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1. Executive Summary 

Product Introduction 

Samsung (also referred to as “applicant” in this review) has submitted a biologic license 
application (BLA) under section 351(k) of the Public Health Service Act (PHS Act) for SB52 as a 
proposed biosimilar to US-Humira (adalimumab).   

SB5 is a fully human anti-dE&ɲ /Ő'ϭ ŵŽŶŽĐůŽŶĂů ĂŶƚŝďŽĚǇ ƉƌŽĚƵĐĞĚ ŝŶ 
cells using recombinant DNA technology. It is proposed as a biosimilar to US-Humira. SB5 binds 
to TNF-ɲ͕ ďůŽĐŬƐ ŝƚƐ ŝŶƚĞƌĂĐƚŝŽŶ ǁŝƚŚ ƚŚĞ Ɖϱϱ ĂŶĚ Ɖϳϱ ĐĞůů ƐƵƌĨĂĐĞ dE& ƌĞĐĞƉƚŽƌƐ ĂŶĚ ŶĞƵƚƌĂůŝǌĞƐ 
its biological function. 

(b) (4)

Samsung is seeking licensure of SB5 for the following indications for which US-Humira has been 
previously approved: 
1) Rheumatoid Arthritis (RA): 

x	 Reducing signs and symptoms, inducing major clinical response, inhibiting the 
progression of structural damage, and improving physical function in adult 
patients with moderately to severely active RA. 

2) Juvenile Idiopathic Arthritis (JIA): 
x Reducing signs and symptoms of moderately to severely active polyarticular JIA 
in patients 4 years of age and older. 

3) Psoriatic Arthritis (PsA): 
x Reducing signs and symptoms, inhibiting the progression of structural damage, 
and improving physical function in adult patients with active PsA. 

4) Ankylosing Spondylitis(AS): 
x Reducing signs and symptoms in adult patients with active AS. 

5) Adult Crohn’s Disease (adult CD): 
x	 Reducing signs and symptoms and inducing and maintaining clinical remission in 
adult patients with moderately to severely active Crohn’s disease who have had 
an inadequate response to conventional therapy. Reducing signs and symptoms 
and inducing clinical remission in these patients if they have also lost response to 
or are intolerant to infliximab products. 

6) Ulcerative Colitis (UC): 
x	 Inducing and sustaining clinical remission in adult patients with moderately to 
severely active ulcerative colitis who have had an inadequate response to 
immunosuppressants such as corticosteroids, azathioprine or 6-mercaptopurine 
(6-MP). The effectiveness of adalimumab products has not been established in 
patients who have lost response to or were intolerant to TNF blockers. 

7) Plaque Psoriasis (PsO): 

2 For purposes of this review, the proposed product is referred to by the applicant’s descriptor SB5, which was the 
name used to refer to this product during development. 
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x	 The treatment of adult patients with moderate to severe chronic plaque 
psoriasis who are candidates for systemic therapy or phototherapy, and when 
other systemic therapies are medically less appropriate. 

Although the Division of Pulmonary, Allergy, and Rheumatology Products (DPARP) is the lead 
division for this application and provided the written clinical review, clinical input pertaining to 
their respective indications was obtained from the Division of Gastroenterology and Inborn 
Errors Products (DGIEP), and the Division of Dermatology and Dental Products (DDDP) during 
the course of the review. 

Determination Under Section 351(k)(2)(A)(ii) of the PHS Act 

Not applicable. 

Mechanism of Action, Route of Administration, Dosage Form and 
Strength Assessment 

SB5 binds specifically to TNF-alpha and block its interaction with the p55 and p75 cell surface 
TNF receptors. SB5 also lyses surface TNF expressing cells in vitro in the presence of 
complement. SB5 does not bind or inactivate lymphotoxin (TNF-beta). TNF is a naturally 
occurring cytokine that is involved in normal inflammatory and immune responses. Elevated 
levels of TNF are found in the synovial fluid of patients with RA, JIA, PsA, and AS and play an 
important role in both the pathologic inflammation and the joint destruction that are hallmarks 
of these diseases. Increased levels of TNF are also found in psoriasis plaques. 

SB5 product is a sterile liquid solution with the following proposed presentations: 
xAutoinjector (Hadlima PushTouch)  
Injection: 40 mg/0.8 mL in a single-dose prefilled autoinjector 

xPrefilled syringe 

Injection: 40 mg/0.8 mL in a single-dose prefilled glass syringe 


Facilities 

FDA’s Office of Process and Facilities (OPF) conducted an assessment of the manufacturing 
facilities for this BLA. 

(b) (4)
 is responsible for drug substance (DS) 

(b) (4)manufacturing. A pre-license inspection (PLI) was conducted from 
This inspection was system-based and covered Quality, Laboratory, Raw Materials, Facilities and 
Equipment, and Production Systems.  A 6-item Form FDA 483, Inspectional Observations was 
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issued to the firm at the end of the inspection. Refer to the EIR or the Form FDA 483 for a list of 
the 483 observations. Deficiencies were adequately addressed in the firm’s responses to the 
Form FDA-483, Inspectional Observations. The inspection was classified as voluntary action 
indicated (VAI).  

 and analytical similarity testing. A 
PLI was conducted from 11/12/2018 to 11/14/2018. The profile covered was CTL. No Form FDA 
483, Inspectional Observations was issued to the firm at the end of the inspection. The 
inspection was classified as no action indicated (NAI).  

Samsung Bioepis Co., Ltd. (FEI: 3010031951) in South Korea is responsible for QC in-process 
testing on (b) (4)

 is responsible for drug product (DP) 
manufacturing. A PLI was conducted from This inspection was a system-

(b) (4)

(b) (4)

based covered Quality, Laboratory, Raw Materials, Facilities and Equipment, and Production 
Systems. A 6-item Form FDA 483, Inspectional Observations was issued to the firm at the end 
of the inspection. Refer to the EIR or the Form FDA 483 for a list of the 483 observations.  The 
deficiencies were adequately addressed in the firm’s responses to the Form FDA-483, 
Inspectional Observations. The inspection was classified as VAI.  

The OPF team recommended that BLA 761059 be approved from the standpoint of facilities 
assessment. The CDRH Office of Compliance also recommended approval of this application.  I 
concur with these recommendations. 

Scientific Justification for Use of a Non-U.S.-Licensed Comparator 
Product 

Samsung provided adequate data to establish the scientific bridge to justify the relevance of 
data generated from the comparative clinical study SB5-G31-RA, which used EU-Humira as the 
comparator, to the assessment of biosimilarity: 

x-	 The Office of Pharmaceutical Products, OPQ, CDER has determined, and I agree, that 
based on the data provided by the Applicant, the analytical component of the 
scientific bridge between SB5, US-Humira, and EU-Humira was established. 

x	 The Office of Clinical Pharmacology (OCP) has determined, and I agree, that based on 
the data provided by the Applicant, the PK data establish the PK component of the 
scientific bridge . 
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Biosimilarity Assessment 

Table 1. Summary and Assessment of Biosimilarity 

Analytical Studies: The Office of Pharmaceutical Products, OPQ, CDER has concluded, and I 
concur, that: 

Summary of Evidence 

x SB5 is highly similar to US Humira notwithstanding 
minor differences in clinically inactive components 

x SB5 prefilled syringe and autoinjector each have the 
same strength as that of US-Humira (40 mg/0.8 mL) 

x The analytical component of the scientific bridge 
between SB5, US-Humira, and EU-Humira was 
established to support the relevance of the data 
generated from studies using EU-Humira as the 
comparator to the assessment of biosimilarity 

Residual Uncertainties and 
Outcome 

x There are no residual uncertainties from the product 
quality assessment 

Animal Studies: The Pharmacology and Toxicology team concluded, and I agree, that: 

Summary of Evidence 

x The SB5 nonclinical development program was 
considered adequate to support clinical 
development 

x The information in the pharmacology/toxicology 
assessment support the determination of 
biosimilarity 

Residual Uncertainties and 
Outcome 

x There are no residual uncertainties from the 
pharmacology/toxicology assessment 

Reference ID: 4466516Reference ID: 4466647 
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Clinical Studies: The Clinical Pharmacology, Clinical, and Statistial teams concluded, and I 
agree, that: 

Summary of Evidence 

x PK similarity has been demonstrated across SB5, US-
Humira, and EU-Humira in the 3-way PK similarity 
study (Study SB5-G11-NHV) 

x Study SB5-G11-NHV established the PK portion of 
the scientific bridge to support the relevance of the 
data generated using EU- Humira as the comparator 
in the comparative clinical study SB5-G31-RA to the 
assessment of biosimilarity 

x In SB5-G31-RA, the were no meaningful differences 
in terms of efficacy between SB5 and EU-Humira, 
and the frequency of treatment emergent adverse 
events, serious events, and events leading to 
discontinuation of study drug had no meaningful 
differences between the treatment arms 

x Given the scientific bridge was established (based on 
the analytical and PK comparisons) between SB5, US-
Humira, and EU-Humira to justify the relevance of 
data generated with EU-Humira as the comparator, 
the collective evidence from submitted clinical 
studies, including the comparative clinical study SB5-
G31-RA, supports a demonstration of no clinically 
meaningful differences between SB5 and US-Humira 
in the studied indication (RA) 

Residual Uncertainties and 
Outcome 

x There were no residual uncertainties from clinical 
pharmacology, clinical, or statistical perspective 
regarding the demonstration of no clinically 
meaningful differences between SB5 and US-Humira 

Reference ID: 4466516Reference ID: 4466647 

18 



 

 

 

 

 

  

              

   

Biosimilar Multi-disciplinary Evaluation and Review (BMER)
	

Extrapolation of Data to Support Licensure as a Biosimilar: 

Summary of Evidence 

x DGIEP, DDDP, and DPARP teams have determined 
that the applicant has provided adequate scientific 
justification (based on mechanism of action, PK, 
immunogenicity, and toxicity) to support 
extrapolation of data and information submitted, 
including clinical data from the studied population 
(RA), to support licensure of SB5 as a biosimilar, 
under section 351(k) of the PHS Act, for the 
following indications for which US-licensed Humira 
has been previously approved: 

o Treatment of inflammatory bowel disease 
indications (ulcerative colitis and adult 
Crohn’s disease).3 

o Treatment of moderate to severe plaque 
psoriasis. 

o Treatment of Juvenile idiopathic arthritis in 
patients 4 years of age and older 

o Treatment of psoriatic arthritis 
o Treatment of ankylosing spondylitis 

Residual Uncertainties and 
Outcome 

x There were no residual uncertainties regarding the 
extrapolation of data and information to support 
licensure of SB5 as a biosimilar to US-Humira for the 
above indications 

Conclusions on Licensure 

In considering the totality of the evidence, the data submitted by the applicant show that SB5 is 
highly similar to US-Humira, notwithstanding minor differences in clinically inactive 
components, and that there are no clinically meaningful differences between SB5 and US-
Humira in terms of the safety, purity, and potency of the product.  The applicant also provided 
adequate scientific justification for extrapolation of data and information to support licensure 
of SB5 for JIA in patients 4 years and older, PsA, AS, PsO, Adult CD, and UC.  The information 
submitted by the applicant demonstrates that SB5 is biosimilar to US- Humira for each of the 
following indications for which US- Humira has been previously licensed and for which Samsung 

3 The applicant did not provide a scientific justification for extrapolation for pediatric Crohn’s disease and is not 
requesting licensure for this indication; US-licensed Humira has unexpired orphan drug exclusivity for this 
indication. 
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is seeking licensure of SB5: RA, JIA in patients 4 years and older, PsA, AS, PsO, Adult CD, and UC 
and should be licensed.4 

Author: 
Nikolay Nikolov, M.D. 

Cross-Discipline Team Leader (CDTL) and Designated Signatory 


2. Introduction and Regulatory Background 

Important Safety Issues with Consideration to US-Humira 

The US-Humira label (USPI) includes a boxed warning (see below) and several warnings and 
precautions, in particular serious infections, including tuberculosis and other opportunistic 
infections, and malignancies including non-melanoma skin cancer and lymphoproliferative 
disorders, which also apply to other TNF blockers. 

US-Humira labeling’s boxed warning provides: 

“SERIOUS INFECTIONS 
Patients treated with Humira are at increased risk for developing serious infections that 
may lead to hospitalization or death [….]. Most patients who developed these infections 
were taking concomitant immunosuppressants such as methotrexate or corticosteroids.  

Discontinue HUMIRA if a patient develops a serious infection or sepsis. 

Reported infections include: 
ͻ Active tuberculosis (TB), including reactivation of latent TB. Patients with TB have 
frequently presented with disseminated or extrapulmonary disease. Test patients for 
latent TB before Humira use and during therapy. Initiate treatment for latent TB prior to 
HUMIRA use. 
ͻ Invasive fungal infections, including histoplasmosis, coccidioidomycosis, candidiasis, 
aspergillosis, blastomycosis, and pneumocystosis. Patients with histoplasmosis or other 
invasive fungal infections may present with disseminated, rather than localized, disease. 
Antigen and antibody testing for histoplasmosis may be negative in some patients with 
active infection. Consider empiric antifungal therapy in patients at risk for invasive fungal 
infections who develop severe systemic illness. 
ͻ Bacterial, viral and other infections due to opportunistic pathogens, including 
Legionella and Listeria. 

4 The proposed SB5 labeling states: “Biosimilarity of HADLIMA has been demonstrated for the condition(s) of use 
(e.g. indication(s), dosing regimen(s)), strength(s), dosage form(s), and route(s) of administration described in its 
Full Prescribing Information.” 
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Carefully consider the risks and benefits of treatment with HUMIRA prior to initiating 
herapy in patients with chronic or recurrent infection. 

Monitor patients closely for the development of signs and symptoms of infection during 
and after treatment with HUMIRA, including the possible development of TB in patients 
who tested negative for latent TB infection prior to initiating therapy […]. 

MALIGNANCY 
Lymphoma and other malignancies, some fatal, have been reported in children 
andadolescent patients treated with TNF blockers including HUMIRA […]. Post-marketing 
cases of hepatosplenic T-cell lymphoma (HSTCL), a rare type of T-cell lymphoma, have 
been reported in patients treated with TNF blockers including HUMIRA. These cases have 
had a very aggressive disease course and have been fatal. The majority of reported TNF 
blocker cases have occurred in patients with Crohn's disease or ulcerative colitis and the 
majority were in adolescent and young adult males. Almost all these patients had received 
treatment with azathioprine or 6-mercaptopurine (6–MP) concomitantly with a TNF 
blocker at or prior to diagnosis. It is uncertain whether the occurrence of HSTCL is related 
to use of a TNF blocker or a TNF blocker in combination with these other 
immunosuppressants […].” 

The warning and precautions section (section 5 of the USPI) lists other known safety issues with 

Humira and other TNF blockers, including: 

ͻ Serious infections, 
 (b) (4)

ͻ Malignancies 

ͻ Neurologic reactions 

) 

(b) (4)

(b) (4)
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ͻ Hematological reactions 

ͻ (b) (4)Concurrent use of anakinra 

(b) (4)

ͻ Heart failure, i.e. onset or worsening of congestive heart failure 
ͻ Autoimmunity, i.e. formation of autoantibodies and, rarely, development of a lupus-like 
syndrome 
ͻ Immunizations; patients on Humira may receive concurrent vaccinations, except for live 
vaccines 

US-Humira use has been previously described as leading to the development of anti-drug 
antibody (ADA) formation in clinical studies, and according to the FDA-approved labeling for US-
Humira, there was a trend toward higher adalimumab apparent clearance in the presence of 
anti-adalimumab antibodies, but no apparent correlation between the development of anti-
adalimumab antibodies and the occurrence of adverse events (AEs). In the published literature, 
however, anti-adalimumab antibodies are described to be associated with increased frequency 
of clinical adverse effects, such as thromboembolic events or hypersensitivity reactions 
(Korswagen et al 2011, van Schouwenburg et al 2013)2,3, but other authors do not describe 
such an association (Vincent et al 2013). 

Summary of Presubmission Regulatory Activity Related to Submission 

The Division had several interactions with the Applicant. 

Under IND 118,299, the Applicant and the FDA had a Biosimilar Biological Product Development 
(BPD) Type 2 meeting on July 3, 2013. Several details on the Applicant’s PK similarity study and 
the comparative clinical study for SB5 were discussed at the meeting.  Some of the key points of 
the meeting were that the FDA agreed with the Sponsor’s human factors design validation 
study and the FDA recommended that the applicant perform a comprehensive risk analysis of 
the drug product by identifying use-related risks. 

On May 4, 2016, the Applicant and the FDA had a BPD Type 4 meeting.  At that meeting the FDA 
communicated that the Applicant needed to address applicable PREA requirements for SB5.  
The Applicant submitted an initial pediatric study plan (iPSP) on January 27, 2016.  The FDA 
agreed to the iPSP on August 25, 2016. 

On August 29, 2016, the Applicant submitted the original BLA submission, BLA 761059, to seek 
approval for SB5; however, the manufacturing site, (b) (4) , was not available for 
inspection, and a pre-license inspection would not be able to be performed prior to approval; 
therefore, the BLA was a refusal to file, and the Applicant resubmitted BLA 761059 on  July 23, 
2018. 

Reference ID: 4466516Reference ID: 4466647 

22 



Biosimilar Multi-discipl inary Evaluation and Review (BMER) 

2.3. Studies and Publicly Available Information Submitted by the Applicant 

Table 2. SBS: Submitted Clinical Studies 

Study NCT 
Study Objective

Identity no. 

PK Similarity Study 

SBS-Gll NCT021 Comparative 
NHV 44714 pharmacokinetics and safety 

of SBS, U.S.-Humira, and EU-

Humira 

Comparative Clinical Study 

SBS-G31 NCT021 Comparative clinical study 
RA 67139 between SBS and EU-Humira 

Other studies 
SBS-G12 NCT023 Comparative 
NHV 26233 pharmacokinetics and safety 

of SBS Al and SBS PFS 

SBS-G21 NCT025 To compare injection s ite pain 
RA 6810 of ABSAI and ABS PFS 

Study Design 

Double-blind, 
randomized, 
parallel-group, 
active-controlled, 
three-way pairwise 

Double-blind, 
randomized, 
parallel-group, 
active-controlled 

Randomized, open-
label, 2-arm, 
parallel-group, 
single-dose 

Open-label, single-
arm 

Study 

Population 

Healthy 
Subjects 

Patients 
with 
Rheumatoid 
arthritis 

Healthy 
subjects 

Patients 
with 
Rheumatoid 
Arthritis 

Treatment 

Groups 

SB5:63 
US-Humira: 63 
EU-Humira : 63 

SB5:271 
EU-Humira : 273 

SBS Al: 95 
SBS PFS: 94 

49 

Abbreviations: Al=autoinjector, PFS=pre-filled syringe 

Authors: 

Raj Nair, M.D. Nikolay Nikolov, M.D. 

Clinica l Reviewer Clinica l Team Leader 


3. Clinical Studies: Ethics and Good Clinical Practice 

3.1. Submission Quality and Integrity 

The data qual ity and integrity of the studies were acceptable. The amount of missing data was 
minimal and did not impact overall conclusions regarding biosimilarity. The BLA submission was 
in electronic common technical document (eCTD) format and was adequately organized. 
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Statistical Analysis of Clinical Data 

This statistical analyses use the data from the single comparative clinical study (SB5-G31-RA). 
The submitted datasets for this study were of acceptable quality and were adequately 
documented. The statistical reviewer was able to reproduce the results of primary and 
secondary efficacy analyses and perform additional analyses using the submitted datasets. For 
safety analyses, the statistical reviewer had several correspondences with the sponsor in order 
to obtain additional analyses and detailed documentation. 

The original statistical analysis plan (SAP), addendum, and final SAP were included with this 
submission. The addendum added analyses for the assessment of structural damage. The 
statistical analysis plan was not submitted to the FDA for review prior to data unblinding, 
however, according to the sponsor’s study report, the SAP was finalized and documented prior 
to the completion of the study and the final database lock.  

A data safety monitoring board (DSMB) consisting of five members external to the sponsor met 
three times during the study to review blinded and unblinded safety and efficacy data, though 

(b) (4)

prepared the unblinded data reports for each DSMB meeting. At FDA’s request, the sponsor 
submitted the DSMB charter and meeting minutes from the open and closed sessions. While it 
would be preferable that the unblinded statistician was entirely independent of involved 
companies, the conduct of the data review during the study appeared to be acceptable. 

Compliance with Good Clinical Practices 

All studies were conducted according to good clinical practices (GCP) as described in the ICH 
Guideline E6 and in accordance with the ethical principles outlined in the Declaration of 
Helsinki. The studies were conducted in compliance with the protocols. Informed consent, 
protocol, amendments, and administrative letters for the studies received Institutional Review 
Board/Independent Ethics Committee approval prior to implementation. Subjects signed 
informed consent documents. Written informed consent was obtained prior to the subject 
entering the studies (before initiation of protocol-specified procedures). The investigators 
explained the nature, purpose, and risks of the study to each subject. Each subject was 
informed that he/she could withdraw from the study at any time and for any reason. Each 
subject was given sufficient time to consider the implications of the study before deciding 
whether to participate. The investigators conducted all aspects of these studies in accordance 
with applicable national, state, and local laws of the pertinent regulatory authorities. 

Financial Disclosures 

The Applicant has adequately disclosed financial arrangements with clinical investigators as 
recommended in the FDA guidance for industry on Financial Disclosure by Clinical Investigators. 
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The Applicant submitted FDA Form 3454 certifying investigators and their spouses/dependents 
were in compliance with 21 CFR part 54. No potentially conflicting financial interests were 
identified. (See attached Clinical Investigator Financial Disclosure Review form.)  

Authors: 
Raj  Nair,  M.D.  Nikolay  Nikolov,  M.D.  
Clinical  Reviewer      Clinical  Team  Leader  

4. Summary of Conclusions of Other Review Disciplines 

Chemistry, Manufacturing and Controls 

The Office of Pharmaceutical Products, OPQ, CDER, recommends approval of BLA 761059 for 
SB5manufactured by Samsung Bioepis Co., Ltd. The OPQ team determined that the data 
submitted in this application are adequate to support the following conclusions: 
x The manufacture of SB5 is well-controlled and leads to a product that is pure, potent, 
and safe 

x SB5 is highly similar to US- Humira notwithstanding minor differences in clinically 
inactive components 

x SB5 prefilled syringe and autoinjector each have the same strength as that of US-Humira 
(40 mg/0.8 mL) 

x	 The analytical component of the scientific bridge between SB5, US-Humira, and EU-
Humira was established to support the relevance of the data generated from clinical 
studies using EU-Humira as the comparator to the assessment of biosimilarity. 

Clinical Microbiology 

The microbial control and sterility assurance strategy is sufficient to support consistent 
manufacture of a sterile product. The BLA is recommended for approval from a sterility 
assurance and microbiology product quality perspective.  

Devices 

SB5 drug product is a sterile liquid solution with the following proposed presentations: 
xAutoinjector (Hadlima PushTouch)  
Injection: 40 mg/0.8 mL in a single-dose prefilled autoinjector 

xPrefilled syringe 
Injection: 40 mg/0.8 mL in a single-dose prefilled glass syringe 

Container closure: The primary container closure system is a 1mL clear (b) (4) glass prefilled 
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syringe (PFS) stainless steel staked needle, rigid needle shield, and a rubber plunger stopper. 
The Safety PFS consists of a PFS assembled into the secondary packaging components: safe-
shield body, finger flange, and plunger rod. 

The AI consists of a PFS assembled into device components, front and rear subassemblies, 
which have no contact with the product and are not sterile.  

4.3.1. Center for Devices and Radiological Health (CDRH) 

CDRH recommends approval based on assessment of device constituent with a post-approval 
(b) (4)inspection of  the autoinjector manufacturing site. 

4.3.2. Division of Medication Error Prevention and Analysis (DMEPA) 

SB5 is a proposed combination product, with two proposed presentations, a pre-filled syringe 
(PFS) and autoinjector (AI) (PushTouch). To support the proposed presentations, the Applicant 
has submitted product quality, clinical pharmacology, and device data, reviewed elsewhere in 
this document. In addition, the Applicant provided a Use-Related Risk Analysis (URRA) and 
human factor (HF) data to support the use of these devices in the intended patient populations, 
which were reviewed by DMEPA.  

Based on the available data within the submitted HF study results reports, DMEPA noted that 
some areas of the Instructions for Use (IFU) that should be revised from a medication error 
perspective. Given that the modifications are intended to add clarity and/or emphasis to the 
IFU, the DMEPA review team concluded, and I agree, that these do not require additional 
human factors (HF) validation data.  These changes were incorporated in the product labeling.  

Further, based on the URRA and the full comparative analyses, DMEPA team determined, and I 
agree, that additional data would not be needed to support the usability of the SB5 PFS. 

With regards to the SB5 AI presentation, DMEPA finds that no additional HF data was necessary 
for the adult populations. With respect to the pediatric/adolescent JIA patients, the DMEPA 
team disagreed with the Applicant’s justification for not needing HF validation studies in that 
patient population for the AI presentation and deferred to DPARP on addressing this data gap 
and determining the appropriate labeling for this user group. 

DPARP acknowledges the DMEPA assessment and recommendations. However, in reviewing 
the DMEPA recommendations, DPARP also considered the following: 
x Irrespective of whether the patient is an adult with RA or a JIA patent, it is expected that 
the patient will only self-administer SB5 when willing to do so, having received 
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appropriate training, and having demonstrated the ability to self-inject.  This is explicitly 
stated in the product labeling, Section 2. Dosage and Administration.  

HADLIMA is intended for use under the guidance and supervision of a physician. A 
patient may self-inject HADLIMA or a caregiver may inject HADLIMA using either the 
HADLIMA PushTouch or HADLIMA prefilled syringe if a physician determines that it is 
appropriate, and with medical follow-up, as necessary, after proper training in 
subcutaneous injection technique. 

Additional instructions are included in Section 17.  Patient Counseling Information. 

Considering the above contextual information, DPARP concludes that no additional HF studies 
are needed in JIA for this application and the current labeling is appropriate and sufficient to 
ensure the safe and effective use of both the SB5 PFS and SB5 AI when used as labeled. 

Office of Study Integrity and Surveillance (OSIS) 

The biopharmaceutical inspection was requested for both clinical site and bioanalytical site of 
Study SB5-G11-NHV. OSIS declined to conduct biopharmaceutical inspection and 
recommended accepting data for Agency review based on the recent inspectional history of the 
site. For more detailed information, refer to the review memo by Dr. Angel Johnson dated 
October 09, 2018. 

Office of Scientific Investigations (OSI) 

Two clinical sites were selected for inspections for protocol SB5-G31-RA.  The study data 
derived from the clinical sites, based on inspections, were considered reliable and the studies in 
support of this application appear to have been conducted adequately.  At the time of this 
review, the final classification for both sites is No Action Indicated (NAI).  For further details, 
please see Dr. Lu’s Clinical Inspection Summary dated March 1, 2019 and Dr. Ayalew’s 
inspection summary dated April 5, 2019. 

Author: 
Nikolay Nikolov, M.D. 
CDTL 
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5. Nonclinical Pharmacology and Toxicology Evaluation and 
Recommendations 

Nonclinical Executive Summary and Recommendation  

SB5 has been developed to be a biosimilar product to US-Humira (40 mg/0.8 mL). Two 
nonclinical studies were reviewed in support of the BLA submission: a 7-week pharmacology 
study in Tg197 mice and a 4-week repeat-dose toxicology study in monkeys. During the pre-IND 
phase, there was agreement between FDA and Samsung that these two nonclinical studies 
would be sufficient to support filing of a BLA. The dose  of 32 mg/kg/week was considered 
acceptable by the FDA during the pre-IND phase for the repeat-dose study. Finally, the FDA 
advised Samsung during the pre-IND phase that the BLA should include a safety assessment of 
extractables and leachables from the container closure system (i.e., pre-filled syringe). 

In an in vivo nonclinical pharmacology study, the Tg197 transgenic mouse model (mouse that 
overexpresses human TNF-ɲ ĂŶĚ ƐƉŽŶƚĂŶĞously develops rheumatoid arthritis-like symptoms) 
was used to evaluate the pharmacodynamic activity of SB5 in preventing/reversing arthritic 
symptoms as compared to US-Humira. The study included mice (5/sex/group) that were treated 
with 3 dose levels (0.5, 3, or 10 mg/kg) of SB5 or US-Humira administered twice per week for 7 
weeks via the intraperitoneal route. Pharmacodynamics activity, as evaluated by arthritic scores 
and histopathological scoring of the hind leg, was similar between SB5 and US-Humira. There 
were no significant differences between the arthritic scores and histopathology scores of the 
hind knee for SB5-treated and US-Humira-treated Tg197 mice.   

In the 4-week repeat-dose toxicology study, monkeys (3/sex/group) received SB5 Vehicle (0 
mg/kg), SB5 (32 mg/kg) or US-Humira (32 mg/kg) administered by the subcutaneous route once 
per week for a total of 4 doses. The study included immunophenotyping of lymphocyte 
subpopulations and monocytes as well as histopathological examinations of a complete panel 
of organs and tissues. Observed findings during the study were generally incidental and no 
safety concerns were identified. The toxicity profiles of SB5 and US-Humira appeared to be 
similar at the 32 mg/kg dose. 

For the pharmacokinetics assessment, the 4-week repeat-dose study evaluated SB5 and US-
Humira exposure profiles in monkeys. On Days 1 and 22, the pharmacokinetic profiles for the 
SB5 and US-Humira-treated groups were generally similar based on exposure and drug 
accumulation ratios. None of the animals treated with SB5 or US-Humira tested positive for 
ADA. The pharmacokinetic profiles for SB5 and US-Humira appeared similar. 

SB5 will be administered with a pre-filled syringe (PFS; primary container closure system) or 
autoinjector (AI; the PFS within the AI is in direct contact with the drug solution). The PFS is a 
marketed device that is used with other FDA-approved drug products. Safety evaluations of 
potential extractables with the manufacturing process and PFS and leachables with the PFS 
were performed. There were no nonclinical safety concerns for observed extractables and 
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leachables. The only observed leachable for the PFS that exceeded the AET was (b) (4)

The nonclinical repeat-dose toxicology study, including pharmacokinetic and immunogenicity 
data, and pharmacology (pharmacodynamic) study support a demonstration of biosimilarity 
between SB5 and US-Humira. 

5.1.1. Nonclinical Residual Uncertainties Assessment 

There were no residual uncertainties identified in the animal studies regarding 
pharmacodynamic activity, safety, or pharmacokinetic parameters intended to support a 
demonstration of bioimilarity. 

Product Information 

Product Formulation 

The SB5 drug product form is a clear to opalescent, colorless to pale brown sterile solution 
designed for injection. The drug product is presented as a single-use safety pre-filled syringe 
(PFS) and as a single-use autoinjector (AI). Both presentations contain 40 mg adalimumab-
bwwd (referred to as “Adalimumab” in the chart below reproduced from the application) in 0.8 
mL solution (50 mg/mL). The quantitative composition and function of each ingredient is shown 
below. 
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Table 3. Composition of SBS Drug Product Compared To US-Humira 

C :ite;g:ory Humim1 SB:; 

Compone:m:t Content C.omp-0oeot Coateot 

Active 
pl!uumac.eutical 
i.ngredi.em (API) 

.i\dalim.mnab 50 mgl'mlL Ad.slimwnab 50 mg•'mL 

(b)\41
Sodium cittate 
dil!l.ydmte 

03l mg/:mL Sodiumcitrate 
dihydrat.e 

2.00 lll§''mL 

Citric. acid 
m.an:obydrate 

L 3 ] mglmL 

Di.sodium phos,pbate 
dil!l.ydmte 

l .5l mg/mL CUiiie aci d 
monohydrate 

0.68 lll§''mL 

Sodium dihydrogen 
phosphate d.ihydlrate· 

0.8.6 mg/.mL 

NIA N.iA L-iHisti.dine 1.20 lll§''mL 

L-iHisti.dine 
monohydrocbloride 
monohydrate 

10...BOmgimlL 

Sodium cb!aride 6. 17 mg/ mL Sorbito! 25.0 lll§''mL 

Mmmitol 12.00 mglmL 

Polysorbate 8(1 (PS 
80) 

l.OO mg/mL Polysoibate 20 (PS 
10) 

0.8-0 lll§''mL 

Source: Excerpted from the 351(k) BLA submission 

Comments on Novel Excipients 

The formu lations for SBS and US-Humira are different. The on ly excipient found in both 
formulations was citric acid monohydrate. The quantity of the citric acid monohydrate in SBS is 
below that used in US-Humira. Other FDA-approved products for use by the subcutaneous 
route contain the excipients found in SBS at quantities equal to or greater than those in the 
drug product. The tota l quantity of histidine from L-histidine and L-h ist idine hydrochloride 
monohydrate was combined to accurately assess the total amount of histidine. Excipients are 
within the ranges that are found in the inactive ingredient database. 

Comments on lmpurities/Degradants of Concern 

All process-related and product-related impurities were sufficiently low to not be considered a 
safety concern. 

Authors: 
David Klein, Ph.D. Timothy W. Robison, Ph.D. 
Nonclinical Reviewer Nonclinical Team Leader 

30 

Reference ID: 446664!il 



Biosimilar Multi-discipl inary Evaluation and Review (BMER) 

6. Clinical Pharmacology Evaluation and Recommendations 


6.1. Clinical Pharmacology Executive Summary and Recommendation 

Table 4. Clinical Pharmacology Major Review Issues and Recommendations 

Review Issue Recommendations and Comments 

Pharmacokinetic Similarity 

• PK similarity between SB5, EU-Humira, and US-
Humira established the PK portion of the scientific 
bridge to support the relevance of the data 
generated using EU-Humira as the comparator in 
the comparative clinical study. 

• PK similarity supports a demonstration of no 
clinically meaningful differences between SB5 and 
US-Humira. 

Pharmacodynamic Similarity • Not applicable 

lmmunogenicity 

• Comparable incidence of ADA formation in 
healthy subjects across SB5, EU-Humira, and US-
Humira and in patients with RA between SB5 and 
EU-Humira. Because the scientific bridge was 
established to justify the relevance of the data 
generated with EU-Humira, these data support a 
demonstration of no clinically meaningfu l 
differences between SB5 and US-Humira. 

Other - PK comparability 
assessment 

• PK of SB5 administered using PFS and Al was 
comparable. 

The clinica l development for SB5 included 3 clinical studies: (1) Study SB5-G11-NHV, a 3-way PK 
similarity study to compare the PK, safety, tolerability, and immunogenicity of SB5, EU-Humira, 
and US-Humira using PFS in 189 healthy subjects (63/treatment arm); (2) Study SB5-G31-RA, a 
comparative clinica l study in patients with active RA (n=356 for PK, n=541 for immunogenicity); 
(3) Study SB5-G12-NHV, a two-arm PK comparability of SB5 administered using PFS and Al 
(94/treatment arm). 

In the 3-way PK similarity study (Study SB5-G11-NHV), the 90% confidence intervals (Cls) for the 
geometric mean ratios (GMRs) of SB5 to EU-Humira, SB5 to US-Humira, and EU-Humira to US
Humira for the tested PK parameters (i.e., Cmax, AUCO-t, and AUCO-inf) were all within the pre
specified PK similarity acceptance criteria of 80-125% (Table 5). Thus, the PK portion of the 
scientific bridge was established to support the relevance of the data generated using EU
Humira as the comparator in the comparative clinical study (Study SB5-G31-RA) in addition to 
demonstrating PK similarity between SB5 and US-Humira. 

Reference ID: 446664!il 

31 



 

 

 
 

 
 

 

 
 

 

 
  

 

 
  

Biosimilar Multi-disciplinary Evaluation and Review (BMER) 

In the PK comparability Study SB5-G12-NHV, following the single dose of SB5 40 mg using PFS 
or AI, the 90% CIs for the GMRs of SB5 PK parameters were all within 80-125%, indicating SB5 
PK was comparable using PFS and AI. 

Table 5. PK similarity assessment-statistical analysis for PK parameters (SB5-G11-NHV) 

Parameter Geo LSM (T) N Geo LSM 
(R) N GMR (%) 90% CI (%) 

SB5 (T) vs US-Humira (R) 
Cmax 3.01 63 3.32 63 90.85 (82.51, 100.02) 
AUC0-t 1769 63 1869 63 94.62 (83.27, 107.52) 
AUCь 2283 54 2293 58 99.55 (88.94, 111.42) 

SB5 (T) vs EU-Humira (R) 
Cmax 3.01 63 3.34 63 90.09 (81.82, 99.20) 
AUC0-t 1769 63 1940 63 91.16 (80.22, 103.58) 
AUCь 2283 54 2312 61 98.71 (88.31, 110.34) 

EU-Humira (T) vs US-Humira (R) 
Cmax 3.34 63 3.32 63 100.84 (91.58, 111.02) 
AUC0-t 1940 63 1869 63 103.80 (91.35, 117.95) 
AUCь 2312 61 2293 58 100.85 (90.41, 112.49) 

The units of Cmax and AUC are μg/mL and μg*h/mL, respectively. 
Source: FDA analysis 

The overall incidence of anti-drug antibody (ADA) formation by Day 71 in healthy subjects was 
100%, 95.2%, and 100% for SB5, EU-Humira, and US-Humira, respectively (Study SB5-G11-NHV). 
After multiple doses of SC injection, the incidence of ADA formation was also similar between 
SB5 and EU-Humira in patients with RA (Study SB5-G31-RA). The immunogenicity was not 
assessed in the PK study comparing the PK profiles of SB5 administered using a PFS and an AI 
(Study SB5-G12-NHV). 

6.1.1. Clinical Pharmacology Residual Uncertainties Assessment 

PK similarity was demonstrated across SB5, US-Humira, and EU-Humira in the 3-way PK 
similarity study (Study SB5-G11-NHV). There were no clinical pharmacology residual 
uncertainties regarding the PK assessments intended to support a demonstration of 
biosimilarity. 

Clinical Pharmacology Studies to Support the Use of a Non-U.S.-Licensed 
Comparator Product 

In the PK similarity study in healthy subjects (N=63/arm), Study SB5-G11-NHV, following a single 
SC 40 mg dose of SB5, EU-Humira, or US-Humira, the 90% CIs for the GMRs of SB5 to EU-
Humira, SB5 to US-Humira, and EU-Humira to US-Humira for the tested PK parameters (i.e., 
Cmax, AUC0-t, and AUC0-inf) were all within the PK similarity acceptance interval of 80-125% . 
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These pairwise comparisons met the pre-specified criteria for PK similarity between SB5, US-
Humira and EU-Humira; thus, the PK portion of the scientific bridge was established to support 
the relevance of the data generated using EU-Humira as the comparator in the comparative 
clinical study (Study SB5-G31-RA).   

Human Pharmacokinetics and Pharmacodynamics 

Clinical Pharmacology Study Design Features 

The 3-way PK-bridging study comparing SB5, EU-Humira and US-Humira was conducted in 
healthy subjects (Study SB5-G11-NHV).  In addition, PK comparison between SB5 and EU-
Humira was also assessed in adult patients with RA (Study SB5-G31-RA).  To compare the PK 
profiles of SB5 using PFS and AI, a comparability study was conducted in healthy subjects (Study 
SB5-G12-NHV). Refer to Table 2 for a summary of the studies listed above. 

Clinical Pharmacology Study Endpoints 

PK (Cmax, AUC0-t, and AUC0-inf) was assessed as the primary endpoint in Study SB5-G11-NHV 
to evaluate and compare the PK profiles of SB5, EU-Humira and US-Humira in healthy subjects.  
Safety, tolerability and immunogenicity were the secondary endpoints.  

Study SB5-G31-RA was the comparative clinical study in RA patients.  Therefore, the primary 
efficacy endpoint was the proportion of patients achieving clinical response (according to the 
ACR20 criteria) at Week 24, whereas PK (Ctrough), safety, immunogenicity and other efficacy 
endpoints (ACR20, ACR50, and ACR70, ACR-N, Disease Activity Score 28 (DAS28), and EULAR 
response criteria, Change from Baseline in modified Total Sharp Score (mTSS)) were secondary 
endpoints. For the choice of efficacy and safety endpoints in Study SB5-G31-RA, see details in 
Section 7. 

In the comparability study, Study SB5-G12-NHV, PK (Cmax, AUC0-t, and AUC0-inf) was assessed 
as the primary endpoint to compare the PK profiles of SB5 administered using PFS and AI in 
healthy subjects. Safety and tolerability were the secondary endpoints.   

Bioanalytical PK Method Validation and Performance    

The serum concentrations of SB5, EU-Humira and US-Humira were appropriately quantified 
using validated enzyme-linked immunosorbent assay (ELISA) in Studies SB5-G11-NHV 
(validation report 8295851), SB5-G12-NHV (validation report 8306919), and SB5-G31-RA 
(validation report 8315677). During the method validation, SB5 was used to establish the 
standard curves, and the accuracy and precision (± 20.0%, ± 25.0% for lower limit of 
quantitation (LLOQ) and upper limit of quantitation (ULOQ)) was evaluated using SB5, 

Reference ID: 4466516Reference ID: 4466647 

33 



Biosimilar Multi-discipl inary Evaluation and Review (BMER) 

EUHumira and US-Humira as QC samples. See detailed information about the assay val idation 
in Appendix . 

PK Similarity Assessment 

PK similarity has been demonstrated across SB5, US-Humira, and EU- Humira in the 3-way PK 
similarity Study SB5-G11-NHV. In the 3-way PK similarity comparisons (SB5 vs. US-Humira, SB5 
vs. EU-Humira, and EU- Humira vs. US-Humira), the 90% Cls for the geometric mean ratios of 
Cmax, AUCO-t and AUCO-inf were all within the pre-defined criteria of 80%-125% (Table 5). 
The mean serum concentration-time profiles were simi lar between the SB5, EU- Humira and 
US-Humira treatment groups (Figure 1). Refer to Individual Study Review in Appendix for more 

details. 

