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This brief document is an addendum to my review dated May 18, 2017.  This document captures the 
decision on how best to represent the finding of the radiographic progression results from Study 11072 in 
the sarilumab product label.  There was no disagreement that the Study 11072 demonstrated that 
sarilumab decreased the progression of structural progression in patients with rheumatoid arthritis (RA), 
rather there were differences in opinion whether the results should be displayed in the label using linear 
extrapolation method (where data for week 52 for placebo treated patients, who crossed over to sarilumab 
200 mg at week 16 and beyond, were imputed assuming a linear progression using data from baseline and 
the last available data at cross over), or using alternate methods.  Alternate methods under consideration 
were all available observed data (where data for week 52 for placebo treated patients, who crossed to 
sarilumab 200 mg at week 16 and beyond, were the observed data at week 52 when patients were on 
sarilumab 200 mg since cross over), and linear mixed effects regression model based analyses (where 
only available data from baseline, week 24 or at cross over, and week 52 were used to create slopes for 
placebo, sarilumab 150 mg, and sarilumab 200 mg, and the slopes were compared).  These three methods 
are described in my review dated May 18, 2017, and in statistical review, and the results using these three 
methods are presented in these reviews.  All three methods showed dose-dependent statistically 
significant decrease in radiographic progression by sarilumab 200 mg and 150 mg compared to placebo.  
 
All the three methods described above have strengths and weakness, and there is no perfect solution to 
address the study protocol specified cross over of patients from the placebo treatment arm to sarilumab 
200 mg treatment arm, which resulted in approximately fifty-percent of patients from the placebo 
treatment arm with no placebo data at week 52.  The statistical team was not agreeable to the previously 
used linear extrapolation method for RA studies, which was also the protocol specified primary method 
for Study 11072.  During the first review cycle, the statistical team decided that the label should display 
results using all available observed data.  Sanofi objected to using the all available observed data, but 
agreed prior to the first cycle PDUFA action due date.  During the second cycle review (2 month clock), 
the issue resurfaced again, as I was reluctant to use the all available observed data method because in this 
method the missing placebo data are replaced by data from patients on sarilumab 200 mg, which seemed 
clinically not reasonable.  A meeting involving the clinical team, the statistical team, the Office signatory 
of the BLA was held on 4/22/2017 (approximately three weeks before the second cycle PDUFA due date) 
to discuss the all observed data method.  The Office signatory expressed hesitancy with the all observed 
data method.  After the meeting, on 5/4/2017, the statistical team sent an information request asking 
Sanofi to perform analyses of the radiographic progression data using a linear mixed effect regression 
method.  In a follow-up meeting held on 5/12/2017 (approximately one week before the second cycle 
PDUFA due date), the statistical team presented an alternate to the all observed data method; the alternate 
method was the linear mixed effects regression model based method, which the Office signatory 
tentatively considered to be acceptable.  A revised label using this method was sent to Sanofi.  The Sanofi 
team responded stating that their preference was to use the linear extrapolation method, but would 
consider alternate language.  Sanofi and their development partner Regeneron also emailed a 
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correspondence dated 5/17/2017 (submitted to the BLA on 5/22/2017) and copied the Center leadership.  
On Sanofi’s request, a teleconference was held between leadership of Sanofi and Regeneron, and the 
clinical and statistical team of the FDA.  Sanofi and Regeneron’s main argument was that the linear 
extrapolation method has been previously used in RA programs, and for Study 11072 the linear 
extrapolation method was pre-specified in the study protocol and agreed upon method with the Agency at 
end-of-phase 2 meeting and in the statistical analysis plan.  The alternate methods of all available 
observed data or linear mixed effects regression model can be post-hoc sensitivity analyses, but should 
not be used as the primary analysis for display of results in the product label.  Furthermore, Sanofi argued 
that these alternate methods have not been thoroughly vetted.  However, in a later submission on 
5/18/2017 (about two days before the second cycle PDUFA due date), Sanofi stated that they would 
reluctantly agree to the linear mixed effects regression model to get to a timely action on the BLA.  In the 
meantime, Dr. Peter Stein of the Office of New Drugs got involved and discussed the radiographic 
progression analyses methods with the Office Director signatory of this BLA, the statistical Division 
Director, and myself.  After consideration of various viewpoints, Dr. Stein conferred with the Center 
Director, and decided that the sarilumab product label would display the radiographic progression results 
using the pre-specified linear extrapolation method.  This decision was made at the Center Director level.   
 
The decision to represent the results of Study 11072 in the sarilumab product label by the linear 
extrapolation method is not necessarily a validation of this analysis method over other analyses methods, 
but rather a practical acknowledgement that time consideration and debate of new methods of evaluation 
is necessary as is typical of an evolutionary process. 
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Date   May 18, 2017 
 
From   Badrul A. Chowdhury, MD, PhD 

Director, Division of Pulmonary, Allergy, and Rheumatology Products, 
CDER, FDA 

 
BLA   761037 
Applicant  Sanofi 
Product  Sarilumab 
 
Subject  1.  Analysis of radiographic progression data 
   2.  Conduct of a 12-month placebo-controlled study in rheumatoid arthritis 
 
 
Sanofi originally submitted this BLA in October 2015 to support the use of sarilumab in patients 
with rheumatoid arthritis (RA).  A Complete Response action was taken on the BLA in October 
2016 due to outstanding issues related to manufacturing site.  Sanofi resolved the manufacturing 
site issues and resubmitted this application in March 2016.  Various items related to this 
resubmission are covered in other reviews written by different disciplines.  This document 
discusses two items related to radiographic progression: (1) analysis of radiographic progression 
data, and, (2) conduct of a 12-month placebo-controlled study in RA.  
 
 
Analysis of radiographic progression data: 
 
In the sarilumab program, radiographic progression was assessed in one study (Study 11072) 
using van der Heijde modified Total Sharp Score (mTSS) as the efficacy variable.  Study 11072 
was a placebo-controlled parallel-arm double blind 52-week study conducted in patients with RA 
where sarilumab 150 mg or 200 mg or placebo was added to background methotrexate treatment.  
The study allowed patients in the placebo treatment arm who did not achieve 20% or higher 
improvement in tender joint count and swollen joint count to cross over to sarilumab 200 mg 
treatment arm starting from week 16 of the study. The protocol specified primary analysis was 
comparison between sarilumab treatment arms and placebo treatment arm as change from 
baseline to week 52 in mTSS score.  The protocol specified linear extrapolation method to 
account for data for patients in the placebo arm who crossed over to sarilumab 200 mg arm 
during the study, or for patients who dropped out of the study resulting in missing data. 
 
One problem that was encountered in conducting the statistical analysis was how to account for 
the data for patients in the placebo treatment arm crossing over to the sarilumab 200 mg 
treatment arm as per study design.  At the primary time point of week 52, approximately 55% 
patients from the placebo treatment arm had crossed over to the sarilumab treatment arm.  At the 
earlier time point of week 24, approximately 45% patients from the placebo treatment arm had 
crossed over to the sarilumab treatment arm.  Patients who crossed over and patients with 
missing data had the data imputed using a method called linear extrapolation where radiographic 
data from baseline and last available time point before cross over was used to fit a straight line to 
impute data for week 52 (Figure 1).  The linear extrapolation method has limitations; particularly 
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because data are imputed based on assumptions that the radiographic damage would progress in 
a linear fashion beyond the last available radiograph data.  Nevertheless, this imputation method 
has been used historically in other RA programs.   
 
During the first review cycle of this application, the FDA statistical team objected to using the 
linear extrapolation method, and asked Sanofi to use an alternate method using all available 
observed data, where data from placebo treated patients after crossing over to sarilumab would 
be used and counted as placebo treated patients (Figure 1).  This method also has limitations; 
because for the latter part of the study, when some placebo treated patients have crossed over to 
sarilumab, the comparison is between the same treatments, sarilumab to sarilumab.  Since 
patients crossed over from placebo to sarilumab are on active treatment, radiographic 
progression is likely to be impacted and slowed; therefore, this method is likely to underestimate 
the true mTSS effect size. 
 
 

 
 
Figure 1.  Possible data points after cross over by using linear extrapolation method and all 
available observed data method 
 
 
Multiple team meetings were held between the statistical team and clinical team to address this 
challenge of analyzing radiographic progression data.  Based upon the discussion and concerns 
regarding the all available observed data method, the statistical team proposed additional 
analyses.  Late in this second review cycle, the statistical team asked Sanofi to conduct another 
analysis using a linear mixed effects regression model that includes all radiographic data 
available prior to cross over (+14 days), including data collected at any time point during the 52-
week double-blind treatment period.  In this analysis, data from placebo patients who cross over 
to sarilumab are not included or extrapolated and considered as missing.  All sarilumab data and 
all placebo data (without crossover) are included in analysis.  This method also has limitations, 
perhaps less so than the previous two methods.  In this method, placebo treated patients who 
have crossed over to sarilumab contribute no data at week 52, which may underestimate the true 
mTSS effect size if the progression on placebo would have been on a progressive slope. 
 
 

Wk 0 16 

Placebo 

Drug y mg 

Drug x mg 

Wk 0 16  

Placebo -> Drug 

Drug y mg 
Drug x mg 

Linear extrapolation All available observed data 
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Some data and analyses from the sarilumab radiographic progression study (Study 11072) are 
presented below, followed by comments.   
 
Radiographic progression results from placebo treated patients who did not cross over (the 
numbers are from FDA statistical team): 
 
Radiographic progression data from placebo treated patients who did not cross over to sarilumab 
and stayed on placebo for 52 weeks are informative as it shows the course of radiographic 
progression in these patients.  These data are showed numerically below.  
 
• Number of placebo patients randomized: 398 
• Number of placebo treated patients who did not cross over (at any time point) and had 

baseline, Week 24, and Week 52 radiographs: 182 (46% of randomized patients) 
• Mean radiographic progression (mTSS) change in this subset at Week 24: 0.66 
• Mean radiographic progression (mTSS) change in this subset at Week 52: 1.89 
 
The numbers from above are shown graphically below in Figure 2.   
 

 
 
Figure 2.  Mean radiographic progression in various treatment arms: patients on placebo who 
crossed over to sarilumab between week 16 and 24 (blue line), patients on placebo who did not 
cross over at any time point to sarilumab (red line), sarilumab 150 mg every 2 weeks (green 
line), and sarilumab 200 mg every 2 weeks (purple line).   
 
