjects had higher belimumab AUC compared to Western subjects, however, this difference can probably be 

explained by the lower median body weight of Japanese subjects compared to Western subjects.  Additionally belimumab 

was delivered through the thigh in Japanese subjects.  In Study BEL117100 it was found that injection through the thigh 

resulted in higher exposure compared to injection in the abdomen.  Additional variability due to the small sample size in 

the Japanese study cannot be ruled out. 

 

No dose adjustment is recommended with respect to race and ethnicity. 

 

4.2.2.4. Weight 

Subjects in higher body weight quartiles or BMI categories had lower systemic belimumab exposure. However, the effects 

of body weight and BMI on exposure to belimumab administered subcutaneously were not considered clinically relevant 
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as there was no significant impact on efficacy based on weight or BMI, i.e. heavier subgroups did not have a worse odds 

ratio for SRI response.  In the Phase 3 study, belimumab treatment in the higher weight quartiles Q3 and Q4 was 

associated with greater response rates relative to placebo than the lower weight quartiles Q1 and Q2, and a decrease in 

response rate with belimumab 200 mg SC due to increasing body weight or lower relative dosing was not observed.  The 

overall incidence of adverse events by weight quartiles increased slightly as body weight increased (1st quartile: 77.1% 

placebo, 76.3% belimumab; 2nd quartile: 84.8% placebo, 79.0% belimumab; 3rd quartile: 85.1% placebo, 81.5% 

belimumab; 4th quartile: 90.0% placebo, 86.3% belimumab). For each quartile, the incidence of any AE in the belimumab 

group was similar to or less than that in the placebo group.  The overall incidences of SAEs in the 3rd (23.0% placebo, 

14.1% belimumab) and 4th (20.0% placebo, 12.2% belimumab) weight quartiles were higher than the incidences in the 1st 

(10.0% placebo, 7.2% belimumab) and 2nd (9.1% placebo, 9.8% belimumab) quartiles.  Based on these observations, it 

appears that belimumab exposure by body weigh quartiles is not predictive of the efficacy and safety. 

 

No dose adjustment is recommended with respect to body weight and BMI. 

 

4.2.2.5. Renal Impairment 

Due to size restriction of glomerular filtration in healthy kidneys, belimumab, a monoclonal antibody with a molecular 

weight of 147 kDa is not expected to have substantial renal clearance.  The sponsor did not conduct a formal renal 

impairment study. 

 

In the population PK analysis, 121 SLE patients (22% of patients) had mild renal impairment (CLcr ≥60 and <90 mL/min) 

and 30 SLE patients (5% of patients) had moderate renal impairment (CLcr ≥30 and <60 mL/min).  Ninety-nine SLE 

patients (18% of patients) had proteinuria >0.5 g/24h, 19 SLE patients (3% of patients) had proteinuria ≥ 2 g/24h.  A trend 

towards decreased clearance with decreased estimated creatinine clearance and of increased clearance with decreased 

proteinuria was detected in the belimumab SC population PK analysis, but the impact was not statistically significant and 

within the range of normal exposure variability.  No dose adjustment is recommended for patients with renal impairment. 

 

4.2.2.6. Hepatic Function 

Monoclonal antibodies are catabolized primarily by non-specific cellular uptake and subsequent lysosomal degradation 

not restricted to hepatic tissue. Hepatic function is not expected to substantially impact the elimination of belimumab and 

a hepatic impairment study was not conducted by the Sponsor. Dose adjustment in patients with hepatic impairment is not 

recommended. 

 

4.2.2.7. Disease State 

As shown in Table 4.2.2.1, healthy volunteers and patients with SLE had similar belimumab pharmacokinetics. Measures 

characterizing the SLE disease state, namely SELENA/SLEDAI score, BLyS levels, anti-dsDNA antibody levels, 

complement C3 or C4 levels, and proteinuria did not have a significant impact on belimumab SC PK in the population PK 

analysis. Increased baseline IgG levels, which tend to be raised in SLE patients, increased belimumab clearance modestly 

(+ 21% for the 95th percentile of IgG), but not to a degree considered to be pharmacokinetically relevant. No dose 

adjustment is recommended with respect to disease state. 

 

Table 4.2.2.1: Summary of Individual Estimates from Final Population PK Model, Stratified by Study 

 
(Source: eCTD for BLA 761043, Module 2.7.2, Summary of Clinical Pharmacologyl Studies, Table 10, page 25) 
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4.2.3 What are the effects of extrinsic factors on the PK of belimumab? 
 