Figure 1. PK profiles following a single SC does of SBS, EU- Humira, or US-Humira using PFS in 
healthy subjects (n=63/treatment group) (SBS-G11-NHV) 
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Source: FDA analysis 

SBS PK comparability when administered using a PFS vs. Al 

The PK profiles of SB5 using PFS or Al were compared in Study SB5-G12-NHV. A total of 188 
healthy subjects (94 subjects/arm) were randomized to receive a single dose of 40 mg SB5 
through SC injection using PFS or Al. The mean serum concentration-time profiles were simi lar 
between the SB5 PFS and SB5 Al. In the statistical ana lysis, the 90% Cls for the geometric mean 
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ratios of Cmax, AUC0-t and AUC0-inf were all within the range of 80% –125% (Table 6).  Refer to 
Individual Study Review in Appendix for detailed information. 

Table 6. PK comparability assessment - statistical analysis for SB5 PK parameters using PFS 
and AI (SB5-G12-NHV) 

Geo LSM 
(SB5 AI, T) N 

Geo LSM 
(SB5 PFS, R) N GMR (%) 90% CI (%) 

Cmax 3.63 94 3.56 94 102.09 (95.03, 109.68) 
AUC0-t 2212 94 2071 94 106.78 (97.84, 116.53) 
AUC0-inf 2540 94 2308 94 110.04 (99.32, 121.93) 
The units of Cmax and AUC are μg/mL and μg*h/mL, respectively. 
Source: FDA analysis 

PD similarity assessment 

Not applicable. 

Clinical Immunogenicity Studies 

Design features of the clinical immunogenicity assessment  

Immunogenicity upon single dosing has been evaluated in healthy subjects in Study SB5-G11-
NHV. See Table 2 for more details regarding the study design. 

Immunogenicity upon repeated dosing has been evaluated Study SB5-G31-RA which was a 
randomized, double-blind, parallel group, mulricenter clinical study (Figure 2).  A total of 544 
subjects with moderate to severe RA despite MTX therapy were randomized in a 1:1 ratio to 
receive either SB5 40 mg (n=271) or EU-Humira 40 mg (n=273) every other week up to Week 50 
via SC injection. At Week 24, subjects receiving EU-Humira were re-randomized in a 1:1 ratio to 
either continue on EU-Humira 40 mg (EU-Humira/EU-Humira) or be transitioned to SB5 40 mg 
(EU-Humira/SB5) every other week up to Week 50.  Subjects receiving SB5 continued to receive 
SB5 40 mg up to Week 50 (SB5/SB5) but they also followed the randomization procedure to 
maintain blinding. The primary efficacy endpoint, ACR20 response, was assessed at Week 24. 
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Figure 2. Study design of Study SB5-G31-RA
	

ACR20 = American College of Rheumatology 20% response criteria; EOW = every other week; F/U = follow-up; 
ICF = informed consent form; MTX = methotrexate; ® = Randomisation. 
1.		 Screening had to be done within 6 weeks prior to Randomisation. 
2.		 Informed consent had to be obtained prior to any study related procedures. 
3.		 At Week 24, subjects receiving Humira were randomised in a 1:1 ratio to either continue to receive Humira or be 
transitioned to SB5. Subjects receiving SB5 continued to receive SB5 40 mg up to Week 50 but they also followed the 
randomisation procedure to maintain blinding. 

4.		 The primary efficacy endpoint (ACR20 resposne) was assessed at Week 24. 
5.		 A telephone interview for the safety follow-up was scheduled for Week 60. 
Source: Figure 9-1 of Study SB5-G31-RA CSR 

Immunogenicity endpoints 

The formation of ADA and the neutralizing activity of ADA was evaluated for immunogenicity 
assessment. 

Immunogenicity assay’s capability of detecting the antidrug antibodies (ADA) in the presence 
of proposed product, reference product, and any other comparator product (as applicable) in 
the study samples 

Samsung developed binding and neutralizing antibody assays that are suitable for detecting 
ADA and NAb in the presence of concentrations of SB5, US-Humira and EU-Humira expected 
following administration. Refer to OBP review for more details. 

Adequacy of the sampling plan to capture baseline, early onset, and dynamic profile 
(transient or persistent) of ADA formation 

The sampling plan is adequate to capture baseline, early onset, and dynamic profile (transient 
or persistent) of ADA formation. 
x	 Study SB5-G11-NHV: serum samples were collected at baseline, Day 15, and the end-of-
study visit (Day 71) for assessment of the ADA formation of SB5, EU-Humira and US-
Humira. 
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x Study SB5-G31-RA: serum samples were collected at Weeks 0 (baseline), 4, 8, 16, 24, 32, 
40, and 52 for assessment of the ADA formation of SB5 and EU-Humira.   

x Study SB5-G12-NHV: immunogenicity was not assessed. 

Incidence of ADA 

A scientific bridge, composed of both analytical and PK components, was established between 
SB5, US- Humira, and EU-Humira, justifying the relevance of comparative data, including 
immunogenicity data, generated using EU-Humira as a comparator product to the assessment 
of biosimilarity. Given the scientific bridge, the data indicating that there is no increase in 
immunogenicity risk for SB5 compared to EU-Humira supports a demonstration of no clinically 
meaningful differences between SB5 and US-Humira. 

In Study SB5-G11-NHV, following a single 40 mg SC dose of study drug, 100% of) subjects in the 
SB5 and US-Humira treatment groups, and 95.2% of subjects in the EU-Humira group developed 
treatment-emergent ADA by Day 71 (Table 7).  Overall, the ADA incidence is similar between all 
three treatment arms in healthy subjects. 
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Table 7. Incidence of anti-drug antibody (ADA) and neutralising antibodies (NAb) positive 
results by visit (Study SB5-G11-NHV)  

ADA = Anti-drug antibodies; NAb = Neutralizing antibodies; N = number of subjects in the safety set; 
n' = number of subjects with available assessment results at each timepoint. 

(b) (6)a. One subject (Subject ) had negative ADA results at Day 1 pre-dose, Day 15, and newly positive ADA result based on the 
re-calculated cut point using 1.0% FP rate at Day 71 but NAb was not tested 
Only post-dose ADA positive subjects had NAb results. 
Percentages for ADA result were based on the number of subjects with available ADA assessment results at each timepoint. 
Percentages for NAb result at each time point were based on the number of subjects with positive ADA at each relevant 
timepoint. 
Post-dose ADA result was defined as positive if the subject had positive ADA result on either Day 15 or Day 71. 
Post-dose NAb result was defined as positive if the subject had positive NAb result on either Day 15 or Day 71. 
Source: Table 1 of Annex 2 to Section 2.5, Re-analysis of Immunogenicity Results, submitted on 02/21/2019 

In Study SB5-G31-RA, following multiple 40 mg SC doses of study drug, by Week 24, 85/243 
(35.0%) and 89/253 (35.2%) subjects developed ADA in SB5 and EU-Humira treatment groups, 
respectively. At Week 52, 95/243 (39.1%), 51/121 (42.1%), and 48/117 (41.0%) subjects 
developed ADA in SB5/SB5,  EU-Humira/SB5, and EU- Humira/EU-Humira treatment group, 
respectively. Overall, the incidence of ADA is comparable between SB5 and EU-Humira 
throughout the study, including the transition-extension period (Table 8). 
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Table 8. Incidence of anti-drug antibody (ADA) and neutralising antibodies (NAb) positive 
results by visit (Study SB5-G31-RA)  
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Negati ve 18/ 19 8/8 3/3 313 26/27 
(9 4 .7) ( 100.0) ( 100.0) ( 100.0) (96.3) 

W eek4 ADA P ositive 64/265 501269 114/5 34 
(2 4 .2) ( 18 .6) (21.3) 

Negati ve 201/265 2 19/269 420 /534 
(75.8) (8 1.4) (78 .7) 

NAb P ositive 16/6 1 10/38 26199 
(26.2) (26.3) (26.3) 

Negative 45/6 1 28/38 73/99 
(73.8) (73 .7) (73.7) 

Week8 ADA P ositive 57/263 41/266 98/529 
(2 1.7) ( 15.4) (18.5) 

Negative 206/263 225/266 4311529 
(78.3) (84.6) (81.5) 

NAb P ositive 19/44 16/31 35/75 
(43.2) (5 1.6) (46.7) 

Negative 25/4 4 15/31 40175 
(56.8) (4 8 .4) (53.3) 

Week 16 ADA Positive 66/258 68/261 134/5 19 
(25.6) (26.1 ) (25.8) 

Negati ve 192/258 193/261 385/5 19 
(74 .4) (73 .9) (74.2) 

NAb P ositive 30/60 30/60 60/ 120 
(50.0) (50.0) (50.0) 

Negative 30160 30160 60/ 120 
(50.0) (50.0) (50.0) 

Week 24 ADA P ositive 70/256 75/257 38/1 25 36/ 127 145/5 13 
(27.3) (29.2) (30.4) (28.3) (28.3) 

Negative 186/256 182/257 87/ 125 9 11127 368/5 13 
(72.7) (70.8) (69.6) (71.7) (71.7) 

NAb Positive 36/6 7 35/67 17/35 18/ 31 7 1/ 134 
(53.7) (52 .2) (48.6) (58.1) (53.0) 

Negative 31/67 32/67 18/35 13/ 3 1 63/134 
(46.3) (47 .8) (5 1.4 ) ( 4 1.9) (4 7.0) 

Week 24 ADA Positive 85/243 89/253 47/ 12 1 38/ 1 17 174/4 9 6 
Overallb,c (35.0) (35 .2) (38.8) (32.5) (35.1) 

Negati ve 158/243 164/253 74112 1 791117 322/496 
(65.0) (64.8) (6 1.2 ) (67 .5) (64.9) 
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NAb Positive 44/243 43/253 23/121 1911 17 87/496 
(18.1) (17.0) (19.0) (16.2) (17.5) 

Negative 199/243 210/253 981121 9811 17 409/496 
(8 1.9) (83.0) (81.0) (83.8) (82.5) 

Week 32 ADA Positive 72/254 821253 4 11125 401126 154/507 
(28.3) (32.4) (32.8) (31.7) (30.4) 

Negative 182/254 1711253 841125 86/1 26 353/507 
(7 1.7) (67.6) (67.2) (68.3) (69.6) 

NAb Positive 33/69 40/80 18/41 22/38 73/149 
(47.8) (50.0) (43.9) (57.9) (49.0) 

Negative 36/69 40/80 23/41 16/38 76/149 
(52.2) (50.0) (56.1) (42 .1) (51.0) 

Week 40 ADA Positive 70/249 82/244 39/119 43/125 152/493 
(28.1) (33.6) (32.8) (34 .4) (30.8) 

Negative 179/249 162/244 80/119 82/125 3411493 
(7 1.9) (66.4) (67.2) (65.6) (69.2) 

NAb Positive 29/67 47/78 24/38 23/40 76/145 
(43.3) (60.3) (63.2) (57.5) (52.4) 

Negative 38/67 31/78 14/38 17/40 69/145 
(56.7) (39 .7) (36.8) (42.5) (47.6) 

Week 52 ADA Positive 68/247 77/242 36/118 411124 145/489 
(27.5) (31 .8) (30.5) (33.1) (29.7) 

Negative 179/247 165/242 82/118 83/124 344/489 
(72.5) (68.2) (69.5) (66.9) (70.3) 

NAb Positive 33/64 48/75 21/35 27/40 81 /139 
(51.6) (64.0) (60.0) (67.5) (58.3) 

Negative 31/64 27175 14/35 13/40 58/139 
(48.4) (36.0) (40.0) (32.5) ( 41.7) 

Week 52 ADA Positive 95/243 103/253 5 11121 48/117 198/496 
overallb, e (39.1) (40.7) (42.1) (41.0) (39.9) 

(Safety Set Negative 148/243 150/253 70/121 69/117 298/496 
1) (60.9) (59.3) (57.9) (59 .0) (60.1) 

NAb Positive 53/243 70/253 34/121 35/117 123/496 
(2 1.8) (27.7) (28.1) (29.9) (24.8) 

Negative 190/243 183/253 87 /121 82/117 373/496 
(78.2) (72.3) (71.9) (70.1) (75.2) 

After ADA Positive 10/151 1411 52 4/74 10/78 24/303 
Week 24 (6.6) (9.2) (5.4) (12 .8) (7.9) 
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N = number of patients in the Safety Set 1 (SAF1 consists of all patients who received at least 1 dose of IP during the study); 

n = number of patients with event of interest, n’ = number of patients in the analysis; ADA = anti-drug antibody
	
a Based on the patients in the Safety Set 2 (all SAF1 patients who received at least 1 dose of IP after re-randomization at 

Week 24); EU-Humira /SB5 and EU-Humira /EU-Humira may not add up to EU-Humira overall.
	
b Overall ADA results were determined as 'Positive' if patient had at least 1 ADA-positive until the relevant timepoint among 

the patient with ADA-negative result at Week 0 and 'Negative' if patient had no ADA-positive until the relevant timepoint.
	
c Values were from the Safety Set 2. 

d After transition overall were determined as 'Positive' if patient had at least one ADA-positive from Week 32 to Week 52 

among patients with the overall ADA-negative at Week 24 and 'Negative' if patient had no ADA-positive from Week 32 to 

Week 52 among patients with the overall ADA-negative at Week 24. 

e Total 10 patients (SB5: 3 patients, EU-Humira: 7 patients) were excluded from the number of patients in the analysis based on
	
the definition of overall ADA since the ADA results at baseline were converted from negative to positive. 

Percentages were based on n’.
	
Source: Table 7 of Annex 2 to Section 2.5, Re-analysis of Immunogenicity Results, submitted on 02/21/2019 


Neutralizing antibodies 

Refer to Table 7 and Table 8 above for a summary of the neutralizing activity from Studies SB5-
G11-NHV and SB5-G31-RA. 

Impact of ADA on the PK, PD, safety, and clinical outcomes of the proposed biosimilar 
product 

Impact of ADA and NAb on PK 

In Study SB5-G11-NHV in healthy subjects, the systemic exposures of SB5, EU-Humira  or US-
Humira in subjects who were ADA-positive remained comparable across treatments (Table 9 
and Table 10). Given only 3 subjects in the study were ADA-negative ( 3/61 in the EU-Humira 
group) , the systemic exposure could not be compared in subjects who were ADA-negative.   

In the PK comparison by NAb status, the systemic exposures of SB5, EU-Humira, or US-Humira 
in NAb-postive subjects are ~30% lower as compared to those in NAb-negative subjects. 
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Nonethelesss, in each of NAb-postive and NAb-negative subgroups, the systemic exposures of 

SBS, EU-Humira, or US- Humira remained generally comparable across treatments (Table 11). 


Table 9. Mean (%CV} serum PK parameters by ADA status (Study SBS-Gll-NHV} 

Parameter SB5 N US- Humira N EU- Humira N 

ADA- Population 

Cmax -- 0 -- 0 3.48 (51%) 3 

AUCO-t -- 0 -- 0 2909 (47%) 3 

AUCO-inf -- 0 -- 0 3622 (51%) 3 

ADA+ Population 

Cmax 3.37 (29%) 53 3.49 (31%) 57 3.56 (33%) 58 

AUCO-t 2126 (32%) 53 2102 (38%) 57 2054 (36%) 58 

AUCO-inf 2406 (34%) 53 2423 (39%) 57 2374 (35%) 58 
The units of Cmax and AUC are µg/ml and µg *hr/ml, respectively. LLOQ is 0.1 µg/ml. 

2 subjects >15!) were excluded from the PK Population due to major protocol deviation. 

16 subjects were excluded from the summary statistics due to T max was one of the last 3 points in the profile. 

Source: data from Table 14.2-1.3a of Annex 2 to Section 2.5, Re-analysis of lmmunogenicity Results, submitted on 

02/21/2019 

Table 10. Statistical analysis for PK parameters in ADA positive (ADA+) subjects (SBS-Gll 
NHV} 

R atio of SB5/Reference Ratio of EU/US-sourced 

PK Geo-
Htunira® H umira'l!l 

Parameter Treatment N 11 LSMea 11 Estimate 90% C I Estimate 90 % CI 

AUCine SB5 62 53 2262 .1 
(h· ~tg/mL) 

EUHumira® 63 58 2242 .9 1.009 0.903 ; 1.127 

US Humira® 62 57 2259.4 1.001 0.890; 1.126 0.993 0.889; 1.109 

Cmax SB5 62 53 3.229 
(~tg/mL) 

EU Humira® 63 58 3.388 0.953 0 .867;1.047 

US Hmnira® 62 57 3.32 1 0.972 0.881; l.073 1020 0.925; 1.124 

AUC1as1 SB5 62 53 2007 .0 
(h· ~tg/mL) 

EUHumira® 63 58 1923 .5 1.043 0.930; 1.170 

US Humira® 62 57 1958 .4 1.025 0.911; 1.153 0.982 0.874; 1.104 

ADA = anti-drug antibody; LSMean = least squares mean; N = number of subjects in pharmacokinetic population; n= number 

of subjects with relevant ADA result included in analysis; PK= pharmacokinetic 
2 subjects (b)(Sf) were excluded from the PK population due to a major protocol deviation 
16 subjects were excluded from the ANOVA due to Tmax was one of the last 3 points in the profile 

Source Table 2 of Annex 2 to Section 2.5, Re-analysis of lmmunogenicity Results, submitted on 02/21/2019 
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Table 11. Mean (%CV} serum PK parameters by NAb status (Study SBS-Gll-NHV} 

Parameter SBS N US- Humira N EU- Humira N 

NAb- Population 

Cmax 3.33 (16%) 10 4.34 (28%) 10 3.39 (27%) 11 
AUCO-t 2798 (23%) 10 2849 (27%) 10 3026 (26%) 11 

AUCO-inf 3321 (27%) 10 3566 (33%) 10 3400 (27%) 11 

NAb+ Population 

Cmax 3.40 (31%) 42 3.31 (29%) 47 3.59 (34%) 47 
AUCO-t 1963 (31%) 42 1905 (34%) 47 1868 (33%) 47 

AUCO-inf 2178 (30%) 42 2179 (28%) 47 2134 (28%) 47 
The units of Cmax and AUC are µg/ml and µg*hr/ml, respectively. LLOQ is 0.1 µg/ml. 
Source: data from Table 14.2-1.5a of Annex 2 to Section 2.5, Re-analysis of lmmunogenicity Results, submitted on 

02/21/2019 

In Study SBS-G31-RA in patients with RA, Ctroughs of SBS and EU-Humira in patients who were 
ADA-positive were generally lower as compared to patients who were ADA-negative, but 

remained comparable between SBS and EU-Humira treatments in each of the ADA subgroups 
(Figure 3, Table 12, Table 13). Similarly, in the PK comparison by NAb status, Ctroughs of SBS 
and EU-Humira in NAb-positive were generally lower than NAb negative, but remained 

comparable between SBS and EU-Humira treatments in each of the subgroups (Figure 4). 
Overall, the systemic exposure was lower in patients who were ADA-positive and in patients 
who were NAb-positive over the treatment duration of 24 weeks. 

Figure 3. Arithmetic mean pre-dose (Trough} concentration-time profiles by Week 24 ADA 

status and treatment group, linear scale (Study SBS-G31-RA) 
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Source: Figure 1 of Annex 2 to Section 2.5, Re-analysis of lmmunogenicity Results, submitted on 02/21/2019 
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Table 12. Summary of trough serum concentrations (mean (%CV)) of ADA-positive (ADA+) 
population by treatment group (Study SB5-G31-RA) 

Time point SB5 EU-Humira 
Ctrough N Ctrough N 

Week 0 0  52 0 52  
Week 4 2.58 (67%) 54 3.17 (56%) 55 
Week 8 2.87 (76%) 52 3.28 (72%) 56 
Week 12 3.01 (79%) 52 3.52 (86%) 55 
Week 16 3.19 (91%) 54 3.17 (85%) 50 
Week 24 3.14 (112%) 53 2.88 (113%) 54 
The unit of Ctrough is μg/mL. LLOQ is 0.3 μg/mL. 

Source: data from Table 8 of Annex 2 to Section 2.5, Reanalysis of Immunogenicity Resutls in Study SB5-G31-RA,
	
submitted on 02/21/2019 


Table 13. Summary of trough serum concentrations (mean (%CV)) of ADA-negative (ADA-) 
population by treatment group (Study SB5-G31-RA) 

Time point SB5 EU-Humira 
Ctrough N Ctrough N 

Week 0 0 95 0 101 
Week 4 4.53 (38%) 93 4.37 (39%) 103 
Week 8 6.33 (38%) 97 6.58 (37%) 101 
Week 12 7.81 (53%) 97 7.58 (36%) 95 
Week 16 8.18 (39%) 95 8.28 (41%) 96 
Week 24 8.80 (40%) 89 9.17 (43%) 97 
The unit of Ctrough is μg/mL. LLOQ is 0.3 μg/mL. 

(Source: data from Table 9 of Annex 2 to Section 2.5, Reanalysis of Immunogenicity Results in Study SB5-G31-RA,
	
submitted on 02/21/2019) 
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Figure 4. Arithmetic mean pre-dose concentration (Ctrough)-time profiles  by Week  24 NAb  
status and treatment group, linear scale (Study SB5-G31-RA) 

Source: Figure 2 of Annex 2 to Section 2.5, Re-analysis of Immunogenicity Results, submitted on 02/21/2019 

Impact of ADA and Nab on efficacy 
Overall, no evidence of altered efficacy was observed in RA patients in Study SB5-G31-RA who 
were ADA-positive and who were NAb-positive.   

In patients who were ADA-negative, the ACR20 response rates at Week 24 are comparable 
between SB5 and EU-Humira. In patients who were ADA-positve, ACR20 response rates 
showed fluctuation during the study period in both SB5 and EU-Humira treatment groups: the 
ACR20 response rate in SB5 is numerically higher at Week 16 while numerically lower at Week 
24 as compared to EU-Humira treatment group, which is likely due to the limited number of 
patients (Table 14 and Figure 5). In addition, the ACR50 and ACR70 response rates at Week 24 
are comparable between SB5 or EU- Humira in both ADA-positive and ADA-negative subgroups 
(Table 15). Similarly, in the efficacy comparison by NAb status, the ACR20 response rates at 
Week 24 are comparable between SB5 (76.7%, 138/180) and EU-Humira (73.9%, 136/184) in 
NAb-negative subgroup, while the numerical difference of ACR20 response rates between SB5 
(52.5%, 21/40) and EU-Humira (67.5%, 27/40) in NAb-positive subgroup is likely due to the 
limited number of patients (Figure 6). 
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Table 14. ACR20 response rates by anti-drug antibody up to Week 52 (Per-protocol Set 1) 
(Study SB5-G31-RA) 

Time points ADA-positive ADA-negative 

SB5 EU-Humira SB5 EU- Humira 

Week 2 23.1% (18/78) 26.3% (21/80) 24.1% (34/141) 25.2% (36/143) 
Week 4 35.4% (28/79) 40.0% (32/80) 46.1% (65/141) 36.8% (53/144) 
Week 8 48.1% (38/79) 58.8% (47/80) 57.4% (81/141) 56.3% (81/141) 
Week 12 59.5% (47/79) 57.5% (46/80) 69.5% (98/141) 62.2% (89/143) 
Week 16 70.9% (56/79) 60.0% (48/80) 69.5% (98/141) 70.1% (101/144) 
Week 24 59.5% (47/79) 71.3% (57/80) 79.4% (112/141) 73.6% (106/144) 
Week 32 73.4% (58/79) H/S: 72.7% (32/44) 

H/H: 83.3% (30/36) 
75.9% (104/171) H/S: 67.1% (47/70) 

H/H: 82.2% (60/73) 
Week 40 69.3% (52/75) H/S: 69.8% (30/43) 

H/H: 68.6% (24/35) 
70.7% (99/140) H/S: 72.3% (47/65) 

H/H: 74.6% (53/71) 
Week 52 72.0% (54/75) H/S: 83.7% (36/43) 

H/H: 74.3% (26/35) 
80.6% (112/139) H/S: 79.7% (51/64) 

H/H: 71.4% (50/70) 
H/S: EU-Humira/SB5; H/H: EU-Humira/ EU-Humira 
Source: Data from Table 14.2-1.5a of  iss-ise-attach14-reanalysis-sb5-g31-ra, submitted on 02/21/2019 

Figure 5. ACR20 response by 24-week overall anti-drug antibody up to Week 24 (Per-protocol 
Set 1) (Study SB5-G31-RA) 

Source: Figure 3 of Annex 2 to Section 2.5, Re-analysis of Immunogenicity Results, submitted on 02/21/2019
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Table 15. ACR50 and ACR70 response rates at Week 24 by 24-week overall ADA status (Per-
protocol Set 1) (Study SB5-G31-RA) 

24-week Overall 
ADA Status 

Treatment ACR50 
Response Rate 

ACR70 
Response Rate 

Overall ADA 
negative (ADA-) 

SB5 44.7% (63/141)  20.6% (29/141) 

EU- Humira 41.7% (60/144) 23.6% (34/144) 
Overall ADA 
positive (ADA+) 

SB5 29.1% (23/79) 17.7% (14/79) 

EU- Humira 36.3% (29/80) 15.0% (12/80) 
24-week overall anti-drug antibody (ADA) result was defined as positive if a patient had at least one ADA positive up to Week 
24 after Week 0. 
Per-protocol Set 1 (PPS1)= PPS1 consisted of all subjects included in the Full Analysis Set (FAS) who completed the Week 24 visit 
and had an adherence (through Week 24) within the range 80-120% of both the expected number of IP administrations and the 
expected sum of MTX doses without any major protocol deviations that could affect the comparative efficacy assessment).  
Source: Adapted from Tables 12 and 14 of Annex 2 to Section 2.5, Re-analysis of Immunogenicity Results, submitted 
on 02/21/2019 

Figure 6. ACR20 response by NAb status up to Week 24 (Per-protocol Set 1) (Study SB5-G31-
RA) 

Source: Figure 6 of Annex 2 to Section 2.5, Re-analysis of Immunogenicity Results, submitted on 02/21/2019 

Impact of ADA on safety 
The incidence of any treatment-emergent adverse events (TEAEs) was comparable between 
SB5 and EU-Humira treatment groups in both ADA-positive and ADA-negative subgroups. The 
incidence of injections site reaction was generally low in each of the treatment groups (Table 
16). Overall, no evidence of altered safety was observed in RA patients in Study SB5-G31-RA 
who were ADA-positive. 
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Table 16. Comparison of the incidence of TEAE (%(n)) and injection site reaction (%) at week 
24 between SB5 and EU-Humira by ADA status (Study SB5-G31-RA) 

Safety ADA-positive ADA-negative 
SB5 EU-Humira SB5 EU-Humira 

TEAE 32.9% (28) 29.2% (26) 38.0% (60) 45.7% (75) 

Injection site 
reaction 

4.7% 0 2.5% 4.3% 

n: The number of patients who experienced any TEAEs. 

Source: Annex 2 to Section 2.5, Re-analysis of Immunogenicity Results, submitted on 02/21/2019
	

In summary, no impact of immunogenicity on safety or efficacy was observed in study SB5-G31-
RA. 

Authors: 
Bhawana Saluja, Ph.D. signing for Lei He, Ph.D. Bhawana Saluja signing for Ping Ji, Ph.D. 
Clinical Pharmacology Reviewer Clinical Pharmacology Team Leader 

7. Statistical and Clinical Evaluation and Recommendations 

Statistical and Clinical Executive Summary and Recommendation 

The statistical review evaluated SB5 as a potential biosimilar to US-Humira by focusing on the 
single 52-week randomized comparative clinical study, Study SB5-G31-RA. Study SB5-G31-RA 
was a double-blind, parallel-group, multicenter study in 544 patients with active rheumatoid 
arthritis despite MTX therapy, comparing SB5 to EU-Humira.  The applicant also conducted 
Study SB5-G11-NHV, a randomized, single-blind, three-arm, parallel group, single-dose study, 
that established the PK portion of the scientific bridge between SB5, US-Humira, and EU-
Humira, which, in addition to the established analytical portion of the scientific bridge between 
the three products, justifies the relevance of the data generated using EU-Humira in Study SB5-
G31-RA to the assessment of biosimilarity. Regarding the evaluation of the bridging, refer to 
Section 6.1. Two other studies of SB5 only, SB5-G12-NHV and SB5-G21-RA, were included to 
support approval of the autoinjector (AI) for administration of SB5. 

In Study SB5-G31-RA, the primary endpoint was the proportion of patients who achieved an 
American College of Rheumatology 20% (ACR20) response at Week 24. Approximately 68.0% of 
patients randomized to SB5 and 67.4% of patients randomized to EU-Humira were ACR20 
responders, with an estimated absolute difference between treatments of 0.76% (90% 
confidence interval [CI]: (-5.78%, 7.30%)). The 90% CI is within the margin of ±12% that the 
Agency determined reasonable as well as the ±15% margin specified by the applicant.  ACR20, 
ACR50, and ACR70 responses over time, in addition to mean changes from baseline in the 
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components of the ACR composite endpoint, and the disease activity score (DAS28), were also 
similar between the treatment arms. 

In this study, patients who discontinued treatment early were also withdrawn from the clinical 
study; however, in general, dropout was relatively low. Of the 544 subjects randomized, 514 
(94%) had observed data for the Week 24 primary efficacy analysis and 489 (90%) completed 
Week 52. The applicant noted that there were two randomized patients who did not qualify for 
randomization but were “inadvertently randomized.” These subjects did not receive study drug 
during the study phase, were not followed for safety and efficacy assessments, and were not 
included in the primary analyses. Although missing data were not considered a major issue in 
Week 24 analyses, the statistical reviewer conducted tipping point analyses to explore the 
sensitivity of results to violations in assumptions about the missing data. Across the possible 
range of values in the missing subjects, confidence intervals for the differences between SB5 
and EU-Humira ruled out concerning losses in efficacy for the primary endpoint, ACR20. 
Additionally, the tipping point analysis for the continuous endpoint of DAS28 provided further 
support of the robustness of the results to missing data assumption violations in the assessment 
of the secondary efficacy endpoints. 

To reliably evaluate whether there are clinically meaningful differences between two products, 
a comparative clinical study must have assay sensitivity, or the ability to detect meaningful 
differences between the products, if such differences exist. Historical evidence of sensitivity to 
drug effects and an evaluation of the study conduct may be used to support the presence of 
assay sensitivity, i.e., determine if the study was adequately designed and performed, and a 
conclusion that the treatments are similarly effective rather than similarly ineffective. Based on 
an evaluation of four historical, randomized, placebo-controlled clinical trials of adalimumab5 
(Keystone et al.[1], Weinblatt et al.[2], Kim et al.[3], Chen et al.[4]), each available in the 
literature, the statistical reviewer concluded that (1) the design of the historical trials were 
largely similar to that of the comparative clinical study; and (2) there were relatively large and 
consistent treatment effects across the four historical studies. The statistical reviewer did not 
identify any issues with the quality of study conduct. The available information largely supports 
the assay sensitivity of the confirmatory study. 

The collective evidence from the comparative clinical study supports a demonstration of no 
clinically meaningful differences between SB5 and US-Humira, as the applicant provided 
adequate data to establish the scientific bridge between SB5, US-Humira, and EU-Humira to 
justify the relevance of data generated with EU-Humira as the comparator to the assessment of 
biosimilarity. 

7.1.1. Statistical and Clinical Residual Uncertainties Assessment 

During this statistical review, a few important statistical issues arose. These issues were 
adequately addressed by the applicant and/or the reviewer. 

5 References to unknown sources of adalimumab (e.g., based on historical studies) will use “adalimumab”. 
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The first issue regarded the determination of the similarity margin. This is a critical aspect of the 
design of a comparative clinical study because it determines the differences in efficacy that 
need to be ruled out at an acceptable significance level. The pre-specified similarity margin for 
the treatment difference in proportion of subjects with ACR20 response at week 24 was ±15%, 
using a 95% confidence interval (CI) of the difference of the proportions in treatment groups. 
Based on discussions with the FDA, the applicant also calculated a 90% CI of the difference of 
the two proportions for ACR20 response at week 24. The recommended margin of ±12% was 
selected based on meta-analyses of historical effects of adalimumab and discussions with 
clinicians weighing the clinical importance of different losses in effect against the feasibility of 
different study sizes. Despite the lack of agreement on an appropriate primary analysis 
similarity margin, results from the primary analysis of the confirmatory study (90% CI: (-5.78%, 
7.30%)), successfully ruled out the ±12% margin considered to be reasonable. In addition, there 
were similar improvements from baseline in the components of the composite primary 
endpoint, as well as additional important secondary endpoints, on the two treatment arms. 
Therefore, given that the applicant has established a three-way bridge between SB5, US-
Humira, and EU-Humira to justify the relevance of data generated with EU-Humira as a 
comparator (see Section 6.1), the evidence from the comparative clinical studies supported a 
demonstration of no clinically meaningful differences between SB5 and US-Humira. 

The second issue that arose was the observation of numerically lower ACR20 responder rates at 
Week 24 in the anti-drug antibody (ADA) positive subgroup of the SB5 treatment arm. The 
Agency discussed these findings with the applicant during the review and requested 
justification that they did not preclude a demonstration of no clinically meaningful differences 
between SB5 and US-Humira. Considering the limited number of patients in ADA subgroups, the 
meaningfulness of the observed difference in ACR20 response rates at Week 24 must be taken 
into context with other observations such as the overall ACR patterns throughout the study. 
Upon further examination and additional analyses provided by the applicant, the numerical 
difference was not consistently observed with respect to ACR response rate and disease 
activities over time. Therefore, in the broader context, this finding did not preclude a 
conclusion of no clinically meaningful differences between SB5 and US-licensed Humira. 

Review Strategy 

The evaluation of supportive evidence of no clinically meaningful differences between SB5 and 
US-Humira centered on Study SB5-G31-RA, which used EU-Humira as a comparator.  The 
relevance of Study SB5-G31-RA data derived from EU-Humira was predicated on establishing a 
scientific bridge to US-Humira through appropriate three-way comparisons of US-Humira, EU-
Humira and the proposed product. Though supplemental safety data from the other studies are 
also summarized by the applicant, these studies were either performed in healthy volunteers 
(SB5-G11-NHV), without a drug control arm and in an open-label manner (SB5-G21-RA), or both 
(SB5-G12-NHV), and therefore, were not the primary focus of this review. 
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The statistical reviewer confirmed the applicant’s primary and key secondary analyses and 
performed additional analyses to evaluate the robustness of the results. The results from these 
supplemental analyses and the applicant’s reproduced analyses are presented and described in 
the tables and figures in subsequent sections. Because after Week 24, subjects on the EU-
Humira arm are re-randomized to receive SB5 or continue on EU-Humira, the efficacy analyses 
primarily focus on the treatment period through Week 24. 

Review of Individual Comparative Clinical Studies 

7.3.1. Study SB5-G31-RA 

Study SB5-G31-RA was a randomized, double-blind, parallel-group, multicenter study to 
evaluate the efficacy, safety, tolerability, PK, and immunogenicity of SB5 compared to EU-
Humira. 

Study Design and Endpoints 

Study SB5-G31-RA randomized 544 men and women, 18 to 75 years of age who had been 
diagnosed as having RA at least six months, but not exceeding 15 years, prior to screening. All 
subjects had moderate to severe active disease despite MTX therapy, defined as at least six 
swollen joints and at least six tender joints, and either an erythrocyte sedimentation rate (ESR) 
ш Ϯϴ ŵŵͬŚ Žƌ ƐĞƌƵŵ �-ƌĞĂĐƚŝǀĞ ƉƌŽƚĞŝŶ ;�ZWͿ ш ϭϬ ŵŐͬ> Ăƚ ƐĐƌĞĞŶŝŶŐ͘ �ůů ƐƵďũĞĐƚƐ ǁĞƌĞ ƚƌĞĂƚĞĚ 
with MTX for at least six months prior to randomization and a stable dose (10-25 mg/week) for 
at least four weeks prior to screening. Subjects could not have been treated previously with any 
biological agents, including TNF inhibitors. This study was conducted at a total of 52 study 
centers in seven different countries, all outside of the United Stated: Bosnia (65 subjects), 
Bulgaria (51 subjects), Czech Republic (90 subjects), Korea (4 subjects), Lithuania (35 subjects), 
Poland (216 subjects), and Ukraine (83 subjects). 

Subjects were randomized in a 1:1 ratio to receive either SB5 40 mg every other week (eow) or 
EU-Humira 40 mg eow, via subcutaneous injection (Figure 7). No stratification factors were 
specified. At Week 24, subjects receiving EU-Humira were re-randomized in a 1:1 ratio to either 
continue on EU-Humira or transition to SB5 40 mg eow up to Week 50. Subjects originally 
randomized to SB5 continued to receive SB5 40 mg eow to Week 50. All subjects also received a 
stable dose of oral or parenteral MTX (10-25 mg/week) from four weeks prior to screening 
through Week 52. 
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Figure 7 Schematic Diagram of Study SB5-G31-RA 

Source: Study Report, p. 24
	
Abbreviations: ACR20= American College of Rheumatology 20% response criteria, EOW=every other week, 

F/U=follow-up, ICF= informed consent form, MTX=methotrexate, ® = randomization 

1Screening was within six weeks of randomization.
	
2Infromed consent obtained prior to any study related procedures
	
3At Week 24, subjects receiving EU-Humira were randomized in a 1:1 ratio to either continue to receive EU-Humira 

or transition to SB5. Subjects receiving SB5 continued to receive SB5 40 mg up to Week 50.
	
4Primary endpoint (ACR20) assessed at Week 24. 

5A telephone interview for safety follow-up was scheduled for Week 60.
	

The primary objective of this study was to evaluate if differences exist between SB5 and EU-
Humira at Week 24 using ACR20 response rate in subjects with moderate to severe RA despite 
MTX. The pre-specified primary endpoint was ACR20 response at Week 24 defined as at least a 
20% improvement from baseline in swollen joint count (66 joint count), at least a 20% 
improvement from baseline in tender joint count (68 joint count), and at least a 20% 
improvement from baseline in at least three of the following five criteria: subject pain 
assessment using a 100 mm visual analogue scale (VAS), subject global assessment using a 100 
mm VAS, physician global assessment using a 100 mm VAS, subject assessment of disability 
using the health assessment questionnaire disability index (HAQ-DI), and acute phase reactant 
level (CRP). 

Other efficacy endpoints included ACR20 response at Week 52, ACR50 and ACR70 response 
(analogously defined as ACR20 but using 50% and 70% improvement, respectively) at Week 24 
and 52, numeric index of the ACR response (ACR-N) at Week 24 and Week 52, area under the 
curve (AUC) of ACR-N up to Week 24, disease activity score based on 28 joints (DAS-28) at 
Week 24 and Week 52, AUC of change in DAS28 from baseline up to Week 24, European League 
Against Rheumatism (EULAR) Response at Week 24 and 52, and major clinical response at Week 
24. The modified total Sharp score (mTSS), calculated as the sum of the joint erosion score and 
joint space narrowing (JSN) score, was also measured at baseline and Week 52. This study did 
not include plans to control type 1 error across multiple tests. 

Reference ID: 4466516Reference ID: 4466647 

53 



 
 

 

 

 

 

  

 

 

 

                                                       
  
   

 

Biosimilar Multi-disciplinary Evaluation and Review (BMER) 

Statistical Methodologies 

The SAP and protocol for this study were not submitted to the FDA for review prior to the 
completion of the study. However, the applicant did have statistical analysis plans for the 
clinical studies finalized and documented prior to the completion of the studies. The FDA also 
was able to provide general feedback on the study design and proposed analyses prior to the 
initiation of the study at a Type 2 BPD Meeting on July 23, 2013. After completing their study 
and preparing for submission, the applicant returned for a BPD Type 4 Meeting on May 4, 2016 
to discuss the format and content of the biosimilar application and FDA provided more specific 
advice on the appropriate statistical methodology. 

Analysis Sets 

The applicant defined two analysis sets for the primary efficacy analyses: the full analysis set 
(FAS) and the per-protocol set 1 (PPS1). The FAS consists of all subjects who are randomized at 
the randomization visit and subjects were analyzed according to the treatment to which they 
were assigned at randomization. However, the subjects who did not qualify for randomization 
and were inadvertently randomized into the study were excluded from the FAS, provided these 
subjects did not receive IP during that study phase. There were two subjects excluded from the 
FAS for this reason. 

PPS1 consists of all FAS subjects who complete the Week 24 visit and have an adherence 
(through Week 24) within the range of 80 to 120% of both the expected number of IP 
administrations and the expected sum of methotrexate (MTX) doses without any major 
protocol deviations. The applicant also defined the per protocol set 2 (PPS2) which is analogous 
to PPS1, though subjects must complete Week 52. Analyses using this set evaluate differences 
between treatment groups within the subset of patients who tolerate and adhere. Subjects are 
analyzed according to the treatment to which they were assigned at randomization. 

Where possible, the statistical reviewer performed all key analyses in the FAS to evaluate mean 
differences between treatment groups in all randomized patients regardless of adherence to 
the treatment or to the protocol (i.e., the “intention-to-treat” or “de facto estimand”). The 
reviewer also carried out analyses in the PPS1 to evaluate mean differences between treatment 
groups in the subset of patients who were able to tolerate and adhere. Draft FDA 
Guidance6 and ICH guidelines7 indicate that the evaluation of both estimands (per protocol and 
de facto) is important in the context of a study designed to establish similarity between 
treatments. The de facto evaluation using the FAS is important because it preserves the 
integrity of randomization and therefore allows for reliable inference regarding possible 
differences in effects of the treatment strategies. However, there is also value in the PPS1 
analysis as differences in the per-protocol effect may be larger and easier to detect because  

6 Food and Drug Administration. Draft guidance for industry: Non-inferiority clinical trials, 2010. 
7 International Conference on Harmonisation of Technical Requirements for Registration of 
Pharmaceuticals for Human Use. E9: Statistical principles for clinical trials, 1998. 
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the analysis is restricted to the subset of patients who adhere. The SAP and protocol did not 
include a description of the primary targeted estimand in this study. 