 
The data suggest that the radiographic progression rate in this study in patients who did not reach 
the 20% threshold of tender joint count and swollen joint count (placebo to sarilumab cross over 
threshold) was higher during the latter part of the study compared to the earlier part of the study.  
These data are not directly predictive of what would happen to placebo treated patients who 
crossed over to sarilumab during latter part of the study.  However, given that the patients who 
crossed over had more tender joint count and more swollen joint count, and thus presumably 
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more active inflammation, patients who crossed over from placebo to sarilumab would not be 
expected to have radiographic progression of a lesser magnitude than patients who did not cross 
over from placebo to sarilumab.  Placebo treated patients who crossed over to sarilumab at week 
24 did indeed have greater radiographic progression at week 24 compared to patients who did 
not cross over and remained on placebo; the mean mTSS change from baseline to week 24 in 
patients who crossed over was 1.3 and in patients who did not cross over was 0.66 (Figure 2).  
These data suggest that for this study, even linear extrapolation method may be an 
underestimation of the rate of radiographic progression in patients who crossed over from 
placebo to sarilumab during latter part of the study.   

 
 

Radiographic progression using various methods of statistical analysis: 
 
The radiographic progression effect size varied depending on the statistical methods used to 
account for data for patients who crossed over from placebo to sarilumab (Table 1).  For 
sarilumab, the mTSS effect size numerical differences for the different methods were not large, 
and all reached statistical significance in a dose-dependent manner, suggestive of the robustness 
of the treatment effect.  Nevertheless, it is important to apply the most reasonable statistical 
method, and apply it consistently across various drug development programs.  For other 
programs, if the treatment effect is not as robust, statistical methods may become important if the 
statistical significance is lost in one of these analyses.   
 
 
Table 1.  LS Mean mTSS change from baseline at week 52, using various statistical methods 
 Placebo 

+ methotrexate 
(n = 398) 

Sarilumab 150 mg 
+ methotrexate 

(n = 400) 

Sarilumab 200 mg 
+ methotrexate 

(n = 399) 
Linear extrapolation 
Mean change 2.5 0.7 0.0 
Difference placebo [95% CI]  -1.9 [-2.7, -1.0] -2.5 [-3.2, -1.9] 
All available observed data 
Mean change 2.0 0.6 0.2 
Difference placebo [95% CI]  -1.4 [-2.0, -0.9] -1.9 [-2.5, -1.3] 
Linear mixed effects regression model 
Rate of change (slope) 2.2 0.6 0.2 
Difference placebo [95% CI]  -1.6 [-2.2, -1.0] -2.0 [-2.6, -1.4] 
 
 
Based on the sarilumab data, particularly considering the radiographic progression of placebo 
patients over the latter part of the study period (Figure 2), it appears that statistical methods using 
all available observed data and linear mixed effects regression model may underestimate the true 
effect size.  Based on the available data it appears that patients from the placebo treatment arm 
who crossed over to sarilumab (patients who crossed over had more tender joint count and more 
swollen joint count, and thus presumably more active inflammation) would be expected to have 
more radiographic progression than patients who remained on placebo for 52 weeks.  Thus, it 
appears that for this sarilumab program, among the three methods, linear extrapolation method 
would be more reasonable to use since the radiographic progression using this method is higher 
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for the placebo treatment arm than other methods (Table 1).  Furthermore, the linear 
extrapolation method was discussed and agreed upon at the end of phase 2 meeting, delineated in 
the statistical analysis plan, and this method would be consistent with other biologic product 
labeling approved for RA.  Since the additional post-hoc sensitivity analysis supports the primary 
analysis (Table 1), it will be appropriate to include the primary analysis using linear 
extrapolation in the label.  However, it is understood that there may be hesitation in using 
imputed numbers, thus, there may be some merit in the future in relying on linear mixed effects 
model or some other method that does not impute data.   
 
The linear mixed effects regression model not only does not impute data, but it includes more 
data than the linear extrapolation method.  For example, the linear extrapolation method only 
includes the baseline and week 52 data; however, with the linear mixed effects regression model, 
data from the week 24 are also included.  The three data points – baseline, week 24, and week 
52, are then used to generate a line.  The treatment effect is then the difference in slopes between 
treatment groups.  Use of slope or rate change is a different concept than change from baseline, 
and if this method is used for reporting results, the labeling would need to be clear that this is a 
different method of presenting the radiographic progression data than what has been used before.   
 
As stated above, for the sarilumab program, the statistical method used does not effect 
interpretation of the results because the differences in effect sizes for mTSS for the three 
methods are small and all methods show statistical significance.  In the future, for other 
programs where radiographic progression is assessed, each program would need to be carefully 
considered and analyzed with due consideration of the statistical methodology. 
 
For the sarilumab program, various team meetings were held to discuss the radiographic 
progression data analyses, and briefings for the Office signatory of this application were also 
held close to the regulatory action due date.  The Office signatory has tentatively decided to rely 
on the linear mixed effects regression model for analyses of radiographic progression, which will 
likely reflect the data shown in the sarilumab product label. 
 
 
Conduct of 12-month placebo-controlled study: 
 
Another issue discussed during this second review cycle for this application was the 
appropriateness of conduct of the 12-month placebo-controlled study (Study 11072) that 
assessed radiographic progression.  The background to raising issue with conduct of a 12-month 
placebo-controlled study was because the academic community has raised concerns with studies 
in RA where patients are treated with placebo for long duration.  The American College of 
Rheumatology organized a clinical trial priorities and design conference in 2010 (conference 
summary published in 2011) where they recommended that placebo treatment should generally 
be limited to 3 or 4 months, and patients who do not receive target benefit should be switched to 
effective therapy at 3-6 months.1  The American College of Rheumatology also updated its 
recommendation for the treatment of RA in 2012 stating that all patients with early RA and 

                                                           
1 American College of Rheumatology Rheumatoid Arthritis Clinical Trial Investigators Task Force. Conference 
Summary, American College of Rheumatology Clinical Trial Priorities and Design Conference, July 22-23, 2010.  
Arthritis and Rheumatism 2011;  63: 2151-2156. 

Reference ID: 4099874



moderately to highly active RA with poor prognostic factors should be started with a bDMARD 
(with or without methotrexate) or combination cDMARD therapy (double or triple therapy) early 
in treatment with the aim of achieving disease remission or low disease activity.2  The FDA 
updated the Guidance for Developing Products for the Treatment of RA in 2013 to 
accommodate the changing standard of clinical care for patients with RA and expectation of 
the society.  The FDA Guidance says that studies longer than 3-months should have 
provisions for escape therapy to rescue patients with active disease.3 
 
The Division asked Sanofi to provide rationale for the 52-weeek placebo controlled duration for 
Study 11072 and how that fits with the thinking at the time the study was designed and 
conducted.  Sanofi responded to the Division’s request with reasonable explanation.  The main 
explanation was the timing of design and conduct of Study 11072.  The study was conducted 
between 2011 and 2013, at around the same time the RA study design landscape was starting to 
change.  Also, the study had escape criteria that were reasonable and acceptable at the time the 
study was conducted.  The Division also asked for opinion of the FDA’s Office of Good Clinical 
Practice (GCP) to comment on the conduct of this 52-week placebo controlled study.  The 
opinion of the GCP was aligned with Sanofi’s explanation.  During the second review cycle of 
this application, a briefing with Office of New Drug leadership and Center Director was held to 
discuss the conduct of this 52-week study.  The consensus and agreement was that this specific 
study (Study 11072) was conducted in an acceptable way, taking into consideration the time 
period when the study was designed and conducted.  It was thought that in future such 52-week 
placebo-controlled study may be difficult or impossible to conduct, and may not be acceptable. 

                                                           
2 Singh JA, Furst JE, Bharat A, et al.  Update of the 2008 American College of Rheumatology Recommendations for 
the use of disease-modifying antirheumatic drugs and biologics agents in the treatment of rheumatoid arthritis.  
Arthritis Care Res 2012; 64:625-639. 
3 FDA Draft Guidance for Industry; Rheumatoid Arthritis: Developing Drug Products for Treatment, issued May 
2013, at www.fda.gov 
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Division Director Summary Review for Regulatory Action 
 
Date  October 05, 2016 
From Badrul A. Chowdhury, MD, PhD,  

Director, Division of Pulmonary, Allergy, and 
Rheumatology Products, CDER, FDA 

Subject Division Director Summary Review 
NDA/BLA # 
Supplement # 

BLA 761037 

Applicant  Sanofi-Aventis 
Date of Submission October 30, 2015 
PDUFA Goal Date October 30, 2016 
Proprietary Name / 
Non-Proprietary Name 

Kevzara/Sarilumab 

Dosage Form(s) / Strength(s) 200 mg/1.14 mL or 150 mg/1.14 mL solution in a 
single-dose pre-filled syringe 

Applicant Proposed 
Indication(s)/Population(s) 

Adult patients with moderately to severely active 
rheumatoid arthritis who have had an inadequate 
response or intolerance to one or more disease 
modifying anti-rheumatic drugs 

Action/Recommended Action for 
NME: 

Approval, pending resolution of issues related to 
manufacturing site 

Approved/Recommended 
Indication/Population(s) (if 
applicable) 

Treatment of adult patients with moderately to severely 
active rheumatoid arthritis (RA) who have had an 
inadequate response or intolerance to one or more 
Disease-Modifying Anti-Rheumatic Drugs (DMARDs) 

 
 
Material Reviewed/Consulted 
OND Action Package, including: 

 
Names of discipline reviewers 

Medical Officer Review Suzette Peng, MD 
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Statistical Review Youngman Kim, PhD; Gregory Levin, PhD 
Pharmacology Toxicology Review Eleni Salicru, PhD; Timothy Robison, PhD 
OPQ Review Gerald Feldman, PhD; Michele Dougherty, PhD; 

Frederick Mills, PhD; Jibril Abdus-Samad, 
PharmD; Laura Fontan, PhD 

Microbiology Review Lakshmi Narasimhan, PhD; Candace Gomez-
Broughton, PhD 

Clinical Pharmacology Review Sheetal Agarwal, PhD; Jianmeng Chen, MD, PhD; 
Anshu Marathe, PhD 

OPDP Adewale Adeleye, PharmD, MBA 
OSI Anthony Orencia, MD 
CDTL Review Janet Maynard, MD 
OSE/DMEPA Teresa McMillan, PharmD; Mishale Mistry, 

PharmD, MPH 
OSE/DRISK Wilkins Parker, PharmD 
Other  

OND=Office of New Drugs 
OPQ=Office of Pharmaceutical Quality 
OPDP=Office of Prescription Drug Promotion 
OSI=Office of Scientific Investigations 
CDTL=Cross-Discipline Team Leader 
OSE= Office of Surveillance and Epidemiology 
DEPI= Division of Epidemiology 
DMEPA=Division of Medication Error Prevention and Analysis 
DRISK=Division of Risk Management 
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1. Benefit-Risk Assessment 
 
 

Benefit-Risk Summary and Assessment 
 
Patients with rheumatoid arthritis (RA) have a chronic progressive disease that is associated with morbidity and mortality.  There are multiple 
drugs and biologics approved for the treatment of RA, but existing therapies are not effective for all RA patients.  Thus, another biologic therapy 
would be a desirable addition to the treatment options available for RA.  Sarilumab is a monoclonal antibody that binds to human interleukin-6 
receptor (IL-6R).  Tocilizumab is approved for the treatment of RA that has the same IL-6R target as sarilumab.   
 