The types of drug interactions that occur between 1 or more drugs that compete for metabolism by the cytochrome P450 

family of enzymes are not expected with belimumab, a monoclonal antibody, which is not metabolized by the cytochrome 

P450 family of enzymes. The Sponsor did not conduct any specific nonclinical studies to examine PK drug interactions. 

 

The pivotal phase 3 study BEL112341 was designed to evaluate belimumab in the setting of standard of care therapy for 

SLE. In addition to belimumab or placebo, subjects received a wide range of concomitant SLE medications. Though there 

was no mechanistic basis for drug interactions affecting belimumab PK, the population analysis assessed the impact of 

these concomitant medications on PK, including immunosuppressants (e.g., methotrexate, azathioprine, or mycophenolate 

mofetil), anti-malarials (e.g., hydroxychloroquine or chloroquine), corticosteroids, HMG CoA-reductase inhibitors 

(statins), angiotensin pathway antihypertensives, non-steroidal anti-inflammatory drugs and aspirin. No significant effects 

on belimumab PK were identified among this wide range of assessed co-medications. No dose adjustment is 

recommended with respect to the tested co-medications. 

 

A Forest plot depicting the effect of intrinsic and extrinsic factors on the PK of belimumab is shown in  

Figure 4.2.3-1. 

 

  
Figure 4.2.3-1: Forest Plot for Intrinsic and Extrinsic Factors on the Pharmacokinetics of Belimumab 

(PopPK analysis) 
(Plot generated by Reviewer utilizing code submitted by Sponsor) 
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4.3 Appendix – Exposure-Response Analysis  
 
4.3.1 Exposure-response relationship for efficacy 
 

4.3.1.1. Is there an exposure-response relationship for belimumab efficacy? 

 
In the exploratory exposure-response graphical review, none of the efficacy, PD or biomarker endpoints showed a strong 

correlation with belimumab SC exposure as measured by the average steady-state concentration(Cavg) of belimumab.  The 

plots of change and percent change in selected PD/efficacy endpoints versus belimumab Cavg are presented in  

Figure 4.3.1.1-1. 

 

  

 

 

Figure 4.3.1.1-1: Plots of Change and Percent Change in Selected PD/Efficacy Endpoints versus 
Belimumab Cavg 

(Source  eCTD for BLA 761043, Module 5.3.3.5, Pop-PKPD- Population Pharmacokinetic and  Pharmacodynamic Analysis of Belimumab, Figure 10-27,  

pp 259-261) 
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4.3.2 Exposure-response relationship for safety 
 

4.3.2.1. Is there an exposure-response relationship for belimumab safety? 

 

In the exploratory exposure-response graphical review, none of the safety endpoints showed a strong correlation with belimumab SC exposure as measured by the 

average steady-state concentration(Cavg) of belimumab.  The plots of SRI/serious adverse events/serious infections versus belimumab Cavg stratified by region and 

by BMI categories are presented in Figures 4.3.2.1-1 and 4.3.2.1-2. 

 

   

  

 

Figure 4.3.2.1-1 Plots of SLE Responder Index/Serious Adverse Events/Serious Infections versus Belimumab Cavg, by Region 
(Source  eCTD for BLA 761043, Module 5.3.3.5, Pop-PKPD- Population Pharmacokinetic and  Pharmacodynamic Analysis of Belimumab, Figure 10-24, pp 249-253)
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Figure 4.3.2.1-2 Plots of SLE Responder Index/Serious Adverse Events/Serious Infections versus 

Belimumab Cavg, by BMI Categories 
(Source  eCTD for BLA 761043, Module 5.3.3.5, Pop-PKPD- Population Pharmacokinetic and  Pharmacodynamic Analysis of Belimumab, Figure 10-25,  

pp 254-257) 
 
4.3.3 Does the exposure-response relationship for efficacy and safety support the proposed dosing 

regimen? 
 

Yes, the flat exposure-response relationship for efficacy and safety supports the proposed dosing of belimumab 200 mg 

administered subcutaneously once weekly. 
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4.4 Appendix – Summary of Bioanalytical Method Validation 
 
4.4.1 How are parent drug and relevant metabolites identified and what are the analytical methods used to 

measure them in plasma and other matrices? 
 

Belimumab concentrations in human serum were determined by a validated target mediated capture sandwich 

electrochemiluminescence (ECL) assay.  Human serum samples were minimally diluted at either 1/400 or 1/8000 with 

assay diluent prior to analysis. Biotinylated recombinant human BLyS bound to a streptavidin MULTI-ARRAY 96 well 

plate was utilized to isolate belimumab from the human serum sample. Rabbit anti-LSB (Fv) was used for detection 

followed by MSD SULFOTAG goat anti-rabbit polyclonal antibody reporter tag. An ECL development solution was used 

to generate a measurable signal. 