Analysis of the Primary Endpoint and Margin Selection 

The primary efficacy analysis aimed to support a demonstration of no clinically meaningful 
differences between SB5 and US-Humira through an evaluation of the ACR20 response 
between SB5 and EU-Humira at Week 24. This analysis used the PPS1 and a non-parametric 
randomization-based analysis of covariance model with region as a stratification factor and 
baseline C-reactive protein (CRP) as a covariate. No imputation was used in this analysis as all 
subjects were observed at Week 24 in the PPS1. The difference in proportions of subjects 
meeting the ACR20 criteria and the two-sided 95% confidence interval was reported. The pre-
specified similarity margin for the proportion of subjects with ACR20 response at week 24 was 
±15%, using a 95% confidence interval (CI) of the difference of the proportions in treatment 
groups. This means the entire 95% CI for the difference in proportions was to be contained 
within [-15%, 15%]. The applicant supported this margin choice by including Week 24 ACR20 
response results from two different studies: Keystone et al, which showed a treatment effect 
(adalimumab-placebo) of 34% [1] and Weinblatt et al, indicating a treatment effect of 53% [2]. 
The applicant also repeated this analysis using the FAS, with non-responder imputation applied 
for all subjects with missing data. 

Based on discussions with the FDA, including the BPD Type 4 Meeting on May 4, 2016, the 
applicant also calculated a 90% CI of the difference of the two proportions for ACR20 response 
at week 24, using both the FAS and PPS1, compared this interval to a margin of ±12%. This 
margin choice was based on a balance between clinical relevance and feasibility. The lower 
bound of -12% corresponds to the retention of approximately 50-60% of conservative estimates 
(i.e., the lower 95% CI bound) of treatment effect sizes relative to the placebo. The choice of 
50-60% was selected based on previous clinical discussions of an appropriate preservation of 
effect. These estimated effect sizes were calculated from the lower bounds of 95% CIs based on 
meta-analyses of historical clinical trials in patients with active RA despite treatment with 
methotrexate (Table 17). 
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Table 17 Historical Effect of Adalimumab on ACR20 Response in Randomized Clinical Trials of 
Patients with Active RA Despite Treatment with Methotrexate (MTX) 

Study Week 
MTX + Placebo MTX + Adalimumab Difference in 

ResponseN Response N Response 
Keystone et al.[1] 24 200 30% 207 63% 34% 
Weinblatt et al.[2] 24 62 15% 67 67% 53% 
Kim et al.[3] 24 63 37% 65 62% 25% 
Chen et al.[4] 12 12 33% 35 54% 21% 
Meta-Analysis (fixed effects1): Difference (95% CI) 35% (28%, 42%) 
Meta-Analysis (random effects2): Difference (95% CI) 35% (22%, 48%) 
Heterogeneity p-value 0.04 
Source: FDA Reviewer 
Abbreviations: ACR20= 20% improvement in American College of Rheumatology criteria, MTX= methotrexate 
1 Based on Mantel-Haenszel weights 
2 Based on DerSimonian-Laird approach 

Supplemental Analyses of the Primary Endpoint 

Two supplemental analyses of the PPS1 for ACR20 at Week 24 were performed by the 
applicant: (1) calculation of stratified confidence intervals using the Newcombe score method 
with Cochran-Mantel-Haenszel weights for region and categorŝǌĞĚ ďĂƐĞůŝŶĞ �ZW ;ш ϭϬ ĂŶĚ ф ϭϬ 
mg/L) as factors and (2) analysis of covariance (ANCOVA) with treatment group and region as 
factors and the baseline CRP value as a covariate. The Newcombe score method calculates 
uncertainty based on assuming no difference, which is the alternative hypothesis in this 
scenario. These analyses did not use any imputation for missing observations as all subjects in 
the PPS1 were observed at Week 24. 

A supportive analysis using a time-response model with the ACR20 response with a predefined 
equivalence margin based on a 2-norm measurement was performed to further investigate the 
treatment difference during the time course of the study period up to Week 24 for the PPS1. 
The FDA discussed this approach to discriminate treatment effects between products at the 
BPD Type 2 Meeting on July 23, 2013 and the FDA indicated that, while in theory the time-
response model may be more sensitive compared to an analysis using a single time point in 
some cases because it examines the overall trajectory, there were several existing uncertainties 
with the approach. The FDA requested and reviewed additional data that showed overlapping 
time-response curves across different RA products. After reviewing this data, FDA concluded 
that there was not sufficient information that the time-response model alone would be able to 
discriminate responses/outcomes across different doses or across products with structural 
differences. Therefore, this was not considered an informative supplemental analysis in this 
review. 
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Assessing the Impact of Missing Data in the Primary Endpoint 

The analyses for the primary endpoint, ACR20 at Week 24, used two different approaches for 
missing data for the two data sets. In the PPS, no imputation was performed and, by the 
definition of the analysis population, all data were observed. In analyses using the FAS, all 
observed data were used and missing data were imputed as non-responses.  

An approach to consider patients who withdraw from the study and therefore have missing 
data to be non-responders for the FAS analysis is reasonable, but with such an approach, the 
primary endpoint is in fact a composite measure of treatment success. For example, the 
primary ACR20 endpoint would be a composite measure that includes the following 
components: (1) remaining in the study through 24 weeks; and (2) achieving an ACR20 
response at Week 24. The use of such a composite outcome combines the effects of treatment 
on adherence and signs and symptoms, so it is necessary to evaluate the impact of this missing 
data assumption on the overall treatment effect (e.g., an evaluation of the difference in ACR20 
response at Week 24 in all FAS patients regardless of treatment adherence or remaining in the 
study) in order to truly target the de facto estimand. 

The applicant performed additional analyses using the FAS aimed to assess the robustness of 
the results to these missing data assumptions, each with specific faults discussed below. First, 
the applicant performed a pattern mixture analysis. In this analysis, multiple imputation with a 
missing at random (MAR) assumption was used for all subjects with missing data at Week 24; 
for subjects who withdraw from the study with a primary reason of lack of efficacy or AE,  their 
change from the last visit to the missed visit is assumed to have worsened by 30% compared to 
similar subjects that continue to the next time point. Specifically: 

(a) If the initially imputed value with non-missing value represents improvement compared 
to the last visit, reduce this improvement by 30%. 

(b) If the initially imputed value with non-missing value represents worsening compared to 
the last visit, increase this worsening further by 30%. 

(c) If the initially imputed value is such that the change from last visit is zero, then for 
categorical or ordinal components force it to a worsening by 1 point (the minimum unit 
of change). 

At the BPD Type 4 Meeting on May 4, 2016, the FDA expressed concerns with this sensitivity 
analysis. The FDA indicated that this analysis would not sufficiently explore the potential effect 
that violations of the assumptions about missing data might have on the reliability of results. To 
further assess the robustness of the primary analysis results with regards to missing data, the 
FDA recommended that the applicant conduct additional tipping point sensitivity analyses in 
the FAS. These analyses should vary assumptions about outcomes among the subsets of 
patients on the two treatment arms who withdrew from the study early. These varying 
assumptions should include the possibility that patients with missing data on the SB5 arm had 
dissimilar outcomes than dropouts on the EU-Humira arm. The goal of the tipping point analysis 
is to identify assumptions about the missing data under which the conclusions change, i.e., 
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under which there is no longer evidence of similarity. The plausibility of those assumptions can 
be discussed. 

Based on this advice, to further assess the robustness of the primary analysis results in the FAS 
with regards to missing data, the applicant performed a tipping point analysis by applying 
specific outcomes (i.e., imputing different numbers of responders) for the 13 patients from the 
SB5 treatment group and 15 patients from the EU-Humira who discontinued prior to having an 
ACR assessment for Week 24. These data were presented graphically, indicating, for each 
scenario, whether the resulting 95% confidence interval ruled out the FDA’s preferred ±12% 
margin. 

There is some merit in this approach as it explores a two-dimensional space of plausible 
assumptions. However, this approach has its limitations in that it directly imputes outcomes for 
subjects with missing data, rather than drawing from underlying distribution of response rates, 
resulting in single imputation for these subjects. Therefore, this analysis may not appropriately 
incorporate the uncertainty of the imputation process.  To alleviate these concerns, the 
statistical reviewer performed an additional tipping point analysis that considers the full range 
of possible response rates in subjects with missing data in the primary analysis (e.g., 
systematically changing assumed responses rates from 0% to 100% in a stepwise manner). 
Rather than imputing single outcomes within patients and treating them as known, this 
approach properly accounts for imputation uncertainty. This analysis is two-dimensional, 
varying response rates in these subjects on both arms independently, and include scenarios 
where dropouts on SB5 have worse outcomes than dropouts on EU-Humira. The results from 
this analysis are presented graphically to identify the “tipping point” where a conclusion of 
similarity is lost based on a comparison of the 95% confidence interval to the ±12% margin. The 
details for this analysis are provided in the Appendix. 

Analyses of Secondary Endpoints 

The applicant also planned and performed analyses of several secondary endpoints that are 
considered important to evaluating whether there are clinically meaningful differences 
between SB5 and US-Humira. A similar analysis to that performed in the primary efficacy 
analysis was performed for the ACR50 and ACR70 responses at Week 24 for both the PPS and 
the FAS. The continuous secondary endpoints at Week 24 were analyzed using the FAS and an 
ANCOVA model with treatment group and region as factors and using the corresponding 
baseline value as a covariate. For evaluation of the treatment difference between SB5 and EU-
Humira, the least squares difference, standard error, and two-sided 95% confidence interval 
were reported. In the analysis of these continuous endpoints, endpoints use the FAS with an 
observed data (available cases only) analysis (i.e., excluding subjects with missing data). The 
statistical reviewer replicated these analyses for the mean change form baseline in the 
components of the ACR composite endpoint and DAS28. 

To provide additional support in the evaluation of whether there are no clinically meaningful 
differences between SB5 and US-Humira, the applicant also evaluated the key secondary 
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endpoint of change from baseline in DAS28, a continuous endpoint, in the comparative clinical 
study, specifying a similarity margin of ±0.6, compared to a 95% confidence interval of 
treatment difference.. The value of 0.6 was justified by the applicant because it is half of the 
minimum score of clinically significant improvement in DAS28 based on the EULAR criteria. 
Similarity margins were not pre-specified for other key secondary endpoints. 

Because of the importance of secondary endpoints in concluding no clinically meaningful 
differences exist between SB5 and US-Humira and the potential increased sensitivity of 
continuous endpoints, the statistical reviewer performed an additional tipping point analysis, 
analogous to that performed for ACR20, for change from baseline in DAS28 at Week 24. This 
analysis used a 90% confidence interval for the treatment difference and delineates crossing 
the margin of ±0.5 in addition to the sponsor’s pre-specified margin of ±0.6. The use of the 90% 
CI and ±0.5 margin align with previous recommendations from the FDA for the assessment of 
similarity based on DAS28 in biologic DMARDs in similar populations. 

The applicant also evaluated the change in mTSS at Week 52 by treatment group. The applicant 
used ANCOVA to provide treatment comparisons, however, because this endpoint was 
evaluated after the Week 24 transition, the comparison between treatment groups is difficult 
to interpret. Therefore, the statistical reviewer summarized the change in mTSS descriptively 
for each treatment (SB5, All EU-Humira, EU-Humira to EU-Humira, and EU-Humira to SB5) using 
the mean and standard deviation. The cumulative probability of mean change in mTSS was 
presented graphically against visit in weeks. 

Subgroup Analyses 

To examine the consistency of effect across subgroups, the statistical reviewer performed 
ĂĚĚŝƚŝŽŶĂů ĂŶĂůǇƐĞƐ ďǇ ƐĞǆ͕ ĂŐĞ ;фϲϱ͕ шϲϱ ǇĞĂƌƐ ŽĨ ĂŐĞͿ͕ ƌĂĐĞ ;ǁŚŝƚĞ͕ �ƐŝĂŶͿ͕ ĂŶĚ ƌĞŐŝŽŶ ;�h͕ ŶŽŶ-
EU locations). In these analyses, the reviewer calculated within each subgroup, the number and 
proportion of responders within each treatment arm and the difference in the proportion of 
responders between treatment arms. These results were summarized using a forest plot. 

Subject Disposition 

This study planned to include 490 total subjects. Due to a higher number of subjects screened 
and a lower screening failure during the last phase of the enrollment, a total of 747 subjects 
were screened, of which 544 subjects were randomized (271 subjects to SB5 and 273 to EU-
Humira). Of the 544 subjects randomized, 508 (93%) completed Week 24 and 506 received 
study drug after Week 24 (Table 18). Two subjects in the SB5 treatment group did not qualify 
for randomization but were inadvertently randomized. These subjects did not receive study 
drug during the study phase and were not included in analyses using the FAS. Six subjects had 
their end-of-treatment after Week 16 and prior to Week 24. These observed values were used 
in the FAS analyses for the Week 24 analyses, for a total of 514 observed FAS subjects. 
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Figure 8 shows the proportions of patients remaining in this study, indicating similar trends on 
both arms. The proportions of patients withdrawing early from the study and the distributions 
of reasons for dropout were largely similar between SB5 and EU-Humira in the study. The most 
common reason for drop out was “withdrawal of consent”, representing 19 subjects from Week 
0 to Week 24 and 7 subjects from Week 24 to Week 52. There was slightly lower dropout due 
to adverse events on SB5 (1%) than EU-Humira (3%), but small differences would not be 
unusual by random chance if there was not true difference between treatments.  

Table 18 Disposition of Patients 
SB5 EU-Humira Overall 

Randomized 271 273 544 
Completed Week 24 254 (94%) 254 (93%) 508 (93%) 
Received study drug 268 (99%) 273 (100%) 541 (99%) 
Discontinued from study by Week 24 17 (6%) 19 (7%) 36 (7%) 
Adverse event 2 (0.7%) 9 (3.3%) 11 (2%) 
  Lack of efficacy 1 (0.4%) 2 (0.7%) 3 (0.6%)
  Lost to follow-up 0 (0%) 0 (0%) 0 (0%) 
Other 3 (1.1%) 0 (0%) 3 (0.6%)
  Withdrawal of consent 11 (4.1%) 8 (2.9%) 19 (3.5%) 

SB5 EU-Humira -
SB5 

EU-Humira-
EU-Humira 

Overall 

Re-randomized at Week 24 254 125 129 508 
Received study drug after Week 24a 254 (100%) 125 (100%) 127 (98%) 506 (100%) 
Completed Week 52 a 248 (98%) 117 (94%) 124 (96%) 489 (96%) 
Discontinued from study Week 24 to 
Week 52 a 

6 (2%) 8 (6%) 5 (4%) 19 (4%) 

  Adverse event a 2 (0.8%) 2 (1.6%) 3 (2.3%) 7 (1.4%)
  Lack of efficacy a 0 (0%) 1 (0.8%) 1 (0.8%) 2 (0.4%)
  Lost to follow-up a 1 (0.4%) 0 (0%) 0 (0%) 1 (0.2%) 
Other a 1 (0.4%) 1 (0.8%) 0 (0%) 2 (0.4%)
  Withdrawal of consent a 2 (0.8%) 4 (3.2%) 1 (0.8%) 7 (1.4%) 

Source: FDA Reviewer 

Counts (percentages relative to randomized) are presented.
	
aCounts and percentages after week 24, were computed relative to re-randomized set.
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Figure 8 Kaplan-Meier Estimates for Time in Study by Treatment Group
	

Source: FDA Reviewer 
Based on all randomized subjects (treatment assignments are from first randomization). 
Event at time of study discontinuation, censored at time of study completion 

Demographics and Baseline Characteristics 

There were no large imbalances in the distributions of baseline demographics (Table 19) across 
the treatment arms. The population study was very homogeneous, raising some concern of 
generalizability, with the majority of subjects female (79%), white (99%), and non-Hispanic 
(99%). The most subjects were studied in Poland (40%) and none of the sites were in the United 
States. The average age (51 years) and body mass index (27 kg/m2) were also similar across 
treatment arms. 

Similarly, there were no large imbalances in the distributions of baseline disease characteristics 
(Table 20) across the treatment arms. The average RA disease duration was 5.4 years with a 
weekly MTX dose of approximately 15 mg. The average number of DMARDs previously used, 
beyond MTX, was between 0 and 1. Most subjects were positive for rheumatoid factor (71%), 
with an average ESR of 40 mm/hr. The average CRP was slightly lower in the SB5 arm (11.8 vs. 
13.9). Otherwise, similar baseline measures for the components of ACR20 (swollen and tender 
joint counts, HAQ-DI, subject global assessment, subject pain assessment, and physician global 
assessment) were observed across treatment groups. 
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Table 19 Baseline Demographics of All Randomized Subjects 

SB5 EU-Humira Overall 
Randomized 271 273 544 
Age, years 49.8 (12.7) 52.5 (11.9) 51.2 (12.4) 
Male (%) 54 (20) 49 (18) 103 (19) 
White (%) 271 (100) 269 (99) 540 (99) 
Country (%)
   Bosnia and Herzegovina 33 (12) 32 (12) 65 (12) 
Bulgaria 26 (10) 25 (9) 51 (9) 
   Czech Republic 45 (17) 45 (16) 90 (17) 
Korea 0 (0) 4 (1) 4 (1) 
Lithuania 17 (6) 18 (7) 35 (6) 
Poland 109 (40) 107 (39) 216 (40) 
Ukraine 41 (15) 42 (15) 83 (15) 
Ethnicity (%) 
Hispanic or Latino 2 (1) 2 (1) 4 (1) 
Mixed Ethnicity 6 (2) 5 (2) 11 (2)
 Other 263 (97) 266 (97) 529 (97) 
Height, cm 166.2 (9.0) 165.5 (8.2) 165.8 (8.6) 
BMI kg/m2 26.2 (4.8) 27.0 (5.1) 26.6 (4.9) 
Source: FDA Reviewer 

Counts (percentages relative to randomized) or means (standard deviation) are presented.
	

Table 20 Baseline Disease Characteristics for All Randomized 

SB5 EU-Humira Overall 
Randomized 271 273 544 
RA disease duration, years 5.4 (4.4) 5.5 (4.3) 5.4 (4.3) 
Swollen joint count (out of 66) 15.8 (8.0) 15.5 (7.5) 15.7 (7.8) 
Tender joint count (out of 68) 23.9 (11.7) 24.1 (10.8) 24.0 (11.3) 
Subject Pain Assessment (VAS 0-100 mm) 59.2 (20.7) 60.8 (19.7) 60.0 (20.2) 
Physician Global Assessment (VAS 0-100 mm) 59.8 (16.9) 60.6 (15.4) 60.2 (16.1) 
Subject Global Assessment (VAS 0-100 mm) 58.5 (20.3) 59.4 (18.6) 58.9 (19.5) 
HAQ-DI 1.3 (0.6) 1.4 (0.6) 1.3 (0.6) 
ESR, mm/hr 39.6 (13.3) 39.6 (13.9) 39.6 (13.6) 
CRP, mg/L 11.8 (19.2) 13.4 (19.3) 12.6 (19.3) 
Positive RF (%) 203 (75) 185 (68) 388 (71) 
Weekly MTX dose, mg 15.1 (4.6) 15.3 (4.4) 15.2 (4.5) 
Number of Previous DMARDs (except MTX) 0.5 (0.8) 0.5 (0.9) 0.5 (0.8) 
Source: FDA Reviewer 
Counts (percentages relative to randomized) or means (standard deviation) are presented. 
Abbreviations: CRP=C-reactive protein; DMARDS=disease modifying anti-rheumatic drugs; HAQ-DI=health assessment 
questionnaire-disability index; MTX=methotrexate; RA=rheumatoid arthritis; RF=rheumatoid factor 
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Analysis of Primary Clinical Endpoint(s) 

Table 21 displays the results for the primary clinical endpoint, the proportion of subjects with 
ACR20 response at Week 24. Approximately 68.0% of subjects randomized to SB5 and 67.4% of 
subjects randomized to EU-Humira remained in the study and achieved an ACR20 response at 
Week 24, for an estimated absolute difference between treatments of 0.76% (90% CI: (-5.78%, 
7.30%), 95% CI: (-7.03%, 8.56%)). Of the subjects who did not have a major protocol violation 
and adhered to study visits and treatment (PPS1), 73.4% of subjects achieved ACR20 response 
on the SB5 treatment arm and 72.2% achieved ACR20 response on the EU-Humira arm at Week 
24 (90% CI: (-6.55%, 6.85%), 95% CI: (-7.83%, 8.13%)). The 95% CIs calculated using each 
analysis sets (FAS and PPS1) ruled out the margin of ±15% proposed by the applicant. 
Furthermore, the 90% CIs calculated using each analysis sets (FAS and PPS1) ruled out the 
margin of ±12%, that the Agency has determined reasonable. The lower 90% CI bound of 
approximately -6% corresponds to the preservation of approximately 80% of conservative 
estimates of the effect of adalimumab from historical studies (Table 17). Similar results were 
also observed with the applicant’s secondary analyses using the CMH test with the Newcombe 
method and ANCOVA. 

In order to assess that these results were not driven by the sponsor’s overenrollment (544 
subjects compared to the planned 490 due to faster than expected recruiting), the statistical 
reviewer repeated the primary analysis using only the first 490 randomized subjects. Similar 
results were observed for both the PPS1 and the FAS analyses, again ruling out the chosen 
similarity margins. 

Table 21 Difference in ACR20 Response at Week 24 between SB5 and EU-Humira 

Analysis 
Set 

ACR20 Response (n/N (%)) Estimated 
Difference 

95% CI 90% CI 
SB5 EU-Humira 

PPS1 173 / 239 (72.4%) 171 / 237 (72.2%) 0.15% (-7.83%, 8.13%) (-6.55%, 6.85%) 
FAS 183 / 269 (68.0%) 184 / 273 (67.4%) 0.76% (-7.03%, 8.56%) (-5.78%, 7.30%) 

Source: Reviewer 
Abbreviations: ACR20= American College of Rheumatology 20% response, N=number of subjects in the analysis set, n= number 
of responders, PPS1= per protocol set, FAS= full analysis set, CI=confidence interval 
Estimated differences and confidence intervals are adjusted based on non-parametric analysis of covariance model with region 
and baseline C-reactive protein (CRP) in model.  
No imputation for missing data used in PPS1 analysis. 
Non-responder imputation used for missing data in FAS analysis. 

Potential Effects of Missing Data 

As described in the Statistical Methodologies section, in the analysis using the FAS, non-
responder imputation was used for subjects who withdrew from the study early and had 
missing data at Week 24. This approach could confound treatment differences in adherence 
and response, requiring further investigation of the missing data assumption. 
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The amount of missing data for the primary endpoint was low. The statistical reviewer found 
during the review that there were six subjects (four randomized to EU-Humira and two 
randomized to SB5) who discontinued from the study between Week 16 and Week 24 but their 
observed ACR20 response at the early discontinuation visit was included in the applicant’s 
Week 24 FAS analyses, resulting a total of 514 subjects with observed data (Table 22). To 
ensure that these carried observations did not impact results, the statistical reviewer repeated 
the tipping point analyses discussed here, assuming these six subjects to be missing, with 
similar results. There were 13 subjects on the SB5 arm and 15 subjects on the EU-Humira arm 
that were included in the FAS but did not have a Week 24 observation. This means 28 (16%) of 
the 175 non-responders calculated in the FAS were due to imputation of missing data, rather 
than an observed ACR20 non-response. The FAS does exclude two subjects from the SB5 arm 
who were inadvertently randomized, did not meet randomization criteria, and did not receive 
study medication. These subjects were not considered in the assessment of missing data. 

Table 22 Tabulation by Analysis Set of Available Data in Primary Endpoint, ACR20 at Week 24 
SB5 EU-Humira Total 

Randomized, N 271 273 544 
Per Protocol Set 1, N 239 237 476 
Week 24 Observed, n (%) 239 (100%) 237 (100%) 476 (100%) 

Full Analysis Set, N 269 273 542 
Week 24 Observed n (%) 256 (95.2%) 258 (94.5%) 514 (94.8%) 

Source: Reviewer 
Abbreviations: N= number of subjects in set, n= number of subjects with observed data, %= percentage of subjects with 
observed data in set 

Although the amount of missing data was low, the statistical reviewer performed a tipping 
point analysis to assess the potential impact of assuming non-response for subjects with 
missing data (see Appendix for methodology). Figure 9 shows the results from this analysis for 
the comparison of SB5 to EU-Humira. In these figures, the horizontal axes show the estimated 
mean response in the missing subjects on the SB5 arm, the postulated shift in the mean 
response of the missing subjects compared to the non-missing subjects on the SB5 arm, and the 
resulting estimated mean in all FAS subjects on the SB5 arm (including the missing). The vertical 
axes correspond to the same values for the EU-Humira arm. The black triangle indicates 
proportion of ACR20 responders at Week 24 in the observed population on the EU-Humira and 
SB5 arms, ignoring missingness. The yellow portion of the plot indicates areas where the 90% 
confidence interval is entirely contained within the ±12% margin, the green portion indicates an 
upper confidence bound greater than 12% (favoring SB5), the blue portion indicates an upper 
confidence bound greater than 15% (the sponsor’s margin, favoring SB5), the orange portion 
indicates a lower confidence bound less than 12% (favoring EU-Humira), the red portion 
indicates a lower confidence bound greater than 15% (the sponsor’s margin, favoring EU-
Humira). Numbers on diagonal lines indicate differences in the proportion of subjects with 
ACR20 response at Week 24 between SB5 and EU-Humira, including subjects who have missing 
data, under that set of missing data assumptions. 
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This figure varied the mean ACR20 response in the missing subjects across the possible range of 
values (0 to 1). Across this range, the 90% confidence intervals did not cross the ±12% margin, 
indicated by the entirely yellow plot. This analysis shows that these results are robust to the 
missing data assumptions used in this FAS analysis. These findings were consistent with the 
applicant’s tipping point analysis. 

Figure 9 Tipping Point Analysis of ACR20 Response at Week 24 (90% Confidence Interval) 

Source: Reviewer 
Constructed using the Full Analysis Set. 
Numbers on diagonal lines indicate estimated treatment differences in ACR20 response between SB5 and EU-Humira in all 
subjects, including those who have missing data, under that set of missing data assumptions. The black triangle is the ACR20 
response on each arm using observed data only. 

Analysis of Secondary Clinical Endpoint(s) 

The proportion of patients with ACR20, ACR50, and ACR70 response over time were similar 
across treatment arms for Week 0 to Week 24 (Figure 10). Furthermore, at Week 24, ACR50 
and ACR70 responses were similar and the confidence intervals were appropriately small for 
SB5 and EU-Humira, using both the PPS1 and the FAS1 (Table 23). For each analysis, the 
difference between SB5 and EU-Humira was less than 2%. 
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Figure 10 ACR20, ACR50, and ACR70 Responses over Time (Through Week 24) in Full Analysis 
Set 

Source: Reviewer 
Abbreviations: ACR20/ACR50/ACR70= American College of Rheumatology 20%/50%/70% improvement 
Full analysis set, non-responder imputation applied for missing data 
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Table 23 Primary Analysis Results of ACR50 and ACR70 Response at Week 24 

Analysis 
Set 

Response (n/N (%)) Estimated 
Difference 

95% CI 90% CI 
SB5 EU-Humira 

ACR50 
PPS1 91 / 239 (38.1%) 94 / 237 (39.7 %) -1.97% (-10.69%, 6.75%) (-9.29%, 5.35%) 
FAS 98 / 269 (36.4%) 100 / 273 (36.6%) -0.27% (-8.34%, 7.80%) (-7.05%, 6.50%) 

ACR70 
PPS1 46 / 239 (19.2%) 48 / 237 (20.3%) -1.31% (-8.41 %, 5.80 %) (-7.27%, 4.65%) 
FAS 47 / 269 (17.5%) 50 / 273 (18.3%) -0.96% (-7.37 %, 5.45 %) (-6.34%, 4.42%) 

Source: Reviewer
	
Abbreviations: ACR50= American College of Rheumatology 50% response, ACR70= American College of Rheumatology 70% 

response, N=number of subjects in the analysis set, n= number of responders, PPS1= per protocol set, FAS= full analysis set, 

CI=confidence interval
	
Estimated differences and confidence intervals are adjusted based on non-parametric analysis of covariance model with region 

and baseline C-reactive protein (CRP) in model.  

No imputation for missing data used in PPS1 analysis. 

Non-responder imputation used for missing data in FAS analysis.
	

Mean changes from baseline in the components of the ACR endpoint and the disease activity 
score (DAS28) were also similar between the two treatment arms (Table 22). In particular, the 
95% confidence interval for HAQ-DI (-0.14, 0.03) ruled out relatively large differences in 
function on SB5 as compared to EU-Humira. Similarly, the 95% confidence interval for DAS28    
(-0.26, 0.17) ruled out large increases in disease activity on SB5 as compared to EU-Humira. The 
upper bound for DAS28 of 0.17 is substantially lower than the 0.6 margin specified by EULAR 
and the 0.5 margin that has been previously used by FDA. 

Because of the importance of the DAS28 endpoint and the sensitivity of continuous endpoints, 
the statistical reviewer performed an additional tipping point analysis, similar to that used for 
ACR20. Figure 11 shows the results from this analysis for the comparison of SB5 to EU-Humira. 
Note that for this endpoint, larger negative values represent larger treatment benefit (i.e., 
larger DAS28 scores indicate higher disease activity). Analogous to the ACR20 analysis, the 
horizontal axes show the estimated mean change from baseline in DAS28 score in the missing 
subjects on the SB5 arm, the postulated shift in the mean change from baseline in DAS28 score 
of the missing subjects compared to the non-missing subjects on the SB5 arm, and the resulting 
estimated mean change from baseline in all FAS subjects on the SB5 arm (including the 
missing). The vertical axes correspond to the same values for the EU-Humira arm. The black 
triangle indicates the mean change from baseline in DAS28 score at Week 24 in the observed 
population on the EU-Humira and SB5 arms, ignoring missing data. The yellow portion of the 
plot indicates areas where the 90% confidence interval is entirely contained within the ±0.5 
margin, the green portion indicates an upper confidence bound greater than 0.5 (favoring EU-
Humira), the blue portion indicates an upper confidence bound greater than 0.6 (the sponsor’s 
margin, favoring EU-Humira), the orange portion indicates a lower confidence bound less than 
0.5 (favoring SB5), the red portion indicates a lower confidence bound greater than 0.6 (the 
sponsor’s margin, favoring SB5). Numbers on diagonal lines indicate differences in the mean 
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change from baseline in DAS28 at Week 24 between SB5 and EU-Humira, including subjects 
who have missing data, under that set of missing data assumptions. 

This figure varied the estimated shift in mean change from baseline in DAS28 score in the 
missing subjects compared to the observed subjects on each arm from -4 to 4. This analysis 
indicates that large decreases in efficacy (i.e., 0.5 units) on SB5 compared to EU-Humira can be 
ruled out, unless there is an assumption of much worse outcomes (3 or 4 units) on the SB5 arm 
and much better outcomes (3 or 4 units) on the EU-Humira among the missing compared to the 
observed. This is evidenced by the large amount of yellow on the plot and small amount of 
orange or red. The tipping points for ruling out large increases in efficacy were slightly lower 
(tipping points shown in green and blue using the different margins) but still require large 
differences between response in the dropouts on each arm (relative to the completers on each 
arm). These large differences seem implausible, given the small and similar number of subjects 
with missing data on each arm. Therefore, this tipping point sensitivity analysis provides further 
support for the conclusions on the secondary efficacy endpoints. 

Table 24 Mean Changes from Baseline in the ACR Components and DAS28 at Week 24 in 
Completers 

SB5 EU-Humira Difference in 
Meansb (95% CI)bNa Adjusted 

Meanb (SE) Na Adjusted 
Meanb (SE) 

Tender Joint Count 256 -16.40 (0.53) 258 -15.60 (0.53) -0.80 (-2.15, 0.55) 
Swollen Joint Count 256 -12.60 (0.30) 258 -12.46 (0.29) -0.13 (-0.89, 0.62) 
Subject Pain 256 -23.63 (3.25) 257 -23.03 (3.24) -0.60 (-4.30, 3.10) 
Subject Global 256 -25.07 (3.15) 258 -24.18 (3.14) -0.90 (-4.47, 2.68) 
Physician Global 256 -35.83 (2.43) 258 -35.03 (2.42) -0.80 (-3.57, 1.96) 
HAQ-DI 256 -0.48 (0.03) 257 -0.43 (0.03) -0.05 (-0.14, 0.03) 
CRP 254 -6.61 (0.59) 257 -6.67 (0.59) 0.06 (-1.45, 1.56) 
DAS28 255 -2.70 (0.08) 257 -2.66 (0.08) -0.04 (-0.26, 0.17) 
Source: Reviewer 
Abbreviations: HAQ-DI=Health Assessment Questionnaire Disability Index, CRP=C-Reactive Protein, DAS28=Disease Activity 
Score using 28 joints, SE=standard error, CI=confidence interval 
aNumber of patients with complete data included in analysis 
bAdjusted means, standard errors, difference, and confidence intervals calculated from analysis of covariance model with 
treatment group and region as factors and corresponding baseline value as a covariate. 
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Figure 11 Tipping Point Analysis of Change from Baseline in DAS28 at Week 24 (90% 
Confidence Interval) 

Source: Reviewer 
Constructed using the Full Analysis Set. 
Numbers on diagonal lines indicate estimated treatment differences in mean change from baseline in DAS28 between SB5 and 
EU-Humira in all subjects, including those who have missing data, under that set of missing data assumptions. The black triangle 
is the mean change form baseline in DAS28 on each arm using observed data only. 

Other Clinical Endpoints 

In addition to assessments of signs and symptoms, the applicant performed x-ray assessments 
in order to examine radiographic progression over time. Table 25 shows the mean modified 
total Sharp score (mTSS) and components at baseline and Week 52 and the mean change from 
baseline at Week 52 for each of the treatment arms (including an “EU-Humira All” arm with all 
subjects originally randomized to EU-Humira). In general, the change from baseline in mTSS was 
low across treatment arms (0.5 or less). The smallest change was observed on the SB5 arm (0.2, 
sd=2.5). To understand the distribution of these changes across subjects, Figure 12 shows the 
cumulative probability of the mean change from baseline in mTSS for each treatment groups. 
Most subjects did not show any progression during the 52 weeks of the study. In general, the 
cumulative distributions were similar across treatment groups, shown by closeness of the lines. 
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Table 25 Summary Statistics of Structural Joint Damage (modified Total Sharp Score) 

SB5 EU-Humira 
(All) 

EU-
Humira-
SB5 

EU-Humira-
EU-Humira Total 

MTSS 

Week 0 
(BL) 

n 244 250 119 128 494 
Mean (SD) 29.5 (46.5) 31.4 (51.3) 29.6 (50.7) 33.7 (52.4) 30.5 (48.9) 

Week 52 
n 244 250 119 128 494 
Mean (SD) 29.7 (47.0) 31.8 (51.7) 29.8 (51.3) 34.2 (52.6) 30.7 (49.4) 

Mean Change from 
Baseline (SD) 0.2 (2.5) 0.4 (2.5) 0.3 (2.7) 0.5 (2.4) 0.3 (2.5) 

TJES 

Week 0 
(BL) 

n 244 250 119 128 494 
Mean (SD) 15.6 (24.4) 16.5 (27.8) 14.9 (26.6) 18.1 (29.1) 16.0 (26.1) 

Week 52 
n 244 250 119 128 494 
Mean (SD) 15.7 (24.6) 16.6 (27.9) 15.1 (26.8) 18.3 (29.1) 16.1 (26.3) 

Mean Change from 
Baseline (SD) 0.1 (1.6) 0.2 (1.2) 0.2 (1.4) 0.2 (1.1) 0.1 (1.4) 

TJSN 

Week 0 
(BL) 

n 244 250 119 128 494 
Mean (SD) 13.9 (23.4) 14.9 (24.6) 14.6 (25.2) 15.5 (24.3) 14.4 (24.0) 

Week 52 
n 244 250 119 128 494 
Mean (SD) 14.0 (23.7) 15.2 (24.9) 14.7 (25.6) 15.9 (24.5) 14.6 (24.3) 

Mean Change from 
Baseline (SD) 0.1 (1.3) 0.2 (1.7) 0.1 (1.5) 0.3 (1.9) 0.1 (1.5) 

Source: Reviewer 
Abbreviations: MTSS= modified total Sharp score, TJES= total joint erosion score, TJSN= total joint space narrowing score, BL= 
baseline, N= number of subjects with an assessment, SD=standard deviation 
Analysis includes all subjects who had a baseline and Week 52 radiograph, regardless of discontinuation status 
EU-Humira arms are based on subjects that had re-randomization at Week 24 (EU-Humira-SB5 + EU-Humira-EU-Humira may 
not add up to EU-Humira overall due to discontinuation prior to Week 24) 
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Figure 12 Cumulative Distribution of Mean Change from Baseline in mTSS at Week 52 


Source: Reviewer 
Abbreviations: mTSS=modified total Sharp score 
Analysis includes all subjects who had a baseline and Week 52 radiograph, regardless of discontinuation status 
EU-Humira arms are based on subjects that had re-randomization at Week 24 (EU-Humira-SB5 + EU-Humira-EU-Humira may 
not add up to EU-Humira overall due to discontinuation prior to Week 24) 

Additional Analyses 

Subgroup Analyses 

The subgroup analyses compared ACR20 efficacy results across treatment arms within different 
subgroups defined by sex, race, age, and region. Figure 13 shows these results for the primary 
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endpoint (ACR20 response at Week 24) comparing SB5 vs. EU-Humira within the confirmatory 
study. As would be expected, there was considerable heterogeneity in the estimated 
differences in response probabilities comparing SB5 and EU-Humira across the subgroups 
(some very small in size). However, estimated differences were largely centered around 
similarity, and there were no striking trends. The number of subjects identified as non-white 
was too small and isolated to the EU-Humira group, making it impossible to calculate 
sufficiently reliable estimated treatment effects, though we provide the tabulation of 
responders within each subgroup. In general, these figures indicate the subgroup efficacy 
results were comparable to the overall sample results.  

Figure 13 Subgroup Analyses in Study SB5-G31-RA (Difference in ACR20 Response Probability 
for SB5 vs. EU-Humira) 

Source: Reviewer 
N=number of subjects in the subgroup per arm, n=number of responders in the subgroup per arm, CI=confidence interval 
Vertical line represents the overall observed treatment difference 
Confidence intervals calculated using a normal approximation 

Assay Sensitivity and the Constancy Assumption 

To determine the sensitivity of this study to detect differences between the proposed 
biosimilar and the EU-Humira, if such differences do exist, the statistical reviewer reviewed the 
key characteristics of four historical, randomized, double-blind, parallel-group, placebo-
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controlled clinical trials of adalimumab8 (Keystone et al.[1], Weinblatt et al.[2], Kim et al.[3], 
Chen et al.[4]), in patients with active RA despite treatment with methotrexate, alongside key 
characteristics of Study SB5-G31-RA (Table 26). Important aspects of the design of the historical 
studies such as inclusion/exclusion criteria, subject’s previous TNF experience, use of 
concomitant medications, and baseline disease severity, were largely similar if not identical 
across the five studies. While Study SB5-G31-RA did not enroll subjects in the United States, 
two historical studies shown here were exclusively performed outside of the United States as 
well [3, 4]. As discussed above, the estimated treatment effects for all four trials ranged from 
21% to 43% on the absolute difference scale (Table 18). The proportion of the responders on 
the adalimumab arm of these historical studies ranged from 54% to 67%, compared to the 67% 
rate observed on the EU-Humira arm in Study SB5-G31-RA. Overall, the designs of the four 
historical placebo-controlled clinical trials were largely similar to that of the current study and 
there were relatively large and consistent treatment effects across studies. The similarity of 
these designs and results provides support for a conclusion of assay sensitivity in Study SB5-
G31-RA. 

Another key consideration in assessing assay sensitivity is study conduct, e.g., protocol 
violations, high dropout, and missing data, as this can bias results towards a conclusion of 
equivalence. Prior to Week 24, 36 (6.6%) of subjects withdrew including 17 subjects (6.3%) from 
the SB5 treatment group and 19 (7.0%) of subjects from the EU-Humira treatment group. This 
rate of withdrawal is the same or better than the rates observed on the adalimumab arm in the 
historical studies. We do note that two subjects in the SB5 treatment group did not qualify for 
randomization but were inadvertently randomized. These subjects did not receive study drug 
during the study phase and were not included in analyses using the FAS. As shown in Table 22, 
the amount of missing data was low across both arms.  The most common major protocol 
deviations in the first phase of the study (Week 0 to Week 24) leading to exclusion from the 
PPS1, were eligibility and entry criteria, with 14 subjects (5.2%) on the SB5 arm and 7 subjects 
(2.6%) on the EU-Humira arm, and visit schedule criteria, with 3 subjects (1.1%) on the SB5 arm 
and 5 subjects (1.8%) on the EU-Humira treatment arm. The DMC minutes for the open and 
closed sessions submitted by the applicant did not cite any major conduct issues. 

In general, withdrawal rates were comparable for this study to historical studies and while 
there were some major protocol deviations, there were not major concerns regarding study 
conduct. Furthermore, design, conduct, and within-group responses rates of the comparative 
clinical study were largely similar to those characteristics in four historical clinical trials that 
demonstrated relatively large and consistent treatment effects of adalimumab over placebo. 
Therefore, the available information largely supports the assay sensitivity of Study SB5-G31-RA. 