Efficacy of sarilumab at doses of 150 mg and 200 mg every two weeks was established in two phase 3 trials in patients with RA.  These trials 
showed efficacy of sarilumab for reducing signs and symptoms of RA, based on the proportion of patients experiencing improvement in the 
American College of Rheumatology (ACR) response criteria and reduction in DAS28-CRP, for improving physical function as measured by 
Health Assessment Questionnaire-Disability Index (HAQ-DI), and structural progression prevention as assessed by radiographs.  Comparison of 
the two sarilumab doses showed that the proportion of patients experiencing improvement in ACR responses was numerically higher with the 200 
mg dose compared to the 150 mg dose.  For HAQ-DI, the level of improvement was similar for the 150 mg and 200 mg dose groups.  Structural 
progression was assessed in one study, which showed trends towards more inhibition of radiographic progression with the 200 mg dose as 
compared to the 150 mg dose.  Although there was only a single study assessing radiographic progression, the evidence is sufficient due to the 
highly statistically significant result and the consistency of the results across the two doses.       
 
The safety profile of sarilumab was well characterized in the clinical program.  Major safety concerns are related to immunosuppression and are 
consistent with the safety concerns of tocilizumab, which has the same mechanism of action.  Sarilumab was associated with an increased risk of 
serious infections, including opportunistic infections and tuberculosis.  While no imbalance in malignancy was seen in the clinical trials, 
treatment with an immunosuppressant may increase the risk of malignancies.  Sarilumab treatment was associated with laboratory abnormalities 
including decreases in neutrophils and platelets and increases in liver function tests and lipid parameters.  Laboratory abnormalities appeared to 
be dose-related.  There were elevations in LDL, HDL, and triglycerides on sarilumab, but there was no clear increase in the risk of cardiovascular 
events on sarilumab in the clinical program.  Additional safety concerns included hypersensitivity reactions and gastrointestinal perforation.   
 
Based on the data in this submission, the benefit/risk profile of sarilumab is adequately favorable to support the 200 mg dose regimen, with dose 
reduction to 150 mg as needed.  Compared to the 150 mg dose, the 200 mg dose demonstrated numerical trends suggesting additional benefit on 
both clinical and radiographic outcomes.  While there were some dose-related safety signals, the safety profile of both doses was acceptable. 
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

Analysis of 
Condition 

• RA is an autoimmune disease that causes chronic symmetric inflammation 
of joints.  RA impacts the live of patients due to pain and decreased 
physical function, and ultimately irreversible joint damage.   

Most patients with RA have chronic 
progressive disease.   

Current 
Treatment 

Options 

• There are multiple drugs approved for RA.  RA patients are treated 
with disease modifying antirheumatic drugs (DMARDs). Generally, 
methotrexate (MTX) is the first line of therapy for RA.  The next 
line of therapy is a TNF-antagonist.  There are multiple TNF-
antagonists approved for RA.  In addition, there are other drug 
classes approved for RA, such as IL-6R antagonist, IL-1R 
antagonist, JAK inhibitors, etc.       

Current treatment options for this condition are 
effective.  Additions to the treatment 
armamentarium would provide another choice 
for patients with RA. 

Benefit 

• Reducing signs and symptoms of RA based on ACR response 
• Improvement in physical function based on HAQ-DI 
• Decrease structural damage progression based on radiographs 
• Sarilumab 200 mg was associated with numerically higher response 

compared to 150 mg 
 

In controlled clinical studies sarilumab 200 mg 
and 150 mg were both effective with response 
rates numerically higher for the 200 mg dose 
compared to the 150 mg dose.  The magnitude 
of the effects sizes were comparable to other 
DMARDs approved for RA.   

Risk 

• Major safety concerns were: infections, including opportunistic 
infection and tuberculosis; risk of malignancy with known 
immunosuppression; gastrointestinal perforation; laboratory parameter 
changes, including decreases in neutrophil and platelet counts, and 
increases in liver function tests and lipid parameters; and 
hypersensitivity reactions.   

The safety profile of sarilumab is well 
characterized and consistent with the safety 
profile of another IL-6R antagonist 
tocilizumab. 
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Dimension Evidence and Uncertainties  Conclusions and Reasons  

Risk 
Management 

• The safety findings of sarilumab are well characterized and is 
consistent with other DMARDs approved for the treatment of RA.   

The safety risks will be communicated in 
labeling, including a Medication Guide, and a 
boxed warning for infection.   
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2. Background 
 
Rheumatoid arthritis (RA) is a chronic, symmetric inflammatory polyarthritis that primarily 
involves synovial joints.  In RA, synovial tissues become inflamed and proliferate, forming 
pannus that invades bone, cartilage, and ligament and leads to joint damage and deformities.  
Destruction of synovial joints can lead to severe disability, and RA is associated with 
premature mortality.1,2   RA affects approximately 1% of the adult population in North 
America and Northern Europe.3   
 
The classes of drugs used for treatment of RA include: nonsteroidal anti-inflammatory drugs 
(NSAIDs) and selective COX-2 inhibitors, corticosteroids, and disease-modifying anti-
rheumatic drugs (DMARDs).  NSAIDs and COX-2 inhibitors are utilized primarily for 
symptomatic relief of pain and are useful co-therapies because of their anti-inflammatory and 
analgesic effects.  Corticosteroids are versatile agents with potent anti-inflammatory effects, 
but their use is limited by long-term toxicity.  DMARDs are a diverse group of therapeutic 
agents that reduce signs and symptoms of RA as well as slow disease progression or produce a 
disease-modifying effect on joint damage.  Approved DMARDs and some of their features are 
listed in Table 1 and Table 2.  Methotrexate is the most commonly used DMARD because of 
its proven efficacy and well-understood long-term effects.  Tumor necrosis factor (TNF)-
blockers are commonly used DMARDs because of their proven efficacy and safety profile and 
relatively long-term use experience (Table 2).  Treatment of RA is typically initiated with 
introduction of non-biologic DMARDs early in the course of the disease to prevent joint 
damage and bony erosions.  Methotrexate is often the initial DMARD used as a single agent in 
patients with low disease activity or without features of poor prognosis, and then combined 
with other DMARDs, commonly biologics such as TNF blockers, in patients with high disease 
activity or with features of poor prognosis.4      
 

Table 1.   Small molecule DMARDs approved for marketing in the United States 

Product Name (Trade Name) 
[Sponsor] 

Mechanism of Action 
in RA 

Year of First Approval 
for RA 

Sulfasalazine (AZULFIDINE) 
[Pfizer] 

Anti-inflammatory 
and antimicrobial 

1950 

Methotrexate sodium (METHOTREXATE SODIUM) 
[Multiple] 

Anti-metabolite 1953 

Hydroxychloroquine (PLAQUENIL) Interference with 1955 

                                                 
1 Scott DL, et al. Long-term outcome of treating rheumatoid arthritis: results after 20 years. Lancet 1987;1:1108-
11. 
2 Mitchell DM, et al. Survival, prognosis, and causes of death in rheumatoid arthritis. Arthritis Rheum 
1986;29:706-14. 
3 Gabriel SE, et al. Epidemiological studies in incidence, prevalence, mortality, and comorbidity of the rheumatic 
diseases. Arthritis Res Ther 2009;11(3):229. 
4 Singh JA, Furst DE, Bharat A, Curtis JR, Kavanaugh AF, et al.  2012 update of the 2008 American College of 
Rheumatology recommendations for the use of disease-modifying antirheumatic drugs and biologic agents in the 
treatment of rheumatoid arthritis.  Arthritis Care and Res 2012; 64:625-39. 
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Product Name (Trade Name) 
[Sponsor] 

Mechanism of Action 
in RA 

Year of First Approval 
for RA 

[Sanofi-Aventis] antigen processing 
Azathioprine (IMURAN) 
[Prometheus Labs] 

Cytostatic 1968 

Penicillamine (CUPRIMINE) 
[Alton] 

Unknown 1970 

Auranofin (RIDAURA) 
[Prometheus Labs] 

Unknown 1985 

Cyclosporine (NEORAL) (SANDIMMUNE) 
[Novartis] 

T-cell activation inhibitor 1995, 1990 

Leflunomide (ARAVA) 
[Sanofi-Aventis] 

Anti-metabolite 1998 

Tofacitinib (XELJANZ) JAK inhibitor 2013 

 

Table 2.  Biologic large molecule DMARDs approved for marketing in the United States  

Product Name (Trade Name) 
[Sponsor] {year} * 

Presentation  
and ROA † 

Description 
and MOA ‡  

Claims for adult RA §  

Etanercept (ENBREL) 
[Immunex/Amgen] {1998} 

Vial 25 mg 
Prefilled syringe 25 or 50 mg/mL 
SureClick Autoinjector 50 mg/mL 
SC injection 