 

The initial bioanalytical assay development, validation and human serum sample analysis in support of Studies C1058, 

BEL112232 and C1105 were conducted by the Sponsor, HGS, at their facility in Rockville, MD.  This original validated 

assay was subsequently transferred from HGS and validated by . Samples from study 

BEL116119 and additional samples from BEL112232 were analyzed at .  This assay was 

subsequently re-optimized and validated by .  The revalidation included applying a single MRD of 1/400 and 

truncating the upper portion of the assay range from 48000 ng/mL to 12800 ng/mL to increase the methods overall 

robustness. The re-optimized validated immunoassay method was used to analyze serum samples obtained from subjects 

in clinical studies BEL117100, 200339, BEL112341. 

 

 

4.4.2 What was the performance of bioanalytical methods? 
 

The PK assay was appropriately qualified and is suitable for the quantitative determination of belimumab in human 

serum. 

 

The analytical methods were found to be selective, sensitive, precise, and accurate for the determination of belimumab in 

human serum.  The effective analytical ranges were  as follows: 

(a) 100 ng/mL - to 48000 ng/mL or 2000 ng/mL - 960000 ng/mL for either the 1/400 MRD or the 1/8000 MRD, 

respectively, for the original assay developed by the Sponsor, and the assay that was transferred to  

 

(b) 100 ng/mL - 12800 ng/mL for the 1/400 MRD. 

 

The between run precision of the assay, as determined by the percent coefficient of variation were as follows: 

(a) For the original assay developed at the Sponsor’s facility:  ≤10.9% at 1/400 MRD and ≤21.1% at 1/8000 MRD. 

The accuracy, as determined by the percent bias, was -9.6 to 17.8% at 1/400 MRD and -5.7 to 11.2% at 1/8000 

MRD. 

(b) For the assay that was transferred by the Sponsor to : ≤12.7% at 1/400 MRD and ≤11.4% at 

1/8000 MRD.  The accuracy, as determined by the percent bias, was -13.3 to 12.5% at 1/400 MRD and -11.6 to 

16.5% at 1/8000 MRD. 

(c) Re-optimized assay at : The between run precision of the assay, as determined by the 

percent coefficient of variation, was ≤6.8% and the accuracy, as determined by the percent bias, ranged from -

10.5% to 12.2%. 

 

Performance details of the assays with the corresponding studies where the assay was utilized, are presented in Table 

4.4.3-1. 
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Table 4.4.3-1: Bioanalytical Methods Summary 

 
(Source: eCTD for BLA 761043, Module 2.7.1, Summary of Biopharmaceutical Studies and Associated Analytical Methods, Appendix Table 2, page 28) 

Between-run accuracy and precision data of quality samples are presented in Table 4.4.3-2: 
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(Source  eCTD for BLA 761043, Module 2.7.1, Summary of Biopharmaceutical Studies and Associated Analytical Methods, Appendix Table 3, page 31) 
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1. Are the data sets, as requested during pre-
submission discussions, submitted in the 
appropriate format (e.g., CDISC)?  

Yes ☐No ☐N/A 

 

2. If applicable, are the pharmacogenomic data 
sets submitted in the appropriate format? 

☐Yes ☐No N/A 
 

Studies and Analysis  
3. Is the appropriate pharmacokinetic 
information submitted? 

Yes ☐No ☐N/A 
 

4. Has the applicant made an appropriate 
attempt to determine reasonable dose 
individualization strategies for this product 
(i.e., appropriately designed and analyzed 
dose-ranging or pivotal studies)? 

Yes ☐No ☐N/A 

 

5. Are the appropriate exposure-response (for 
desired and undesired effects) analyses 
conducted and submitted as described in the 
Exposure-Response guidance? 

Yes ☐No ☐N/A 

 

6. Is there an adequate attempt by the 
applicant to use exposure-response 
relationships in order to assess the need for 
dose adjustments for intrinsic/extrinsic factors 
that might affect the pharmacokinetic or 
pharmacodynamics? 

Yes ☐No ☐N/A 

 

7. Are the pediatric exclusivity studies 
adequately designed to demonstrate 
effectiveness, if the drug is indeed effective? 

☐Yes ☐No N/A 

 

General  
8. Are the clinical pharmacology and 
biopharmaceutics studies of appropriate 
design and breadth of investigation to meet 
basic requirements for approvability of this 
product? 

Yes ☐No ☐N/A 

 

9. Was the translation (of study reports or 
other study information) from another 
language needed and provided in this 
submission? 

☐Yes ☐No N/A 
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