8 References to unknown sources of adalimumab (e.g., based on historical studies) will use “adalimumab”. 
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Table 26 Comparison of Key Study Characteristics of Historical Randomized, Placebo-
Controlled Clinical Trials of Adalimumab in RA and Comparative Clinical Study 

Keystone [1] Weinblatt [2] Kim [3] Chen [4] Study 
SB5-G31-RA 

Selected 
Inclusion/Exclusion 
Criteria 

шϲ ^:�͖ шϵ d:�͖ 
ш ϭϬ ŵŐͬ> �ZW͖ 
Z&н Žƌ ш ϭ :� 

шϲ ^:�͖ шϵ d:� шϲ ^:�͖ шϵ d:� шϲ ^:�͖ шϵ d:� 

шϲ ^:�͖ шϲ d:�͖ 
шϮϴ ŵŵͬŚƌ �^Z 
Žƌ ш ϭϬ ŵŐͬ> 
CRP 

Anti-TNF experience 
allowed? No No No No No 

Concomitant DMARDs 
Stable MTX, 
corticosteroids, 
NSAIDs 

Stable MTX, 
corticosteroids, 
NSAIDs 

Stable MTX Stable MTX 
Stable MTX, 
corticosteroids, 
NSAIDs 

Region/Country US, Canada US, Canada Korea Taiwan EU, Korea 
Time of ACR20 
Evaluation Week 24 Week 24 Week 24 Week 12 Week 24 

ACR20 Response on 
Humira 63% 67% 62% 54% 67% 

Discontinuation Rates 
on Humira 

23% by Week 
52 7% by Week 16 9% by Week 24 NA 7% by Week 24 

Baseline Characteristics a 

Swollen Joints 19 17 12 22 16
    Tender Joints 27 28 19 33 24 
Disease Duration 
(years) 

11 12 6 6 5 

    HAQ 1.5 1.6 1.4 1.7 1.3
    CRP (mg/L) 15 27 24 27 13 

Source: Reviewer 
Abbreviations: TNF= tumor necrosis factor; DMARDs = disease modifying factor; SJC=swollen joint counts; TJC=tender joint 
counts; RF=rheumatoid factor; JE= joint erosion; ESR= erythrocyte sedmination rate; CRP=C-reactive protein; HAQ= health 
activity questionnaire; ACR20= American College of Rheumatology 20% response; US= United States; EU=Europe 
Estimates and information based on reports in publications 
a Study population means 

Review of Safety Data 

7.4.1. Methods 

To characterize safety, adverse events, laboratory examination, vital signs, hypersensitivity, and 
immunogenicity were reviewed.  The primary study used to characterize safety was the 
comparative clinical study, SB5-G31-RA, as it provided comparisons between EU-Humira and 
SB5 in rheumatoid arthritis patients for up to 52 weeks.  Additionally, a portion of patients in 
SB5-G31-RA who received EU-Humira were switched to SB5 in order to follow potential safety 
issues after transitioning from EU-Humira to SB5. 
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US-Humira is an immunosuppressant drug with a well characterized safety profile.  Black box 
warnings on the US-Humira prescribing information include serious infections and malignancy. 
Additional warnings and precautions include invasive fungal infections, anaphylaxis or serious 
allergic reactions, Hepatitis B reactivation, demyelinating diseases, cytopenias including 
pancytopenia, and Lupus-like syndrome.  The most common adverse reactions are infections, 
injection site reactions, headache, and rash.    

Clinical Studies to Evaluate Safety 

The Applicant collected safety data from four clinical studies. 

Three of the studies were PK similarity or usability studies. These studies had limited follow-up 
time and/or did not include a US-licensed Humira comparison.  Additionally, two of these 
studies were conducted in healthy volunteers and not in an indication for which US-licensed 
Humira is approved. Therefore, only limited safety information could be obtained from these 
three studies. 

SB5-G11-NHV was a randomized, single-blind, parallel group study in healthy volunteers who 
were given SB5, US-Humira, or EU-Humira for up to 10 weeks.  63 subjects in each arm received 
at least one dose of investigational product. 

SB5-G12-NHV was a randomized, open-label two-arm parallel group single dose study to 
compare the pharmacokinetics of SB5 in a pre-filled syringe versus an auto-injector.  95 healthy 
volunteers received SB5 in a pre-filled syringe and 95 received SB5 in an auto-injector.  There 
were no comparisons to US-Humira in this study. 

SB5-G21-RA was an open-label, single-arm study to evaluate the usability and safety of  the 
auto-injector and pre-filled syringe of SB5 in 49 patients with RA.   

The primary safety data were derived from the comparative clinical study, SB5-G31-RA, a 52-
week, randomized, double-blind, parallel group, active-controlled study in 544 patients with 
moderate to severe RA despite methotrexate therapy.  At week 24, patients who were on EU-
Humira were randomized to continue on EU-Humira or transition to SB5.  The transition was 
used to assess potential risks in safety and immunogenicity as a result of transitioning from EU-
Humira to SB5. 

Population Demographics 

Table 19 shows the baseline demographics of patients in study SB5-G31-RA and Table 20 shows 
the baseline disease characteristics of patients in study SB5-G31-RA. In general, the baseline 
characteristics of the patients in study SB5-G31-RA are representative of a RA population with 
moderate to severely active disease.    
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Categorization of Adverse Events 

Safety Analyses 

The safety analyses submitted by the Applicant were from the individual studies and not from 
the pooled studies. The differences in study population and conduct of the studies made 
pooling of the clinical studies inappropriate.  Therefore, during a BPD Type 4 meeting, the 
Applicant and the FDA agreed to a submission where safety analyses would be provided for the 
individual studies. 

7.4.2. Major Safety Results 

Relevant Characteristics of the Safety Population 

Study SB5-G31-RA was not powered to reach conclusions regarding the safety among 
demographic subgroups. Pooled analyses of the clinical studies using SB5 were not calculated 
due to differences in types of patients studied and differences in study design.  

Deaths 

There were two deaths within the clinical program for SB5 and both occurred in the 
comparative clinical study, SB5-G31-RA.  One 60 year old white female had a cardiac arrest at 
Day 137 and one 63 year old white male had a pulmonary embolism at Day 126. Both deaths 
occurred in the EU-Humira group.   

Treatment Emergent Adverse Events 

Serious Adverse Events 
In the PK similarity study, SB5-G11-NHV, there were 2 SAEs.  One patient in the SB5 group was 
hospitalized due to a psychotic disorder. One patient in the US-Humira group had a SAE 
secondary to sepsis. 

In the PK comparative study, SB5-G12-NHV, there were 3 SAEs reported.  One patient who 
received SB5 via autoinjector had schizophrenia.  Two patients receiving SB5 via pre-filled 
syringe had fractures as a result of motorcycle accidents.  

No SAEs were reported in the actual use study, SB5-G21-RA.   

Table 27 shows the SAEs by preferred term occurring in the comparative clinical study, SB5-
G31-RA. The percent of patients who had a SAE was slightly higher in the EU-Humira group 
versus the SB5 group. To week 24, there was no more than one event for any preferred term in 
either group. 
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Table 27. SB5-G31-RA: SAEs by Preferred Term up to week 24 

SB5 
N=268 

EU-Humira 
N=273 

Preferred term n (%) n (%) 
Any SAE 3 (1.1) 8 (2.9) 
Acute myocardial infarction 1 (0.4) 0 (0) 
Escheria urinary tract infection 1 (0.4) 0 (0) 
Viral infection 1 (0.4) 0 (0) 
Bronchopneumonia 0 (0) 1 (0.4) 
Cardiac arrest 0 (0) 1 (0.4) 
Eosinophilia 0 (0) 1 (0.4) 
Lymphoma 0 (0) 1 (0.4) 
Metastases to spine 0 (0) 1 (0.4) 
Nasal inflammation 0 (0) 1 (0.4) 
Papillary thyroid cancer 0 (0) 1 (0.4) 
Pneumonia 0 (0) 1 (0.4) 
Pulmonary embolism 0 (0) 1 (0.4) 
Staphylococcal sepsis 0 (0) 1 (0.4) 
Ulna fracture 0 (0) 1 (0.4) 
Vascular pseudoaneurysm 0 (0) 1 (0.4) 
Source; adapted from Applicant’s Summary of Clinical Safety, p. 45 

Table 28 shows patients who had a SAE after week 24.  Patients are categorized as patients who 
were on SB5 and continued on SB5, patients who started on EU-Humira and were randomized 
to continue on EU-Humira, or patients who were on EU-Humira and were randomized to start 
on SB5. There were few SAEs after week 24 and no more than one preferred term occurred in 
each treatment group. 
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Table 28. SB5-G31-RA: SAEs by Preferred Term after week 24 

SB5ÆÆSB5 
N=254 

EU-HumiraÆÆSB5 
N=125 

EU-HumiraÆÆEU-Humira 
N=127 

Preferred term n (%) n (%) n (%) 
Any SAE 6 (2.4) 4 (3.2) 4 (3.1) 
Rheumatoid arthritis 1 (0.4) 0 (0) 1 (0.8) 
Chronic obstructive 
pulmonary disease 

1 (0.4) 0 (0) 0 (0) 

Femoral hernia, 
obstructive 

1 (0.4) 0 (0) 0 (0) 

Lumbar radiculopathy 1 (0.4) 0 (0) 0 (0) 
Retinal edema 1 (0.4) 0 (0) 0 (0) 
Small cell lung cancer 1 (0.4) 0 (0) 0 (0) 
Bronchitis 0 (0) 0 (0) 1 (0.8) 
Craniocerebral injury 0 (0) 1 (0.8) 0 (0) 
Glioblastoma multiforme 0 (0) 1 (0.8) 0 (0) 
Multiple sclerosis 0 (0) 0 (0) 1 (0.8) 
Pneumonia 0 (0) 1 (0.8) 0 (0) 
Seminoma 0 (0) 0 (0) 1 (0.8) 
Urinary tract infection 0 (0) 1 (0.8) 0 (0) 
Source: adapted from Applicant’s Summary of Clinical Safety, p. 49 

Dropouts and/or Discontinuations 

In the PK similarity study, SB5-G11-NHV, no subjects discontinued from the study. 

In the comparative clinical study, SB5-G31-RA, there were 2 (0.7%) permanent discontinuations 
in the SB5 group and 10 permanent discontinuations in the EU-Humira group by week 24. Only 
one preferred term was reported more than once in a treatment arm. Allergic dermatitis was 
reported twice in the EU-Humira group. 
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Table 29. SB5-G31-RA: Permanent Discontinuations by Preferred Term up to Week 24 

SB5 
N=268 

EU-Humira 
N=273 

Preferred term n (%) n (%) 
Any event 2 (0.7) 10 (3.7) 
Abdominal pain 1 (0.4) 0 (0) 
Nausea 1 (0.4) 0 (0) 
Vomiting 1 (0.4) 0 (0) 
Injection site urticaria 1 (0.4) 0 (0) 
Injection site reaction 0 (0) 1 (0.4) 
Drug hypersensitivity 0 (0) 1 (0.4) 
Staphylococcal sepsis 0 (0) 1 (0.4) 
Musculoskeletal pain 1 (0.4) 0 (0) 
Lymphoma 0 (0) 1 (0.4) 
Metastases to spine 0 (0) 1 (0.4) 
Papillary thyroid cancer 0 (0) 1 (0.4) 
Headache 1 (0.4) 1 (0.4) 
Dizziness 0 (0) 1 (0.4) 
Dermatitis 0 (0) 1 (0.4) 
Allergic dermatitis 0 (0) 2 (0.7) 
Rash 0 (0) 1 (0.4) 
Hypertension 0 (0) 1 (0.4) 
Source: adapted from SB5-G31-RA Study Body Report, p. 2603-2605 

Table 30 shows permanent discontinuations that occurred in study SB5-G31-RA after week 24. 
There were only 6 events that led to permanent discontinuation after week 24. 3 events 
occurred in the EU-Humira group, 2 events in patients who switched from EU-Humira to SB5, 
and 1 event in patients who remained on SB5. 3 of the permanent discontinuations were due 
to positive mycobacterium tuberculosis complex test. The positive mycobacterium tests were 
balanced across the treatment arms. 

Table 30. SB5-G31-RA: Permanent Discontinuations by Preferred Term after Week 24 

SB5ÆÆSB5 
N=254 

EU-HumiraÆÆSB5 
N=125 

EU-HumiraÆÆEU-Humira 
N=127 

Preferred term n (%) n (%) n (%) 
Any event 1 (0.4) 2 (1.6) 3 (2.4) 
Retinal edema 1 (0.4) 0 (0) 0 (0) 
Craniocerebral injury 0 (0) 1 (0.8) 0 (0) 
Positive mycobacterium 
tuberculosis complex test 

1 (0.4) 1 (0.8) 1 (0.8) 

Seminoma 1 (0.4) 0 (0) 1 (0.8) 
Multiple sclerosis 1 (0.4) 0 (0) 1 (0.8) 
Source: adapted from SB5-G31-RA Study Body Report, p. 2444-2445
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Product Specific Safety Concerns 

Table 31 shows the incidence of treatment emergent adverse events that occurred in ш2% of 
patients who participated in study SB5-G31-RA.  Common events included liver function test 
abnormalities, upper respiratory tract infections, urinary tract infections, rheumatoid arthritis, 
backpain, headache, nausea, and latent tuberculosis.  There were no preferred terms that were 
significantly different between SB5 and EU-Humira. 

Table 31. SB5-G31-RA: Treatment Emergent Adverse Events Occurring up to Week 52: ш2% of 
Patients by Preferred Term 

Source: Applicant’s Summary of Clinical Safety, p. 33  

Injection site reactions were infrequent in study SB5-G31-RA. Eight patients who were 
randomized to SB5 had an injection site reaction and eight patients on EU-Humira had an 
injection site reaction. Four SB5 patients who were anti-drug antibody (ADA) positive had an 
injection site reaction and four SB5 patients who were ADA negative had an injection site 
reaction. In the EU-Humira group one of these patients permanently discontinued as a result. 
None of the injection site reactions occurred after transition from SB5 to EU-Humira.   

Additional analyses of adverse events of special interest are located in section 7.6.3. 

7.4.3. Additional Safety Evaluations 

The statistical reviewer requested and conducted supplementary analyses to compare SB5 and 
EU-Humira with respect to the incidence of all AEs, all treatment emergent adverse events 
(TEAEs), TEAEs by severity (mild, moderate, severe), AEs leading to IP discontinuation, serious 
adverse events (SAEs), deaths, and adverse events of special interest (AESIs) in the comparative 
clinical study. Based on previous experience with TNF inhibitors, the adverse events of special 
interest focused on in this analysis included: serious infections, opportunistic infections, latent 

Reference ID: 4466516Reference ID: 4466647 

80 



 
 

 

 
 

 

 

 

 
 

 

 
                                                       

 

  
 

 

 

Biosimilar Multi-disciplinary Evaluation and Review (BMER)
	

and active tuberculosis (TB), pneumonia, malignancy, vascular disorders, and cardiac 
disorders9. These analyses were repeated for three different safety populations: (1) all patients 
exposed to SB5 or EU-Humira in the Week 0 to 24 period, comparing SB5 and EU-Humira 
treatment groups, (2) all patients exposed to SB5 or EU-Humira in the Week 0 to 52 period, 
excluding post-transition data in subjects who transition to SB5, comparing SB5 and EU-Humira 
treatment groups, and (3) all patients originally randomized to EU-Humira who are re-
randomized and exposed to SB5 or EU-Humira in the Week 24 to Week 52 period, comparing 
the EU-Humira-EU-Humira group and the EU-Humira-SB5 group. The first two analysis sets 
aimed to evaluate the safety of starting with the proposed biosimilar, as compared to starting 
with the reference product, while the last analysis set aimed to evaluate the safety of 
transitioning form EU-Humira to the proposed biosimilar, as compared to staying on EU-
Humira. 

Each of these tables include for each treatment group the number of subjects with at least one 
event in that category, the exposure time in person-years (PY), and the exposure-adjusted 
incidence rate per 100 person-years. In these analyses, exposure was calculated as the total 
time at risk for an event, i.e., the elapsed time from baseline to the end of follow-up for 
patients who did not experience an event or the elapsed time from baseline to the time of the 
event for patients who experienced the event. The tables also include a comparison of the 
treatment groups using the incidence rate ratio, and the corresponding 95% confidence 
interval. A few of the statistics presented here differ from those in the applicant's summaries 
because: (1) for analysis set 2, the statistical reviewer included events for subjects in the EU-
Humira-SB5 group for Weeks 0 to 24, and (2) for the treatment emergent AEs categorized by 
severity, each subject was counted only once and included in their most severe event category. 
Furthermore, given the differences and unclear definition from the applicant on the adverse 
events of special interest, these were each tabulated in a separate table (Table 33, Table 35, 
Table 37). 

Table 32 describes the high-level adverse events that occurred in the first 24 weeks of the 
study, comparing SB5 to EU-Humira (analysis set 1). In comparing the two arms, the incidence 
rates were similar. In the results for the specific AESIs (Table 33), there were small numerical 
differences between the two groups but with inconsistent trends, for example, there was a 
higher numerical incidence of pneumonia, malignancy, and vascular disorders in EU-Humira and 

9 Serious infections defined as all events in infections and infestations system organ class classified as serious. 

Opportunistic infections defined as all preferred terms with Herpes zoster, Oesophageal candidiasis, Oral 

candidiasis, or Varicella 

Active tuberculosis defined as all preferred terms with tuberculosis not classified as latent TB 

Latent tuberculosis defined as all preferred terms with latent tuberculosis or Mycobacterium tuberculosis complex 

test. 

Pneumonia defined as all preferred terms with pneumonia, bronchopneumonia, lobar pneumonia, or lower 

respiratory tract infection.
	
Malignancy and lymphoma defined as all preferred terms with cancer, carcinoma, lymphoma, neoplasm, or 

Myeloproliferative disorder. 

Vascular disorder defined as all events in vascular disorders system organ class. 

Cardiac disorder defined as all events in cardiac disorders system organ class.
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a higher numerical trend of opportunistic infections in SB5. The small number of events and the 
inconsistent trends are likely due to chance alone and do not indicate meaningf ul differences 
between SB5 and EU-Humira;. 

Table 32 Evaluation of the Incidence of All Adverse Events During 24-Week Treatment Period 
(Analysis Set 1) 

SB5 EU-Humira RR (95% CI) 
n T IR n T IR 

All AEs 97 95.2 101.9 114 89.4 127.5 0.8 (0.6,1.0) 
Treatment Emergent AEs 96 96.5 99.5 111 91.7 121 0.8 (0.6,1.1)
 Mild 55 109.1 50.4 67 105.2 63.7 0.8 (0.6,1.1) 
Moderate 37 113.5 32.6 40 113.2 35.3 0.9 (0.6,1.4) 
  Severe1 4 121.7 3.3 4 123.4 3.2 1.0 (0.3,4.1) 
Discontinued Study 
Treatment Due to AE 

2 122.4 1.6 10 122.5 8.2 0.2 (0.0,0.9) 

SAEs 3 122 2.5 8 122 6.6 0.4 (0.1,1.4) 
Deaths 0 122.8 0 2 124 1.6 -- 
Source: FDA Reviewer 
Abbreviations: AE=adverse event, CI: confidence interval, SAE: serious adverse event, T: total exposure time of the subjects in 
years, IR: exposure-adjusted incidence rate in 100 person-years, IP: investigational product, RR: rate ratio 
1Subjects counted only once for each severity category and included in their highest recorded severity category. 

Table 33 Evaluation of the Incidence of Adverse Events of Special Interest During 24-Week 
Treatment Period (Analysis Set 1) 

SB5 EU-Humira 
RR (95% CI) n  T  IR  n T IR  

Serious Infections 2 122.3 1.6 3 123.6 2.4 0.7 (0.1,4.0) 
Opportunistic 
Infections 

3 122.3 2.5 1 123.9 0.8 3.0 (0.3,29.2) 

Latent TB 2 122.7 1.6 0 124 0 -- 
Active TB 0 122.8 0 0 124 0 -- 
Pneumonia 0 122.8 0 3 123.3 2.4 --
Malignancy 0 122.8 0 1 123.9 0.8 --
Vascular Disorders 4 121.2 3.3 8 122.2 6.5 0.5 (0.2,1.7) 
Cardiac Disorders 1 122.5 0.8 3 123.7 2.4 0.3 (0.0,3.2) 
Source: FDA Reviewer 
Abbreviations: TB=tuberculosis, CI: confidence interval, T: total exposure time of the subjects in years, IR: exposure-adjusted 
incidence rate in 100 person-years, IP: investigational product, RR: rate ratio 

Safety data for the 52-week observation period are presented in Table 34 and Table 35. Due to 
the transition at Week 24, the total exposure time of EU-Humira was lower than that of SB5; 
however, the incidence rates were largely similar. Similar to the Week 24 data, there were 
small numerical differences, but no consistent trends, in the incidence of different AEs between 
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the two groups. The small number of events and the inconsistent trends are likely due to 
chance alone and do not indicate meaningful differences between SB5 and EU-Humira. 

Table 34 Evaluation of the Incidence of All Adverse Events During 52-Week Treatment Period 
(Analysis Set 2) 

SB5 EU-Humira RR (95% CI) 
n T IR N T IR 

All AEs 141 187.9 75.1 130 133.3 97.5 0.8 (0.6,1.0) 
Treatment Emergent AEs 140 189.8 73.8 128 135.6 94.4 0.8 (0.6,1.0) 
Mild 72 241.2 29.8 75 167 44.9 0.7 (0.5,0.9) 
Moderate 61 254.4 24 48 183.1 26.2 0.9 (0.6,1.3) 
  Severe1 7 290 2.4 5 208.2 2.4 1.0 (0.3,3.2) 
Discontinued Study 
Treatment Due to AE 4 292.9 1.4 13 207.1 6.3 0.2 (0.1,0.7) 
SAEs 9 288.1 3.1 12 205.5 5.8 0.5 (0.2,1.3) 
Deaths 0 293.7 0 2 209.6 1 --
Source: FDA Reviewer 
Abbreviations: AE=adverse event, CI: confidence interval, SAE: serious adverse event, T: total exposure time of the subjects in 
years, IR: exposure-adjusted incidence rate in 100 person-years, IP: investigational product, RR: rate ratio 
1Subjects counted only once for each severity category and included in their highest recorded severity category. 

Table 35 Evaluation of the Incidence of Adverse Events of Special Interest During 52-Week 
Treatment Period (Analysis Set 2) 

SB5 EU-Humira 
RR (95% CI) n T IR N T IR 

Serious Infections 2 291.7 0.7 4 208.9 1.9 0.4 (0.1,2.0) 
Opportunistic 
Infections 3 291.6 1 2 209.4 1 1.1 (0.2,6.4) 
Latent TB 11 287.6 3.8 7 206.5 3.4 1.1 (0.4,2.9) 
Active TB 3 292.1 1 1 209.1 0.5 2.1 (0.2,20.7) 
Pneumonia 0 293.7 0 3 208.5 1.4 --
Malignancy 0 293.7 0 1 209.6 0.5 --
Vascular Disorders 5 288.8 1.7 8 205 3.9 0.4 (0.1,1.4) 
Cardiac Disorders 3 292.2 1 3 208.6 1.4 0.7 (0.1,3.5) 
Source: FDA Reviewer 
Abbreviations: TB=tuberculosis, CI: confidence interval, T: total exposure time of the subjects in years, IR: exposure-adjusted 
incidence rate in 100 person-years, IP: investigational product, RR: rate ratio 

Table 36 and Table 37 compare the EU-Humira-SB5 arm and the EU-Humira-EU-Humira arm 
after the single transition (i.e., Week 24 to Week 52). In general, the exposure-adjusted 
incidence rates were similar between the transition groups. Similar to the Week 24 and Week 
52 analysis sets above, there were small numerical differences between the EU-Humira-SB5 
arm and the EU-Humira-EU-Humira arm, but with inconsistent trends.  The small number of 
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events and the inconsistent trends are likely due to chance alone and  do not indicate 
meaningful differences between the two arms. 

Table 36 Evaluation of the Incidence of All Adverse Events During Week 24 to Week 52  
Transition Period (Analysis Set 3) 

EU-Humira-SB5 EU-Humira-EU-Humira RR (95% CI) 
N T IR n T IR 

All AEs 47 60.2 78.1 42 66.2 63.5 1.2 (0.8,1.9) 
Treatment Emergent AEs1 47 60.2 78.1 42 66.2 63.5 1.2 (0.8,1.9) 
Mild 31 66.9 46.4 26 73.1 35.6 1.3 (0.8,2.2) 
Moderate 11 77.8 14.1 15 79 19 0.7 (0.3,1.6)
  Severe 5 81.8 6.1 1 85.4 1.2 5.2 (0.6,44.7) 
Discontinued Study 
Treatment Due to AE 2 82.3 2.4 3 84.7 3.5 0.7 (0.1,4.1) 
SAEs 4 81.8 4.9 4 84.8 4.7 1.0 (0.3,4.1) 
Deaths 0 82.7 0 0 85.6 0 --
Source: Reviewer 
Abbreviations: AE=adverse event, CI: confidence interval, SAE: serious adverse event, T: total exposure time of the subjects in 
years, IR: exposure-adjusted incidence rate in 100 person-years, IP: investigational product, RR: rate ratio 
1Subjects counted only once for each severity category and included in their highest recorded severity category. 

Table 37 Evaluation of the Incidence of Adverse Events of Special Interest During Week 24 to 
Week 52 Transition Period (Analysis Set 3) 

EU-Humira-SB5 EU-Humira-EU-Humira 
RR (95% CI) n T IR N T IR 

Serious Infections 2 82.1 2.4 1 85.3 1.2 2.1 (0.2,22.9) 
Opportunistic 
Infections 0 82.7 0 1 85.5 1.2 --
Latent TB 1 82.1 1.2 7 82.5 8.5 0.1 (0.0,1.2) 
Active TB 4 81 4.9 1 85.1 1.2 4.2 (0.5,37.6) 
Pneumonia 2 81.9 2.4 0 85.6 0 --
Malignancy 0 82.7 0 0 85.6 0 --
Vascular Disorders 0 82.7 0 0 85.6 0 --
Cardiac Disorders 0 82.7 0 0 85.6 0 --
Source: Reviewer 
Abbreviations: TB=tuberculosis, CI: confidence interval, T: total exposure time of the subjects in years, IR: exposure-adjusted 
incidence rate in 100 person-years, IP: investigational product, RR: rate ratio 

In considering these three analysis sets collectively, there were not meaningful differences in 
the observed safety profile of SB5 and EU-Humira. The results presented by the applicant using 
a similar approach also did not identify any notable differences. 
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Extrapolation to Support Approval of Non-Studied Indications 

Given the scientific bridge was established (based on the three-way analytical and PK 
comparisons between SB5, US-Humira, and EU-Humira) to justify the relevance of data 
generated with EU-Humira as the comparator, the collective evidence from the comparative 
clinical study supports a demonstration of no clinically meaningful differences between SB5 and 
US-Humira in the studied indication (RA). However, the applicant is also seeking licensure of SB5 
for the following indications for which US-Humira has been previously licensed and for which 
SB5 has not been directly studied: JIA in patients 4 years of age and older, PsA, AS, adult CD, UC, 
and PsO. Thus, the applicant provided a justification for extrapolating data and information 
submitted in the application to support licensure of SB5 as a biosimilar for each indication for 
which licensure is sought and for which US-Humira has been previously approved. 

First, Samsung’s extensive analytical characterization data support a demonstration that SB5 is 
highly similar to US-licensed Humira notwithstanding minor differences in clinically inactive 
components. In addition, the data support a demonstration there are no clinically meaningful 
differences between SB5 and US-licensed Humira in terms of safety, purity and potency based 
on similar clinical pharmacokinetics, and similar efficacy, safety, and immunogenicity in RA. 

Further, the additional points considered in the scientific justification for extrapolation of data 
and information to support licensure of SB5 for the treatment of JIA in patients 4 years of age 
and older, PsA, AS, adult CD, UC, and PsO, as referenced in Appendix 13.6, include: 

x	 Similar PK was demonstrated between SB5 and US-Humira, as discussed in the section 
on Clinical Pharmacology. Importantly, SB5 was demonstrated to be highly similar to 
US-Humira, as discussed in the section on CMC/Product Quality, and there are no 
product-related attributes that would increase the uncertainty that the 
PK/biodistribution may differ between SB5 and US-Humira in the indications sought for 
licensure. Thus, a similar PK profile would be expected between SB5 and US-Humira in 
patients across all the indications being sought for licensure. 

x In general, immunogenicity of US-Humira was affected primarily by the dosing regimen 
and the use of concomitant immunosuppressive therapy across different indications 
rather than by patient population, and the results were influenced by the type of 
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immunoassay used.10 As stated elsewhere in this document, the Agency has concluded 
that there are sufficient data to support similar immunogenicity between SB5 and EU-
Humira with repeat dosing in patients with RA, and between SB5, EU-Humira, and US-
licensed Humira after a single dose in healthy subjects.  Accordingly, similar 
immunogenicity would be expected between SB5 and US- Humira in patients with JIA, 
PsA, AS, adult CD, UC, and PsO. 

x The applicant demonstrated that there are no clinically meaningful differences between 
SB5 and US-Humira in patients with RA, and between SB5, EU-Humira, and US-licensed 
Humira following single doses in healthy subjects. Additionally, in controlled clinical 
studies of US-Humira submitted to support its approval, as described in the approved 
labeling, the types of adverse events and their rates were similar across indications. The 
foreging, coupled with the demonstration of analytical and PK similarity between SB5 
and US- Humira, support the conclusion that a similar safety profile would be expected 
between SB5 and US-Humira in patients with JIA, PsA, AS, adult CD, UC, and PsO.  

x	 Samsung addressed each of the known and potential mechanisms of action of US-
Humira and submitted data to support the conclusion that SB5 and US- Humira have the 
same mechanisms of action for each of the sought indications, to the extent that the 
mechanisms of action are known or can reasonably be determined. 

Therefore, based on the above considerations, the applicant has provided adequate data and 
information to support licensure of SB5 for each of the following indications for which US-
licensed Humira has been previously licensed and for which Samsung is seeking licensure of 
SB5: RA, JIA in patients 4 years and older, PsA, AS, PsO, Adult CD, and UC. 

Author: 
Nikolay Nikolov, M.D. 

Cross Discipline Team Leader 


8. Labeling Recommendations 

Nonproprietary Name 

The applicant proposed suffix, ‘bwwd’ was found to be conditionally accepted by the Agency. 

Proprietary Name 

The proposed proprietary name for SB5 is conditionally approved as Hadlima. This name has 

10 FDA-approved Humira labeling 
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been reviewed by the Division of Medication Error Prevention and Analysis (DMEPA), who 
concluded the name was acceptable. 

Labeling Recommendations 

SB5 is a proposed biosimilar to US-Humira.  The Applicant, Samsung, is proposing the following 
dosage forms and strength: 
x Injection: 40 mg/0.8 mL in a single-dose prefilled autoinjector 
x Injection: 40 mg/0.8 mL in a single-dose prefilled glass syringe 

The proposed SB5 prescribing information incorporated relevant data and information from the 
US-Humira prescribing information, with appropriate modifications. Samsung is seeking 
licensure for the following indications, for which US-Humira has been previously approved: 
rheumatoid arthritis, juvenile idiopathic arthritis in patients 4 years of age and older, psoriatic 
arthritis, ankylosing spondylitis, adult Crohn’s disease, ulcerative colitis, and plaque psoriasis. 

Samsung is not seeking licensure for the following indications for which US-Humira has been 
previously approved: juvenile idiopathic arthritis in patients 2 to less than 4 years of age, 
pediatric Crohn’s disease, hidradenitis suppurativa, and uveitis. Samsung’s proposed labeling 
does not include these indications and certain information relating to them.  

Samsung is also proposing that the dosage and administration information relating to the JIA 
indication be limited to patients weighing more than 30kg and to include a statement in the 
labeling that there is no dosage form of the product that allows weight-based dosing for 
pediatric patients below 30 kg. 

It was determined that the draft PI is compliant with Physician Labeling Rule (PLR) and 
Pregnancy and Lactation Labeling Rule (PLLR) requirements,11 is consistent with labeling 
guidance recommendations and with CDER/OND best labeling practices and policies, is clinically 
meaningful and scientifically accurate, and conveys the essential scientific information needed 
for safe and effective use of the product. 

Samsung agreed to changes requested by the Division to improve the readability, clarity, and 
accuracy of the prescribing information.  

Authors: 
Raj  Nair,  M.D.  Nikolay  Nikolov,  M.D. 
 	
Clinical  Reviewer      Cross Discipline Team Leader 


11 See January 2006 Physician Labeling Rule; 21 CFR 201.56 and 201.57; and December 2014 Pregnancy and 
Lactation Labeling Rule (the PLLR amended the PLR regulations). 
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9. Advisory Committee Meeting and Other External Consultations 

No advisory committee was held for this biosimilar application as it was determined that there 
were no issues where the Agency needed input from the committee. 

Author: 
Nikolay Nikolov, M.D. 

Cross Discipline Team Leader 


10. Pediatrics 

The applicant’s iPSP was discussed at the PeRC meeting on August 24, 2016.  The PeRC agreed 
with the requested deferrals for JIA (2 to less than 4 years of age), CD (6-17 years of age), and 
UC (5-17 years of age) as well as for the development of a presentation that can be used to 
accurately administer SB5 to pediatric patients who weigh less than 30 kg.  See Section 11.2. 

The agency has determined at this time that, with respect to the following indications, no 
pediatric studies will be required under the Pediatric Research Equity Act (PREA) for the 
applicant’s BLA: 
x JIA in 0 to less than 2 years of age; 
x PsA; 
x AS; 
x CD in 0 to less than 6 years of age; 
x UC in 0 to less than 5 years of age; and 
x PsO. 

Refer to memo dated July 23, 2019. 

Authors: 
Raj  Nair,  M.D.       Nikolay  Nikolov,  M.D. 
 	
Clinical  Reviewer      Cross Discipline Team Leader 
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11. REMS and Postmarketing Requirements and Commitments 

Recommendations for Risk Evaluation and Mitigation Strategies 

None. 

Recommendations for Postmarket Requirements and Commitments 

The current SB5 presentations are not designed to allow for accurate administration of doses 
less than 40 mg, which impacts children who weigh less than 30 kg.  For accurate weight-based 
dosing, an age-appropriate presentation is required by PREA.  Therefore, a PREA PMR is 
recommended for the development of a presentation that can be used to administer SB5 in 
patients who weigh less than 30 kg.   

Also, under PREA, Samsung is required to submit a pediatric assessment for patients with JIA 2 
ƚŽ фϰ ǇĞĂƌƐ of age, patients with CD 6 to 17 years of age, patients with UC 5 to 17 years of age.  
As described in section 10, the agency agreed with the applicant’s requested deferrals.   

Thus, to address the PREA requirements, I recommend the following PREA PMRs: 

3671-1 Assessment of Hadlima (adalimumab-bwwd) for the treatment of pediatric Crohn’s 
Disease in patients 6 to 17 years of age. 

3671-2 Assessment of Hadlima (adalimumab-bwwd) for the treatment of juvenile idiopathic 
ĂƌƚŚƌŝƚŝƐ ;:/�Ϳ ŝŶ ƉĂƚĞŝƚŶƐ Ϯ ƚŽ фϰ ǇĞĂƌƐ ŽĨ ĂŐĞ͘ 

The applicant may fulfill these PREA requirements by satisifying the statutory requirements for 
biosimilarlity and providing an adequate justification under the BPCI Act for extrapolating the 
pediatric information from US-Humira to SB5. 

3671-3 Assessment of Hadlima (adalimumab-bwwd) for the treatment of pediatric ulcerative 
colitis in patients 5 to 17 years of age. 

US-Humira is not licensed for the treatment of pediatric ulcerative colitis in patients 5 to 17 
years of age. The applicant may fulfill this PREA requirement by seeking to update its labeling, 
supported by biosimilar extrapolation or appropriate data, that includes relevant pediatric 
information after the labeling of US-Humira is updated with that information. 

3671-4 Develop a presentation that can be used to accurately administer Hadlima (adalimumab-
bwwd) to pediatric patients who weigh less than 30 kg. 

Recommendation for Postmarketing Commitments: 
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3671-5 Implement (b) (4)  monitoring (b) (4) of the SB5 drug product. 

3671-6   To implement an SB5 derived assay control for the complement dependent cytotoxicity  
(CDC), TNF-ɲ ƌĞƉŽƌƚĞƌ ŐĞŶĞ ƉŽƚĞŶĐǇ͕ ĂŶĚ dE&-ɲ &Z�d ďŝŶĚŝŶŐ ƉŽƚĞŶĐǇ ĂƐƐĂǇƐ ĂŶĚ ƚŽ 
establish acceptance criteria for the assay control relative to the reference standard 
(RS). The final study report(s) will be submitted in accordance with 21 CFR 601.12. 

3671-7 
and establish a tighter limit for %difference in the peak areas

 The final study 

(b) (4)

(b) (4)
  To implement a system suitability criterion 

report(s) will be submitted in accordance with 21 CFR 601.12. 

Authors: 
Raj  Nair,  M.D.       Nikolay  Nikolov,  M.D. 
 	
Clinical  Reviewer      Cross Discipline Team Leader 
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12. Division Director/SignatoryComments 

Refer to Section 1. Executive Summary.  

Author: 
Nikolay Nikolov, M.D.  
DPARP  Designated  Signatory  

Reference ID: 4466516Reference ID: 4466647 

91 



 

 

  

 

 
 

   

 
 

     

     

Biosimilar Multi-disciplinary Evaluation and Review (BMER)
	

13.	 Appendices 
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Financial Disclosure 

Covered Clinical Study (Name and/or Number): SB5-G31-RA 

Was a list of clinical investigators provided: Yes No  (Request list from 
Applicant) 

Total number of investigators identified: 51 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
0 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study:  

Significant payments of other sorts: 
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Proprietary interest in the product tested held by investigator:  

Significant equity interest held by investigator in S 

Sponsor of covered study: 

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes No  (Request details from 
Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes No  (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3)  

Is an attachment provided with the 
reason: 

Yes No  (Request explanation 
from Applicant) 

Office of Clinical Pharmacology Appendices 

13.3.1. Summary of Bioanalytical Method Validation and Performance 

13.3.1.1. Pharmacokinetics 

The serum concentrations of SB5, EU-Humira and US-Humira were appropriately quantified using 
validated enzyme-linked immunosorbent assays (ELISA) in Studies SB5-G11-NHV (validation 
report 8295851), SB5-G12-NHV (validation report 8306919), and SB5-G31-RA (validation report 
8315677). In all three ELISA assays, SB5 was used to establish the standard curves, and the 
accuracy and precision (± 20.0%, ± 25.0% for lower limit of quantitation (LLOQ) and upper limit 
of quantitation (ULOQ)) was evaluated using SB5, EU-Humira and US-Humira as QC samples.  All 
study samples were analyzed within the duration with long-term stability established. The assay 
validation were summarized in the tables as below. 
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Table 38. Validated parameters for the quantitative ELISA assay for the determination of SB5, 
EU-Humira, and US-Humira in human serum (Study SB5-G11-NHV) 

EŽƚĞ ƚŚĂƚ ůŽŶŐ ƚĞƌŵ ƐƚĂŝůŝƚǇ ǁĂƐ ĞƐƚĂďůŝƐŚĞĚ ƵƉ ƚŽ ϯϲϰ ĚĂǇƐ ;фϱϬ϶C).
	
(Source:  Table 3 of Summary of Biopharmaceutical Studies, and data from long-term stability final report 8295854 

(BLA761059 SN0012))
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Table 39. Validated parameters for the quantitative ELISA assay for the determination of SB5, 
EU-Humira, and US-Humira in serum from patients with RA (Study SB5-G31-RA) 

EŽƚĞ ƚŚĂƚ ůŽŶŐ ƚĞƌŵ ƐƚĂŝůŝƚǇ ǁĂƐ ĞƐƚĂďůŝƐŚĞĚ ƵƉ ƚŽ ϯϱϳ ĚĂǇƐ ;фϱϬ϶C).
	
Source:  Table 6 of Summary of Biopharmaceutical Studies and data from long-term stability final report 8312441
	
(BLA761059 SN0012)
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Table 40. Validated parameters for the quantitative ELISA assay for the determination of SB5, 
EU-Humira, and US-Humira in human serum (Study SB5-G12-NHV) 

Source:  Table 9 of Summary of Biopharmaceutical Studies 
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13.3.2. Individual Study Report Summary 

13.3.2.1.		 Study SB5-G11-NHV (3-way PK Bridge/Similarity Study in Healthy 
Subjects) 

Title: A Randomised, Single-blind, Three-arm, Parallel Group, Single-dose Study to Compare the 
Pharmacokinetics, Safety, Tolerability, and Immunogenicity of Three Formulations of 
Adalimumab (SB5, EU Sourced Humira and US Sourced Humira) in Healthy Subjects 

Study Phase: Phase I 

Study Duration: May 02, 2014 - September 03, 2014 

Objectives 
x Primary: to investigate and compare the pharmacokinetic (PK) profiles of SB5, US- Humira, 
and EU-Humira in healthy subjects 

x Secondary: to investigate the safety, tolerability, and immunogenicity of SB5, EU- Humira and 
US- Humira in healthy subjects 

Study Population: 189 healthy subjects aged 18-55 years (63 subjects/arm) 

Test Formulation: The final formulation, which will be used for the commercial batches, was 
used in this study. 

Table 41 . Investigational products in Study SB5-G11-NHV 

Source: Table 9-1 of Study SB5-G11-NHV CSR 

Study Design 
The Study was a randomized, single-blind, three-arm, parallel-group, single-dose study in 
healthy subjects (Figure 14). A total of 189 healthy subjects aged 18-55 years (inclusive) were 
enrolled. In each arm of the study, a total of 63 subjects received a single dose 40 mg of either 
SB5, EU-Humira, or US-Humira through SC injection using PFS on the first day of the study. 
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Figure 14 . Study design of Study SB5-G11-NHV
	

Source: Figure 9-1 of Study SB5-G11-NHV CSR 

PK assessment 

PK sampling: Blood samples were collected at 0 (pre-dose) and at 6, 12, 24, 48, 72, 96, 108, 
120, 132, 144, 168, 336, 504, 672, 1008, 1344, and 1680 hours post-dose.  The serum 
concentrations of SB5, EU-Humira and US-Humira were appropriately quantified using a 
validated enzyme-linked immunosorbent assay (ELISA). 