Fusion protein consisting of 
TNF-R and human IgG1 Fc 
TNF-α inhibitor 
 

Clinical response 
Major clinical response 
Physical function response 
Radiographic response 

Infliximab (REMICADE) 
[Centocor] {1999} 

Vial 10 mg/mL 
IV infusion 

Chimeric IgG1 k mAb 
TNF-α inhibitor 

Clinical response 
Major clinical response 
Physical function response 
Radiographic response 

Anakinra (KINERET) 
[Amgen] {2001} 

Prefilled syringe 100 mg 
SC injection 
 

Recombinant polypeptide 
IL-1 receptor antagonist 

Clinical response 
Physical function response 
Radiographic response 

Adalimumab (HUMIRA) 
[Abbott] {2002} 

Prefiled syringe 40 mg/0.8 mL 
Prefilled syringe 20 mg/0.4 mL 
Humira Pen 40 mg/0.8 mL 
SC injection 

Human IgG1 k mAb 
TNF-α inhibitor 

Clinical response 
Major clinical response 
Physical function response 
Radiographic response 

Abatacept (ORENCIA) 
[Bristol Myers Squibb] {2005} 

Lyophilized powder 250 mg/vial 
IV infusion 

Fusion protein consisting of  
CTLA-4 and human IGg1 Fc 
T cell activation inhibitor 
through B7-1 and B7-2 

Clinical response 
Major clinical response 
Physical function response 
Radiographic response 

Rituximab (RITUXAN) 
[Genentech and Biogen] 
{2006} 

Vial 10 mg/mL 
IV infusion 

Chimeric murine/human IgG1 
k mAb 
Anti CD20, B cell depletor 

Clinical response 
Physical function response 
Radiographic response 

Golimumab (SIMPONI) 
[Centocor] {2009} 

Prefiled syringe 50 mg/0.5 mL 
SmartJect Autoinjector 50 mg/0.5 
mL 
SC injection 

Humanized IgG1 k mAb 
TNF-α inhibitor 

Clinical response 
Physical function response 
 

Certolizumab Pegol (CIMZIA) 
[UCB Inc] {2009} 

Lyophilized powder 200 mg/vial 
Prefilled syringe 200 mg/mL 
SC injection 

Humanized Fab fragment 
TNF-α inhibitor 

Clinical response 
Major clinical response 
Radiographic response 
Physical function response 

Tocilizumab (ACTEMRA) 
[Genentech/Roche] {2010, 
2013} 

Vial 20 mg/mL 
IV infusion 
Prefilled syringe 162 mg/09 mL 
SC injection 

Humanized IgG1 k mAb 
IL-6 receptor inhibitor 

Clinical response 
Major clinical response 
Radiographic response 
Physical function response 

Goliumumab IV (SIMPONI 
ARIA) [Janssen] {2013} 
 

Vial 12.5 mg/mL 
IV infusion 
 

Humanized IgG1 k mAb 
TNF-α inhibitor 

Clinical response 
Major clinical response 
Radiographic response 
Physical function response 

Infliximab-dyyb 
(INFLECTRA) [Celltrion Inc] 

Vial 100mg/20 mL 
IV infusion 

Chimeric IgG1 k mAb 
TNF-α inhibitor 

Clinical response 
Major clinical response 
Physical function response 
Radiographic response 

Etanercept-szzs (ERELZI) 
[Sandoz Inc] {2016} 

Prefilled syringe 25 or 50 mg/mL 
Sensoready Pen Autoinjector 50 
mg/mL 
SC injection 

Fusion protein consisting of 
TNF-R and human IgG1 Fc 
TNF-α inhibitor 
 

Clinical response 
Major clinical response 
Physical function response 
Radiographic response 
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Product Name (Trade Name) 
[Sponsor] {year} * 

Presentation  
and ROA † 

Description 
and MOA ‡  

Claims for adult RA §  

Adalimumab-atto 
(AMJEVITA) [] {2016} 

Prefilled syringe 40 mg/0.8 mL  
Prefilled syringe 20 mg/0.4 mL 
SureClick Autoinjector 40 mg/0.8 
mL 

Human IgG1 k mAb 
TNF-α inhibitor 

Clinical response 
Major clinical response 
Physical function response 
Radiographic response 

* Year = Year of first approval for RA 
† ROA = Route of administration 
‡ MOA= Mechanism of action 
§ Claims: Clinical response assessed by ACR 20, 50, and 70 response over at least 3-6 month; Major clinical response defined as 
achieving ACR 70 response continuously over 6-month period; Physical function response (or improving physical function) assessed 
by health assessment questionnaire (HAQ) over at least 6-month period; Radiographic response (or inhibiting progression of structural 
damage) assessed radiographically by Total Sharp Score (TSS) and sometimes its components of erosion score (ES) or joint space 
narrowing (JSN) score over 6 or 12 months 
 

 
Sarilumab is a recombinant human IgG1 monoclonal antibody that binds both soluble and 
membrane-bound IL-6 receptors.  If approved, sarilumab would be the second IL-6 inhibitor 
for rheumatoid arthritis.  Tocilizumab (Actemra®, BLA 125276) was initially approved on 
January 8, 2010, as an intravenous IL-6 inhibitor for the treatment of adult patients with 
moderately to severely active rheumatoid arthritis who have had an inadequate response to one 
or more tumor necrosis factor (TNF) antagonist therapies.  This indication was subsequently 
broadened on October 11, 2012, to the treatment of adult patients with moderate to severely 
active rheumatoid arthritis who have had an inadequate response to one or more DMARDs.  
Tocilizumab solution for subcutaneous injection (BLA 125472) was subsequently approved 
for the same indication as intravenous Actemra on October 21, 2013.  The proposed indication 
for sarilumab is the same as that currently approved for Actemra.  Therefore, sarilumab would 
be another choice in the class of IL-6 inhibitor agents for RA.   
 
Regulatory interaction between the Agency and Sanofi: 
 
The Division and Sanofi had typical milestone meetings regarding the development of 
sarilumab for RA.  The key interaction were as follows: Pre-IND meeting in August 2007 to 
discuss product quality data and initial clinical study design; Type C meeting in September 
2009 and February 2011 to discuss phase 2 and phase 3 studies; End-of-Phase 2 meetings in 
September 2011 (clinical) and in October 2011 (product quality) to discuss the clinical 
development and product presentation; multiple advice meetings in 2012-2014; and pre-BLA 
meetings in October 2014 (clinical) and in December 2014 (product quality).  In general there 
was alignment between Sanofi and the Agency on the development of sarilumab.   
 
 

3. Product Quality 
 
Sarilumab is an IgG1 monoclonal antibody that binds to human IL-6R.  Sarilumab has a 
molecular weight of approximately 150 kDa.  Sarilumab binds to the IL-6R with a dissociation 
constant of 60.2 pM.  Binding of sarilumab to IL-6R prevents ligand-induced receptor 
activation and subsequent signaling through downstream signaling pathways.   
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Sarilumab is produced by expression of recombinant DNA encoding sarilumab nucleotide 
sequence in a Chinese Hamster Ovary (CHO) cell line using standard cell culture.  Sarilumab 
solution for injection is supplied, for subcutaneous (SC) injection, as a single-use prefilled 
syringe (PFS) presentation in two strengths, 131.6 mg/mL and 175 mg/mL, providing doses of 
150 mg/1.14 mL and 200 mg/1.14mL, respectively.  The data provided in the BLA support an 
expiry of 24 months for the drug product when stored at the recommended storage conditions 
of 2-8oC, and storage for up to 14 days at oC once removed from the refrigerator. 
 
Sanofi performed a Human Factors validation study to evaluate the use of the sarilumab 
prefilled syringe (PFS), the associated label and packaging, and the Instructions for Use (IFU).  
The Division of Medication Error Prevention and Analysis (DMEPA) reviewed the Human 
Factors validation study.  There were failures that occurred in critical tasks in the study, 
however, most of the failures were related to standard practice associated with this type of 
injectable product, such as hand washing or cleaning the injection site.  The Center for Devices 
and Radiological Health, Office of Device Evaluation (CDRH/ODE) and Office of 
Compliance (CDRH/OC) was consulted for review of the sarilumab 150 and 200mg pre-filled 
syringes.  Based on the information reviewed, CDRH/ODE found that the Sanofi provided 
sufficient information related to the bench performance testing, biocompatibility, sterility, 
shelf life, and shipping studies to support the safe and effective use of the device.  CDRH/OC 
concluded that the application was approvable from the perspective of the applicable Quality 
System Requirements.   
 
The drug substance manufacturing site is Regeneron Pharmaceuticals (Rensselaer, NY).  A 
pre-approval inspection of the drug substance manufacturing site was found to be acceptable.  
The drug product manufacturing site is Sanofi Winthrop Industrie (LeTrait, France).  
Inspection of the product manufacturing site identified various deficiencies, and there is a 
provisional official action indicated recommendation.  The CDER Office of Compliance has 
not yet finalized their recommendation.  The application cannot be approved without final 
approval recommendation from the Office of Compliance.        
 
 

4. Nonclinical Pharmacology/Toxicology 
 

Sanofi submitted results from a full nonclinical program to the Agency.  The nonclinical 
program for sarilumab was performed in cynomolgus monkeys, which was established as the 
most appropriate species.  Sarilumab binds human IL-6R and cynomolgus monkey IL-6R with 
equilibrium dissociation constants (Kd) of 54.4 pM and 123 pM, respectively.  Results from 
studies in cynomolgus monkeys with sarilumab by IV administration for durations up to 6 
months and by SC administration for 3 months did not identify any dose-limiting toxicity or 
target organs of toxicity at IV doses up to 50mg/kg/week or SC doses up to 100mg/kg/week 
(two weekly doses of 50mg/kg).  There were no deaths that were attributed to treatment with 
sarilumab.  Microscopic findings were limited to effects at the injection site.  The most 
common effects related to treatment with sarilumab were decreased levels of neutrophils, 
fibrinogen, and/or CRP.  These decreases were considered pharmacodynamic (PD) effects of 
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inhibiting IL-6 signaling.  These effects were not dose-dependent and were reversible during 
the recovery period.  The reproductive and developmental toxicity studies were conducted in 
pregnant cynomolgus monkeys with sarilumab, and in mice with a murine surrogate 
monoclonal antibody to sarilumab that binds mouse IL-6Rα.  In these studies there was no 
evidence of embryotoxicity or fetal malformations.  A carcinogenicity study in rodents was not 
done because such a study was not considered feasible.  The Executive Carcinogenicity 
Assessment Committee (ECAC) concurred with this decision.    
  