Primary endpoints: Cmax, AUC0-t, AUC0-inf 

Secondary endpoints: area under the concentration-time curve from time zero to 336 h (AUC0-
336), time to Cmax (Tmax), apparent volume of distribution based on the terminal phase (Vz/F), 
ƚĞƌŵŝŶĂů ƌĂƚĞ ĐŽŶƐƚĂŶƚ ;ʄǌͿ͕ ƚĞƌŵŝŶĂů ŚĂůĨ-life (t½), apparent total body clearance (CL/F), area 
under the concentration-time curve (AUC) extrapolated from time t to infinity as a percentage 
of total AUC (%AUCextrap) 

Immunogenicity assessment 

Blood samples for immunogenicity assessment were collected on Day 1 (predose), Day 15, and 
Day 71. 

Results 
Demographics 

A total of 351 subjects were screened, of which 189 subjects were randomised and of which 
189 subjects completed the study

(b) (6)
. None of the subjects discontinued from the study. Two 

(b) (6)subjects (Subject and Subject  in the SB5 and US-Humira treatment groups, 
respectively) has been reported to have major protocol deviations due to the use of 
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concomitant medication. The demographics of all randomized subjects are shown in the table 
below and the demographics of three treatment arms are comparable. 

Table 42. Demographic characteristics (randomised set) in Study SB5-G11-NHV 

Source: Table 11-2 of Study SB5-G11-NHV CSR 
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PK results 

The serum concentration vs time profiles and PK similarity analysis are shown in Figure 1, Table 
43, and Table 5. The mean serum concentration-time profiles were similar between the SB5, 
EU-Humira and US-Humira.  In the 3-way PK similarity comparisons (SB5 vs. US-Humira, SB5 vs. 
EU-Humira, and EU- Humira vs. US-Humira), the 90% CIs for the geometric mean ratios of Cmax, 
AUC0-t and AUC0-inf were all within the PK similarity range of 80% –125%.  The variability of 
Cmax, AUC0-t and AUC0-inf evaluated as coefficient of variation (CV) are also generally 
comparable across treatments (Table 44). 

A request to inspect the clinical facility and bioanalytical facility of Study SB5-G11-NHV was sent 
to the Office of Study Integrity and Surveillance (OSIS), and OSIS recommended accepting the 
study data.  For more detailed information, refer to the review memo by Dr. Angel Johnson dated 
October 09, 2018. 
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Table 43. Summary of PK parameters (Study SB5-G11-NHV)
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(mL/h) Mean 18 .964 18.611 18.968 
SD 7.8137 6.4838 7 .3223 

Median 16.83 17.67 17.49 
Min 7.92 7.44 6.68 
Max 46.96 35.52 41 .80 

N = number of subjects in the PK population; n = number of subjects who contributed to summary 

statistics· SD =standard deviation; Min =minimum; Max = maximum. 

Subject (b)(6fand (b)(6lwere excluded from the PK population due to major protocol deviations. 

Sixteen subjects were excluded from the summary statistics due to T max being 1 of the last 3 points in 

the respective profiles. 

(Note t hat Subjects (bf<Sfand (b)(Sl in the SBS and US-Humira treatment groups, respectively, were excluded in the 

applicant's analysis) 


(Source: Table 11-3 ofStudy SBS-Gll-NHV CSR) 


Table 44. Variability (CV) in Study SBS-Gll-NHV 

Cmax AUCO-t AU CO-inf 

SBS 34% (n=63) 51% (n=63) 37% (n=54) 

EU-Humira 32% (n=63) 40% (n=63) 38% (n=61) 

US-Humira 34% (n=63) 44% (n=63) 36% (n=58) 

Source: FDA analysis 

lmmunogenicity results 

In Study SB5-G11-NHV, following a single 40 mg SC dose of study drug, 63/63 (100.0%), 60/63 
(95.2%), and 63/63 (100.0%) subjects devloped ADA in SB5, EU-Humira, and US-Humira 

treatment group, respectively. 83.9% (52/62), 81.7% (49/60), and 84.1% (53/63) subjects who 
devloped ADAs developed NAb in SB5, EU- Humira and US- Humira treatment group, 
respectively. Overall, the ADA incidence is similar between all three treatment arms in healthy 
subjects (Table 7). 

Additional analyses according to subject antibody (ADA) status were also conducted. The 
magnitude of the impact of ADAs on the PK parameters was comparable between three 

treatments as reflected in Table 9 and Table 10. 

Conclusions 

• 	 PK simi larity was demonstrated between SB5, EU-Humira, and US-Humira. 

• 	 Overall, following a single 40 mg SC dose of study drug, the incidence ofADAs was simi lar 
between all three treatment arms. 

13.3.2.2. 	 Study SBS-G12-NHV (Comparability Study in Heatlhy Subjects 
Comparing PFS and Al) 
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Title: A Randomised, Open-labelled, Two-arm, Parallel-group, Single-dose Study to Compare the 
Pharmacokinetics, Safety, and Tolerability of the Pre-filled Pen and Pre-filled Syringe of SB5 in 
Healthy Subjects 

Study Phase: Phase I 

Study Duration: June 17, 2015 – September 30, 2015 

Objectives 

x Primary: to investigate and compare the PK profiles of the pre-filled pen (Pen) and pre-
filled syringe (PFS) of SB5 in healthy subjects 

x Secondary: safety and tolerability 

Study Population: 188 healthy subjects aged 18-55 years (inclusive) (94 subjects/arm) 

Test Formulation: The final formulation and device, which will be used for the commercial 
batches, was used in this study. 

Table 45. Investigational Products in Study SB5-G12-NHV 

Source: Table 9-1 of Study SB5-G12-NHV CSR 

Study Design 
This study was a  randomized, open-label, two-arm, parallel-group, single-dose study in healthy 
subjects. A total of 188 healthy subjects (94 subjects/arm) were randomized to recive a single 
dose 40 mg SB5 through SC injection using PFS or AI.  Treatment was administered via deep SC 
injections in the upper abdominal quadrant of periumbilical area while subjects were supine. 
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Figure 15. Study design of Study SB5-G12-NHV
	

Source: Figure 9-1 of Study SB5-G12-NHV CSR 

PK assessment 

PK sampling: Blood samples were collected at 0 (pre-dose) and at 24, 48, 96, 120, 144, 168, 216, 
264, 336, 408, 504, 600, 696, 840, 1008, and 1344 hours postdose.  The serum concentrations 
of SB5 were appropriately quantified using a validated enzyme-linked immunosorbent assay 
(ELISA). 

Primary endpoints: Cmax, AUC0-t, AUC0-inf
	

Secondary endpoints: time to Cmax (Tmax), apparent volume of distribution based on the 

ƚĞƌŵŝŶĂů ƉŚĂƐĞ ;sǌͬ&Ϳ͕ ƚĞƌŵŝŶĂů ƌĂƚĞ ĐŽŶƐƚĂŶƚ ;ʄǌͿ͕ ƚĞƌŵŝŶĂů ŚĂůĨ-life (t½), apparent total body 

clearance (CL/F), area under the concentration-time curve (AUC) extrapolated from time t to 

infinity as a percentage of total AUC (%AUCextrap) 


Immunogenicity assessment 


No blood samples were collected for immunogenicity assessment. 


Results 
Demographics 

A total of 307 subjects were screened, of which 190 subjects were randomized. Two subjects 
(Subject (b) (6) and Subject (b) (6)  in the SB5 PFS and the SB5 Pen groups, respectively) have 
been reported to have major protocol deviations due to meeting the exclusion criteria or non-
compliance with the treatment and were not included in PK population. The demographics of 
all randomized subjects are shown in the table below and the demographics of the treatment 
arms are comparable.  
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Table 46. Demographic characteristics (randomised set) (Study SB5-G12-NHV) 
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Source: Table 11-2 of Study SB5-G12-NHV CSR 

PK results 

The mean serum concentration-time profiles were similar between the SB5 PFS and SB5 AI  
(Figure 16 and Table 47). In the statistical analysis, the 90% CIs for the geometric mean ratios of 
Cmax, AUC0-t and AUC0-inf were all within the range of 80% –125% (Table 6). The variability of 
Cmax,  AUC0-t and AUCo-inf evaluated as coefficient of variation  (CV) are also generally 
comparable between SB5 PFS and SB5 AI (Table 48).  

The impact of body weight on PK comparison has been explored by the reviewer. As shown in 
Figure 17, SB5 PK remains comparable using PFS and AI between subjects with body weight of
хϲϬ чϳϱ ŬŐ ;Ŷсϯϱ ĨŽƌ ^�ϱ �/͕ Ŷсϯϴ ĨŽƌ ^�ϱ W&^Ϳ ĂŶĚ хϳϱ чϵϬ ŬŐ ;ŶсϲϬ ĨŽƌ ^�ϱ �/͕ Ŷсϱϲ ĨŽƌ ^�ϱ 
PFS). 

Same as the US-Humira, SB5 is proposed to be injected subcutaneously using PFS or AI in rotating 
injection sites, thigh or abdomen. In Study SB5-G12-NHV, SB5 was injected in abdomen only.  
Although the PK variability of SB5 may increase due to varied bioavailability in different injection 
site, the overall SB5 PK is expected to remain comparable using PFS and AI with rotating injection 
sites. 
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Figure 16. SBS PK profiles following a single SC dose of SBS using PFS or Al in healthy subjects 
(n=93/treatment group) (Study SB5-G12-NHV) 
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Table 47. Summary of PK Parameters of SB5 (Study SB5-G12-NHV)
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Source: Table 11-3 of Study SB5-G12-NHV CSR 

Table 48. Variability (CV) in Study SB5-G12-NHV 

Cmax AUC0-t AUC0-inf (n=94) 
(n=94) (n=94) 

SB5 PFS 24% 33% 41% 

SB5 AI 28% 31% 39% 
Source: FDA analysis 
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Figure 17. SB5 PK comparison ƵƐŝŶŐ W&^ ĂŶĚ �/ ďĞƚǁĞĞŶ ƐƵďũĞĐƚƐ ǁŝƚŚ ďŽĚǇ ǁĞŝŐŚƚ хϲϬ чϳϱ ŬŐ
;Ŷсϯϱ ĨŽƌ ^�ϱ �/͕ Ŷсϯϴ ĨŽƌ ^�ϱ W&^Ϳ ĂŶĚ хϳϱ чϵϬ ŬŐ ;ŶсϲϬ ĨŽƌ ^�ϱ �/͕ Ŷсϱϲ ĨŽƌ ^�ϱ W&^Ϳ 
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Source: FDA analysis 

Conclusions 

x	 SB5 PK is comparable using PFS and AI. 

13.3.2.3. Study SB5-G31-RA (Comparative Clinical Study In RA Patients) 

Title: A Randomised, Double-blind, Parallel Group, Multicentre Clinical Study to Evaluate the 
Efficacy, Safety, Pharmacokinetics and Immunogenicity of SB5 Compared to EU-Humira in 
Subjects with Moderate to Severe Rheumatoid Arthritis despite Methotrexate Therapy 

Study Phase: Phase III 

Study Duration: May 12, 2014 – October 19, 2015 

Objectives 

x	 Primary: to demonstrate the equivalence of SB5 to EU-Humira at Week 24, in terms of 
American College of Rheumatology (ACR) 20% response criteria (ACR20) response rate in 
subjects with moderate to severe rheumatoid arthritis (RA) despite methotrexate (MTX) 
therapy 

x Secondary: efficacy, safety and tolerability, PK, immunogenicity 

Study Population: 544 subjects with moderate to severe RA despite MTX therapy 
Test Formulation: The final formulation, which will be used for the commercial batches, was used 
in this study. 
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Table 49. Test products in Study SB5-G31-RA
	

Source: Table 9-1 of Study SB5-G31-RA CSR 

Study Design 
This was a randomized, double-blind, parallel group, multicenter clinical study (Figure 2).  A 
total of 544 subjects with moderate to severe RA despite MTX therapy were randomized in a 
1:1 ratio to receive either SB5 40 mg (n=271) or EU-Humira 40 mg (n=273) every other week up 
to Week 50 via SC injection. At Week 24, subjects receiving EU-Humira were re-randomized in a 
1:1 ratio to either continue on EU-Humira 40 mg (EU-Humira/ EU-Humira) or be transitioned to 
SB5 40 mg (EU-Humira/SB5) every other week up to Week 50.  Subjects receiving SB5 continued 
to receive SB5 40 mg up to Week 50 but they also followed the randomization procedure to 
maintain blinding. The primary efficacy endpoint, ACR20 response, was assessed at Week 24. 

PK assessment 

PK samples were collected in a subset of patients (356 subjects, 178 subjects/treatment) at 
baseline and prior to dosing at Weeks 4, 8, 12, 16, and 24 for Ctrough measurement. 

Immunogenicity assessment 

Immunogenicity samples were collected at Weeks 0 (baseline), 4, 8, 16, 24, 32, 40, and 52 for 
assessment of the ADA formation of SB5 and EU-Humira.   

Resuslts 
Demographics 

A total of 544 subjects were randomized: 271 subjects were randomised to the SB5 treatment 
group and 273 subjects were randomised to the EU-Humira treatment group. At Week 24, of 
254 subjects who received EU-Humira, 125 subjects were transitioned to SB5 (EU-Humira/SB5) 
and 129 subjects continued on EU-Humira (EU- Humira/ EU-Humira). The 254 subjects who 
received SB5 continued to receive SB5. 
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Table 50. Demographic characteristics for Study SB5-G31-RA (Randomised Set) 


Source: Table 11-2 of Study SB5-G31-RA CSR 
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PK results 

PK samples were collected in a subset of patients (356 subjects, 178 subjects/treatment) at 
baseline and prior to dosing at Weeks 4, 8, 12, 16, and 24.  Overall, the serum trough 
concentrations (Ctrough) of SB5 and EU-Humira were generally comparable in RA patients. 

Figure 18. Mean serum trough concentrations (SD) following multiple SC dose (40 mg, every 
other week) of SB5 or EU-Humira using PFS in patients with RA (Study SB5-G31-RA) 

Source: Figure 11-2 of Study SB5-G31-RA CSR
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Table 51. Summary of serum trough concentrations (μg/mL) of SB5 and EU-Humira in Study 
SB5-G31-RA 

Source: Table 11-14 of Study SB5-G31-RA CSR 

Immunogenicity assessment 

In Study SB5-G31-RA, following multiple 40 mg SC dose of study drug, by Week 24, 85/243 
(35.0%) and 89/253 (35.2%) subjects devloped ADA in SB5 and EU-Humira treatment group, 
respecitvley. At Week 52, 95/243 (39.1%), 51/121 (42.1%), and 48/117 (41.0%) subjects 
devloped ADA in SB5/SB5,  EU-Humira/SB5, and EU-Humira/EU-Humira treatment group, 
respecitvley (Table 8). Overall, the incidence of ADA is comparable between SB5 and EU-
Humira throughout the study, including the transition-extension period. 

53.7% (36/67) and 52.2% (35/67) subjects who devloped ADAs  developed NAbs at Week 24 in 
SB5 and EU-Humira treatment group, respecitvley. At Week 52,  51.6% (33/64), 60.0 (21/35), 
and 67.5% (27/40) subjects who devloped ADAs developed NAbs in SB5/SB5,  EU-Humira/SB5, 
and EU- Humira/EU-Humira treatment group, respectively. 

Impact of immunogenicity on PK 
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In Study SB5-G31-RA in patients with RA, Ctroughs of SB5 and EU-Humira in subjects who were 
ADA-positive were generally lower as compared to subjects who were ADA-negative, but 
remained comparable between SB5 and EU-Humira treatments in each of the ADA subgroups    
(Figure 3, Table 12, Table 13).  Similarly, in the PK comparison by NAb status, Ctroughs of SB5 
and EU- Humira in NAb-positive were generally lower than NAb negative, but remained 
comparable between SB5 and EU-Humira treatments in each of the subgroups (Figure 4). 

Impact of ADA on efficacy 
Overall, no apparent impact of immunogenicity on efficacy was observed. 

In patients who were ADA-negative, the ACR20 response rates at Week 24 are comparable 
between SB5 and EU-Humira. In patients who were ADA-positve, ACR20 response rates 
showed fluctuation during the study period in both SB5 and EU-Humira treatment groups: the 
ACR20 response rate in SB5 is numerically higher  at Week 16 while numerically lower at Week 
24 as compared to EU-Humira treatment group, which is likely due to the limited number of 
patients (Figure 5, Table 14). In addition, the ACR50 and ACR70 response rates at Week 24 are 
comparable between SB5 or EU-Humira in both ADA-positive and ADA-negative subgroups 
(Table 15). Similarly, in the efficacy comparison by NAb status, the ACR20 response rates at 
Week 24 are comparable between SB5 (76.7%, 138/180) and EU-Humira (73.9%, 136/184) in 
NAb-negative subgroup, while the numerical difference of ACR20 response rates between SB5 
(52.5%, 21/40) and EU-Humira (67.5%, 27/40) in NAb-positive subgroup is likely due to the 
limited number of patients (Figure 6). 

Impact of ADA on safety 
The incidence of any treatment-emergent adverse events (TEAEs) was comparable between SB5 
and EU-Humira treatment groups in both ADA-positive and ADA-negative subgroups. The 
incidence of injections site reaction was generally low in each of the treatment groups. Overall, 
no apparent impact of immunogenicity  on safety was observed (Table 16).  

Office of Biostatistics Appendices 

13.4.1. Tipping Point Analysis Methodology 

The goal is to evaluate the potential effect of violations in assumptions about missing data on 
, are independently distributed on theܻSuppose that outcomes,the reliability of conclusions.  

control and test drug arms. The parameter of interest is the difference in means, ߠ. Consider 
the following parameterization and notation to describe the probabilities of completing the 
study (non-missingness), the true means in completers and dropouts, and the numbers of 
completers and total patients on the two treatment arms: 

Table 16.4.1.1 Relevant Parameters and Notation for Setting with Missing Data 
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Treatment Probability Non-
Missingߨ Mean in 

Completers ߤ Mean in 
Dropoutsߤ ߜ + # of Completers ܰ Total Sample 

Size ݊Control ߨ ߤ  ߤ ߜ + ܰ ݊Test ௧ ௧ ௧ ௧ ௧ ௧ߠ( ߨ] ߤ

. Assuming specific values of the sensitivity parameters ߤƸ (1െ ොߨ ߜ( ] = 1 is the sample mean in the completers and 

(1 െ ߨ ߤ)( (௧)]=െߜߜ An analysis in completers 

is a completer, i.e. his or her 

+] +
=
1
	 ௧െ ߨ ௧ߜ ௧ ௧[ߨ ߤ + (1െ ߨ )( 
will only provide reliable inference onߜ
Given this parameterization, the parameter of interest is: [െ]ߜ)െ [(ؠ]ߤ+)1ߨ ௧ ௧ ௧ߠ if the strong and unverifiable assumption that = 0 is valid. We will perform sensitivity analyses that allow for the possibility that outcomes ߤ + ߜ 
ߤ +
	

௧ 
among dropouts are not missing at random by performing inference under different assumed ߜ and ߜ௧.
values of the parameters 


Letܯ ݅ܿ ݆
Ƹ
be an indicator that patient, =݆;…,= 1݅outcome is observed (ߜ ߠ ௧, we consider the following estimator ofߜ  	ߤܯƸߤ]

 on the treatment group 1(ݐ െ ො௧ߨ 
,)െߠ	 
 ௧] :[andߜ( +
	 +
=
	 ௧ σ
 |,ܻ
 is the observed proportion of completers on treatment arm

ଶ௧ݏ ௧ܰ

ො ೕ ೕܿߨ , ؠ 
 One can .ݐୀ = ேଵேೕ ೕ=
	 ଵ , ݆ ݆ =


Whereܯଵୀೕσೕଵ   , with
,
show that: ߠ െ െ 1)ߠ ො݊ߨ [0,1]ܰ ௗ՜௧)
	+


ොߨ௧ଶߜ (1݊
െ ොߨ

)
ଶݏ ܰ
Thus, we can compute a Wald-typeଶ௧ݏ ௧ܰ/2ඨെ ߠఈ1±ߙ ( ݖ ଶ )

ොߨଶߜ െ ොඨߨ ௧ +
 +
	 ௧ ݏ with݆ଶ ,݆=ܿݐ (
+


)
+
	

 is the sample variance of the outcomes in completers on treatment ߠ	100%1 confidence interval for(1(כെ ߙ
1ݏ ଶ ߜ ݊	݊ܰ

,
Where 
 . 

of the form:
)

 quantile of the standard normal distribution. 

)
ොߨ ොߨଶߜ െ ො௧ߨ ௧  ଶ௧ +
/ ௧ ݖఈ/ଶWhere 
 is the upper 


Nonclinical Pharmacology and Toxicology Appendices 

13.5.1.	 Safety Assessment of Extractables and Leachables for the Container 
Closure System 

Relevant DMFs: 
(b) (4)
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(b) (4)

The  prefilled syringe (PFS) is the primary Container Closure System (CCS) for both of 
(b) (4)

(b) (4)

(b) (4)

the presentations (safety PFS and Autoinjector (AI)). The PFS includes a clear 

(b) (4)

glass syringe barrel including a stainless steel needle with rigid needle shield and a rubber 
plunger stopper. The  PFS is a marketed device that is used with other FDA-
approved drug products. 

Figure 19. Image of Syringe (b) (4)

(b) (4)

Excerpted from Applicant submission
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The safety evaluation focused primarily on potentia l extractables and leachables from the 
Container Closure System. Additiona lly, there are materia ls that the drug product is exposed to 
during the manufacturing process ("in-process materia ls") that could be a source of leachables. 

(I>) (4f 
These materials include 

Figure 20. In-Process Materials 

Equipment Materlal of Construction 
(I>)( f 

Excerpted from Sponsor submission 

Table 52. Container Closure System Materials 

(b)(4f 

7 Page(s) lias l::>een Witliliela in Full as o'4 (CCI/TS) immeaiately following tliis 
page 
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(b) (4)

13.5.2. Nonclinical Pharmacology 

Primary Pharmacology 

Tumor necrosis factor (TNF)-ɲ ŝƐ ĂŶ ĞŶĚŽŐĞŶŽƵƐ ĐǇƚokine that is key regulator of inflammatory 
responses as well as chronic inflammation pathogenesis. Elevated TNF-ɲ ŝƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ 
several diseases such as arthritis, ankylosing spondylitis, inflammatory bowel disease, Crohn’s 
disease, ulcerative colitis, and plaque psoriasis17. The mechanism of action for adalimumab is 
binding to both soluble and transmembrane TNF-ɲ ǁŚŝĐŚ ŝŶŚŝďŝƚƐ ƚŚĞ ůŝŐĂŶĚ ĨƌŽŵ ƐƚŝŵƵůĂƚŝŶŐ 
TNF-ɲ ƌĞĐĞƉƚŽƌƐ ƚŚĞƌĞďǇ ĚŝƐƌƵƉƚŝŶŐ ƉƌŽ-inflammatory signaling. 

Evaluation of the Efficacy of SB5 in the TG197 Transgenic Mouse Model of Arthritis (Study 
#BMC-394) 

(b) (4)

17 Bradley JR “TNF-mediated inflammatory disease” Journal of Pathology 2008. 
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Methods: To demonstrate the pharmacodynamic comparability between SB5 and US-licensed 
Humira (US-Humira; listed as US-sourced Humira by the Sponsor), the Sponsor conducted an in 
vivo study in Tg197 transgenic mice, a mouse model that overexpresses human TNF-ɲ ĂŶĚ 
spontaneously develops rheumatoid arthritis-like symptoms. The study included mice 
(5/sex/group) that were treated with 3 dose levels (0.5, 3, or 10 mg/kg) of SB5 or US-Humira 
administered twice per week for 7 weeks dosing via the intraperitoneal route. Dosing started 
when the mice were 3 weeks old (prior to arthritis symptoms). Efficacy was assessed using  in 
vivo arthritic scores of joints and histopathology scoring of the hind knee. Body weights were 
also measured weekly. One additional group (2/sex/group) was sacrificed prior to dosing and 
was used as pretreatment control (3 week controls).      

Table 61. Study Design of Study #BMC-394 

Excerpted from Applicant submission 

Results: 
There was one mouse (M15, 0.5 mg/kg SB5) that was euthanized prior to the end of the study 
(Day 46) due to “poor health and morbid condition”. Since the morbid condition was not 
observed in higher dose groups, the poor health of this animal was not considered to be 
treatment-related. 

Animals were weighed once a week starting on Week 3 (Day 1) and ending Week 10 (Day 50).  
The body weight and body weight gains for all the treatment groups (both SB5 and US-Humira) 
were elevated compared to control (114-160% and 96.4-155.2% for males and females, 
respectively). The weight gain increase was dose-dependent for all treatment groups except for 
SB5 females (dose-independent increase). There were no significant differences in the weight 
gain between SB5 and US-Humira for either sex. The Sponsor’s statistical analysis between the 
mean body weights for SB5 and US-Humira showed a significantly higher body weight at Week 
10 for the 10 mg/kg US-Humira group. However, the difference between the mean body 
weights was very small (22.00 g compared to 21.20 g for US-Humira and SB5, respectively) and 
was primarily observed in the HD females. There is also no expectation of sex-related 
differences for this drug. The differences in body weight were not considered as meaningful as 
the histopathologic scoring of the joints.   
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Table 62. Body Weight and Body Weight Gains for TG197 Males Treated with SB5 and US-
Humira 

Treatment 
SB5 
Vehicle SB5 US-Humira 

mg/kg 0 0.50 3 10 0.5 3 10 
Day 1 g 8.04 8.0 8.0 8.0 8.0 8.0 8.0 
Day 50 g 18.4 20.0 23.3 24.6 19.9 23.2 24.4 
Gain g 10.4 11.9 15.3 16.6 11.8 15.1 16.3 
% Day 1 129 148 190 207 148 188 202 
% Control 100 115 147 160 114 146 156 

Table 63. Body Weight and Body Weight Gains for TG197 Females Treated with SB5 and US-
Humira 

Treatment 
SB5 
Vehicle SB5 US-Humira 

mg/kg 0 0.5 3 10 0.5 3 10 
Day 1 g 8.14 8.2 8.1 8.3 8.1 8.1 8.1 
Day 50 g 15.6 17.3 18.5 17.8 15.2 16.8 19.6 
Gain g 7.46 9.1 10.4 9.5 7.1 8.7 11.5 
% Day 1 91.6 110.4 129.0 113.4 88.3 107.4 142.2 
% Control 100.0 120.5 140.8 123.8 96.4 117.2 155.2 

Mice were evaluated weekly for an arthritis score (measurements of grip strength as well as 
ability to hold their body weight and coordinate body weights when introduced upside down on 
a metal grid) starting on Day 1 using a 0-3 scale from no to heavy arthritis. Arthritis scores were 
dramatically reduced ĨŽƌ ŵŝĐĞ ƚƌĞĂƚĞĚ ǁŝƚŚ ш 3 mg/kg  of either treatment (scores at Week 10 
were 0.11-0.24 and 0.16-0.26 for SB5 and US-Humira, respectively) compared to SB5 vehicle 
(1.56 at Week 10). The difference could be clearly seen as early as Week 5. The arthritic scores 
for the 0.5 mg/kg groups were slightly, but not significantly, reduced compared to SB5 vehicle 
(1.11 for both SB5 and US-Humira at Week 10). Arthritis scores were similar between identical 
doses of SB5 and US-Humira.  
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Table 64. In vivo Arthritic Scores for TG197 Mice 


Excerpted from Applicant submission
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Figure 21. Mean In Vivo Arthritis Score in TG197 Mice 


Excerpted from Applicant submission 

All remaining animals were sacrificed on Day 50 via CO2 asphyxiation. The hind legs above the 
knee were dissected, fixed in formalin, and decalcified for histopathological evaluation. 
Histologic evaluation of the knee was assessed based on a 0-4 scale with 0 being no detectable 
pathology and 4 marking extensive cartilage destruction and bone erosion with bone outline 
structure lost. 

Histological scoring decreased in a dose-dependent manner for both SB5 and US-Humira. The 
ŚŝƐƚŽůŽŐŝĐĂů ƐĐŽƌŝŶŐ ĨŽƌ ŵŝĐĞ ƚƌĞĂƚĞĚ ǁŝƚŚ ш ϯ ŵŐͬŬŐ ŽĨ ĞŝƚŚĞƌ ƚƌĞĂƚŵĞŶƚ ǁĞƌĞ ŐĞŶĞƌĂůůǇ similar 
(0.38-0.85 and 0.38-1.13 for SB5 and US-Humira, respectively) and were lower than 
pretreatment (3-week) controls (1.13) and much lower than vehicle control (3.58) . The scores 
for SB5 and US-Humira were similar for identical doses. 
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Table 65. Histopathological Scores of the Hind Knee 


Excerpted from Applicant submission
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Figure 22. Bar Graph of Histopathological Scores of the Hind Knee
	

Excerpted from Applicant submission 

In summary, the 7-week mouse study demonstrated that both SB5 and US-Humira inhibited the 
development of arthritis to a similar degree in a dose-dependent manner in Tg197 mice based 
on arthritic and histopathologic scoring. These endpoints were considered acceptable to 
demonstrate similar pharmacodynamic activity from a nonclinical perspective. 

13.5.3. Nonclinical Pharmacokinetics and Pharmacodynamics 

The AUC0-168hr values for SB5 in the 4-week toxicology study with monkey (reviewed below) 
were 86.4-91.8% of that observed for US-Humira The Cmax values for SB5 in the same study 
were 77.7-91.3% of that observed for US-Humira. Whereas the mean PK values for SB5 were 
slightly lower than US-Humira, given the small study size, the differences may have occurred by 
chance and do not preclude a finding that the PK for SB5 and US-Humira were considered to be 
similar. There was no evidence of immune-mediated clearance for either drug within the 4-
week treatment period. The monkey study used the same route of administration as in the 
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completed clinical studies (subcutaneous). 

13.5.4. General Toxicology 

A 4-week repeat-dose general toxicity study in monkeys (3/sex/group) was conducted 
comparing asubcutaneous dose (32 mg/kg) of SB5 and of US-Humira ). The study included 
immunophenotyping of lymphocyte subpopulations and monocytes as well as histopathological 
examinations of a complete panel of organs and tissues. Observed findings were judged to be 
incidental in nature. The toxicity profiles of SB5 and US-Humira were considered to be similar. 

Single-Dose Toxicity/Toxicokinetics 

No single-dose toxicity studies were submitted with the BLA.  

Repeat-Dose Toxicity/Toxicokinetics 

Study title: A 4-Week Repeat Dose Toxicity Study of SB5 in Cynomolgus Monkeys 
Study no.: 2064-008 
Study report location: EDR 
Conducting laboratory 
and location: 

(b) (4)

Date of study initiation: September 6, 2013 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: SB5, TR- (b) (4)-003611, 97.2% 


US-Humira, 250932E 

The reference article, US-Humira, and the test article, SB5, 
were used as received from the Sponsor in pre-filled syringes 
at concentrations of 50 mg/mL (US-Humira) and 49 mg/mL 
(SB5). The reference article was diluted using the vehicle (US-
Humira formulation buffer) and the test article was diluted 
using the vehicle (SB5 formulation buffer) to achieve the 
desired concentrations, so that equivalent doses could be 
administered, under a laminar flow hood using sterile 
equipment and aseptic techniques. 

Key Study Findings 

x In a 4-week study, monkeys (3/sex/group) received subcutaneous doses of SB5 vehicle, 
SB5 (32 mg/kg), or US-Humira (32 mg/kg) once per week for a total of 4 doses.  
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x Histopathological findings were seen for the injection site, spleen, lungs, mammary 
gland, ovary, eyes, and sublingual salivary gland. 

o	 Fibrosis at the injection site was seen in all groups with higher frequency in 
males treated with SB5, but not females. Pigmented macrophages (minimal) was 
also noted in 1 male treated with SB5. These findings were likely related to the 
injection procedure and unrelated to SB5 treatment.  

o	 There were 2 females in the SB5-treated group that were noted to have minimal 
generalized lymphoid hyperplasia in the spleen that was not seen in females in 
the other groups. This finding was seen in the males that were treated with SB5 
and US-Humira (1 male from each treatment group). The finding may be a mild 
response to foreign protein although these animals did not test positive for ADA 
formation. Given the minimal severity of this finding and lack of corresponding 
pathology, it was not considered adverse. 

o	 There was 1 SB5-treated female that was noted to have type II cell hyperplasia in 
the lungs, a finding typically associated with a reaction to inhaled lung irritants. 
This finding was more than likely incidental considering it was only noted in 1 
animal. 

o	 Mammary vacuolation and ovary mineralization was noted in females treated 
with SB5 although the incidence of these findings was less than (ovary 
mineralization) or equal to (mammary gland vacuolation) that for US-Humira.  
This finding is a common background finding in monkeys and may be incidental.  

o	 The other potentially SB5-related findings were mononuclear cell (eyes and 
injection site) or lymphocytic (salivary gland) infiltration which are common 
background findings in monkeys and were not considered adverse in the 
absence of corresponding pathologies.   

x	 For toxicokinetics, AUC values were slightly lower for SB5 compared to US-Humira 
(86.4% and 91.8% on Days 22 and 1 respectively). Similarly, Cmax values were slightly 
lower for SB5 compared to US-Humira (77.7% and 91.3% on Days 22 and 1, 
respectively). Whereas the mean PK values for SB5 were slightly lower than US-Humira, 
given the small study size, the differences may have occurred by chance and do not 
preclude a finding that the PK for SB5 and US-Humira were considered to be similar. 
Both drug products also showed similar accumulation ratios between Day 1 and Day 22 
(R value of 3.08 and 3.20 for SB5 and US-Humira respectively). No anti-drug antibodies 
(ADA) were detected in SB5 or US-Humira-treated animals. 

x	 Overall, the observed findings with SB5 and US-Humira were judged to be incidental in 
nature. The toxicity profiles of SB5 and US-Humira were judged to be similar.   
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Methods 

Doses: 32 mg/kg for SB5 and US-Humira  


Frequency of dosing: Once a week (on Study Days 1, 8, 15, and 22)
	
Route of administration: Subcutaneous 


Dose volume: 2 mL/kg
	
Formulation/Vehicle: 	 SB5 formulation buffer (6.8 mM sodium citrate 

dihydrate, 3.2 mM citric acid monohydrate, 7.7 mM 
L-histidine, 51.5 mM L-histidine HCl monohydrate, 
137 mM sorbitol, 0.65 mM polysorbate 20; identical 
to proposed clinical formulation) 

Species/Strain: Cynomolgus monkeys 
Number/Sex/Group: 3 

Age: ~2.5-3 years.  
Weight: 2.32-3.16 kg and 2.39-2.86 kg for males and females, 

respectively 
Satellite groups: None 

Unique study design: Immunogenicity assay to detect anti-drug antibodies 
and immunophenotyping of lymphocytes 

Deviation from study protocol: None that would be expected to impact the 
interpretation of the study. 

Figure 23. Study Design for The 28-day Monkey Toxicology Study 

(Excerpted from Sponsor submission) 

Observations and Results 

Mortality 

Animals were observed for morbidity, mortality, injury, and the availability of food and water 
twice daily. 

All animals survived until scheduled necropsy. 

Clinical Signs 
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Animals were observed for morbidity, mortality, injury, and the availability of food and water 
twice daily. 

Soft feces were observed in all SB5-treated animals (both sexes) on Week 3 but not in any other 
group or on any other week. This finding was resolved by Week 4. The Sponsor points out that 
this is a common finding for monkeys although only SB5-treated animals presented with this 
finding. Given the brief and transient nature of this observation, this finding was not considered 
treatment-related. 

Body Weights 

The body weights for all animals were measured on Day -1 and then weekly during the study.  

There were no treatment-related effects on body weight gain with SB5 or US-Humira.  

Feed Consumption 

A qualitative assessment of food intake/appetite was performed on all animals twice a day. A 
quantitative assessment of food consumption was not measured.  

There were no treatment-related effects on qualitative food consumption.  

Ophthalmoscopy 

Ophthalmoscopic examinations were conducted on all animals pretest and prior to terminal 
necropsy. 

All ophthalmoscopic findings (bilateral optic nerve atrophy in animal 809 and chorioretinitis in 
animal 815) were observed prior to the start of treatment and not considered to be treatment-
related.  

ECG 

All animals received electrocardiographic (ECG) examinations prior to the start of drug 
treatment and on Days 1 and 22 (predose and 3-4 postdose). Standard ECGs (10 Lead) were 
recorded at 50mm/sec. The RR, PR, QT, and QRS durations were measured in addition to heart 
rate. Corrected QT (QTc) interval was also calculated.  

There were no treatment-related effects on ECG parameters on Day 1 or 22. 

Hematology 

Hematology and coagulation parameters were evaluated on all animals pretest and prior to 
terminal necropsy. Approximately 4.8-5.8 mL of blood was collected from the femoral 
artery/vein in a tube containing K3EDTA (pretest) or K2EDTA (terminal) for hematology or 
sodium citrate for coagulation parameters. 
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There were no treatment-related effects on hematology or coagulation parameters prior to the 
terminal necropsy.  

Clinical Chemistry 

Clinical chemistry parameters were evaluated on all animals pretest and prior to terminal 
necropsy. Approximately 4.8-5.8 mL of blood was collected from the femoral artery/vein in a 
tube containing no anticoagulant.  

Sodium levels in females were significantly decreased following treatment with SB5 compared 
to control (140.7 vs 144.7 mEq/L for SB5 and control values respectively).  However, this value 
was within the normal range for monkeys of this age18. 

Urinalysis 

Urine samples were collected using steel pans under the cages for at least 16 hours pretest and 
prior to terminal necropsy.  

There were no treatment-related effects on urinalysis parameters prior to the terminal 
necropsy. 

Gross Pathology 

Necropsy examinations were performed on Day 29. Animals were euthanized by ketamine-
induced sedation via IM followed by an IV dose of sodium pentobarbital and exsanguination. 
Animals were examined for external abnormalities in the abdominal, thoracic, and cranial 
cavities. 

There were no gross observations related to SB5 treatment.  

Organ Weights 

Absolute and relative organ weights were measured for organs listed in Table 67. Organs were 
weighed with paired organs weighed together. 

Thymus weights (absolute weight, % of body weight, and % brain weight) for SB5-treated males 
and females were higher than control and US-Humira values. There was high variability among 
the thymus weights likely due to the age of the animals (2.5-3 years) age-related involution. The 
mean thymus weights for the SB5 monkeys were within the normal range for Cynomolgus 
monkeys19. 

18 Derelanko, Michael J The Toxicologist’s Pocket Handbook Third Edition, Boca Raton: Taylor & Francis Group LLC,
	
2018. Print  

19 Snyder et al, “Maturity-related Variability of the Thymus in Cynomolgus Monkeys (Macaca fascicularis)”. 

Toxicologic Pathology 2016. 
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Table 66. Mean Thymus Weight for Monkeys Treated With SB5 and US-Humira 


Sex Male Female 
Treatment Control US-Humira SB5 Control US-Humira SB5 
Thymus 
weight (g) 3.232 79.5% 171.0% 1.836 110.7% 140.7% 
% Body weight 0.1286 75.7% 164.4% 0.0768 112.0% 134.8% 
% Brain 
weight 0.0495 76.2% 172.1% 0.0298 121.8% 139.9% 

Histopathology 

Adequate Battery: Yes. An adequate panel of organs and tissues from each monkey in the 
study was evaluated by histopathological examination using light microscopy. 

Peer Review: Yes 

Histological Findings 

The organs listed in Table 67 were removed and placed in fixative (neutral buffered formalin 
except for eyes and testes which were fixed using modified David’s fixative). Formalin was 
infused into the lung. The tissues were embedded in paraffin and then stained with 
hematoxylin and eosin. Slides were examined by a board-certified veterinary pathologist using a 
4-step grading system. 

A microscopic peer review was performed by the Peer Review Pathologist for all the tissues 
from 2 randomly selected males and 2 randomly selected  females in each of the SB5 and US-
Humira groups (Animal # 807, 809, 813, 814, 811, 812, 816, and 818) and the spleen and lymph 
nodes (mandibular and mesenteric) from all animals. Following the review, the results including 
the terminology and diagnoses were discussed  and mutually agreed upon with the study 
pathologist. 
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Table 67. Tissue List 


Excerpted from Applicant submission 

There were some minor findings that were potentially related to SB5 exposure, but were not 
considered to be adverse. The findings that were observed with higher frequency in SB5-
treated animals compared to the US-Humira-treated animals were pigmented macrophages at 
the injection site (males), generalized lymphoid spleen hyperplasia (females), and type II cell 
lung hyperplasia (females). 

Pigmented macrophages (minimal) were noted in 1 male treated with SB5. Given the 
infrequency of this observation (1 animal), it is possible that this finding was incidental. There 
were 2 females in the SB5-treated group that were noted to have minimal generalized 
lymphoid hyperplasia (increase in lymphocytes) in the spleen that was not seen in females in 
the other groups. This finding was equally observed in the males that were treated with SB5 
and US-Humira (1 male in each group). Although lymphoid hyperplasia in the spleen can be 
indicative of infection, there were no correlative findings to suggest infection. This finding could 
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also be a response to a foreign protein, such as the drug, but this finding did not correlate with 
anti-drug antibody response. Given the minimal severity of this finding and lack of 
corresponding pathology, it was not considered adverse.  

There was 1 SB5-treated female that was noted to have cell type II hyperplasia in the lungs 
which is a finding typically associated as a reaction to lung irritants. This finding may be 
incidental considering only 1 animal was noted with this finding. Mammary vacuolation and 
ovary mineralization was noted in females treated with SB5 although the incidence of these 
were equal to that US-Humira and thus did not affect similarity.   

Figure 24. Potentially Treatment-Related Pathological Findings in Monkeys 

Terminal Pathology (Day 29) NOAEL: 32 mg/kg 
Sex Males Females 
Dose (mg/kg) Vehicle US-

HUMIRA SB5 Vehicle US-
HUMIRA SB5 

Injection site (n) 3 3 3 3 3 3 
Pigmented macrophages (minimal) 0 0 1 0 0 0 
Spleen 3 3 3 3 3 3 
Generalized lymphoid hyperplasia 
(minimal) 0 1 1 0 0 2 

Lung  3 3  3  3 3  3  
Type II cell hyperplasia (minimal) 0 0 0 0 0 1 
Mammary gland 0 0 0 3 3 3 
Vacuolation - - - 0 1 1 

Minimal - - - 0 0 1 
Mild  - - - 0  1  0  

Immunophenotyping 

Approximately 0.5 mL of blood samples were collected from all animals via the femoral vessel 
to assess potential changes of  lymphocyte subpopulations and monocytes due to SB5 or US-
Humira. Samples were collected predose on Day 1 and prior to necropsy (Day 28) and placed in 
tubes with sodium heparin as anticoagulants. Whole blood samples were analyzed for CD3, 
CD4, CD8, CD14, CD45, and CD159a (peripheral blood leukocyte analysis) using flow cytometry 

(b) (4)performed at . These values had high variability.  

There were no treatment-related effects on lymphocyte subpopulations or monocytes. 

Toxicokinetics 

Approximately 1 mL of blood was collected on Days 1 and 22 (predose, ~2, 6, 12, 24, 48, 72, 96, 
120, and 168 hours postdose) from all animals via the femoral vessel to determine serum 
concentrations of SB5 and US-Humira. An electrochemiluminescent ligand binding method was 
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used for measurements of serum concentrations of SB5 and US-Humira (Range 0.49 (LLOQ) to 
125 (ULOQ)). Since the male and female drug concentrations were similar, they were combined 
for the analysis. 

AUC values were slightly lower for SB5 compared to US-Humira (The AUC values for SB5 were 
86.4% and 91.8% compared to that observed for US-Humira on Days 22 and 1, respectively). 
Similarly, Cmax values were slightly lower for SB5 compared to US-Humira (The Cmax values for 
SB5 were 77.7% and 91.3% compared to that observed for US-Humira on Days 22 and 1, 
respectively) Whereas the mean PK values for SB5 were slightly lower than US-Humira, given 
the small sample size, the differences may have occurred by chance and do not preclude a 
finding that the PK for SB5 and US-Humira were considered to be similar.  
Both drug products also showed similar accumulation ratios between Day 1 and Day 22 (R value 
of 3.08 and 3.20 for SB5 and US-Humira respectively).   

Table 68. Mean Toxicokinetic Parameters on Days 1 and 22 Following Subcutaneous 
Administration of 32 mg/kg SB5 or US-HUMIRA 

Excerpted from Applicant submission 

Serum concentration-time profiles of SB5 and US-Humira in monkeys on Days 1 and 22 were  
similar as shown in the figure below.  
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Figure 25. Mean SB5 and US-Humira Serum Concentration-Time Profiles on Days 1 and 22 


Excerpted from Applicant submission 

For immunogenicity analysis, ~0.5-1mL blood samples (no coagulant) were collected from all 
animals via the femoral vessel for the determination of the formation of anti-drug antibodies 
(ADA) against SB5 and US-Humira on Day 1 (predose), Day 22 (before dosing) and Day 29 
(terminal necropsy). Electrochemiluminescence ligand binding methods were used for the 
detection of anti- US-Humira antibodies (Method #IM-2064-006-A-1.0) and anti-SB5 antibodies 
(Method #IM-2064-007-A-1.0) in serum samples. Control animals were assayed for both anti- 
US-Humira and anti-SB5 antibodies. 

None of the animals treated with SB5 tested positive for anti-SB5 ADA formation.  One animal 
treated with US-Humira tested positive for anti- US-Humira ADA formation in the screening 
analysis; however, the confirmatory assay was negative. Two control males and 2 control 
females tested positive for anti-SB5 antibodies. Two control female tested positive for anti- US-
Humira ADA. The two control females tested positive for both anti-SB5 antibodies and anti- US-
Humira ADA. Exposure to either SB5 or US-Humira did not appear to induce the formation of 
ADA in this study. It was noted that serum concentrations of SB5 or US-Humira in all drug-
treated monkeys were potentially high enough to interfere with the detection of ADA.  
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Table 69. Number of Animals that Test Positive for Anti-Drug Antibodies 


Anti-drug 
antibody 

Day Control (3/sex/group) Treatment (3/sex/group) 
Males Females Males Females 

SB5 Predose 1 (#803) 1 (#805) 0 0 
Day 22 1 (#801) 1 (#805) 0 0 
Terminal 2 (#801 & 

803) 
2 (#804 & 
805) 

0 0 

US-Humira Predose 0 1 (#805) 0 0 
Day 22 0 1 (#805) 1 (#815)* 0 
Terminal 0 2 (#804 & 

805) 
1 (#815)* 0 

*Male 815 yielded positive results following initial screening analysis at the Day 22 and Day 29 collections. However, 
confirmatory results for this responder were negative. 

Dosing Solution Analysis 

Samples from every dosing solution on Days 1 and 22 were analyzed for concentration. Vehicle 
control samples were evaluated for the presence of SB5 and US-Humira. All sample solutions 
used to administer SB5 or US-Humira were within ±10% of the nominal concentration with a 
ƌĞůĂƚŝǀĞ ƐƚĂŶĚĂƌĚ ĚĞǀŝĂƚŝŽŶ ŽĨ чϱй ǁŚŝĐŚ ǁĂƐ ǁŝƚŚŝŶ ƚŚĞ ĂĐĐĞƉƚĂďůĞ ĐƌŝƚĞƌŝĂ͘ dŚĞ ǀĞŚŝĐůĞ ĐŽŶƚƌŽů 
collected on Day 22 had a small quantity (0.0449 mg/mL) of SB5 detected within the sample. A 
backup replicate was analyzed that also had a detectable concentration of SB5 (0.0579 mg/mL). 
Analysis of the samples in the remaining SB5 buffer (which was used as vehicle control) did not 
have detectable levels of SB5. The Sponsor stated the probable cause was a sampling error. The 
quantity of SB5 detected in the control solutions were ~275-fold lower than the measured 
concentration of the SB5 sample which indicates that it did not likely have an impact on the 
study results. 

Reference ID: 4466516Reference ID: 4466647 

144 
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Table 70. Concentration of Dosing Solutions Used In Study 2064-008 

Control SB5 US-HUMIRA 

Day 1 concentration 
(% of nominal) 

BLQ* 100.4 94.5 

Day 22 concentration 
(% of nominal) 

0.0449a 99.3 98.2 

*Below the limit of quantitation (<0.0360 mg/mL) 
a Initial analysis detected 0.0449 mg/mL SB5 and a backup replicate detected .0579 mg/mL. Remaining 
SB5 buffer did not have any detectable SB5. 

Additional Comments on Extrapolation to Support Approval of Non-
Studied Indications 

13.6.1. Division of Gastroentereology and Inborn Errors Products20 

Proposed Indications 

Rheumatoid Arthritis (RA): Reducing signs and symptoms, inducing major clinical response, 
inhibiting the progression of structural damage, and improving physical function in adult 
patients with moderately to severely active RA. 

Juvenile Idiopathic Arthritis (JIA): Reducing signs and symptoms of moderately to severely 
active polyarticular JIA in patients 4 years of age and older. 

Psoriatic Arthritis (PsA): Reducing signs and symptoms, inhibiting the progression of structural 
damage, and improving physical function in adult patients with active PsA. 

Ankylosing Spondylitis (AS): Reducing signs and symptoms in adult patients with active AS. 

!dult �rohn͛s Disease (adult �D). ѣeducing signs and symptoms and inducing and maintaining 
clinical remission in adult patients with moderately to severely active �rohn͛s disease who have 
had an inadequate response to conventional therapy. Reducing signs and symptoms and 
inducing clinical remission in these patients if they have also lost response to or are intolerant 
to infliximab products. 

Ulcerative Colitis (UC): Inducing and sustaining clinical remission in adult patients with 
moderately to severely active ulcerative colitis who have had an inadequate response to 
immunosuppressants such as corticosteroids, azathioprine or 6- mercaptopurine (6-MP). The 
effectiveness of adalimumab products has not been established in patients who have lost 
response to or were intolerant to TNF blockers. 

20 Originally archived in DGIEP Clinical Review (dated June 7, 2019). 
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Plaque Psoriasis (PsO): The treatment of adult patients with moderate to severe chronic plaque 
psoriasis who are candidates for systemic therapy or phototherapy, and when other systemic 
therapies are medically less appropriate. 

Executive Summary 

The Division of Gastroenterology and Inborn Errors Products concludes that the Applicant 
provided adequate scientific justification (based on mechanism of action, PK, immunogenicity, 
and toxicity) to support extrapolation of data and information submitted, including clinical data 
from the studied population (rheumatoid arthritis), to support licensure of SB5 as a biosimilar, 
under section 351(k) of the PHS Act, for the inflammatory bowel disease indications (ulcerative 
colitis and adult �rohn͛s disease21). 

Introduction 

On July 23, 2018, Samsung Bioepis submitted a biologics license application (BLA) under section 
351(k) of the Public Health Service (PHS) Act for SB5, a proposed biosimilar to US-licensed 
Humira (adalimumab). Humira received marketing approval in the US on December 31, 2002. 

In support of the current BLA, the Applicant provided clinical study data collected from healthy 
subjects and patients with rheumatoid arthritis (RA). The Applicant submitted a PK similarity 
study (SB5-G11-NHV) assessing 3-way PK similarity between SB5, EU-approved Humira, and US-
licensed Humira (based on pairwise comparisons of SB5 to US-licensed Humira, SB5 to EU-
approved Humira, and EU-approved Humira to US-licensed Humira) in healthy subjects. In 
addition, the Applicant submitted the results of one comparative clinical study (SB5-G31-RA) 
using SB5 and EU-approved Humira in patients with moderate to severe rheumatoid arthritis 
(RA). Supportive PK, safety, and immunogenicity data were provided from Study SB5-G12-NHV 
(a single dose study comparing SB5 administered by an auto-injector vs. a pre-filled syringe). 
Supportive clinical data were provided by Study SB5-G21-RA (an open-label single-arm study 
comparing injection site pain after two SB5 doses administered every other week by a pre-filled 
syringe to injection site pain after four additional SB5 doses administered every other week by 
an auto-injector). See Table 1 below. 

The inflammatory bowel disease (IBD) indications were not directly studied in the SB5 clinical 
program. For additional information on the clinical studies in RA, please refer to the 
multidisciplinary review from the Division of Pulmonary, Allergy and Rheumatology Products 
(DPARP). 

21 ѭhe !pplicant did not provide a scientific justification for extrapolation for pediatric �rohn͛s disease and is not requesting 
licensure for this indication; US-licensed Humira has unexpired orphan drug exclusivity for this indication. 
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Table 1. Overview of SBS Clinical Program 
Study ID Design Objective Subjects Treatments Dose 

Pivotal Clinical Pharmacology Study 

SBS-Gll-NHV 
R, SB, SD, 3
arm, PG 

PK, 

immunogenicity, 
safety 

Healthy subjects 
(n=189) 

40 mg SC 

SBS (n=63) 

EU Humira (n=63) 
US Humira (n=63) 

Comparative Clinical Study 

SBS-G31-RA 
R, DB, MC, 

PG 

Efficacy, safety, 
immunogenicity, 

PK 

Patients with 
rheumatoid arthrit is 

(n=545) 

40 mg SC 
EOW 

SBS (n=271) 

EU Humira (n=273) 

Supportive Clinical Pharmacology Study 

SBS-G12-NHV 
R, OL, SD, 2
arm, PG 

PK, 
immunogenicity, 
safety 

Healthy subjects 
(n=190) 

40 mg SC 
SBS PFS (n=95) 
SBS Al (n=95) 

Supportive Clinical Study 

SBS-G21-RA 
OL single-
arm 

Injection site pain 
assessment 

Patients with 

rheumatoid arthrit is 
(n=49) 

40 mg SC 
EOW 

SBS PFS EOW X2 

followed by SBS Al 
EOW X 4 (n=49) 

R: randomized; SB: single blind; DB: double blind; EOW: every other week; OL: open label; PG: parallel group; TP: t reatment 
period; SD: single dose; MC: multicenter; SC: subcutaneous; PFS: pre-filled syringe; Al: autoinj ector. Source: BLA 761059, 
Module 2.5 

Extrapolation of Existing Data to Support Biosimilarity to IBD Indications 

The Applicant conducted a comparative clinical study w ith their product in patients w ith RA, 
and seeks licensure for the RA, JIA (in patients 4 years of age and o lder), PsA, AS, adu lt CD, and 
UC indications, all for which US-licensed Humira has been previously approved. 

The collective evidence from the comparative clinical st udy supports a demonstration of no 
cl inically meaningfu l differences between SBS and US-licensed Humira in the studied indication 
(RA), as the applicant established an appropriate scientific bridge comprised of comparative PK 
and analytical data for SBS, US-licensed Humira, and EU-approved Humira. For additional 
information on the clinica l studies in RA, please refer to the multidisciplinary rev iew from the 
Division of Pulmonary, Allergy and Rheumatology Products (DPARP). However, the Applicant 
needs to provide sufficient justification for extrapolating data and information submitted in the 
application to support licensure of SBS as a biosimilar for each condition of use for which 
licensure is sought and for which US-licensed Humira has been previously approved. 

The scientific justification for extrapolation should consider the following issues that are 
described in the FDA Scientific Considerations in Demonstrating Biosimilarity to a Reference 
Product Guidance:22 

22 FDA Guidance for Industry, "Scient ific Considerations in Demonstrating Biosimilarity to a Reference Product", 

Apri l 2015, available at: 


https://www.fda.gov/media/82647/download 
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•	 The mechanism(s) of action (MOA) in each condition of use for which licensure is 
sought; 

•	 The pharmacokinetics (PK) and bio-distribution of the product in different patient 
populations; 

•	 The immunogenicity of the product in different patient populations; 

•	 Differences in expected toxicities in each condition of use and patient population; 
and 

•	 Any other factor that may affect the safety or efficacy of the product in each condition 
of use and patient population for which licensure is sought. 

All of these factors were adequately addressed by the Applicant, as summarized below, for the 
IBD indications. The totality of the evidence provides support for licensure of SB5 for the IBD 
indications (ulcerative colitis and adult �rohn͛s disease) under section 351(k) of the PHS Act. It 
should be noted that the Applicant did not provide a scientific justification for extrapolation for 
pediatric �rohn͛s disease and is not requesting licensure for this indication- ѱѧ-licensed Humira 
has unexpired orphan drug exclusivity for this indication. 

Mechanism of Action 

The mechanisms of action of adalimumab that are relevant for RA (the comparative clinical 
study population) are also relevant to IBD. The Applicant provided data to support that SB5 has 
the same known and potential mechanisms of action as US-licensed Humira, which support 
extrapolation to these other indications. 

The primary mechanism of action of adalimumab is direct binding of TNF-α, resulting in 
blockade of TNF-α receptor-mediated activities. Adalimumab blocks both TNFR1 and TNFR2 
receptors by binding both soluble(s) and transmembrane(tm) TNF-α/ In addition, adalimumab 
has mechanisms of action involving the Fc region of the antibody which are thought to be 
plausible mechanisms involved in the efficacy of adalimumab for the treatment of IBD. See a 
list of known and potential mechanisms of US-licensed Humira related to its efficacy in the 
treatment of IBD (Table 2, below).  Similar to the directly studied indication (RA), TNF-α plays a 
central role in the pathology experienced by patients with IBD. TNF-α inhibition plays an 
important role in treating these diseases as evidenced by the efficacy of the TNF-α inhibitor 
class of medications in treating IBD. 
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Table 2. Known and Potential Mechanisms of Action of US-Humira 
MOA of US-Humira RA AS PsA PsO CD UC 

Mechanisms involving the Fab (antigen binding) region: 

Blocking TNFR1 and TNFR2 activity via 

binding and neutralization of s/tmTNF 
Known Known Known Known Likely Likely 

Reverse (outside-to-inside) signal ing via 

binding to tmTNF 

- - - - Likely Likely 

Mechanisms involving the Fe (constant) region: 

Induction of CDC on tmTNF

expressing target cells (via Clq 

binding) 

- - - - Plausible Plausible 

Induction of ADCC on tmTNF

expressing target cells (via FcyRllla 

binding expressed on effector 

cells) 

- - - - Plausible Plausible 

Induction of regulat ory 

macrophages in mucosal healing 

- - - - Plausible Plausible 

ADCC: antibody-dependent cellular cytotoxicity; AS: ankylosing spondylitis; CD: Crohn's disease; CDC: complement-dependent 
cytotoxicity; MOA: mechanism of action; PsA: psoriatic arthrit is; PsO: plaque psoriasis; RA: rheumatoid arthrit is; UC: ulcerative 
colit is; sTNF: soluble TNF; tmTNF: t ransmembrane TNF 

24•25Source: FDA summary of current literature on the topic of mechanisms of action ofTNF inhibitors23•

The Product Qual ity reviewers have concluded t hat t he Appl icant has adequat ely addressed 
each of the known mechanisms of act ion of US-licensed Humira, and has also addressed 
pot entia l mechanisms of action. Specifically, the Appl icant provided dat a t o demonstrate t hat 
s/tm TNF-a binding, blocking of TN FRl and TN FR2 act ivity, and t he potential Fe region
mediated mechanisms of action are simi lar between SBS and US-l icensed Humira. These data 
support t he conclusion t hat SBS and US-licensed Humira utilize the same mechanism or 
mechanisms of action, to t he extent such mechanism or mechanisms of act ion are known, for 
US-licensed Humira . 

Pharmacokinetics (PK) 

Study SBS-Gll-NHV was a single-dose, comparative PK, and safety st udy of SBS, US-licensed 
Humira, and EU-approved Humira conducted in healthy subject s planned to demonst rat e 3-way 
PK sim ilarity of t he commercia l formulation of SBS, US-licensed and EU-approved Humira. It 
shou ld be noted that establishment of a scientific bridge to US-l icensed Humira was necessary 
to j ustify the relevance of cl inica l data generat ed using EU-approved Humira in the SBS 
developmental program which were used to support an assessment of biosimilarity w ith US
licensed Humira . 

In addition, t he single comparative cl inica l study, Study SBS-G31-RA, collected PK information, 
including an immunogenicity assessment. 

The cl inica l pharmacology reviewers concluded that t he resu lt s of Study SBS-Gll-NHV 
est ablished 3-way PK simi larity between SBS, US-l icensed Humira and EU-approved Humira in 

23 Oikonomopoulos A et al., Current Drug Targets, 2013, 14, 1421-1432. 
24 Tracey D et al., Pharmacology & Therapeutics 117 (2008) 244- 279. 
25 0lesen, C.M, et.al., Pharmacology & Therapeutics 159 (2016), 110-119. 

Reference ID: 446664!il 

149 



 

 

  

         
         

      
          

             
     

 

     
     

         
        

       
      

       
       

     
      

 

      
     

         
         

       
        

          

 

           
        

       
       

     
 

 
        

                   
 

Biosimilar Multi-disciplinary Evaluation and Review (BMER) 

healthy subjects. The publicly available data submitted by the Applicant on US-licensed Humira 
do not indicate any major differences in PK based on disease state for the indications for which 
the Applicant is seeking licensure. Therefore, it is reasonable to conclude that a similar PK 
profile for SB5 is expected between RA patients (the studied population) and IBD patients. In 
addition, it should be noted that the PK of adalimumab products is also influenced by 
immunogenicity, which is discussed further below. 

Immunogenicity 

Immunogenicity was evaluated in populations that were considered sensitive for detecting 
meaningful differences (RA and healthy subjects).  Immunogenicity was found to be similar 
when comparing SB5, EU-approved Humira, and US-licensed Humira in the PK similarity study 
conducted in healthy subjects, SB5-G11-NHV, and between SB5 and EU-approved Humira in the 
comparative clinical study conducted in patients with RA, SB5-G31-RA. Specifically, the 
frequency of anti-drug antibody (ADA) positive subjects, the time course of ADA development, 
and median ADA titer values were found to be similar. These results support a demonstration 
of no clinically meaningful differences between SB5 and US-licensed Humira . Therefore, it is 
reasonable to conclude that immunogenicity in IBD patients receiving SB5 would be similar to 
that observed in IBD patients receiving US-licensed Humira. 

Toxicity 

The primary assessment of adverse events was done using data from the comparative PK and 
safety study of single dose SB5 (Study SB5-G11-NHV) and the comparative clinical study 
conducted in patients with RA (Study SB5-G31-RA). In controlled clinical studies of US-licensed 
Humira submitted to support its approval, as described in the approved labeling, the types of 
adverse events and their rates were similar across indications. Given the similar product quality 
attributes, PK, and immunogenicity, there is no reason to expect that the safety profile in the 
IBD population would be different from that demonstrated in the RA population. 

Conclusion 

Consistent with the principles of the FDA Guidance4 outlined above, the applicant provided 
sufficient scientific justification (based on the mechanism of action, PK, immunogenicity and 
toxicity profile), and sufficient information, including clinical data from the studied population, 
to support licensure of SB5 for the inflammatory bowel disease indications (ulcerative colitis 
and adult �rohn͛s disease)/ 

Authors: 
Anil Rajpal Jessica Lee 
Clinical Reviewer/Team Leader DGIEP Associate Director 
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Biosimilar Multi-disciplinary Evaluation and Review (BMER) 

13.6.2. Division of Dermatology and Dental Products26 

Type: Biosimilar 351(k) 
Supporting Document Number: 001 
Correspondence date: August 29, 2018 
CDER Stamp date: August 29, 2018 
Review Date: June 27, 2019 
Applicant: Samsung Bioepis Co., Ltd. 

107 Cheomdan-daero, Yeonsu-gu 
Incheon, Republic of Korea 21987 

Drug: HADLIMA (SB5), a proposed biosimilar to U.S.-licensed HUMIRA (adalimumab) 
Route of Administration: Injection, subcutaneous 
Dosage Form, Strength, and Presentations: Injection: 40 mg/0.8 mL in a single-dose: 

•	 pre-filled autoinjector (HADLIMA PushTouch) (AI) 

• pre-filled glass syringe (PFS) 
Pharmacologic Category: Immunoglobulin G1 (human monoclonal D2E7 heavy chain anti-
human tumor necrosis factor), disulfide with human monoclonal D2E7κ-chain, dimer 
Proposed Indications: 

1.	 Rheumatoid Arthritis (RA): Reducing signs and symptoms, inducing major clinical 

response, inhibiting the progression of structural damage, and improving physical 

function in adult-patients with moderately to severely active RA.
 

2.	 Juvenile Idiopathic Arthritis (JIA): Reducing signs and symptoms of moderately to 
severe active polyarticular juvenile idiopathic arthritis (JIA) in patients from 4 to 17 years 
of age. 

3.	 Ankylosing Spondylitis (AS): Reducing signs and symptoms in adult patients with active AS. 
4.	 !dult �rohn’s Disease (�D): Reducing signs and symptoms and inducing and maintaining 
clinical remission in adult patients with moderately to severely active �rohn͛s disease 
who have had an inadequate response to conventional therapy. Reducing signs and 
symptoms and inducing clinical remission in these patients if they have also lost 
response to or are intolerant to infliximab products. 

5.	 Ulcerative Colitis (UC): Inducing and sustaining clinical remission in adult patients with 
moderately to severely active ulcerative colitis who have had an inadequate response to 
immunosuppressants such as corticosteroids, azathioprine or 6-mercaptopurine (6-MP). 
The effectiveness of adalimumab products has not been established in patients who 
have lost response to or were intolerant to TNF blockers. 

6.	 Psoriatic Arthritis (PsA): Reducing signs and symptoms of active arthritis, inhibiting the 
progression of structural damage, and improving physical function in adult patients with 
active PsA. 

7.	 Plaque Psoriasis (PsO): The treatment of adult patients with moderate to severe chronic 
plaque psoriasis who are candidates for systemic therapy or phototherapy, and when 
other systemic therapies are medically less appropriate. 

26 Originally archived in DDDP Clinical Review (dated June 27, 2019). 
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Biosimilar Multi-disciplinary Evaluation and Review (BMER) 

Medical Officer: Roselyn E. Epps, MD 
Team Leader: David Kettl, MD 
Project Manager: Barbara Gould 

Executive Summary 

The Division of Dermatology and Dental Products has concluded that the Applicant has 
provided adequate scientific justification (based on mechanism of action, PK, immunogenicity, 
and toxicity) to support extrapolation of data and information submitted, including clinical data 
from the studied population (rheumatoid arthritis), to support licensure of SB5 as a biosimilar, 
under section 351(k) of the PHS Act, for plaque psoriasis. 

Although the applicant did not conduct a clinical study in plaque psoriasis patients, the 
Applicant has provided adequate scientific justification to support extrapolation of the data and 
information submitted, to support licensure under section 351(k) of the PHS Act of SB5 as a 
biosimilar for plaque psoriasis. 

US-licensed Humira has been widely used in clinical practice for about 18 years. Originally 
licensed for use in moderately to severely active RA, additional therapeutic indications were 
approved subsequently for U.S.-licensed Humira, including: treatment of patients with 
polyarticular JIA in patients aged 2 years or older, PsA, AS, PsO. The Applicant is seeking 
licensure for the following indications for SB5 (which have been previously approved for U.S.
licensed Humira): 

• rheumatoid arthritis, 

• juvenile idiopathic arthritis (in patients 4 years and older), 

• ankylosing spondylitis, 

• adult �rohn͛s disease, 
• ulcerative colitis, 

• plaque psoriasis, 

• psoriatic arthritis. 

The proposed presentations of 40 mg/0.8 mL are a single-dose autoinjector (HADLIMA 
PushTouch) and a single-dose pre-filled glass syringe. Dosage and administration for pJIA is 
limited to patients who weigh 30 kg (66 pounds) or more. The proposed adult dosing and the 
recommended posology of SB5 are the same as those approved for U.S.-licensed Humira. 

US-licensed Humira is not approved for chronic moderate to severe plaque psoriasis in the 
pediatric population. 

For additional information on the clinical data submitted to support the indications evaluated in 
this application, please refer to the multidisciplinary review from the Division of Pulmonary, 
Allergy and Rheumatology Products (DPARP) for details of the submitted application. 
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Biosimilar Multi-disciplinary Evaluation and Review (BMER) 

It is the Division͛s conclusion that sufficient scientific justification is presented for use of ѧ�5 in 
͞the treatment for patients with chronic moderate to severe plaque psoriasis (PsO) who are 
candidates for systemic therapy or phototherapy/͟ 

Introduction 

On December 31, 2002, the reference product US-licensed Humira was licensed in the United 
States initially for adults for reducing signs and symptoms and inhibiting the progression of 
structural damage in adult patients with moderately to severely active rheumatoid arthritis who 
have had an inadequate response to one or more disease-modifying anti-rheumatic drugs 
(DMARDs).  Subsequently, US-licensed Humira was approved for adults with chronic moderate 
to severe plaque psoriasis who are candidates for systemic therapy or phototherapy on January 
18, 2008. Humira is available in many countries worldwide. Samsung Bioepis Co., Ltd 
(Samsung) is developing SB5 as a proposed biosimilar to US-licensed Humira (adalimumab). 

US-licensed Humira (adalimumab) is a recombinant human IgG1 monoclonal antibody which 
binds to and inhibits human tumor necrosis factor-alpha (TюFα)/ ѭюF-α is a naturally occurring 
cytokine that involved in normal inflammatory and immune responses considered to play an 
important role in pathologic inflammation. Adalimumab blocks the biological function of TNF-α 
by interacting with cell surface TNF-α receptors, and modulates biological responses induced or 
regulated by TNF-α/ 

As part of the totality of the evidence to support a demonstration of biosimilarity, the clinical 
development program for SB5 was designed to evaluate whether no clinically meaningful 
differences exist between SB5 and US-licensed Humira.  This evaluation takes into account 
pharmacokinetics, efficacy, safety, and immunogenicity. 

The following controlled clinical studies t provide the primary evidence, along with other data 
and information to establish the scientific bridge to support the relevance of clinical data 
generated using EU-approved Humira as the comparator, to support the determination of no 
clinically meaningful differences between SB5 and US-licensed Humira: 

•	 SB5-G11-NHV was a randomized, single-blind, 3-part, 2-period, 2-sequence, single-dose 
cross-over study in 189 healthy subjects. The objective was to assess 3-way PK similarity 
and safety, tolerability, and immunogenicity. The comparison products were SB5, EU-
approved Humira, and US-licensed Humira. According to the Clinical Pharmacology 
reviewer, this study established the PK portion of the scientific bridge to support the 
relevance of data generated using EU-Humira as the comparator, and that the PK 
profiles are similar for SB5, US-Humira, and EU-Humira.  In this study, the incidence of 
ADA formation by Day 71 was similar for SB5, EU-Humira, and US-Humira. 

•	 SB5-G31-RA was a randomized, double-blind, parallel-group, multi-center clinical study 
in 544 patients with moderate to severe RA despite MTX therapy. Subjects were 
randomized either to SB5 or EU-approved Humira (1:1 randomization) at 40 mg S.C. 
weekly. The primary endpoint was ACR20 at Week 24.  According to DPARP Clinical and 
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Biosimilar Multi-disciplinary Evaluation and Review (BMER) 

Clinical Pharmacology reviewers, the results from this study demonstrated that SB5 and 
EU-approved Humira have similar PK, efficacy and safety, and immunogenicity after 
multiple doses of either product. 

•	 SB5-G12-NHV was a randomized, open-labeled, two-arm, parallel-group, single dose 
study in 190 healthy subjects to compare the PK, safety and tolerability of SB5 
administered using either the pre-filled syringe (PFS) or auto-injector (AI) presentations. 
Subjects were given a single dose of SC 40 mg SB5 randomized (1:1) to PFS or AI groups. 
Subjects were observed for 57 days for PK, safety and tolerability. This single-dose 
study demonstrated that SB5 PK was comparable using the PFS and AI. Immunogenicity 
was not assessed in this PK study. 

Safety considerations for US-Humira include a boxed warning and multiple Warnings and 
Precautions. Malignancy including lymphoproliferative disorders, serious and opportunistic 
infections, invasive fungal infections including tuberculosis, and neurologic, hematologic and 
hypersensitivity reactions are among the serious or lethal adverse events which have been 
reported. 

Safety was reviewed for the following groups: 

•	 All subjects exposed to SB5 or EU-approved Humira during Weeks 0 to 24 

•	 All subjects exposed to SB5 or EU-approved Humira during Weeks 0 to 52, excluding 
post-transition data for those who transitioned to SB5 

•	 All subjects originally randomized to EU-approved Humira then re-randomized and 
exposed to SB5 or EU-approved Humira, Weeks 24 to 52 

Additional long-term safety and immunogenicity data were collected in the 52-week extension 
in patients who completed SB5-G31-RA. The extension period consisted of 48 weeks of active 
treatment and 4 weeks of safety follow-up to evaluate the long-term safety, tolerability, 
immunogenicity and efficacy of SB5 in patients with RA treated previously with SB5 or EU-
approved Humira.  The incidence of ADA was comparable for SB5 and EU-Humira through the 
study and transition-extension periods. 

No differences in expected safety or adverse events that are relevant to the PsO population 
were noted in the three clinical studies using SB5, US-Humira or EU-Humira. 

Extrapolation for the Plaque Psoriasis indication: 

Samsung conducted a comparative clinical study with SB5 in patients with RA. Samsung is also 
seeking licensure for other indications for which US-licensed Humira has been previously 
licensed, including plaque psoriasis. 

If a biological product meets the statutory requirements for licensure as a biosimilar biological 
product under section 351(k) of the PHS Act based on, among other things, data derived from a 
clinical study or studies sufficient to demonstrate safety, purity and potency in an appropriate 
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Biosimilar Multi-disciplinary Evaluation and Review (BMER) 

condition of use, the applicant may seek licensure for one or more additional conditions of use 
for which the reference product has been previously licensed. However, the applicant would 
need to provide sufficient scientific justification for extrapolating data and information to 
support a determination of biosimilarity for each non-studied condition of use for which 
licensure is sought. 

Such scientific justification for extrapolation should address, for example, the following 
issues for the studied and extrapolated conditions of use: 

•	 The mechanism(s) of action (MOA) in each condition of use for which licensure is sought 

•	 The pharmacokinetics (PK) and bio-distribution of the product in different patient 
populations 

•	 The immunogenicity of the product in different patient populations 

•	 Differences in expected toxicities in each condition of use and patient population 

•	 Any other factor that may affect the safety or efficacy of the product in each condition 
of use and patient population for which licensure is sought 

Consistent with the principles above and as outlined in FDA guidance27, the Applicant has 
provided sufficient scientific justification to support licensure of SB5 as biosimilar to U.S.
licensed Humira for the non-studied plaque psoriasis indication through the use of 
extrapolation. 

•	 The primary mechanism of action (MOA) of US-licensed Humira is direct binding and 
blocking of TNF receptor-mediated biological activities. US-licensed Humira binds to 
both soluble (s) and transmembrane (tm) TNF, thus blocking TNF binding to its receptors 
TNFR1 and TNFR2 and the resulting downstream pro-inflammatory cascade of events. 
The scientific literature indicates that this MOA is the primary MOA in RA as well as in 
PsO. The data provided by Samsung showed similar TNF binding and potency to 
neutralize ѭюFα, supporting that ѱ/ѧ/-licensed Humira and SB5 have the same MOA. 

•	 The publicly available data submitted by the Applicant on US-licensed Humira do not 
indicate any major differences in PK between the RA and plaque psoriasis disease states. 
Because similar PK was demonstrated between SB5 and US-licensed Humira, a similar 
PK profile would be expected for SB5 in patients with chronic moderate to severe 
plaque psoriasis. 

•	 No differences in expected toxicities that are relevant to the plaque psoriasis population 
were noted between the SB5 product and the EU-approved Humira arms in the clinical 
studies. Because Samsung established an adequate scientific bridge to US-licensed 
Humira, no differences in toxicities are expected between SB5 and US-licensed Humira. 

•	 In the current US-licensed Humira labeling, it is stated that the immunogenicity rate was 
8% for plaque psoriasis patients who were treated with HUMIRA monotherapy. 
According to the clinical immunogenicity analysis, the SB5 incidence of ADA was 8.2% 
which was similar to ADA results for US-licensed Humira and EU-approved Humira.28 

27 FD! Guidance for Industry, ͞ѧcientific �onsiderations in Demonstrating �iosimilarity to a ѣeference Ѡroduct͟, !pril 2015, 

available at: https://www.fda.gov/media/82647/download
 
28 See BLA 761059 SB5 Multidisciplinary Review, Section 6.4.
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Biosimilar Multi-disciplinary Evaluation and Review (BMER) 

Therefore, it is reasonable to conclude that immunogenicity in plaque psoriasis patients 
receiving SB5 would be similar to that observed in plaque psoriasis patients receiving 
US-licensed Humira. 

Overall Conclusion 

DDDP has determined that the applicant has provided sufficient scientific justification to 
support extrapolation of data and information submitted by the applicant to support licensure 
under section 351(k), of SB5 as a biosimilar for the treatment of moderate to severe plaque 
psoriasis in patients who are candidates for systemic or phototherapy for which US-licensed 
Humira has been previously approved. 

Authors: 
Roselyn E. Epps David Kettl 
Clinical Reviewer Clinical Team Leader 
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Medical Officer’s Review of BLA 761059 
Division of Dermatology and Dental Products 

Type: Biosimilar 351(k) 
Supporting Document Number: 0001 
Correspondence date: August 29, 2018 
CDER Stamp date: August 29, 2018 
Review Date: June 27, 2019 
Applicant: Samsung Bioepis Co., Ltd.

       107 Cheomdan-daero, Yeonsu-gu 
Incheon, Republic of Korea 21987 

Drug: HADLIMA (SB5), a proposed biosimilar to U.S.-licensed HUMIRA (adalimumab) 
Route of Administration: Injection, subcutaneous 
Dosage Form, Strength, and Presentations: Injection:  40 mg/0.8 mL in a single-dose:  
x pre-filled autoinjector (HADLIMA PushTouch) (AI) 
x pre-filled glass syringe (PFS) 

Pharmacologic Category: Immunoglobulin G1 (human monoclonal D2E7 heavy chain anti-human 
tumor necrosis factor), disulfide with human monoclonal D2E7κ-chain, dimer  
Proposed Indications: 

1.		 Rheumatoid Arthritis (RA): Reducing signs and symptoms, inducing major clinical 
response, inhibiting the progression of structural damage, and improving physical 
function in adult patients with moderately to severely active RA. 

2.		 Juvenile Idiopathic Arthritis (JIA): Reducing signs and symptoms of moderately to 
severe active polyarticular juvenile idiopathic arthritis (JIA) in patients from 4 to 17 years 
of age. 

3.		 Ankylosing Spondylitis (AS): Reducing signs and symptoms in adult patients with active 
AS. 

4.		 Adult Crohn’s Disease (CD): Reducing signs and symptoms and inducing and 

maintaining clinical remission in adult patients with moderately to severely active 

Crohn’s disease who have had an inadequate response to conventional therapy. Reducing 
signs and symptoms and inducing clinical remission in these patients if they have also 
lost response to or are intolerant to infliximab products.  

5.		 Ulcerative Colitis (UC): Inducing and sustaining clinical remission in adult patients with 
moderately to severely active ulcerative colitis who have had an inadequate response to 
immunosuppressants such as corticosteroids, azathioprine or 6-mercaptopurine (6-MP). 
The effectiveness of adalimumab products has not been established in patients who have 
lost response to or were intolerant to TNF blockers. 

6.		 Psoriatic Arthritis (PsA): Reducing signs and symptoms of active arthritis, inhibiting 
the progression of structural damage, and improving physical function in adult patients 
with active PsA. 

7.		 Plaque Psoriasis (PsO): The treatment of adult patients with moderate to severe chronic 
plaque psoriasis who are candidates for systemic therapy or phototherapy, and when other 
systemic therapies are medically less appropriate.  
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Medical Officer: Roselyn E. Epps, MD 
Team Leader: David Kettl, MD 
Project Manager: Barbara Gould 

Executive Summary: 
The Division of Dermatology and Dental Products has concluded that the Applicant has provided 
adequate scientific justification (based on mechanism of action, PK, immunogenicity, and 
toxicity) to support extrapolation of data and information submitted, including clinical data from 
the studied population (rheumatoid arthritis), to support licensure of SB5 as a biosimilar, under 
section 351(k) of the PHS Act, for plaque psoriasis. 

Although the applicant did not conduct a clinical study in plaque psoriasis patients, the Applicant 
has provided adequate scientific justification to support extrapolation of the data and information 
submitted, to support licensure under section 351(k) of the PHS Act of SB5 as a biosimilar for 
plaque psoriasis. 

US-licensed Humira has been widely used in clinical practice for about 18 years. Originally 
licensed for use in moderately to severely active RA, additional therapeutic indications were 
approved subsequently for U.S.-licensed Humira, including: treatment of patients with 
polyarticular JIA in patients aged 2 years or older, PsA, AS, PsO. The Applicant is seeking 
licensure for the following indications for SB5 (which have been previously approved for U.S.-
licensed Humira): 
x rheumatoid arthritis, 
x juvenile idiopathic arthritis (in patients 4 years and older), 
x ankylosing spondylitis, 
x adult Crohn’s disease, 
x ulcerative colitis,  
x plaque psoriasis, 
x psoriatic arthritis. 

The proposed presentations of 40 mg/0.8 mL are a single-dose autoinjector (HADLIMA 
PushTouch) and a single-dose pre-filled glass syringe.  Dosage and administration for pJIA is 
limited to patients who weigh 30 kg (66 pounds) or more. The proposed adult dosing and the 
recommended posology of SB5 are the same as those approved for U.S.-licensed Humira. 

US-licensed Humira is not approved for chronic moderate to severe plaque psoriasis in the 
pediatric population. 

For additional information on the clinical data submitted to support the indications evaluated in 
this application, please refer to the multidisciplinary review from the Division of Pulmonary, 
Allergy and Rheumatology Products (DPARP) for details of the submitted application. 

It is the Division’s conclusion that sufficient scientific justification is presented for use of SB5 in 
“the treatment for patients with chronic moderate to severe plaque psoriasis (PsO) who are 
candidates for systemic therapy or phototherapy.” 
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Introduction: 

On December 31, 2002, the reference product US-licensed Humira was licensed in the United 
States initially for adults for reducing signs and symptoms and inhibiting the progression of 
structural damage in adult patients with moderately to severely active rheumatoid arthritis who 
have had an inadequate response to one or more disease-modifying anti-rheumatic drugs 
(DMARDs).  Subsequently, US-licensed Humira was approved for adults with chronic moderate 
to severe plaque psoriasis who are candidates for systemic therapy or phototherapy on January 
18, 2008. Humira is available in many countries worldwide.  Samsung Bioepis Co., Ltd 
(Samsung) is developing SB5 as a proposed biosimilar to US-licensed Humira (adalimumab).  

US-licensed Humira (adalimumab) is a recombinant human IgG1 monoclonal antibody which 
binds to and inhibits human tumor necrosis factor-alpha (TNFα).  TNF-α is a naturally occurring 
cytokine that involved in normal inflammatory and immune responses considered to play an 
important role in pathologic inflammation.  Adalimumab blocks the biological function of TNF-
α by interacting with cell surface TNF-α receptors, and modulates biological responses induced 
or regulated by TNF-α. 

As part of the totality of the evidence to support a demonstration of biosimilarity, the clinical 
development program for SB5 was designed to evaluate whether no clinically meaningful 
differences exist between SB5 and US-licensed Humira.  This evaluation takes into account 
pharmacokinetics, efficacy, safety, and immunogenicity. 