 

5. Clinical Pharmacology  
 
Sanofi submitted results from a comprehensive clinical pharmacology program that included 
studies to assess pharmacokinetics and pharmacodynamics.   
 
Sarilumab exhibits nonlinear PK with target mediated drug disposition.  It is well absorbed 
after SC administration (Tmax of 2 to 4 days and a bioavailability of 80%), exhibits an apparent 
volume of distribution of 7.3 L, which indicates distribution primarily in the circulatory 
system.  Sarilumab exposure increases in a greater than dose proportional manner.  At steady 
state, AUC0-14 days is two-fold higher with sarilumab 200 mg q2w compared to sarilumab 150 
mg q2w.  Steady state appears to be achieved in 14 to 16 weeks following repeated q2w SC 
administration, with a 2- to 3- fold accumulation for AUC0-14 days.  The effective half-life is 
~17-19 days based on accumulation (AUC) steady state.  The PK of sarilumab was not 
significantly impacted by race, ethnicity, age, or gender. 
 
Persistent anti-drug antibody (ADA) response was observed in 2%, 5.6%, and 4% of patients 
in the placebo and sarilumab 150 and 200 mg q2w treatment groups across the placebo, with 
0.2%, 1.6%, and 1% of patients also exhibiting NAbs.  Positive ADA status has an impact on 
PK (a 24% to 28% lower exposure when compared to ADA negative patients), with 
concentrations in patients with persistent response being lower (by 32% to 41%) than in 
patients with transient response.  Sarilumab concentrations in this small number of Nab 
positive patients appeared to be lower than in NAb negative patients (by 49% to 59%), but this 
did not impact discontinuations for lack or loss of efficacy. 
 
A formal QT study was not required as biologic products like sarilumab are generally not 
expected to interact with cardiac ion channels.  The QT interval was evaluated in the clinical 
trials that were part of the RA clinical development program.  No clinical safety signals related 
to the QT interval were identified.      
 
  

6. Clinical Microbiology  
 
Sanofi proposed an acceptable testing regimen involving the bulk drug product and the product 
packaged in the commercial presentation. 
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7. Clinical/Statistical-Efficacy 
 
Overview of the clinical program: 
 
Some characteristics of the relevant clinical studies that form the basis of review and 
regulatory decision for this application are shown in Table 3.  The design and conduct of these 
studies are briefly described below, followed by efficacy findings and conclusions.  Safety 
findings are discussed in the following section.  
 
 

Table 3.  Relevant controlled clinical studies with sarilumab in moderately to severely active RA 

ID 
Year* 
Study 

Study Characteristics † 
- Patient age  
- Response to past treatment 
- Background treatment 
- Study design; duration 

Treatment groups ‡ N § Efficacy 
Variables ¶ 

Regions and 
Countries // 

Phase 2  
11072-
Part A 
[03/10 
to 
05/11] 

- 18 to 75 years of age 
- Inadequate response to 
methotrexate 
- Methotrexate background 
- Parallel arm, DB, no rescue; 
12 weeks 

Sar 100 mg qwk 
Sar 150 mg qwk 
Sar 100 mg q2wk 
Sar 150 mg q2wk 
Sar 200 mg q2wk 
Placebo 

50 
50 
51 
51 
51 
52 
 

1
o
: ACR 20 at wk 

12 
 

Western countries 
(31%), South 
America (26%), 
Rest of the World 
(43%);  
(18% US) 

Phase 3  
11072-
Part B 
[03/11 
to 
10/13] 
Study 1 

- 18 to 75 years of age 
- Inadequate response to 
methotrexate 
- Methotrexate background 
- Parallel arm, DB, rescue at 
week 16; 52 weeks 

Cohort 1:  
Sar 100 mg qwk 
Sar 150 mg qwk 
Sar 100 mg q2wk 
Sar 150 mg q2wk 
Sar 200 mg q2wk 
Placebo 
Cohort 2: 
Sar 150 mg q2wk 
Sar 200 mg q2wk 
Placebo 

 
29 
27 
28 
30 
28 
30 
 
 

400 
399 
398 

1
o
: ACR 20 at wk 

24; HAQ-DI at 
wk 16, mTSS at 
wk 52 

2
o
: Major clinical 

response over 52 
weeks  
 

Western countries 
(19%), South 
America (38%), 
Rest of the World 
(43%);  
(10% US) 

10832 
[10/12 
to 
03/15] 
Study 2 

- Over 18 years of age 
- Inadequate response or 
intolerant to TNF antagonist 
- Conventional DMARD 
background 
- Parallel arm, DB, rescue at 
week 12; 24 weeks 

Sar 150 mg q2wk 
Sar 200 mg q2wk 
Placebo 

181 
184 
181 

1
o
: ACR 20 at wk 

24; HAQ-DI at 
wk 12 
 

Western countries 
(43%), South 
America (41%), 
Rest of the World 
(17%);  
(27% US) 

* Study ID shown (top to bottom) as Sanofi’s study number, [month/year study started-completed], as identified in the 
product label; Study 11072 was conducted as a seamless Phase 2/3 Study; Part A was the dose-ranging portion of the study, and 
Part B was the Phase 3 study.  Cohort 2 is the primary population for the efficacy evaluation. 
† DB = double blind 
‡ Sar = Sarilumab; 
§ Intent to treat (ITT) 
¶ ACR=American College of Rheumatology; HAQ-DI=Health Assessment Questionnaire Disability Index; mTSS=modified Total 
Sharp Score  
// Western Countries include Austria, Australia, Belgium, Canada, Czech Republic, Finland, Germany, Greece, 
Hungary, Israel, Italy, New Zealand, Norway, Portugal, Spain, USA; South America include Argentina, Brazil, Chile, 
Colombia, Ecuador, Guatemala, Mexico, Peru); and Rest of the world include Belarus, Estonia, India, Lithuania, 
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ID 
Year* 
Study 

Study Characteristics † 
- Patient age  
- Response to past treatment 
- Background treatment 
- Study design; duration 

Treatment groups ‡ N § Efficacy 
Variables ¶ 

Regions and 
Countries // 

Malaysia, Philippines, Poland, Romania, Russia, South Africa, South Korea, Taiwan, Thailand, Turkey, Ukraine;   

 
 
Design and conduct of the studies: 
 
All studies were randomized, double-blinded, placebo-controlled and conducted in patients 18 
years of age and older with moderate to severe active RA diagnosed according to the 
American College of Rheumatology (ACR) criteria.   
 
The design features (eligibility criteria, study schedule, primary efficacy outcome variable and 
analysis, secondary and exploratory outcome measures and analyses) of the studies were 
similar.  Sarilumab was administered in a prefilled syringe in the studies.  The studies differed 
mainly in trial duration, treatment prior to studies, time of escape from placebo arm, and 
efficacy endpoints and time of assessment (Table 3).  Study 11072 had an operationally 
seamless design.  Part A (dose-ranging) used a phase 2 design to select the dose regimens, and 
Part B (pivotal) evaluated the selected dose regimens in a phase 3 study.  The overall study 
design allowed ongoing patient recruitment, without interruption, but ensured complete 
protection of the double-blind.  The primary efficacy variables in the various studies are listed 
in Table 3.  Safety assessment in all studies included recording of adverse events, vital signs, 
physical examination, and clinical laboratory measures.   
 
The efficacy variables relevant to this submission were ACR response criteria, the Health 
Assessment Questionnaire-Disability Index (HAQ-DI), and the van der Heijde modified Total 
Sharp Score (mTSS), and the Disease Activity Score 28 (DAS-28).  These are described 
below.  An understanding of these endpoints will help the interpretation of the study results 
described in the subsequent section.   
 
The American College of Rheumatology (ACR) response is a composite endpoint with seven 
components that are used to calculate the proportion of patients achieving a target percentage 
of improvement from baseline.5,6  The ACR criteria have been used extensively in clinical 
trials in RA as a measure of efficacy of a therapeutic agent. The ACR 20 response is calculated 
as at least 20% reduction in tender joint count of 68 joints, at least 20% reduction in swollen 
joint count of 66 joints, and at least a 20% reduction in at least 3 of the following 5 measures: 
patient global assessment of arthritis on a visual analog scale, physician global assessment of 
arthritis on a visual analog scale, patient assessment of pain on a visual analog scale, patient 
assessment of physical functioning (e.g., health assessment questionnaire), and acute phase 
reactant (ESR or CRP).  The ACR 50 and ACR 70 are similarly calculated using the higher 

                                                 
5 DT Felson, Anderson JJ, Boers M, et al.  ACR preliminary definition of improvement in Rheumatoid Arthritis.  
Arthritis & Rheum 1995; 38:727-735. 
6 Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid Arthritis classification criteria.  Arthritis & Rheum 
2010; 62:2569-2581. 
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50% and 70% levels of improvement, respectively.  The Agency has accepted ACR 20 
response as an acceptable demonstration of efficacy of a therapeutic agent supporting a 
“clinical response” claim, and ACR 70 response lasting for 6 months as supportive of a claim 
of a “major clinical response.”   
 
Stanford Health Assessment Questionnaire-Disability Index (HAQ-DI) assesses a patient’s 
level of functional ability and includes questions regarding fine movements of the upper 
extremities, locomotor activities of the lower extremities, and activities that involve both upper 
and lower extremities.  There are 20 questions in 8 categories of functioning intended to 
represent a comprehensive set of functional activities, including dressing, rising, eating, 
walking, hygiene, reach, grip, and usual activities.  Patients are asked to grade their status on a 
scale from 0 (no difficulty) to 3 (unable to do) for each question.  The 8 category scores are 
averaged into an overall HAQ-DI score on a scale from 0 (no disability) to 3 (completely 
disabled).  The HAQ-DI has been validated for use in RA, with a minimal clinically important 
difference (MCID) of 0.25 units (for a given patient) or 0.22 units (based on group means).7  
The Agency has accepted a “physical function response” claim based on HAQ-DI. 
 