The following controlled clinical studies  t provide the primary evidence, along with other data 
and information to establish the scientific bridge to support the relevance of clinical data 
generated using EU-approved Humira as the comparator, to support the determination of no 
clinically meaningful differences between SB5 and US-licensed Humira: 

x	 SB5-G11-NHV was a randomized, single-blind, 3-part, 2-period, 2-sequence, single-dose 
cross-over study in 189 healthy subjects. The objective was to assess 3-way PK similarity 
and safety, tolerability, and immunogenicity. The comparison products were SB5, EU-
approved Humira, and US-licensed Humira.  According to the Clinical Pharmacology 
reviewer, this study established the PK portion of the scientific bridge to support the 
relevance of data generated using EU-Humira as the comparator, and that the PK profiles 
are similar for SB5, US-Humira, and EU-Humira. In this study, the incidence of ADA 
formation by Day 71 was similar for SB5, EU-Humira, and US-Humira. 

x	 SB5-G31-RA was a randomized, double-blind, parallel-group, multi-center clinical study 
in 544 patients with moderate to severe RA despite MTX therapy.  Subjects were 
randomized either to SB5 or EU-approved Humira (1:1 randomization) at 40 mg S.C. 
weekly. The primary endpoint was ACR20 at Week 24.  According to DPARP Clinical 
and Clinical Pharmacology reviewers, the results from this study demonstrated that SB5 
and EU-approved Humira have similar PK, efficacy and safety, and immunogenicity after 
multiple doses of either product.   

x SB5-G12-NHV was a randomized, open-labeled, two-arm, parallel-group, single dose 
study in 190 healthy subjects to compare the PK, safety and tolerability of SB5 
administered using either the pre-filled syringe (PFS) or auto-injector (AI) presentations.  
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Subjects were given a single dose of SC 40 mg SB5 randomized (1:1) to PFS or AI 
groups.  Subjects were observed for 57 days for PK, safety and tolerability.  This single-
dose study demonstrated that SB5 PK was comparable using the PFS and AI. 
Immunogenicity was not assessed in this PK study. 

Safety considerations for US-Humira include a boxed warning and multiple Warnings and 
Precautions.  Malignancy including lymphoproliferative disorders, serious and opportunistic 
infections, invasive fungal infections including tuberculosis, and neurologic, hematologic and 
hypersensitivity reactions are among the serious or lethal adverse events which have been 
reported. 

Safety was reviewed for the following groups: 
x All subjects exposed to SB5 or EU-approved Humira during Weeks 0 to 24 
x All subjects exposed to SB5 or EU-approved Humira during Weeks 0 to 52, excluding 

post-transition data for those who transitioned to SB5 
x All subjects originally randomized to EU-approved Humira then re-randomized and 

exposed to SB5 or EU-approved Humira, Weeks 24 to 52 

Additional long-term safety and immunogenicity data were collected in the 52-week extension in 
patients who completed SB5-G31-RA. The extension period consisted of 48 weeks of active 
treatment and 4 weeks of safety follow-up to evaluate the long-term safety, tolerability, 
immunogenicity and efficacy of SB5 in patients with RA treated previously with SB5 or EU-
approved Humira.  The incidence of ADA was comparable for SB5 and EU-Humira through the 
study and transition-extension periods. 

No differences in expected safety or adverse events that are relevant to the PsO population were 
noted in the three clinical studies using SB5, US-Humira or EU-Humira. 

Extrapolation for the Plaque Psoriasis indication: 

Samsung conducted a comparative clinical study with SB5 in patients with RA. Samsung is also 
seeking licensure for other indications for which US-licensed Humira has been previously 
licensed, including plaque psoriasis. 

If a biological product meets the statutory requirements for licensure as a biosimilar biological 
product under section 351(k) of the PHS Act based on, among other things, data derived from a 
clinical study or studies sufficient to demonstrate safety, purity and potency in an appropriate 
condition of use, the applicant may seek licensure for one or more additional conditions of use 
for which the reference product has been previously licensed. However, the applicant would need 
to provide sufficient scientific justification for extrapolating data and information to support a 
determination of biosimilarity for each non-studied condition of use for which licensure is 
sought. 

Such scientific justification for extrapolation should address, for example, the following 
issues for the studied and extrapolated conditions of use: 
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x The mechanism(s) of action (MOA) in each condition of use for which licensure is 
sought 

x The pharmacokinetics (PK) and bio-distribution of the product in different patient 
populations 

x The immunogenicity of the product in different patient populations 
x Differences in expected toxicities in each condition of use and patient population 
x Any other factor that may affect the safety or efficacy of the product in each condition of 

use and patient population for which licensure is sought 

Consistent with the principles above and as outlined in FDA guidance1, the Applicant has 
provided sufficient scientific justification to support licensure of SB5 as biosimilar to U.S.-
licensed Humira for the non-studied plaque psoriasis indication through the use of extrapolation. 
x The primary mechanism of action (MOA) of US-licensed Humira is direct binding and 

blocking of TNF receptor-mediated biological activities. US-licensed Humira binds to 
both soluble (s) and transmembrane (tm) TNF, thus blocking TNF binding to its receptors 
TNFR1 and TNFR2 and the resulting downstream pro-inflammatory cascade of events. 
The scientific literature indicates that this MOA is the primary MOA in RA as well as in 
PsO. The data provided by Samsung showed similar TNF binding and potency to 
neutralize TNFα, supporting that U.S.-licensed Humira and SB5 have the same MOA. 

x	 The publicly available data submitted by the Applicant on US-licensed Humira do not 
indicate any major differences in PK between the RA and plaque psoriasis disease states. 
Because similar PK was demonstrated between SB5 and US-licensed Humira, a similar 
PK profile would be expected for SB5 in patients with chronic moderate to severe plaque 
psoriasis. 

x	 No differences in expected toxicities that are relevant to the plaque psoriasis population 
were noted between the SB5 product and the EU-approved Humira arms in the clinical 
studies. Because Samsung established an adequate scientific bridge to US-licensed 
Humira, no differences in toxicities are expected between SB5 and US-licensed Humira. 

x	 In the current US-licensed Humira labeling, it is stated that the immunogenicity rate was 
8% for plaque psoriasis patients who were treated with HUMIRA monotherapy.  
According to the clinical immunogenicity analysis, the SB5 incidence of ADA was 8.2% 
which was similar to ADA results for US-licensed Humira and EU-approved Humira.2 

Therefore, it is reasonable to conclude that immunogenicity in plaque psoriasis patients 
receiving SB5 would be similar to that observed in plaque psoriasis patients receiving 
US-licensed Humira. 

1 FDA Guidance for Industry, “Scientific Considerations in Demonstrating Biosimilarity to a Reference Product”, April 
2015, available at: https://www.fda.gov/media/82647/download 
2 See BLA 761059 SB5 Multidisciplinary Review, Section 6.4. 
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Overall Conclusion: 

DDDP has determined that the applicant has provided sufficient scientific justification to support 
extrapolation of data and information submitted by the applicant to support licensure under 
section 351(k), of SB5 as a biosimilar for the treatment of moderate to severe plaque psoriasis in 
patients who are candidates for systemic or phototherapy for which US-licensed Humira has 
been previously approved.  
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Medical Officer Review
	
Division of Gastroenterology and Inborn Errors Products of BLA 761059
	

Application Type: 351(k) BLA 761,059 

Drug: SB51 [HADLIMA, adalimumab-bwwd, a proposed 
biosimilar to US licensed Humira (adalimumab)] 

Applicant: Samsung Bioepis Co., Ltd. 
Route of Administration: Injection for Subcutaneous use 
Pharmacologic Class: TNF-α antagonist 
Submission Date: July 23, 2018 
BSUFA Date: July 23, 2019 
DGIEP Clinical Reviewer / 
Team Leader: Anil Rajpal, MD, MPH 

DGIEP Associate Director: Jessica Lee, MD, MMSc 

Proposed Indications 

Rheumatoid Arthritis (RA): Reducing signs and symptoms, inducing major clinical 
response, inhibiting the progression of structural damage, and improving physical 
function in adult patients with moderately to severely active RA. 

Juvenile Idiopathic Arthritis (JIA): Reducing signs and symptoms of moderately to 
severely active polyarticular JIA in patients 4 years of age and older. 

Psoriatic Arthritis (PsA): Reducing signs and symptoms, inhibiting the progression of 
structural damage, and improving physical function in adult patients with active PsA. 

Ankylosing Spondylitis (AS): Reducing signs and symptoms in adult patients with active 
AS. 

Adult Crohn’s Disease (adult CD): Reducing signs and symptoms and inducing and 
maintaining clinical remission in adult patients with moderately to severely active 
Crohn’s disease who have had an inadequate response to conventional therapy. 
Reducing signs and symptoms and inducing clinical remission in these patients if they 
have also lost response to or are intolerant to infliximab products. 

Ulcerative Colitis (UC): Inducing and sustaining clinical remission in adult patients with 
moderately to severely active ulcerative colitis who have had an inadequate response to 
immunosuppressants such as corticosteroids, azathioprine or 6- mercaptopurine (6-

1 In this document, I generally refer to Samsung Bioepis’ proposed product by the Samsung Bioepis descriptor “SB5” 
which was the name used to refer to this product during development.  The proposed proprietary name (HADLIMA) 
and the proposed nonproprietary name (adalimumab-bwwd) are only conditionally accepted for this product until the 
application is approved. 
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MP). The effectiveness of adalimumab products has not been established in patients 
who have lost response to or were intolerant to TNF blockers. 

Plaque Psoriasis (PsO): The treatment of adult patients with moderate to severe chronic 
plaque psoriasis who are candidates for systemic therapy or phototherapy, and when 
other systemic therapies are medically less appropriate. 

Executive Summary 

The Division of Gastroenterology and Inborn Errors Products concludes that the 
Applicant provided adequate scientific justification (based on mechanism of action, PK, 
immunogenicity, and toxicity) to support extrapolation of data and information submitted, 
including clinical data from the studied population (rheumatoid arthritis), to support 
licensure of SB5 as a biosimilar, under section 351(k) of the PHS Act, for the 
inflammatory bowel disease indications (ulcerative colitis and adult Crohn’s disease2). 

Introduction 

On July 23, 2018, Samsung Bioepis submitted a biologics license application (BLA) 
under section 351(k) of the Public Health Service (PHS) Act for SB5, a proposed 
biosimilar to US-licensed Humira (adalimumab). Humira received marketing approval in 
the US on December 31, 2002. 

In support of the current BLA, the Applicant provided clinical study data collected from 
healthy subjects and patients with rheumatoid arthritis (RA). The Applicant submitted a 
PK similarity study (SB5-G11-NHV) assessing 3-way PK similarity between SB5, EU-
approved Humira, and US-licensed Humira (based on pairwise comparisons of SB5 to 
US-licensed Humira, SB5 to EU-approved Humira, and EU-approved Humira to US-
licensed Humira) in healthy subjects. In addition, the Applicant submitted the results of 
one comparative clinical study (SB5-G31-RA) using SB5 and EU-approved Humira in 
patients with moderate to severe rheumatoid arthritis (RA). Supportive PK, safety, and 
immunogenicity data were provided from Study SB5-G12-NHV (a single dose study 
comparing SB5 administered by an auto-injector vs. a pre-filled syringe).  Supportive 
clinical data were provided by Study SB5-G21-RA (an open-label single-arm study 
comparing injection site pain after two SB5 doses administered every other week by a 
pre-filled syringe to injection site pain after four additional SB5 doses administered 
every other week by an auto-injector). See Table 1 below. 

The inflammatory bowel disease (IBD) indications were not directly studied in the SB5 
clinical program. For additional information on the clinical studies in RA, please refer to 
the multidisciplinary review from the Division of Pulmonary, Allergy and Rheumatology 
Products (DPARP). 

2 The Applicant did not provide a scientific justification for extrapolation for pediatric Crohn’s disease and is not 
requesting licensure for this indication; US-licensed Humira has unexpired orphan drug exclusivity for this indication. 
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Table 1. Overview of SB5 Clinical Program
	
Study ID Design Objective Subjects Dose Treatments 
Pivotal Clinical Pharmacology Study 

SB5-G11-NHV R, SB, SD, 
3-arm, PG 

PK, 
immunogenicity, 
safety 

Healthy subjects 
(n=189) 40 mg SC 

SB5 (n=63) 
EU Humira (n=63) 
US Humira (n=63) 

Comparative Clinical Study 

SB5-G31-RA R, DB, MC, 
PG 

Efficacy, safety, 
immunogenicity, 
PK 

Patients with 
rheumatoid arthritis 
(n=545) 

40 mg SC 
EOW 

SB5 (n=271) 
EU Humira (n=273) 

Supportive Clinical Pharmacology Study 

SB5-G12-NHV R, OL, SD, 
2-arm, PG 

PK, 
immunogenicity, 
safety 

Healthy subjects 
(n=190) 40 mg SC SB5 PFS (n=95) 

SB5 AI (n=95) 

Supportive Clinical Study 

SB5-G21-RA OL single-
arm 

Injection site 
pain 
assessment 

Patients with 
rheumatoid arthritis 
(n=49) 

40 mg SC 
EOW 

SB5 PFS EOW X2 
followed by SB5 AI 
EOW X 4 (n=49) 

R: randomized; SB: single blind; DB: double blind; EOW: every other week; OL: open label; PG: parallel group; TP:  
treatment period; SD: single dose; MC: multicenter; SC: subcutaneous; PFS:  pre-filled syringe; AI: autoinjector. 
Source: BLA 761059, Module 2.5 

Extrapolation of Existing Data to Support Biosimilarity to IBD Indications 

The Applicant conducted a comparative clinical study with their product in patients with 
RA, and seeks licensure for the RA, JIA (in patients 4 years of age and older), PsA, AS, 
adult CD, and UC indications, all for which US-licensed Humira has been previously 
approved. 

The collective evidence from the comparative clinical study supports a demonstration of 
no clinically meaningful differences between SB5 and US-licensed Humira in the 
studied indication (RA), as the applicant established an appropriate scientific bridge 
comprised of comparative PK and analytical data for SB5, US-licensed Humira, and EU-
approved Humira. For additional information on the clinical studies in RA, please refer 
to the multidisciplinary review from the Division of Pulmonary, Allergy and 
Rheumatology Products (DPARP). However, the Applicant needs to provide sufficient 
justification for extrapolating data and information submitted in the application to support 
licensure of SB5 as a biosimilar for each condition of use for which licensure is sought 
and for which US-licensed Humira has been previously approved. 

The scientific justification for extrapolation should consider the following issues that are 
described in the FDA Scientific Considerations in Demonstrating Biosimilarity to a 
Reference Product Guidance:3 

3 FDA Guidance for Industry, “Scientific Considerations in Demonstrating Biosimilarity to a Reference Product”, April 
2015, available at: 
https://www.fda.gov/media/82647/download 
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•	 The mechanism(s) of action (MOA) in each condition of use for which licensure is 
sought; 

•	 The pharmacokinetics (PK) and bio-distribution of the product in different patient 
populations; 

•	 The immunogenicity of the product in different patient populations; 
•	 Differences in expected toxicities in each condition of use and patient population; 

and 
•	 Any other factor that may affect the safety or efficacy of the product in each 

condition of use and patient population for which licensure is sought. 

All of these factors were adequately addressed by the Applicant, as summarized below, 
for the IBD indications. The totality of the evidence provides support for licensure of SB5 
for the IBD indications (ulcerative colitis and adult Crohn’s disease) under section 
351(k) of the PHS Act. It should be noted that the Applicant did not provide a scientific 
justification for extrapolation for pediatric Crohn’s disease and is not requesting 
licensure for this indication; US-licensed Humira has unexpired orphan drug exclusivity 
for this indication. 

Mechanism of Action 

The mechanisms of action of adalimumab that are relevant for RA (the comparative 
clinical study population) are also relevant to IBD. The Applicant provided data to 
support that SB5 has the same known and potential mechanisms of action as US-
licensed Humira, which support extrapolation to these other indications. 

The primary mechanism of action of adalimumab is direct binding of TNF-α, resulting in 
blockade of TNF-α receptor-mediated activities. Adalimumab blocks both TNFR1 and 
TNFR2 receptors by binding both soluble(s) and transmembrane(tm) TNF-α. In addition, 
adalimumab has mechanisms of action involving the Fc region of the antibody which are 
thought to be plausible mechanisms involved in the efficacy of adalimumab for the 
treatment of IBD. See a list of known and potential mechanisms of US-licensed Humira 
related to its efficacy in the treatment of IBD (Table 2, below).  Similar to the directly 
studied indication (RA), TNF-α plays a central role in the pathology experienced by 
patients with IBD. TNF-α inhibition plays an important role in treating these diseases as 
evidenced by the efficacy of the TNF-α inhibitor class of medications in treating IBD. 
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Table 2. Known and Potential Mechanisms of Action of US-Humira
	
MOA of US-Humira RA AS PsA PsO CD UC 

Mechanisms involving the Fab (antigen binding) region: 
Blocking TNFR1 and TNFR2 activity 
via binding and neutralization of 
s/tmTNF 

Known Known Known Known Likely Likely 

Reverse (outside-to-inside) signaling 
via binding to tmTNF 

- - - - Likely Likely 

Mechanisms involving the Fc (constant) region: 
Induction of CDC on tmTNF-
expressing target cells (via C1q 
binding) 

- - - - Plausible Plausible 

Induction of ADCC on tmTNF-
expressing target cells (via 
FcγRIIIa binding expressed on 
effector cells) 

- - - - Plausible Plausible 

Induction of regulatory 
macrophages in mucosal 
healing 

- - - - Plausible Plausible 

ADCC: antibody-dependent cellular cytotoxicity; AS: ankylosing spondylitis; CD: Crohn’s disease; CDC: complement-
dependent cytotoxicity; MOA: mechanism of action; PsA: psoriatic arthritis; PsO: plaque psoriasis; RA: rheumatoid 
arthritis; UC: ulcerative colitis; sTNF: soluble TNF; tmTNF: transmembrane TNF 

Source: FDA summary of current literature on the topic of mechanisms of action of TNF inhibitors4,5,6 

The Product Quality reviewers have concluded that the Applicant has adequately 
addressed each of the known mechanisms of action of US-licensed Humira, and has 
also addressed potential mechanisms of action. Specifically, the Applicant provided 
data to demonstrate that s/tm TNF-α binding, blocking of TNFR1 and TNFR2 activity, 
and the potential Fc region-mediated mechanisms of action are similar between SB5 
and US-licensed Humira. These data support the conclusion that SB5 and US-licensed 
Humira utilize the same mechanism or mechanisms of action, to the extent such 
mechanism or mechanisms of action are known, for US-licensed Humira. 

Pharmacokinetics (PK) 

Study SB5-G11-NHV was a single-dose, comparative PK, and safety study of SB5, US-
licensed Humira, and EU-approved Humira conducted in healthy subjects planned to 
demonstrate 3-way PK similarity of the commercial formulation of SB5, US-licensed and 
EU-approved Humira. It should be noted that establishment of a scientific bridge to US-
licensed Humira was necessary to justify the relevance of clinical data generated using 
EU-approved Humira in the SB5 developmental program which were used to support an 
assessment of biosimilarity with US-licensed Humira. 

In addition, the single comparative clinical study, Study SB5-G31-RA, collected PK 
information, including an immunogenicity assessment. 

The clinical pharmacology reviewers concluded that the results of Study SB5-G11-NHV 
established 3-way PK similarity between SB5, US-licensed Humira and EU-approved 

4 Oikonomopoulos A et al., Current Drug Targets, 2013, 14, 1421-1432.
	
5 Tracey D et al., Pharmacology & Therapeutics 117 (2008) 244–279.
	
6 Olesen, C.M, et.al., Pharmacology & Therapeutics 159 (2016), 110-119.
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Humira in healthy subjects. The publicly available data submitted by the Applicant on 
US-licensed Humira do not indicate any major differences in PK based on disease state 
for the indications for which the Applicant is seeking licensure. Therefore, it is 
reasonable to conclude that a similar PK profile for SB5 is expected between RA 
patients (the studied population) and IBD patients. In addition, it should be noted that 
the PK of adalimumab products is also influenced by immunogenicity, which is 
discussed further below. 

Immunogenicity 

Immunogenicity was evaluated in populations that were considered sensitive for 
detecting meaningful differences (RA and healthy subjects). Immunogenicity was found 
to be similar when comparing SB5, EU-approved Humira, and US-licensed Humira in 
the PK similarity study conducted in healthy subjects, SB5-G11-NHV, and between SB5 
and EU-approved Humira in the comparative clinical study conducted in patients with 
RA, SB5-G31-RA. Specifically, the frequency of anti-drug antibody (ADA) positive 
subjects, the time course of ADA development, and median ADA titer values were found 
to be similar. These results support a demonstration of no clinically meaningful 
differences between SB5 and US-licensed Humira . Therefore, it is reasonable to 
conclude that immunogenicity in IBD patients receiving SB5 would be similar to that 
observed in IBD patients receiving US-licensed Humira. 

Toxicity 

The primary assessment of adverse events was done using data from the comparative 
PK and safety study of single dose SB5 (Study SB5-G11-NHV) and the comparative 
clinical study conducted in patients with RA (Study SB5-G31-RA).  In controlled clinical 
studies of US-licensed Humira submitted to support its approval, as described in the 
approved labeling, the types of adverse events and their rates were similar across 
indications. Given the similar product quality attributes, PK, and immunogenicity, there 
is no reason to expect that the safety profile in the IBD population would be different 
from that demonstrated in the RA population. 

Conclusion 

Consistent with the principles of the FDA Guidance4 outlined above, the applicant 
provided sufficient scientific justification (based on the mechanism of action, PK, 
immunogenicity and toxicity profile), and sufficient information, including clinical data 
from the studied population, to support licensure of SB5 for the inflammatory bowel 
disease indications (ulcerative colitis and adult Crohn’s disease). 
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	1. Executive Summary 
	1. Executive Summary 
	Product Introduction 
	Product Introduction 
	Figure

	Samsung (also referred to as “applicant” in this review) has submitted a biologic license application (BLA) under section 351(k) of the Public Health Service Act (PHS Act) for SB5 as a proposed biosimilar to US-Humira (adalimumab).   
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	SB5 is a fully human anti-dE&ɲ /Ő'ϭ ŵŽŶŽĐůŽŶĂů ĂŶƚŝďŽĚǇ ƉƌŽĚƵĐĞĚ ŝŶ cells using recombinant DNA technology. It is proposed as a biosimilar to US-Humira. SB5 binds to TNF-ɲ͕ ďůŽĐŬƐ ŝƚƐ ŝŶƚĞƌĂĐƚŝŽŶ ǁŝƚŚ ƚŚĞ Ɖϱϱ ĂŶĚ Ɖϳϱ ĐĞůů ƐƵƌĨĂĐĞ dE& ƌĞĐĞƉƚŽƌƐ ĂŶĚ ŶĞƵƚƌĂůŝǌĞƐ its biological function. 
	Figure
	Samsung is seeking licensure of SB5 for the following indications for which US-Humira has been previously approved: 1) Rheumatoid Arthritis (RA): 
	x. Reducing signs and symptoms, inducing major clinical response, inhibiting the progression of structural damage, and improving physical function in adult patients with moderately to severely active RA. 
	2) Juvenile Idiopathic Arthritis (JIA): x Reducing signs and symptoms of moderately to severely active polyarticular JIA in patients 4 years of age and older. 3) Psoriatic Arthritis (PsA): x Reducing signs and symptoms, inhibiting the progression of structural damage, and improving physical function in adult patients with active PsA. 4) Ankylosing Spondylitis(AS): x Reducing signs and symptoms in adult patients with active AS. 5) Adult Crohn’s Disease (adult CD): 
	x. Reducing signs and symptoms and inducing and maintaining clinical remission in adult patients with moderately to severely active Crohn’s disease who have had an inadequate response to conventional therapy. Reducing signs and symptoms and inducing clinical remission in these patients if they have also lost response to or are intolerant to infliximab products. 
	6) Ulcerative Colitis (UC): 
	x. Inducing and sustaining clinical remission in adult patients with moderately to severely active ulcerative colitis who have had an inadequate response to immunosuppressants such as corticosteroids, azathioprine or 6-mercaptopurine (6-MP). The effectiveness of adalimumab products has not been established in patients who have lost response to or were intolerant to TNF blockers. 
	7) Plaque Psoriasis (PsO): 
	x. The treatment of adult patients with moderate to severe chronic plaque psoriasis who are candidates for systemic therapy or phototherapy, and when other systemic therapies are medically less appropriate. 
	Although the Division of Pulmonary, Allergy, and Rheumatology Products (DPARP) is the lead division for this application and provided the written clinical review, clinical input pertaining to their respective indications was obtained from the Division of Gastroenterology and Inborn Errors Products (DGIEP), and the Division of Dermatology and Dental Products (DDDP) during the course of the review. 
	 For purposes of this review, the proposed product is referred to by the applicant’s descriptor SB5, which was the name used to refer to this product during development. 
	 For purposes of this review, the proposed product is referred to by the applicant’s descriptor SB5, which was the name used to refer to this product during development. 
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	Determination Under Section 351(k)(2)(A)(ii) of the PHS Act 
	Determination Under Section 351(k)(2)(A)(ii) of the PHS Act 
	Figure

	Not applicable. 

	Mechanism of Action, Route of Administration, Dosage Form and Strength Assessment 
	Mechanism of Action, Route of Administration, Dosage Form and Strength Assessment 
	Figure

	SB5 binds specifically to TNF-alpha and block its interaction with the p55 and p75 cell surface TNF receptors. SB5 also lyses surface TNF expressing cells in vitro in the presence of complement. SB5 does not bind or inactivate lymphotoxin (TNF-beta). TNF is a naturally occurring cytokine that is involved in normal inflammatory and immune responses. Elevated levels of TNF are found in the synovial fluid of patients with RA, JIA, PsA, and AS and play an important role in both the pathologic inflammation and t
	SB5 product is a sterile liquid solution with the following proposed presentations: xAutoinjector (Hadlima PushTouch)  Injection: 40 mg/0.8 mL in a single-dose prefilled autoinjector 
	xPrefilled syringe .Injection: 40 mg/0.8 mL in a single-dose prefilled glass syringe .

	Facilities 
	Facilities 
	Figure

	FDA’s Office of Process and Facilities (OPF) conducted an assessment of the manufacturing facilities for this BLA. 
	 is responsible for drug substance (DS) manufacturing. A pre-license inspection (PLI) was conducted from This inspection was system-based and covered Quality, Laboratory, Raw Materials, Facilities and Equipment, and Production Systems.  A 6-item Form FDA 483, Inspectional Observations was 
	 is responsible for drug substance (DS) manufacturing. A pre-license inspection (PLI) was conducted from This inspection was system-based and covered Quality, Laboratory, Raw Materials, Facilities and Equipment, and Production Systems.  A 6-item Form FDA 483, Inspectional Observations was 
	Figure
	Figure

	issued to the firm at the end of the inspection. Refer to the EIR or the Form FDA 483 for a list of the 483 observations. Deficiencies were adequately addressed in the firm’s responses to the Form FDA-483, Inspectional Observations. The inspection was classified as voluntary action indicated (VAI).  

	 and analytical similarity testing. A PLI was conducted from 11/12/2018 to 11/14/2018. The profile covered was CTL. No Form FDA 483, Inspectional Observations was issued to the firm at the end of the inspection. The inspection was classified as no action indicated (NAI).  
	Samsung Bioepis Co., Ltd. (FEI: 3010031951) in South Korea is responsible for QC in-process testing on
	 is responsible for drug product (DP) manufacturing. A PLI was conducted from This inspection was a system-
	based covered Quality, Laboratory, Raw Materials, Facilities and Equipment, and Production Systems. A 6-item Form FDA 483, Inspectional Observations was issued to the firm at the end of the inspection. Refer to the EIR or the Form FDA 483 for a list of the 483 observations.  The deficiencies were adequately addressed in the firm’s responses to the Form FDA-483, Inspectional Observations. The inspection was classified as VAI.  
	The OPF team recommended that BLA 761059 be approved from the standpoint of facilities assessment. The CDRH Office of Compliance also recommended approval of this application.  I concur with these recommendations. 

	Scientific Justification for Use of a Non-U.S.-Licensed Comparator Product 
	Scientific Justification for Use of a Non-U.S.-Licensed Comparator Product 
	Figure

	Samsung provided adequate data to establish the scientific bridge to justify the relevance of data generated from the comparative clinical study SB5-G31-RA, which used EU-Humira as the comparator, to the assessment of biosimilarity: 
	x-.The Office of Pharmaceutical Products, OPQ, CDER has determined, and I agree, that based on the data provided by the Applicant, the analytical component of the scientific bridge between SB5, US-Humira, and EU-Humira was established. 
	Annot

	x. The Office of Clinical Pharmacology (OCP) has determined, and I agree, that based on the data provided by the Applicant, the PK data establish the PK component of the scientific bridge . 

	Biosimilarity Assessment 
	Biosimilarity Assessment 
	Figure

	Table 1. Summary and Assessment of Biosimilarity 
	Analytical Studies: The Office of Pharmaceutical Products, OPQ, CDER has concluded, and I concur, that: 
	Analytical Studies: The Office of Pharmaceutical Products, OPQ, CDER has concluded, and I concur, that: 
	Analytical Studies: The Office of Pharmaceutical Products, OPQ, CDER has concluded, and I concur, that: 

	Summary of Evidence 
	Summary of Evidence 
	x SB5 is highly similar to US Humira notwithstanding minor differences in clinically inactive components x SB5 prefilled syringe and autoinjector each have the same strength as that of US-Humira (40 mg/0.8 mL) x The analytical component of the scientific bridge between SB5, US-Humira, and EU-Humira was established to support the relevance of the data generated from studies using EU-Humira as the comparator to the assessment of biosimilarity 

	Residual Uncertainties and Outcome 
	Residual Uncertainties and Outcome 
	x There are no residual uncertainties from the product quality assessment 

	Animal Studies: The Pharmacology and Toxicology team concluded, and I agree, that: 
	Animal Studies: The Pharmacology and Toxicology team concluded, and I agree, that: 

	Summary of Evidence 
	Summary of Evidence 
	x The SB5 nonclinical development program was considered adequate to support clinical development x The information in the pharmacology/toxicology assessment support the determination of biosimilarity 

	Residual Uncertainties and Outcome 
	Residual Uncertainties and Outcome 
	x There are no residual uncertainties from the pharmacology/toxicology assessment 


	Clinical Studies: The Clinical Pharmacology, Clinical, and Statistial teams concluded, and I agree, that: 
	Clinical Studies: The Clinical Pharmacology, Clinical, and Statistial teams concluded, and I agree, that: 
	Clinical Studies: The Clinical Pharmacology, Clinical, and Statistial teams concluded, and I agree, that: 

	Summary of Evidence 
	Summary of Evidence 
	x PK similarity has been demonstrated across SB5, US-Humira, and EU-Humira in the 3-way PK similarity study (Study SB5-G11-NHV) x Study SB5-G11-NHV established the PK portion of the scientific bridge to support the relevance of the data generated using EU- Humira as the comparator in the comparative clinical study SB5-G31-RA to the assessment of biosimilarity x In SB5-G31-RA, the were no meaningful differences in terms of efficacy between SB5 and EU-Humira, and the frequency of treatment emergent adverse ev
	-


	Residual Uncertainties and Outcome 
	Residual Uncertainties and Outcome 
	x There were no residual uncertainties from clinical pharmacology, clinical, or statistical perspective regarding the demonstration of no clinically meaningful differences between SB5 and US-Humira 


	Extrapolation of Data to Support Licensure as a Biosimilar: 
	Extrapolation of Data to Support Licensure as a Biosimilar: 
	Extrapolation of Data to Support Licensure as a Biosimilar: 

	Summary of Evidence 
	Summary of Evidence 
	x DGIEP, DDDP, and DPARP teams have determined that the applicant has provided adequate scientific justification (based on mechanism of action, PK, immunogenicity, and toxicity) to support extrapolation of data and information submitted, including clinical data from the studied population (RA), to support licensure of SB5 as a biosimilar, under section 351(k) of the PHS Act, for the following indications for which US-licensed Humira has been previously approved: o Treatment of inflammatory bowel disease ind

	Residual Uncertainties and Outcome 
	Residual Uncertainties and Outcome 
	x There were no residual uncertainties regarding the extrapolation of data and information to support licensure of SB5 as a biosimilar to US-Humira for the above indications 



	Conclusions on Licensure 
	Conclusions on Licensure 
	Figure

	In considering the totality of the evidence, the data submitted by the applicant show that SB5 is highly similar to US-Humira, notwithstanding minor differences in clinically inactive components, and that there are no clinically meaningful differences between SB5 and US-Humira in terms of the safety, purity, and potency of the product.  The applicant also provided adequate scientific justification for extrapolation of data and information to support licensure of SB5 for JIA in patients 4 years and older, Ps
	 The applicant did not provide a scientific justification for extrapolation for pediatric Crohn’s disease and is not requesting licensure for this indication; US-licensed Humira has unexpired orphan drug exclusivity for this indication. 
	 The applicant did not provide a scientific justification for extrapolation for pediatric Crohn’s disease and is not requesting licensure for this indication; US-licensed Humira has unexpired orphan drug exclusivity for this indication. 
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	is seeking licensure of SB5: RA, JIA in patients 4 years and older, PsA, AS, PsO, Adult CD, and UC and should be licensed.
	4 

	Author: 
	Nikolay Nikolov, M.D. .Cross-Discipline Team Leader (CDTL) and Designated Signatory .
	 The proposed SB5 labeling states: “Biosimilarity of HADLIMA has been demonstrated for the condition(s) of use 
	 The proposed SB5 labeling states: “Biosimilarity of HADLIMA has been demonstrated for the condition(s) of use 
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	2. Introduction and Regulatory Background 
	2. Introduction and Regulatory Background 
	Important Safety Issues with Consideration to US-Humira 
	Important Safety Issues with Consideration to US-Humira 
	Figure

	The US-Humira label (USPI) includes a boxed warning (see below) and several warnings and precautions, in particular serious infections, including tuberculosis and other opportunistic infections, and malignancies including non-melanoma skin cancer and lymphoproliferative disorders, which also apply to other TNF blockers. 
	US-Humira labeling’s boxed warning provides: 
	“SERIOUS INFECTIONS Patients treated with Humira are at increased risk for developing serious infections that may lead to hospitalization or death [….]. Most patients who developed these infections were taking concomitant immunosuppressants such as methotrexate or corticosteroids.  
	Discontinue HUMIRA if a patient develops a serious infection or sepsis. 
	Reported infections include: ͻ Active tuberculosis (TB), including reactivation of latent TB. Patients with TB have frequently presented with disseminated or extrapulmonary disease. Test patients for latent TB before Humira use and during therapy. Initiate treatment for latent TB prior to HUMIRA use. ͻ Invasive fungal infections, including histoplasmosis, coccidioidomycosis, candidiasis, aspergillosis, blastomycosis, and pneumocystosis. Patients with histoplasmosis or other invasive fungal infections may pr
	(e.g. indication(s), dosing regimen(s)), strength(s), dosage form(s), and route(s) of administration described in its Full Prescribing Information.” 
	Carefully consider the risks and benefits of treatment with HUMIRA prior to initiating 
	herapy in patients with chronic or recurrent infection. 
	Monitor patients closely for the development of signs and symptoms of infection during and after treatment with HUMIRA, including the possible development of TB in patients who tested negative for latent TB infection prior to initiating therapy […]. 
	MALIGNANCY Lymphoma and other malignancies, some fatal, have been reported in children andadolescent patients treated with TNF blockers including HUMIRA […]. Post-marketing cases of hepatosplenic T-cell lymphoma (HSTCL), a rare type of T-cell lymphoma, have been reported in patients treated with TNF blockers including HUMIRA. These cases have had a very aggressive disease course and have been fatal. The majority of reported TNF blocker cases have occurred in patients with Crohn's disease or ulcerative colit
	The warning and precautions section (section 5 of the USPI) lists other known safety issues with .Humira and other TNF blockers, including: .ͻ Serious infections, .
	ͻ Malignancies ͻ Neurologic reactions ) 
	ͻ Hematological reactions ͻ Concurrent use of anakinra 
	ͻ Heart failure, i.e. onset or worsening of congestive heart failure ͻ Autoimmunity, i.e. formation of autoantibodies and, rarely, development of a lupus-like syndrome ͻ Immunizations; patients on Humira may receive concurrent vaccinations, except for live vaccines 
	US-Humira use has been previously described as leading to the development of anti-drug antibody (ADA) formation in clinical studies, and according to the FDA-approved labeling for US-Humira, there was a trend toward higher adalimumab apparent clearance in the presence of anti-adalimumab antibodies, but no apparent correlation between the development of antiadalimumab antibodies and the occurrence of adverse events (AEs). In the published literature, however, anti-adalimumab antibodies are described to be as
	-


	Summary of Presubmission Regulatory Activity Related to Submission 
	Summary of Presubmission Regulatory Activity Related to Submission 
	Figure

	The Division had several interactions with the Applicant. 
	Under IND 118,299, the Applicant and the FDA had a Biosimilar Biological Product Development (BPD) Type 2 meeting on July 3, 2013. Several details on the Applicant’s PK similarity study and the comparative clinical study for SB5 were discussed at the meeting.  Some of the key points of the meeting were that the FDA agreed with the Sponsor’s human factors design validation study and the FDA recommended that the applicant perform a comprehensive risk analysis of the drug product by identifying use-related ris
	On May 4, 2016, the Applicant and the FDA had a BPD Type 4 meeting.  At that meeting the FDA communicated that the Applicant needed to address applicable PREA requirements for SB5.  The Applicant submitted an initial pediatric study plan (iPSP) on January 27, 2016.  The FDA agreed to the iPSP on August 25, 2016. 
	On August 29, 2016, the Applicant submitted the original BLA submission, BLA 761059, to seek , was not available for inspection, and a pre-license inspection would not be able to be performed prior to approval; therefore, the BLA was a refusal to file, and the Applicant resubmitted BLA 761059 on  July 23, 2018. 
	approval for SB5; however, the manufacturing site, 

	2.3. Studies and PubliclyAvailable Information Submitted by the Applicant 
	Table 2. SBS: Submitted Clinical Studies 
	Study NCT Study ObjectiveIdentity no. PK Similarity Study SBS-GllNCT021 Comparative NHV 44714 pharmacokinetics and safety of SBS, U.S.-Humira, and EU-Humira Comparative Clinical Study SBS-G31NCT021 Comparative clinical study RA 67139 between SBS and EU-Humira Other studies SBS-G12NCT023 Comparative NHV 26233 pharmacokinetics and safety of SBS Al and SBS PFS SBS-G21NCT025 To compare injection site pain RA 6810 of ABSAI and ABS PFS 
	Study NCT Study ObjectiveIdentity no. PK Similarity Study SBS-GllNCT021 Comparative NHV 44714 pharmacokinetics and safety of SBS, U.S.-Humira, and EU-Humira Comparative Clinical Study SBS-G31NCT021 Comparative clinical study RA 67139 between SBS and EU-Humira Other studies SBS-G12NCT023 Comparative NHV 26233 pharmacokinetics and safety of SBS Al and SBS PFS SBS-G21NCT025 To compare injection site pain RA 6810 of ABSAI and ABS PFS 
	Study NCT Study ObjectiveIdentity no. PK Similarity Study SBS-GllNCT021 Comparative NHV 44714 pharmacokinetics and safety of SBS, U.S.-Humira, and EU-Humira Comparative Clinical Study SBS-G31NCT021 Comparative clinical study RA 67139 between SBS and EU-Humira Other studies SBS-G12NCT023 Comparative NHV 26233 pharmacokinetics and safety of SBS Al and SBS PFS SBS-G21NCT025 To compare injection site pain RA 6810 of ABSAI and ABS PFS 
	Study Design Double-blind, randomized, parallel-group, active-controlled, three-way pairwise Double-blind, randomized, parallel-group, active-controlled Randomized, open-label, 2-arm, parallel-group, single-dose Open-label, single-arm 
	Study Population Healthy Subjects Patients with Rheumatoid arthritis Healthy subjects Patients with Rheumatoid Arthritis 
	Treatment Groups SB5:63 US-Humira: 63 EU-Humira: 63 SB5:271 EU-Humira: 273 SBS Al: 95 SBS PFS: 94 49 


	Abbreviations: Al=autoinjector, PFS=pre-filled syringe 
	Authors: .Raj Nair, M.D. Nikolay Nikolov, M.D. .Clinical Reviewer Clinical Team Leader .


	3. Clinical Studies: Ethics and Good Clinical Practice 
	3. Clinical Studies: Ethics and Good Clinical Practice 
	3.1. Submission Quality and Integrity 
	The data quality and integrity of the studies were acceptable. The amount of missing data was minimal and did not impact overall conclusions regarding biosimilarity. The BLA submission was in electronic common technical document (eCTD) format and was adequately organized. 
	Statistical Analysis of Clinical Data 
	Statistical Analysis of Clinical Data 
	Figure

	This statistical analyses use the data from the single comparative clinical study (SB5-G31-RA). The submitted datasets for this study were of acceptable quality and were adequately documented. The statistical reviewer was able to reproduce the results of primary and secondary efficacy analyses and perform additional analyses using the submitted datasets. For safety analyses, the statistical reviewer had several correspondences with the sponsor in order to obtain additional analyses and detailed documentatio
	The original statistical analysis plan (SAP), addendum, and final SAP were included with this submission. The addendum added analyses for the assessment of structural damage. The statistical analysis plan was not submitted to the FDA for review prior to data unblinding, however, according to the sponsor’s study report, the SAP was finalized and documented prior to the completion of the study and the final database lock.  
	A data safety monitoring board (DSMB) consisting of five members external to the sponsor met three times during the study to review blinded and unblinded safety and efficacy data, though 
	Figure
	prepared the unblinded data reports for each DSMB meeting. At FDA’s request, the sponsor submitted the DSMB charter and meeting minutes from the open and closed sessions. While it would be preferable that the unblinded statistician was entirely independent of involved companies, the conduct of the data review during the study appeared to be acceptable. 