The van der Heijde modified Total Sharp Score (mTSS) is an accepted radiographic scoring 
system for RA joint damage.8  X-rays of the hands and feet are graded based on joint space 
narrowing (Grades 0 to 4, 15 joints per hand, 6 joints per foot) and erosions (Grades 0 to 5, 16 
joints per hand, 6 joints per foot).  For the hands, joint space narrowing scores and erosion 
scores are summed separately, the joint space narrowing score ranges from 0 to 168 and the 
erosion score ranges from 0 to 280 and their sum, the total radiographic score, ranges from 0 to 
448.  Although the theoretical maximum score is 448, the actual scores seen in RA clinical 
trials are much smaller because a given patient has only a fraction of joints affected by 
structural damage, as assessed by radiographic criteria.  The smallest detectable difference on 
a per-individual basis has been identified for the van der Heijde modification of the Sharp 
score as approximately 5 units.9  The Agency has accepted a “radiographic response” claim 
based on the mTSS. 
 
Disease Activity Score 28 (DAS-28) is a composite index of RA disease activity which 
incorporates the number of tender and swollen joints (out of 28 possible), a patient global 
assessment of disease activity (0-100 mm visual analog scale), and ESR.10  An alternative 
equation is available for use with CRP.  These variables are summed and weighted 
mathematically into a single numerical value ranging from 0 to 10.  The ACR response criteria 
and DAS-28 are conceptually similar, but differ with number of joints counted (e.g. DAS-28 
does not include the joints of the feet), and with physician global assessment, patient pain, and 

                                                 
7 B Bruce and JF Fries. The Health Assessment Questionnaire (HAQ). Clin Exp Rheumatol 2005; 23 (Suppl 
39):S14-S18 
8 S Boini and F Guillemin.  Radiographic scoring methods as outcome measures in rheumatoid arthritis: 
properties and advantages. Ann Rheum Dis 2001; 60:817-827 
9 K Bruynesteyn et al., Determination of the minimal clinically important difference in rheumatoid arthritis joint 
damage of the Sharp/van der Heijde and Larsen/Scott scoring methods by clinical experts and comparison with 
the smallest detectable difference. Arthritis & Rheum 2002; 46:913-920 
10 J Fransen and PLCM van Riel.  The Disease Activity Score and the EULAR Response Criteria.  Clin Exp 
Rheumatol 2005; 23 (Suppl 39): S93-S99 
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health assessment score, which are incorporated into the ACR response criteria but not in 
DAS-28.  Another difference is that the DAS-28 measures disease activity at a given time 
point, whereas the ACR response criteria are calculated as improvement in the variables over a 
set period of time.  A DAS-28 score >5.1 is indicative of high disease activity, and <3.2 of low 
disease activity.  A score of <2.6 has been accepted by the Agency to describe an even lower 
threshold of disease activity. 
   
 
Efficacy findings and conclusions: 
 
The submitted data show efficacy for sarilumab in RA at doses of 150 mg and 200 mg every 
two weeks.  In the following sections, dose selection and dosing regimen for sarilumab are 
discussed first, followed by a discussion of the efficacy data for the proposed claims of clinical 
response, physical function response, radiographic response, and closing with summary 
comments on efficacy.   
 
Dose selection and dose ranging: 
Dose selection was primarily based on study 11072 Part A, which assessed probability of 
achieving an efficacy target effect based on ACR response at week 12, and a safety surrogate 
of neutrophil count.  ACR response showed dose ordering with the 100 mg Q2wk being not 
effective and the 150 mg Qwk showing maximal efficacy (Table 4).  Neutrophil count 
reduction also showed dose ordering (Figure 1).  Based on the consideration of efficacy and 
safety, Sanofi’s selection of 150 mg and 200 mg Q2wk was reasonable.    
 

Table 4.  ACR response rates (% patients with ACR response) at primary analysis time point 

Study * Time Treatment † ACR 20 ACR 50 ACR 70 OR (CI) vs 
placebo 

% % % ACR 20 
11072 Week 12 Sar 100 Q2wk 49 22 6 1.17 (0.52, 2.61) 
  Sar 150 Q2wk 67 35 12 2.38 (1.06, 5.35) 
  Sar 100 Qwk 62 40 16 1.99 (0.85, 4.64) 
  Sar 200 Q2wk 65 40 17 2.34 (1.03, 5.29) 
  Sar 150 Qwk 72 30 16 3.84 (1.53, 9.63) 
  Placebo 46 15 2  
* Study ID shown as Sanofi’s study number 
† Sar  = Sarilumab 
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Figure 1.  Absolute neutrophil count at each visit in Study 11072 Part A 

 
 
Clinical response: 
Sarilumab treatment was associated with a higher proportion of patients with ACR responses 
at both the 150 mg and 200 mg doses, and the differences between sarilumab treatment arms 
and placebo treatment arms were statistically significant for ACR 20 (Table 5).  The 200 mg 
dose was associated with a slightly higher proportion of patients with ACR 20 response 
compared to the 150 mg dose.   Results of ACR 50 and ACR 70 responses were consistent for 
higher responses compared to placebo (Table 5).  Results of DAS-28 were generally similar to 
the results of ACR response (Table 6).  None of the studies were designed to assess patients 
achieving incremental benefit in clinical response when escalating from an initial dose of 150 
mg to a dose of 200 mg.   
 

Table 5.  ACR response rates (% patients with ACR response) at primary analysis time point 

Study * Time Treatment † ACR 20 ACR 50 ACR 70 OR (CI) vs 
placebo 

% % % ACR 20 
11072 Week 24 Sar 150 Q2wk 58 47 20 2.8 (2.1, 3.7) 
  Sar 200 Q2wk 66 46 25 4.0 (3.0, 5.3) 
  Placebo 33 17 7  
10832 Week 24 Sar 150 Q2wk 56 37 20 2.7 (1.7, 4.2) 
  Sar 200 Q2wk 66 41 16 3.3 (2.1, 5.1) 
  Placebo 34 18 7  
* Study ID shown as Sanofi’s study number 
† Sar  = Sarilumab 

 

Table 6.  DAS28-CRP change from baseline at primary analysis time point 

Study * Time Treatment †  LS mean change  Difference (CI) 
vs placebo 

    
11072 Week 24 Sar 150 Q2wk  -2.5  -1.3 (-1.5, -1.1) 
  Sar 200 Q2wk  -2.8  -1.7 (-1.9, -1.4) 
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Study * Time Treatment †  LS mean change  Difference (CI) 
vs placebo 

    
  Placebo  -1.2   
10832 Week 24 Sar 150 Q2wk  -2.4  -1.0 (-1.3, -0.7) 
  Sar 200 Q2wk  -2.8  -1.4 (-1.8, -1.1) 
  Placebo  -1.4   
* Study ID shown as Sanofi’s study number 
† Sar  = Sarilumab 

 
 
Physical function response: 
Sarilumab treatment was associated with an improvement in HAQ-DI scores for both the 150 
mg and 200 mg doses, and the differences between sarilumab treatment arms and placebo 
treatment arms were statistically significant (Table 7).  The benefit of sarilumab over placebo 
for HAQ-DI in these studies ranged from 0.3 to 0.5 units.     
 
 

Table 7.  HAQ-DI change from baseline at primary analysis time point 

Study * Time Treatment †  LS mean change  Difference (CI) 
vs placebo 

    
11072 Week 16 Sar 150 Q2wk  -0.5  -0.2 (-0.3, -0.2) 
  Sar 200 Q2wk  -0.6  -0.3 (-0.3, -0.2) 
  Placebo  -0.3   
10832 Week 12 Sar 150 Q2wk  -0.5  -0.2 (-0.3, -0.1) 
  Sar 200 Q2wk  -0.5  -0.2 (-0.3, -0.1) 
  Placebo  -0.3   
* Study ID shown as Sanofi’s study number 
† Sar  = Sarilumab 

 
 

Radiographic response: 
Radiographic response was assessed in study 11072 using mTSS as the efficacy variable.  A 
problem with data analysis was placebo patients crossing over to the sarilumab treatment arm 
by study design.  At the primary time point of week 52, approximately 55% of placebo 
patients had crossed over to the sarilumab treatment arm.  At the earlier time point of week 24, 
approximately 45% of placebo patients had crossed over to the sarilumab treatment arm.  
Patients who crossed over and patients with missing data had the data imputed using linear 
extrapolation from baseline to their last radiograph.  The extrapolation has limitations, 
particularly as the length of the extrapolation period increases and the amount of missing data 
increases.  Nevertheless, this imputation method has been used historically in other RA 
programs.  Noting these limitations, the data as shown in Table 8 and Figure 3 show beneficial 
effect for sarilumab.  Sensitivity analyses using post rescue data for patients who crossed over, 
and tipping point analysis using post rescue data were consistent with the pre-specified 
analysis. 
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Table 8.  mTSS change from baseline at primary analysis time point (week 52) and at week 24 

Study * Time ‡ Treatment †  LS mean change  Difference (p-
value) vs 
placebo 

    
11072 Week 52 Sar 150 Q2wk  0.9  -1.9 (<0.0001) 
  Sar 200 Q2wk  0.3  -2.5 (<0.0001) 
  Placebo  2.8   
11072 Week 24 Sar 150 Q2wk  0.4  -0.7 (<0.0018) 
  Sar 200 Q2wk  0.2  -1.0 (<0.0001) 
  Placebo  1.2   
* Study ID shown as Sanofi’s study number 
† Sar  = Sarilumab 
‡ The analysis of Week 24 data used postrescue data for patients who crossed over and patients with missing data 

 

 
Figure 2.  Cumulative distribution of change from baseline in mTSS at week 52, Study 11072 

 
 
Summary comment on efficacy: 
The submitted data show efficacy of sarilumab at both 150 mg and 200 mg doses for signs and 
symptoms, as well as for physical function, and for inhibition of radiographic progression.  In 
general the 200 mg dose appeared to be associated with small additional numerical benefit 
over the 150 mg dose, particularly for signs and symptoms. 
 
Efficacy data were analyzed based on various subgroups, such as gender, age, ethnicity, and 
geographical regions.  In general, evidence of efficacy was consistent across subgroups.   
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8. Safety 
 
Safety database: 
 
The safety assessment of sarilumab for RA is primarily based on the studies shown in Table 3.   
In addition, there were other studies that also provided relevant safety data; these were: 
tocilizumab active comparator study (SFY13370), etanercept active comparator study 
(EFC11574), autoinjector usability study (MSC12665), long-term extension study 
(LTS11210), and a monotherapy study (EFC13752).  The size and scope of the safety database 
were reasonable and consistent with the safety database of other biologic products approved 
for RA.   
 
An important consideration in the safety analyses was that the vast majority of patients 
received sarilumab 200 mg in the long-term extension study.  Since patients only received 150 
mg for safety reasons defined in the protocol, comparisons between the 150 mg and 200 mg 
doses have limitations.  Another consideration in the safety analyses was protocol specified 
crossover of patients from placebo treatment arm to active treatment arm early in the study 
resulting in difference in duration of treatment in different treatment arms and limited duration 
of treatment with placebo.  Given these complexities of the study design, various sensitivity 
analyses were performed, including analyses at various time points and model based analyses 
of selected endpoints.  Model based analyses were performed for selected endpoints of serious 
infections, grade 3-4 neutropenia, ALT >3x ULN, malignancy, and MACE. 
 
 
Safety findings and conclusion: 
 
The submitted data support the safety of sarilumab at doses of 200 mg and 150 mg.   

Sanofi conducted a comprehensive safety analysis of the available data.  Safety assessment in 
the clinical studies included evaluation of deaths, serious adverse events (SAEs11), common 
adverse events (AEs), vital signs, physical examination, clinical laboratory and hematology 
measures, and ECGs.  Sanofi provided an assessment for Adverse Events of Special Interest 
(AESI) for leukopenia, thrombocytopenia, infections (common, serious, opportunistic 
infections, tuberculosis), hepatic disorders, diverticulitis/potential GI perforations, GI 
ulcerations, elevation in lipids, anaphylaxis, hypersensitivity, injection site reactions, 
malignancy, lupus-like syndrome, demyelinating disorders, major adverse cardiovascular 
events (MACE), and immunogenicity.  The evaluated AESI were reasonable given the safety 
profile of tocilizumab, which has the same mechanism of action, and other 
immunosuppressive drugs approved for RA.       
 

                                                 
11 Serious Adverse Drug Experience is defined in 21 CFR 312.32 as any adverse drug experience occurring at any 
dose that results in any of the following outcomes: Death, a life-threatening adverse drug experience (defined in 
the same regulation as any adverse drug experience that places the patient or subject, in the view of the 
investigator, at immediate risk of death from the reaction as it occurred), inpatient hospitalization or prolongation 
of existing hospitalization, a persistent or significant disability/incapacity, or a congenital anomaly/birth defect. 
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Deaths, SAEs, dropouts and discontinuations: 
 
A total of 26 deaths were reported in the RA clinical studies as of the cut off date of April 29, 
2015.  An additional two deaths were reported after April 29, 2015.  Of the 28 deaths, 24 
occurred in sarilumab-treated patients, 3 occurred in placebo-treated patients, and 1 occurred 
in a tocilizumab-treated patient.  Of the deaths that were reported in sarilumab treatment arm, 
most of those were on the 200 mg treatment arm.  The numerical imbalance with more 
reported in sarilumab was because there were more patients on sarilumab than on placebo and 
more patients on the 200 mg dose than the 150 mg dose.  The exposure-adjusted incidence rate 
of death over time did not suggest a safety signal for sarilumab: 0.2, 0.5, and 0.9 per 100 
patient years for sarilumab 200 mg, sarilumab 150 mg, and placebo treatment arms, 
respectively.  Most of the deaths were from infection, malignancy, and cardiovascular events, 
which are consistent with the profile of an immunosuppressant product and the underlying 
disease.  There were no imbalances of events leading to death among the treatment groups.  
 
Serious adverse events (SAEs) were reported with higher frequency in sarilumab treatment 
arm compared to placebo treatment arms, and with higher frequency in the 200 mg treatment 
arm compared to the 150 mg treatment arm.  The incidence rate of any SAEs over time were 
as follows: 5.8, 3.3, and 2.1 per 100 patient years for sarilumab 200 mg, sarilumab 150 mg, 
and placebo treatment arms, respectively.  The increased proportion of SAEs with the 200 mg 
versus the 150 mg dose group was primarily secondary to an increased frequency of blood and 
lymphatic systemic disorders, such as neutropenia and leukopenia. 
 
The most common SAE (by system organ class or SOC) for all treatment arms was Infections 
and Infestations.  In this SOC, both sarilumab treatment arms were numerically higher than 
that of placebo (0.7% placebo and 1% in sarilumab 150 mg and 200 mg).   
 
Discontinuations due to adverse event (AE) were higher in the sarilumab treatment arms 
compared to placebo and were slightly higher in the 200 mg dose group than the 150 mg dose 
group.  The incidence rate of treatment discontinuations were as follows: 7.6, 6.4, and 3.1 per 
100 patient years for sarilumab 200 mg, sarilumab 150 mg, and placebo treatment arms, 
respectively.  The most common AEs in the sarilumab arms leading to discontinuation were 
neutropenia, increased ALT, and herpes zoster, in descending order.  Of note, there were 
certain laboratory parameters and adverse events (including opportunistic infections, such as 
herpes zoster) that were pre-specified to trigger discontinuations.   
 

Reference ID: 3995462



 20 

Common adverse events: 
 
Common adverse events seen were typical of an immunosuppressant in a RA program and 
consistent with SAEs and discontinuations due to AE discussed above.  AEs in the Infections 
and Infestations SOC were the most common event reported.  The most common infections 
were upper respiratory tract infection, urinary tract infection, and nasopharyngitis.  Blood and 
lymphatic system disorders were next most common, with neutropenia being the most 
common event.  The most common treatment emergent AE were neutropenia, increased ALT, 
and injection site erythema, and all of these were reported more frequently in patients on 
sarilumab.  All of the SOCs, except metabolism and nutrition disorders and nervous system 
disorders, were more common with the sarilumab 200 mg dose compared to the 150 mg dose. 
 
Laboratory findings and ECGs: 
 
Sarilumab treatment was associated with a decrease in absolute neutrophil count (ANC), 
decrease in platelet count, increase in lipid parameters, and increase in liver enzymes. 
 
Transient decreases in ANCs have been associated with IL-6 inhibition.  The sarilumab 
clinical program excluded patients with protocol specified low white blood cell counts and had 
specified drug discontinuation or drug withholding criteria.  ANC and platelet count changes 
during double-blind treatment visits are shown in Figure 3.  The decrease in counts was 
evident 2 weeks after initiation of therapy, which was the first time point measured, and 
stabilized after Week 4.  Although decreased counts were evident, mean values remained in 
the normal ranges.  There did not appear to be an association between neutropenia and 
infection, given that the proportion of patients with infections and serious infections were 
generally the same whether subjects had neutropenia or not.  Also, on analyses of decreased 
platelet count and clinical adverse events, no correlation was seen.   
 

 
Figure 3.  Mean absolute neutrophil count (left panel) and platelet count (right panel) in pooled data set. 
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The mean LDL, HDL, and triglycerides during placebo-controlled treatment period are shown 
in Figure 4.  Sarilumab treatment was associated with increased values compared to placebo 
with some dose-dependent increase for LDL.  There were no reports of imbalance of MACE 
events and pancreatitis with these lipid parameter changes.  
 

 
Figure 4.  Mean LDL (left panel), HDL (center panel), and triglyceride (right panel) in pooled data set 

 
 
Liver function test abnormalities were relatively common in the sarilumab clinical 
development program.  A mean increase in ALT and AST was observed in the sarilumab 
groups compared to placebo.  This increase was observed at 2 weeks after initiation of therapy 
(i.e., first time point measured).  At Week 4, a mean increase in ALT of 7.14-8.61 IU/L and 
AST of 3.58-4.22 IU/L were observed, and then ALT stabilized throughout the remainder of 
treatment whereas a small increase in AST was observed (5.57-5.60 IU/L at Week 52).  The 
mean values remained within the normal range.  The incidence of elevations in ALT was 58% 
in the 200 mg sarilumab group, 51% in the 150 mg sarilumab group, and 33% in the placebo 
group.  In all treatment groups, the majority of elevations in ALT were between 1-3xULN. A 
numerically higher incidence was observed in 200 mg compared to 150 mg for elevations 
between 1-3xULN, but the incidence was similar in both treatment groups for elevations 
>3xULN.  Four patients (1 from 200 mg, 2 from 150 mg, and 1 from placebo) had ALT 
>3xULN and total bilirubin >2xULN; all of which had alternative plausible explanations and, 
therefore, did not fulfill the criteria for Hy’s law.  Six patients (all from sarilumab groups), had 
an ALT >10xULN, of which 2 patients also had an increase in total bilirubin >2xULN.  There 
were potential confounders in these cases, including other medications and medical events.  
Thus, none of the cases were clearly suggestive of drug induced hepatic injury.   
 
 
Adverse events of special interest: 
 
In subsequent sections some adverse events of interest (AESI) that had findings of interest in 
the sarilumab clinical program are briefly discussed. 
 
Infections: 
 
During the controlled pre-rescue period in the phase 3 studies, the proportion of patients with 
infections, serious infections, and opportunistic infections was increased with sarilumab 
treatment compared to placebo; however, the proportion of patients with these events was 
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fairly balanced between the 150 mg and 200 mg dose groups.  Similar observations were noted 
during the entire 52-week, double-blind treatment period.  The most common infections in all 
treatment arms were upper respiratory tract infection, urinary tract infection, and 
nasopharyngitis.  Opportunistic infections reported during the control period were 0.5%, 0.6%, 
and 0.9%, for placebo, sarilumab 150 mg, and sarilumab 200 mg, respectively.  Herpes zoster 
was the most common opportunistic infection with 3 patients on placebo, 4 patients on 150 
mg, and 5 patients on 200 mg developing herpes zoster.  In the long-term safety population, 
herpes zoster continued to be reported, along with reports of Candida infections, and 
tuberculosis.  The number and pattern of opportunistic infections observed with sarilumab is 
consistent with immunosuppression that is apparent with both doses, although somewhat 
higher with the 200 mg dose compared to the 150 mg dose.   
 
GI perforations: 
 
Events of GI perforation have been reported in clinical trials of tocilizumab in RA patients, 
primarily as complications of diverticulitis.  Patients with a history of inflammatory bowel 
disease or severe diverticulitis or previous GI perforation were excluded from the sarilumab 
clinical development program.  A total of 7 patients on sarilumab had either complicated 
diverticulitis or GI perforation not secondary to surgical complication.  No events occurred in 
a patient on placebo.  In the placebo-controlled population, there was 1 patient on sarilumab 
(0.11 events/100 patient-years) who experienced a GI perforation; no event occurred in a 
patient on placebo.  In the long-term safety population, 6 additional events were reported for 
an overall event rate of GI perforations of 0.16 events/100 patient-years, which was consistent 
with the rate in the placebo-controlled population. 
 
Major Adverse Cardiovascular Events (MACE): 
 
An external cardiovascular events adjudication committee (CAC) comprised of 2 cardiologists 
and 1 neurologist was utilized in the phase 3 studies. The CAC reviewed and adjudicated all 
deaths and serious CV AEs in a blinded fashion.  MACE (primary) was defined as CV death 
(including undetermined cause of death), MI, stroke, hospitalization for UA, or hospitalization 
for TIA, and MACE (narrow) was defined as CV death (including undetermined cause of 
death), MI, and stroke.  In the placebo-controlled population, no events were observed in 
placebo, and 2 events of MACE were observed in each of the sarilumab treatment groups.  Of 
the four patients, each had CV risk factors including hypertension, active tobacco use, 
diabetes, and obesity.  One patient with sudden death did not have known cardiovascular risk 
factors, but was found to have chronic ischemic heart disease with left ventricular hypertrophy 
at autopsy.  For the long-term safety population, the exposure-adjusted incidence rate for 
MACE (narrow) was 0.3 per 100 pt-yrs for sarilumab 150 mg and 0.6 per 100 pt-yrs for 
sarilumab 200 mg.   
 
The cardiovascular and lipid considerations were discussed at a Center level meeting on July 
28, 2016.  The committee was asked whether they would recommend a cardiovascular 
outcomes trial based on small imbalances in cardiovascular events observed in clinical trial 
data and recognizing that similar post-marketing trials have been requested for other 
rheumatoid arthritis products that cause elevations in lipid parameters.  Tocilizumab has the 
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same mechanism of action and also causes elevation in lipid parameters.  The sponsor for 
tocilizumab is performing a post-marketing cardiovascular outcomes trial.  Based on the 
current safety profile of sarilumab and ongoing trials for other RA products that cause 
elevation in lipids, a majority of committee members were not in favor of recommending a 
cardiovascular outcomes trial.  Based on the extensive internal discussions, it was decided not 
to request a post-marketing cardiovascular outcome trial (CVOT).  However, Sanofi was 
informed that ongoing studies evaluating cardiovascular outcomes in the setting of treatment 
with drugs approved for RA, might have future implications for sarilumab, such as labeling 
changes or additional required studies.    
 
Hypersensitivity and anaphylaxis: 
 
Hypersensitivity and anaphylaxis are adverse events that have been identified with all biologic 
DMARDs in the treatment of RA.  As described in the protocols, investigators utilized the 
criteria described by Sampson12 to capture all possible cases of anaphylaxis.  During the 
controlled pre-rescue period, the percentage of patients with hypersensitivity was 2%, 4%, and 
4% for the placebo, sarilumab 150 mg, and sarilumab 200 mg groups.  The most common 
hypersensitivity reactions were injection site rash, rash, urticaria, eczema, and rash 
generalized.  There were no cases of anaphylaxis during the development program.   
 
Malignancy: 
 
During the controlled pre-rescue period, the proportion of patients with malignancy was low in 
each treatment arm and was fairly similar between groups.  When excluding non-melanoma 
skin cancers (NMSC), the exposure adjusted incidence rate (per 100 PYs) was slightly higher 
for sarilumab 150 mg (1.2) than placebo (0.6) or sarilumab 200 mg (0).  Similar results were 
seen in the entire double-blind treatment period.  The incidence rate (per 100 PYs) for the 
entire double-blind treatment period was 0.3, 1.1, and 0.5 for the placebo, sarilumab 150 mg, 
and sarilumab 200 mg groups, respectively.  There were no hematologic malignancies.  The 
solid tumors that were observed included breast cancer (2 patients on 150 mg and 1 patient on 
200 mg), malignant melanoma (1 patient on 150 mg and 1 patient on 200 mg), appendiceal 
cancer (1 patient on 150 mg), and renal cancer (1 patient on placebo and 1 patient on 150 mg).  
In general, the types of cancers are typical given the patient population (based on age, gender, 
and underlying RA).   
 
Summary comment on safety: 
The submitted data show that sarilumab treatment in patients with RA carries the safety risks 
associated with immunosuppression, as manifested by increased risks of serious infection, as 
well as important laboratory abnormalities, such as neutropenia and lipid parameter elevations.  
Some of these risks appeared to have a dose-response, but there was no evidence of increased 
risk with longer duration of exposure.  The safety concerns identified with sarilumab are 
consistent with other immunosuppressive agents utilized to treat RA.  In general, the safety 

                                                 
12 Sampson HA, et al. Second symposium on the definition and management of anaphylaxis: summary report—
Second National Institute of Allergy and Infectious Disease/Food Allergy and Anaphylaxis Network symposium 
2006;117(2):391-7. 
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signals occurred at higher frequency with the 200 mg than 150 mg dose regimen.  However, 
the potential increase in risk needs to be considered in the context of data suggesting an 
increase in efficacy with the 200 mg dose.  While both the 150 mg and 200 mg doses appeared 
effective, the 200 mg dose group was associated with numerically higher response rates, 
including for inhibition of radiographic progression.  Thus, benefit/risk considerations are 
favorable for both doses, and it is reasonable for patients to initiate 200 mg with the option to 
reduce to the dose for laboratory abnormalities.     
 
 

9. Advisory Committee Meeting   
 
No issues were identified that would warrant an advisory committee meting.  The efficacy and 
safety findings were clear and consistent with expectation with an IL-6R biologic antagonist.  
Thus, an advisory committee was not held for this application.  
 
 

10. Pediatrics 
 
Polyarticular juvenile idiopathic arthritis (pJIA) has has been considered the juvenile 
equivalent of adult rheumatoid arthritis, and thus a study in pJIA patients will be required 
under the Pediatric Research Equity Act (PREA) for sarilumab.  Sanofi submitted a request for 
a partial waiver for children below 2 years of age because studies in this age group are 
impossible or highly impracticable due to the rarity of pJIA in children under 2 years of age.  
The agreed Pediatric Study Plan (PSP) for sarilumab is  
dose-finding study in patients 2 to 17 years of age with pJIA, and a  

 study in patients 2 to 17 years of age with pJIA.  The PSP was acceptable to the 
Pediatric Review Committee (PeRC) as discussed in a meeting on June 15, 2016.  
 
 

11. Other Relevant Regulatory Issues 
 
Application Integrity Policy (AIP): 

Review of the application did not raise concerns of any wrongful acts that raise significant 
questions regarding data reliability. 
 
Exclusivity and patent issues of concern: 
 
There are no exclusivity and patient issues of concerns with this application. 
 
Office of Scientific Inspections (OSI) Audits: 
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OSI audited three sites that enrolled relatively large number of patients in Study 10832 or 
Study 11072, and, in addition conducted an inspection of the Sanofi for their clinical trial 
monitoring.  No irregularities were identified during the OSI audit that would impact data 
integrity.   
 
Financial Disclosure: 
 
The applicant submitted acceptable financial disclosure statements.  One investigator had 
significant financial interest in Sanofi.  The number of subjects enrolled in the investigator 
sites was not large enough to alter the outcome of any study.  Furthermore, the multi-center 
nature of the studies makes it unlikely that the financial interest could have influenced or 
biased the results of these studies. 
 
Other Good Clinical Practice (GCP) issues: 
 
There are no GCP issues with this application.  All studies were conducted in accordance with 
accepted ethical standards.   
 
Other regulatory issues – Regulatory Action: 
 
The proposed regulatory action for this BLA is approval for patients with RA, pending 
resolution of the outstanding facility inspection noted in Section 3 above.   
 
 

12. Labeling 
 
Prescribing Information: The product label was reviewed by the review team, the Division of 
Medical Policy Programs (DMPP), DRISK, DMEPA, and by OPDP.  Various changes to 
different sections of the label were done to reflect the data accurately and to better 
communicate the findings to healthcare providers.  High-level summary of significant labeling 
elements are as follows: 
• Indication and Usage:  The product will be indicated for the treatment of adult patients 

with moderately to severely active rheumatoid arthritis who have had inadequate response 
to one or more disease-modifying anti-rheumatic drugs (DMARDs).  The indication is 
consistent with other biologic immunosuppressant drugs for RA.   

• Dosage and administration:  Sanofi’s proposed doses of 200 mg and 150 mg Q2Wk is 
reasonable.  The overall risk and benefit assessment supports both doses. 

• Efficacy information:  The main efficacy information that will be conveyed in the labeling 
will be data on sings and symptoms, physical functioning, and radiographic progression.  
Some other relevant data, such as SF-36, will also be included in labeling. 

• Safety information:  There will be a boxed warning for the safety finding of infection.  
Other major safety information that will be conveyed in the labeling will be related to 
neutrophil and platelet count decrease, liver enzyme elevations, GI perforation, 
immunosuppression, and liver damage potential.  These are consistent with another 
member of the class of IL-6R antagonist. 
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• Proprietary name: The proprietary name Kevzara was reviewed by DMEPA and found to 
be acceptable. 

 
Patient labeling and Medication Guide:  Sarilumab will have a patient counseling information 
section and a Medication Guide (and Instruction for Use). 
 
Carton and container labeling: These were reviewed by various disciplines of the review team 
and DMEPA, and found to be acceptable. 
 
 

13. Postmarketing 
 
Postmarketing Risk Evaluation and Mitigation Strategies: 

 
REMS will not be required for this product.  The information necessary to use sarilumab 
safely and effectively will be provided through prescribing information and patient labeling 
and a Medication Guide.   
 
Other Postmarketing Requirements and Commitments: 
 
A final decision regarding postmarketing study has not yet been made. 
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