	Compliance with Good Clinical Practices 
	Compliance with Good Clinical Practices 
	Figure

	All studies were conducted according to good clinical practices (GCP) as described in the ICH Guideline E6 and in accordance with the ethical principles outlined in the Declaration of Helsinki. The studies were conducted in compliance with the protocols. Informed consent, protocol, amendments, and administrative letters for the studies received Institutional Review Board/Independent Ethics Committee approval prior to implementation. Subjects signed informed consent documents. Written informed consent was ob

	Financial Disclosures 
	Financial Disclosures 
	Figure

	The Applicant has adequately disclosed financial arrangements with clinical investigators as recommended in the FDA guidance for industry on Financial Disclosure by Clinical Investigators. 
	The Applicant submitted FDA Form 3454 certifying investigators and their spouses/dependents were in compliance with 21 CFR part 54. No potentially conflicting financial interests were identified. (See attached Clinical Investigator Financial Disclosure Review form.)  
	Authors: 
	Raj Nair, M.D. Nikolay Nikolov, M.D. Clinical Reviewer     Clinical Team Leader 


	4. Summary of Conclusions of Other Review Disciplines 
	4. Summary of Conclusions of Other Review Disciplines 
	Chemistry, Manufacturing and Controls 
	Chemistry, Manufacturing and Controls 
	Figure

	The Office of Pharmaceutical Products, OPQ, CDER, recommends approval of BLA 761059 for SB5manufactured by Samsung Bioepis Co., Ltd. The OPQ team determined that the data submitted in this application are adequate to support the following conclusions: 
	x The manufacture of SB5 is well-controlled and leads to a product that is pure, potent, and safe x SB5 is highly similar to US- Humira notwithstanding minor differences in clinically inactive components x SB5 prefilled syringe and autoinjector each have the same strength as that of US-Humira (40 mg/0.8 mL) 
	x. The analytical component of the scientific bridge between SB5, US-Humira, and EU-Humira was established to support the relevance of the data generated from clinical studies using EU-Humira as the comparator to the assessment of biosimilarity. 

	Clinical Microbiology 
	Clinical Microbiology 
	Figure

	The microbial control and sterility assurance strategy is sufficient to support consistent manufacture of a sterile product. The BLA is recommended for approval from a sterility assurance and microbiology product quality perspective.  

	Devices 
	Devices 
	Figure

	SB5 drug product is a sterile liquid solution with the following proposed presentations: xAutoinjector (Hadlima PushTouch)  Injection: 40 mg/0.8 mL in a single-dose prefilled autoinjector xPrefilled syringe Injection: 40 mg/0.8 mL in a single-dose prefilled glass syringe 
	Container closure: The primary container closure system is a 1mL clear 
	glass prefilled 
	glass prefilled 
	Figure

	syringe (PFS) stainless steel staked needle, rigid needle shield, and a rubber plunger stopper. The Safety PFS consists of a PFS assembled into the secondary packaging components: safe-shield body, finger flange, and plunger rod. 

	The AI consists of a PFS assembled into device components, front and rear subassemblies, which have no contact with the product and are not sterile.  
	4.3.1. Center for Devices and Radiological Health (CDRH) 
	4.3.1. Center for Devices and Radiological Health (CDRH) 
	CDRH recommends approval based on assessment of device constituent with a post-approval inspection of 
	Figure

	 the autoinjector manufacturing site. 
	4.3.2. Division of Medication Error Prevention and Analysis (DMEPA) 
	4.3.2. Division of Medication Error Prevention and Analysis (DMEPA) 
	SB5 is a proposed combination product, with two proposed presentations, a pre-filled syringe (PFS) and autoinjector (AI) (PushTouch). To support the proposed presentations, the Applicant has submitted product quality, clinical pharmacology, and device data, reviewed elsewhere in this document. In addition, the Applicant provided a Use-Related Risk Analysis (URRA) and human factor (HF) data to support the use of these devices in the intended patient populations, which were reviewed by DMEPA.  
	Based on the available data within the submitted HF study results reports, DMEPA noted that some areas of the Instructions for Use (IFU) that should be revised from a medication error perspective. Given that the modifications are intended to add clarity and/or emphasis to the IFU, the DMEPA review team concluded, and I agree, that these do not require additional human factors (HF) validation data.  These changes were incorporated in the product labeling.  
	Further, based on the URRA and the full comparative analyses, DMEPA team determined, and I agree, that additional data would not be needed to support the usability of the SB5 PFS. 
	With regards to the SB5 AI presentation, DMEPA finds that no additional HF data was necessary for the adult populations. With respect to the pediatric/adolescent JIA patients, the DMEPA team disagreed with the Applicant’s justification for not needing HF validation studies in that patient population for the AI presentation and deferred to DPARP on addressing this data gap and determining the appropriate labeling for this user group. 
	DPARP acknowledges the DMEPA assessment and recommendations. However, in reviewing the DMEPA recommendations, DPARP also considered the following: x Irrespective of whether the patient is an adult with RA or a JIA patent, it is expected that the patient will only self-administer SB5 when willing to do so, having received 
	appropriate training, and having demonstrated the ability to self-inject.  This is explicitly stated in the product labeling, Section 2. Dosage and Administration.  
	HADLIMA is intended for use under the guidance and supervision of a physician. A patient may self-inject HADLIMA or a caregiver may inject HADLIMA using either the HADLIMA PushTouch or HADLIMA prefilled syringe if a physician determines that it is appropriate, and with medical follow-up, as necessary, after proper training in subcutaneous injection technique. 
	Additional instructions are included in Section 17.  Patient Counseling Information. 
	Considering the above contextual information, DPARP concludes that no additional HF studies are needed in JIA for this application and the current labeling is appropriate and sufficient to ensure the safe and effective use of both the SB5 PFS and SB5 AI when used as labeled. 



	Office of Study Integrity and Surveillance (OSIS) 
	Office of Study Integrity and Surveillance (OSIS) 
	Figure

	The biopharmaceutical inspection was requested for both clinical site and bioanalytical site of Study SB5-G11-NHV. OSIS declined to conduct biopharmaceutical inspection and recommended accepting data for Agency review based on the recent inspectional history of the site. For more detailed information, refer to the review memo by Dr. Angel Johnson dated October 09, 2018. 

	Office of Scientific Investigations (OSI) 
	Office of Scientific Investigations (OSI) 
	Figure

	Two clinical sites were selected for inspections for protocol SB5-G31-RA.  The study data derived from the clinical sites, based on inspections, were considered reliable and the studies in support of this application appear to have been conducted adequately.  At the time of this review, the final classification for both sites is No Action Indicated (NAI).  For further details, please see Dr. Lu’s Clinical Inspection Summary dated March 1, 2019 and Dr. Ayalew’s inspection summary dated April 5, 2019. 
	Author: 
	Nikolay Nikolov, M.D. CDTL 


	5. Nonclinical Pharmacology and Toxicology Evaluation and Recommendations 
	5. Nonclinical Pharmacology and Toxicology Evaluation and Recommendations 
	Nonclinical Executive Summary and Recommendation  
	Nonclinical Executive Summary and Recommendation  
	Figure

	SB5 has been developed to be a biosimilar product to US-Humira (40 mg/0.8 mL). Two nonclinical studies were reviewed in support of the BLA submission: a 7-week pharmacology study in Tg197 mice and a 4-week repeat-dose toxicology study in monkeys. During the pre-IND phase, there was agreement between FDA and Samsung that these two nonclinical studies would be sufficient to support filing of a BLA. The dose  of 32 mg/kg/week was considered acceptable by the FDA during the pre-IND phase for the repeat-dose stu
	In an in vivo nonclinical pharmacology study, the Tg197 transgenic mouse model (mouse that overexpresses human TNF-ɲ ĂŶĚ ƐƉŽŶƚĂŶĞously develops rheumatoid arthritis-like symptoms) was used to evaluate the pharmacodynamic activity of SB5 in preventing/reversing arthritic symptoms as compared to US-Humira. The study included mice (5/sex/group) that were treated with 3 dose levels (0.5, 3, or 10 mg/kg) of SB5 or US-Humira administered twice per week for 7 weeks via the intraperitoneal route. Pharmacodynamics a
	In the 4-week repeat-dose toxicology study, monkeys (3/sex/group) received SB5 Vehicle (0 mg/kg), SB5 (32 mg/kg) or US-Humira (32 mg/kg) administered by the subcutaneous route once per week for a total of 4 doses. The study included immunophenotyping of lymphocyte subpopulations and monocytes as well as histopathological examinations of a complete panel of organs and tissues. Observed findings during the study were generally incidental and no safety concerns were identified. The toxicity profiles of SB5 and
	For the pharmacokinetics assessment, the 4-week repeat-dose study evaluated SB5 and US-Humira exposure profiles in monkeys. On Days 1 and 22, the pharmacokinetic profiles for the SB5 and US-Humira-treated groups were generally similar based on exposure and drug accumulation ratios. None of the animals treated with SB5 or US-Humira tested positive for ADA. The pharmacokinetic profiles for SB5 and US-Humira appeared similar. 
	SB5 will be administered with a pre-filled syringe (PFS; primary container closure system) or autoinjector (AI; the PFS within the AI is in direct contact with the drug solution). The PFS is a marketed device that is used with other FDA-approved drug products. Safety evaluations of potential extractables with the manufacturing process and PFS and leachables with the PFS were performed. There were no nonclinical safety concerns for observed extractables and 
	SB5 will be administered with a pre-filled syringe (PFS; primary container closure system) or autoinjector (AI; the PFS within the AI is in direct contact with the drug solution). The PFS is a marketed device that is used with other FDA-approved drug products. Safety evaluations of potential extractables with the manufacturing process and PFS and leachables with the PFS were performed. There were no nonclinical safety concerns for observed extractables and 
	leachables. The only observed leachable for the PFS that exceeded the AET was 

	The nonclinical repeat-dose toxicology study, including pharmacokinetic and immunogenicity data, and pharmacology (pharmacodynamic) study support a demonstration of biosimilarity between SB5 and US-Humira. 
	5.1.1. Nonclinical Residual Uncertainties Assessment 
	5.1.1. Nonclinical Residual Uncertainties Assessment 
	There were no residual uncertainties identified in the animal studies regarding pharmacodynamic activity, safety, or pharmacokinetic parameters intended to support a demonstration of bioimilarity. 


	Product Information 
	Product Information 
	Figure

	Product Formulation 
	The SB5 drug product form is a clear to opalescent, colorless to pale brown sterile solution designed for injection. The drug product is presented as a single-use safety pre-filled syringe (PFS) and as a single-use autoinjector (AI). Both presentations contain 40 mg adalimumabbwwd (referred to as “Adalimumab” in the chart below reproduced from the application) in 0.8 mL solution (50 mg/mL). The quantitative composition and function of each ingredient is shown below. 
	-

	Table 3. Composition of SBS Drug Product Compared To US-Humira 
	C :ite;g:ory 
	C :ite;g:ory 
	C :ite;g:ory 
	Humim1 
	SB:; 

	Compone:m:t 
	Compone:m:t 
	Content 
	C.omp-0oeot 
	Coateot 

	Active pl!uumac.eutical i.ngredi.em (API) 
	Active pl!uumac.eutical i.ngredi.em (API) 
	.i\dalim.mnab 
	50 mgl'mlL 
	Ad.slimwnab 
	50 mg•'mL 

	(b)\41
	(b)\41
	Sodium cittate dil!l.ydmte 
	03l mg/:mL 
	Sodiumcitrate dihydrat.e 
	2.00 lll§''mL 

	Citric. acid m.an:obydrate 
	Citric. acid m.an:obydrate 
	L 3] mglmL 

	Di.sodium phos,pbate dil!l.ydmte 
	Di.sodium phos,pbate dil!l.ydmte 
	l .5l mg/mL 
	CUiiie aci d monohydrate 
	0.68 lll§''mL 

	Sodium dihydrogen phosphate d.ihydlrate· 
	Sodium dihydrogen phosphate d.ihydlrate· 
	0.8.6 mg/.mL 

	NIA 
	NIA 
	N.iA 
	L-iHisti.dine 
	1.20 lll§''mL 

	L-iHisti.dine monohydrocbloride monohydrate 
	L-iHisti.dine monohydrocbloride monohydrate 
	10...BOmgimlL 

	Sodium cb!aride 
	Sodium cb!aride 
	6. 17 mg/mL 
	Sorbito! 
	25.0 lll§''mL 

	Mmmitol 
	Mmmitol 
	12.00 mglmL 

	Polysorbate 8(1 (PS 80) 
	Polysorbate 8(1 (PS 80) 
	l.OO mg/mL 
	Polysoibate 20 (PS 10) 
	0.8-0 lll§''mL 


	Source: Excerpted from the 351(k) BLA submission 
	Comments on Novel Excipients 
	The formulations for SBS and US-Humira are different. The only excipient found in both formulations was citric acid monohydrate. The quantity of the citric acid monohydrate in SBS is below that used in US-Humira. Other FDA-approved products for use by the subcutaneous route contain the excipients found in SBS at quantities equal to or greater than those in the drug product. The total quantity of histidine from L-histidine and L-histidine hydrochloride monohydrate was combined to accurately assess the total 
	Comments on lmpurities/Degradants of Concern 
	All process-related and product-related impurities were sufficiently low to not be considered a 
	safety concern. 
	safety concern. 
	safety concern. 

	Authors: 
	Authors: 

	David Klein, Ph.D. 
	David Klein, Ph.D. 
	Timothy W. Robison, Ph.D. 

	Nonclinical Reviewer 
	Nonclinical Reviewer 
	Nonclinical Team Leader 
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	6. Clinical Pharmacology Evaluation and Recommendations .
	6. Clinical Pharmacology Evaluation and Recommendations .
	6.1. Clinical Pharmacology Executive Summary and Recommendation 
	6.1. Clinical Pharmacology Executive Summary and Recommendation 
	Table 4. Clinical Pharmacology Major Review Issues and Recommendations 
	Review Issue 
	Review Issue 
	Review Issue 
	Recommendations and Comments 

	Pharmacokinetic Similarity 
	Pharmacokinetic Similarity 
	• PK similarity between SB5, EU-Humira, and US-Humira established the PK portion of the scientific bridge to support the relevance of the data generated using EU-Humira as the comparator in the comparative clinical study. • PK similarity supports a demonstration of no clinically meaningful differences between SB5 and US-Humira. 

	Pharmacodynamic Similarity 
	Pharmacodynamic Similarity 
	• Not applicable 

	lmmunogenicity 
	lmmunogenicity 
	• Comparable incidence of ADA formation in healthy subjects across SB5, EU-Humira, and US-Humira and in patients with RA between SB5 and EU-Humira. Because the scientific bridge was established to justify the relevance of the data generated with EU-Humira, these data support a demonstration of no clinically meaningful differences between SB5 and US-Humira. 

	Other -PK comparability assessment 
	Other -PK comparability assessment 
	• PK of SB5 administered using PFS and Al was comparable. 


	The clinical development for SB5 included 3 clinical studies: (1) Study SB5-G11-NHV, a 3-way PK similarity study to compare the PK, safety, tolerability, and immunogenicity of SB5, EU-Humira, and US-Humira using PFS in 189 healthy subjects (63/treatment arm); (2) Study SB5-G31-RA, a comparative clinical study in patients with active RA (n=356 for PK, n=541 for immunogenicity); 
	(3) Study SB5-G12-NHV, a two-arm PK comparability of SB5 administered using PFS and Al (94/treatment arm). 
	In the 3-way PK similarity study (Study SB5-G11-NHV), the 90% confidence intervals (Cls) for the 
	geometric mean ratios (GMRs) of SB5 to EU-Humira, SB5 to US-Humira, and EU-Humira to US
	Humira for the tested PK parameters (i.e., Cmax, AUCO-t, and AUCO-inf) were all within the pre
	specified PK similarity acceptance criteria of 80-125% (Table 5). Thus, the PK portion of the 
	scientific bridge was established to support the relevance of the data generated using EU
	Humira as the comparator in the comparative clinical study (Study SB5-G31-RA) in addition to 
	demonstrating PK similarity between SB5 and US-Humira. 
	Reference ID:446664!il 
	In the PK comparability Study SB5-G12-NHV, following the single dose of SB5 40 mg using PFS or AI, the 90% CIs for the GMRs of SB5 PK parameters were all within 80-125%, indicating SB5 PK was comparable using PFS and AI. 
	Table 5. PK similarity assessment-statistical analysis for PK parameters (SB5-G11-NHV) 
	Parameter 
	Parameter 
	Parameter 
	Geo LSM (T) 
	N 
	Geo LSM (R) 
	N 
	GMR (%) 
	90% CI (%) 

	TR
	SB5 (T) vs US-Humira (R) 

	Cmax 
	Cmax 
	3.01 
	63 
	3.32 
	63 
	90.85 
	(82.51, 100.02) 

	AUC0-t 
	AUC0-t 
	1769 
	63 
	1869 
	63 
	94.62 
	(83.27, 107.52) 

	AUCь 
	AUCь 
	2283 
	54 
	2293 
	58 
	99.55 
	(88.94, 111.42) 

	TR
	SB5 (T) vs EU-Humira (R) 

	Cmax 
	Cmax 
	3.01 
	63 
	3.34 
	63 
	90.09 
	(81.82, 99.20) 

	AUC0-t 
	AUC0-t 
	1769 
	63 
	1940 
	63 
	91.16 
	(80.22, 103.58) 

	AUCь 
	AUCь 
	2283 
	54 
	2312 
	61 
	98.71 
	(88.31, 110.34) 

	TR
	EU-Humira (T) vs US-Humira (R) 

	Cmax 
	Cmax 
	3.34 
	63 
	3.32 
	63 
	100.84 
	(91.58, 111.02) 

	AUC0-t 
	AUC0-t 
	1940 
	63 
	1869 
	63 
	103.80 
	(91.35, 117.95) 

	AUCь 
	AUCь 
	2312 
	61 
	2293 
	58 
	100.85 
	(90.41, 112.49) 


	The units of Cmax and AUC are μg/mL and μg*h/mL, respectively. Source: FDA analysis 
	The overall incidence of anti-drug antibody (ADA) formation by Day 71 in healthy subjects was 100%, 95.2%, and 100% for SB5, EU-Humira, and US-Humira, respectively (Study SB5-G11-NHV). After multiple doses of SC injection, the incidence of ADA formation was also similar between SB5 and EU-Humira in patients with RA (Study SB5-G31-RA). The immunogenicity was not assessed in the PK study comparing the PK profiles of SB5 administered using a PFS and an AI (Study SB5-G12-NHV). 
	6.1.1. Clinical Pharmacology Residual Uncertainties Assessment 
	6.1.1. Clinical Pharmacology Residual Uncertainties Assessment 
	PK similarity was demonstrated across SB5, US-Humira, and EU-Humira in the 3-way PK similarity study (Study SB5-G11-NHV). There were no clinical pharmacology residual uncertainties regarding the PK assessments intended to support a demonstration of biosimilarity. 

	Clinical Pharmacology Studies to Support the Use of a Non-U.S.-Licensed Comparator Product 
	Clinical Pharmacology Studies to Support the Use of a Non-U.S.-Licensed Comparator Product 
	Figure

	In the PK similarity study in healthy subjects (N=63/arm), Study SB5-G11-NHV, following a single SC 40 mg dose of SB5, EU-Humira, or US-Humira, the 90% CIs for the GMRs of SB5 to EU-Humira, SB5 to US-Humira, and EU-Humira to US-Humira for the tested PK parameters (i.e., Cmax, AUC0-t, and AUC0-inf) were all within the PK similarity acceptance interval of 80-125% . 
	These pairwise comparisons met the pre-specified criteria for PK similarity between SB5, US-Humira and EU-Humira; thus, the PK portion of the scientific bridge was established to support the relevance of the data generated using EU-Humira as the comparator in the comparative clinical study (Study SB5-G31-RA).   

	Human Pharmacokinetics and Pharmacodynamics 
	Human Pharmacokinetics and Pharmacodynamics 
	Figure

	Clinical Pharmacology Study Design Features 
	The 3-way PK-bridging study comparing SB5, EU-Humira and US-Humira was conducted in healthy subjects (Study SB5-G11-NHV).  In addition, PK comparison between SB5 and EU-Humira was also assessed in adult patients with RA (Study SB5-G31-RA).  To compare the PK profiles of SB5 using PFS and AI, a comparability study was conducted in healthy subjects (Study SB5-G12-NHV). Refer to Table 2 for a summary of the studies listed above. 
	Clinical Pharmacology Study Endpoints 
	PK (Cmax, AUC0-t, and AUC0-inf) was assessed as the primary endpoint in Study SB5-G11-NHV to evaluate and compare the PK profiles of SB5, EU-Humira and US-Humira in healthy subjects.  Safety, tolerability and immunogenicity were the secondary endpoints.  
	Study SB5-G31-RA was the comparative clinical study in RA patients.  Therefore, the primary efficacy endpoint was the proportion of patients achieving clinical response (according to the ACR20 criteria) at Week 24, whereas PK (Ctrough), safety, immunogenicity and other efficacy endpoints (ACR20, ACR50, and ACR70, ACR-N, Disease Activity Score 28 (DAS28), and EULAR response criteria, Change from Baseline in modified Total Sharp Score (mTSS)) were secondary endpoints. For the choice of efficacy and safety end
	In the comparability study, Study SB5-G12-NHV, PK (Cmax, AUC0-t, and AUC0-inf) was assessed as the primary endpoint to compare the PK profiles of SB5 administered using PFS and AI in healthy subjects. Safety and tolerability were the secondary endpoints.   
	Bioanalytical PK Method Validation and Performance    
	The serum concentrations of SB5, EU-Humira and US-Humira were appropriately quantified using validated enzyme-linked immunosorbent assay (ELISA) in Studies SB5-G11-NHV (validation report 8295851), SB5-G12-NHV (validation report 8306919), and SB5-G31-RA (validation report 8315677). During the method validation, SB5 was used to establish the standard curves, and the accuracy and precision (± 20.0%, ± 25.0% for lower limit of quantitation (LLOQ) and upper limit of quantitation (ULOQ)) was evaluated using SB5, 
	EUHumira and US-Humira as QC samples. See detailed information about the assay validation in Appendix . 
	PK Similarity Assessment 
	PK similarity has been demonstrated across SB5, US-Humira, and EU-Humira in the 3-way PK similarity Study SB5-G11-NHV. In the 3-way PK similarity comparisons (SB5 vs. US-Humira, SB5 vs. EU-Humira, and EU-Humira vs. US-Humira), the 90% Cls for the geometric mean ratios of Cmax, AUCO-t and AUCO-inf were all within the pre-defined criteria of 80%-125% (Table 5). The mean serum concentration-time profiles were similar between the SB5, EU-Humira and US-Humira treatment groups (Figure 1). Refer to Individual Stud
	Figure 1. PK profiles following a single SC does of SBS, EU-Humira, or US-Humira using PFS in healthy subjects (n=63/treatment group) (SBS-G11-NHV) 
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	Time (hours) 
	Source: FDA analysis 
	SBS PK comparability when administered using a PFS vs. Al 
	The PK profiles of SB5 using PFS or Al were compared in Study SB5-G12-NHV. A total of 188 
	healthy subjects (94 subjects/arm) were randomized to receive a single dose of 40 mg SB5 
	through SC injection using PFS or Al. The mean serum concentration-time profiles were similar 
	between the SB5 PFS and SB5 Al. In the statistical analysis, the 90% Cls for the geometric mean 
	ratios of Cmax, AUC0-t and AUC0-inf were all within the range of 80% –125% (Table 6).  Refer to Individual Study Review in Appendix for detailed information. 
	Table 6. PK comparability assessment - statistical analysis for SB5 PK parameters using PFS and AI (SB5-G12-NHV) 
	Table
	TR
	Geo LSM (SB5 AI, T) 
	N 
	Geo LSM (SB5 PFS, R) 
	N 
	GMR (%) 
	90% CI (%) 

	Cmax 
	Cmax 
	3.63 
	94 
	3.56 
	94 
	102.09 
	(95.03, 109.68) 

	AUC0-t 
	AUC0-t 
	2212 
	94 
	2071 
	94 
	106.78 
	(97.84, 116.53) 

	AUC0-inf 
	AUC0-inf 
	2540 
	94 
	2308 
	94 
	110.04 
	(99.32, 121.93) 


	The units of Cmax and AUC are μg/mL and μg*h/mL, respectively. Source: FDA analysis 
	PD similarity assessment 
	Not applicable. 

	Clinical Immunogenicity Studies 
	Clinical Immunogenicity Studies 
	Figure

	Design features of the clinical immunogenicity assessment  
	Immunogenicity upon single dosing has been evaluated in healthy subjects in Study SB5-G11NHV. See Table 2 for more details regarding the study design. 
	-

	Immunogenicity upon repeated dosing has been evaluated Study SB5-G31-RA which was a randomized, double-blind, parallel group, mulricenter clinical study (Figure 2).  A total of 544 subjects with moderate to severe RA despite MTX therapy were randomized in a 1:1 ratio to receive either SB5 40 mg (n=271) or EU-Humira 40 mg (n=273) every other week up to Week 50 via SC injection. At Week 24, subjects receiving EU-Humira were re-randomized in a 1:1 ratio to either continue on EU-Humira 40 mg (EU-Humira/EU-Humir
	Figure 2. Study design of Study SB5-G31-RA..
	Figure
	ACR20 = American College of Rheumatology 20% response criteria; EOW = every other week; F/U = follow-up; ICF = informed consent form; MTX = methotrexate; ® = Randomisation. 
	1...
	1...
	1...
	Screening had to be done within 6 weeks prior to Randomisation. 

	2...
	2...
	Informed consent had to be obtained prior to any study related procedures. 

	3...
	3...
	At Week 24, subjects receiving Humira were randomised in a 1:1 ratio to either continue to receive Humira or be transitioned to SB5. Subjects receiving SB5 continued to receive SB5 40 mg up to Week 50 but they also followed the randomisation procedure to maintain blinding. 

	4...
	4...
	The primary efficacy endpoint (ACR20 resposne) was assessed at Week 24. 

	5...
	5...
	A telephone interview for the safety follow-up was scheduled for Week 60. 


	Source: Figure 9-1 of Study SB5-G31-RA CSR 
	Immunogenicity endpoints 
	The formation of ADA and the neutralizing activity of ADA was evaluated for immunogenicity assessment. 
	Immunogenicity assay’s capability of detecting the antidrug antibodies (ADA) in the presence of proposed product, reference product, and any other comparator product (as applicable) in the study samples 
	Samsung developed binding and neutralizing antibody assays that are suitable for detecting ADA and NAb in the presence of concentrations of SB5, US-Humira and EU-Humira expected following administration. Refer to OBP review for more details. 
	Adequacy of the sampling plan to capture baseline, early onset, and dynamic profile (transient or persistent) of ADA formation 
	The sampling plan is adequate to capture baseline, early onset, and dynamic profile (transient or persistent) of ADA formation. 
	x. Study SB5-G11-NHV: serum samples were collected at baseline, Day 15, and the end-of
	-

	study visit (Day 71) for assessment of the ADA formation of SB5, EU-Humira and US-
	Humira. 
	x 
	Study SB5-G31-RA: serum samples were collected at Weeks 0 (baseline), 4, 8, 16, 24, 32, 40, and 52 for assessment of the ADA formation of SB5 and EU-Humira.   
	x 
	Study SB5-G12-NHV: immunogenicity was not assessed. 
	Incidence of ADA 
	A scientific bridge, composed of both analytical and PK components, was established between SB5, US- Humira, and EU-Humira, justifying the relevance of comparative data, including immunogenicity data, generated using EU-Humira as a comparator product to the assessment of biosimilarity. Given the scientific bridge, the data indicating that there is no increase in immunogenicity risk for SB5 compared to EU-Humira supports a demonstration of no clinically meaningful differences between SB5 and US-Humira. 
	In Study SB5-G11-NHV, following a single 40 mg SC dose of study drug, 100% of) subjects in the SB5 and US-Humira treatment groups, and 95.2% of subjects in the EU-Humira group developed treatment-emergent ADA by Day 71 (Table 7).  Overall, the ADA incidence is similar between all three treatment arms in healthy subjects. 
	Table 7. Incidence of anti-drug antibody (ADA) and neutralising antibodies (NAb) positive results by visit (Study SB5-G11-NHV)  
	Figure
	ADA = Anti-drug antibodies; NAb = Neutralizing antibodies; N = number of subjects in the safety set; n' = number of subjects with available assessment results at each timepoint. 
	Figure

	a. One subject (Subject 
	) had negative ADA results at Day 1 pre-dose, Day 15, and newly positive ADA result based on the re-calculated cut point using 1.0% FP rate at Day 71 but NAb was not tested Only post-dose ADA positive subjects had NAb results. Percentages for ADA result were based on the number of subjects with available ADA assessment results at each timepoint. Percentages for NAb result at each time point were based on the number of subjects with positive ADA at each relevant timepoint. Post-dose ADA result was defined as
	In Study SB5-G31-RA, following multiple 40 mg SC doses of study drug, by Week 24, 85/243 (35.0%) and 89/253 (35.2%) subjects developed ADA in SB5 and EU-Humira treatment groups, respectively. At Week 52, 95/243 (39.1%), 51/121 (42.1%), and 48/117 (41.0%) subjects developed ADA in SB5/SB5,  EU-Humira/SB5, and EU- Humira/EU-Humira treatment group, respectively. Overall, the incidence of ADA is comparable between SB5 and EU-Humira throughout the study, including the transition-extension period (Table 8). 
	Table 8. Incidence of anti-drug antibody (ADA) and neutralising antibodies (NAb) positive results by visit (Study SB5-G31-RA)  
	Figure
	Figure
	N = number of patients in the Safety Set 1 (SAF1 consists of all patients who received at least 1 dose of IP during the study); .n = number of patients with event of interest, n’ = number of patients in the analysis; ADA = anti-drug antibody..a Based on the patients in the Safety Set 2 (all SAF1 patients who received at least 1 dose of IP after re-randomization at .Week 24); EU-Humira /SB5 and EU-Humira /EU-Humira may not add up to EU-Humira overall...b Overall ADA results were determined as 'Positive' if p
	Neutralizing antibodies 
	Refer to Table 7 and Table 8 above for a summary of the neutralizing activity from Studies SB5G11-NHV and SB5-G31-RA. 
	-

	Impact of ADA on the PK, PD, safety, and clinical outcomes of the proposed biosimilar product 
	Impact of ADA and NAb on PK 
	Impact of ADA and NAb on PK 

	In Study SB5-G11-NHV in healthy subjects, the systemic exposures of SB5, EU-Humira  or US-Humira in subjects who were ADA-positive remained comparable across treatments (Table 9 and Table 10). Given only 3 subjects in the study were ADA-negative ( 3/61 in the EU-Humira group) , the systemic exposure could not be compared in subjects who were ADA-negative.   
	In the PK comparison by NAb status, the systemic exposures of SB5, EU-Humira, or US-Humira in NAb-postive subjects are ~30% lower as compared to those in NAb-negative subjects. 
	Nonethelesss, in each of NAb-postive and NAb-negative subgroups, the systemic exposures of .SBS, EU-Humira, or US-Humira remained generally comparable across treatments (Table 11). .
	Table 9. Mean (%CV} serum PK parameters by ADA status (Study SBS-Gll-NHV} 
	Parameter SB5 N US-Humira N EU-Humira N ADA-Population Cmax --0 --0 3.48 (51%) 3 AUCO-t --0 --0 2909 (47%) 3 AUCO-inf --0 --0 3622 (51%) 3 ADA+ Population Cmax 3.37 (29%) 53 3.49 (31%) 57 3.56 (33%) 58 AUCO-t 2126 (32%) 53 2102 (38%) 57 2054 (36%) 58 AUCO-inf 2406 (34%) 53 2423 (39%) 57 2374 (35%) 58 
	The units of Cmax and AUC are µg/ml and µg*hr/ml, respectively. LLOQ is 0.1 µg/ml. .2 subjects >1!) were excluded from the PK Population due to major protocol deviation. .16 subjects were excluded from the summary statistics due to T max was one of the last 3 points in the profile. .Source: data of Annex 2 to Section 2.5, Re-analysis of lmmunogenicity Results, submitted on .
	5
	from Table 14.2-1.3a 

	02/21/2019 
	02/21/2019 
	The units of Cmax and AUC are µg/ml and µg*hr/ml, respectively. LLOQ is 0.1 µg/ml. Source: data from Table of Annex 2 to Section 2.5, Re-analysis of lmmunogenicity Results, submitted on 02/21/2019 
	14.2-1.5a 


	Ratio of SB5/Reference Ratio of EU/US-sourced PK Geo-Htunira® H umira'l!l Parameter Treatment N 11 LSMea11 Estimate 90% CI Estimate 90% CI AUCine SB5 62 53 2262.1 (h· ~tg/mL) EUHumira® 63 58 2242.9 1.009 0.903; 1.127 US Humira® 62 57 2259.4 1.001 0.890; 1.126 0.993 0.889; 1.109 Cmax SB5 62 53 3.229 (~tg/mL) EU Humira® 63 58 3.388 0.953 0.867;1.047 US Hmnira® 62 57 3.32 1 0.972 0.881; l.073 1020 0.925; 1.124 AUC1as1 SB5 62 53 2007.0 (h· ~tg/mL) EUHumira® 63 58 1923.5 1.043 0.930; 1.170 US Humira® 62 57 1958.
	Table 10. Statistical analysis for PK parameters in ADA positive (ADA+) subjects (SBS-GllNHV} 
	Table 10. Statistical analysis for PK parameters in ADA positive (ADA+) subjects (SBS-GllNHV} 


	Table 11. Mean (%CV} serum PK parameters by NAb status (Study SBS-Gll-NHV} 
	Table 11. Mean (%CV} serum PK parameters by NAb status (Study SBS-Gll-NHV} 
	Table 11. Mean (%CV} serum PK parameters by NAb status (Study SBS-Gll-NHV} 

	Parameter 
	Parameter 
	SBS 
	N 
	US-Humira 
	N 
	EU-Humira 
	N 

	TR
	NAb-Population 

	Cmax 
	Cmax 
	3.33 (16%) 
	10 
	4.34 (28%) 
	10 
	3.39 (27%) 
	11 

	AUCO-t 
	AUCO-t 
	2798 (23%) 
	10 
	2849 (27%) 
	10 
	3026 (26%) 
	11 

	AUCO-inf 
	AUCO-inf 
	3321 (27%) 
	10 
	3566 (33%) 
	10 
	3400 (27%) 
	11 

	TR
	NAb+ Population 

	Cmax 
	Cmax 
	3.40 (31%) 
	42 
	3.31 (29%) 
	47 
	3.59 (34%) 
	47 

	AUCO-t 
	AUCO-t 
	1963 (31%) 
	42 
	1905 (34%) 
	47 
	1868 (33%) 
	47 

	AUCO-inf 
	AUCO-inf 
	2178 (30%) 
	42 
	2179 (28%) 
	47 
	2134 (28%) 
	47 


	In Study SBS-G31-RA in patients with RA, Ctroughs of SBS and EU-Humira in patients who were ADA-positive were generally lower as compared to patients who were ADA-negative, but remained comparable between SBS and EU-Humira treatments in each of the ADA subgroups (Figure 3, Table 12, Table 13). Similarly, in the PK comparison by NAb status, Ctroughs of SBS and EU-Humira in NAb-positive were generally lower than NAb negative, but remained comparable between SBS and EU-Humira treatments in each of the subgroup
	Figure 3. Arithmetic mean pre-dose (Trough} concentration-time profiles by Week 24 ADA status and treatment group, linear scale (Study SBS-G31-RA) 
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	Weeks SBS 40mg; ADA(+) ~Humira 40mg; ADA(+) SBS 40mg; ADA(-) -->J<--Humira 40mg; ADA(-) Source: Figure 1 of Annex 2 to Section 2.5, Re-analysis of lmmunogenicity Results, submitted on 02/21/2019 
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	Table 12. Summary of trough serum concentrations (mean (%CV)) of ADA-positive (ADA+) population by treatment group (Study SB5-G31-RA) 
	Time point 
	Time point 
	Time point 
	SB5 
	EU-Humira 

	TR
	Ctrough 
	N 
	Ctrough 
	N 

	Week 0 
	Week 0 
	0 
	52
	 0
	 52 

	Week 4 
	Week 4 
	2.58 (67%) 
	54 
	3.17 (56%) 
	55 

	Week 8 
	Week 8 
	2.87 (76%) 
	52 
	3.28 (72%) 
	56 

	Week 12 
	Week 12 
	3.01 (79%) 
	52 
	3.52 (86%) 
	55 

	Week 16 
	Week 16 
	3.19 (91%) 
	54 
	3.17 (85%) 
	50 

	Week 24 
	Week 24 
	3.14 (112%) 
	53 
	2.88 (113%) 
	54 


	The unit of Ctrough is μg/mL. LLOQ is 0.3 μg/mL. .Source: data from Table 8 of Annex 2 to Section 2.5, Reanalysis of Immunogenicity Resutls in Study SB5-G31-RA,..submitted on 02/21/2019 .
	Table 13. Summary of trough serum concentrations (mean (%CV)) of ADA-negative (ADA-) population by treatment group (Study SB5-G31-RA) 
	Time point 
	Time point 
	Time point 
	SB5 
	EU-Humira 

	TR
	Ctrough 
	N 
	Ctrough 
	N 

	Week 0 
	Week 0 
	0 
	95 
	0 
	101 

	Week 4 
	Week 4 
	4.53 (38%) 
	93 
	4.37 (39%) 
	103 

	Week 8 
	Week 8 
	6.33 (38%) 
	97 
	6.58 (37%) 
	101 

	Week 12 
	Week 12 
	7.81 (53%) 
	97 
	7.58 (36%) 
	95 

	Week 16 
	Week 16 
	8.18 (39%) 
	95 
	8.28 (41%) 
	96 

	Week 24 
	Week 24 
	8.80 (40%) 
	89 
	9.17 (43%) 
	97 


	The unit of Ctrough is μg/mL. LLOQ is 0.3 μg/mL. .(Source: data from Table 9 of Annex 2 to Section 2.5, Reanalysis of Immunogenicity Results in Study SB5-G31-RA,..submitted on 02/21/2019) .
	Figure 4. Arithmetic mean pre-dose concentration (Ctrough)-time profiles by Week 24 NAb status and treatment group, linear scale (Study SB5-G31-RA) 
	Figure
	Source: Figure 2 of Annex 2 to Section 2.5, Re-analysis of Immunogenicity Results, submitted on 02/21/2019 
	Overall, no evidence of altered efficacy was observed in RA patients in Study SB5-G31-RA who were ADA-positive and who were NAb-positive.   
	Impact of ADA and Nab on efficacy 

	In patients who were ADA-negative, the ACR20 response rates at Week 24 are comparable between SB5 and EU-Humira. In patients who were ADA-positve, ACR20 response rates showed fluctuation during the study period in both SB5 and EU-Humira treatment groups: the ACR20 response rate in SB5 is numerically higher at Week 16 while numerically lower at Week 24 as compared to EU-Humira treatment group, which is likely due to the limited number of patients (Table 14 and Figure 5). In addition, the ACR50 and ACR70 resp
	Table 14. ACR20 response rates by anti-drug antibody up to Week 52 (Per-protocol Set 1) (Study SB5-G31-RA) 
	Table 14. ACR20 response rates by anti-drug antibody up to Week 52 (Per-protocol Set 1) (Study SB5-G31-RA) 
	Table 14. ACR20 response rates by anti-drug antibody up to Week 52 (Per-protocol Set 1) (Study SB5-G31-RA) 

	Time points 
	Time points 
	ADA-positive 
	ADA-negative 

	TR
	SB5 
	EU-Humira 
	SB5 
	EU- Humira 

	Week 2 
	Week 2 
	23.1% (18/78) 
	26.3% (21/80) 
	24.1% (34/141) 
	25.2% (36/143) 

	Week 4 
	Week 4 
	35.4% (28/79) 
	40.0% (32/80) 
	46.1% (65/141) 
	36.8% (53/144) 

	Week 8 
	Week 8 
	48.1% (38/79) 
	58.8% (47/80) 
	57.4% (81/141) 
	56.3% (81/141) 

	Week 12 
	Week 12 
	59.5% (47/79) 
	57.5% (46/80) 
	69.5% (98/141) 
	62.2% (89/143) 

	Week 16 
	Week 16 
	70.9% (56/79) 
	60.0% (48/80) 
	69.5% (98/141) 
	70.1% (101/144) 

	Week 24 
	Week 24 
	59.5% (47/79) 
	71.3% (57/80) 
	79.4% (112/141) 
	73.6% (106/144) 

	Week 32 
	Week 32 
	73.4% (58/79) 
	H/S: 72.7% (32/44) H/H: 83.3% (30/36) 
	75.9% (104/171) 
	H/S: 67.1% (47/70) H/H: 82.2% (60/73) 

	Week 40 
	Week 40 
	69.3% (52/75) 
	H/S: 69.8% (30/43) H/H: 68.6% (24/35) 
	70.7% (99/140) 
	H/S: 72.3% (47/65) H/H: 74.6% (53/71) 

	Week 52 
	Week 52 
	72.0% (54/75) 
	H/S: 83.7% (36/43) H/H: 74.3% (26/35) 
	80.6% (112/139) 
	H/S: 79.7% (51/64) H/H: 71.4% (50/70) 


	H/S: EU-Humira/SB5; H/H: EU-Humira/ EU-Humira iss-ise-attach14-reanalysis-sb5-g31-ra, submitted on 02/21/2019 
	Source: Data from Table 14.2-1.5a of  

	Figure 5. ACR20 response by 24-week overall anti-drug antibody up to Week 24 (Per-protocol Set 1) (Study SB5-G31-RA) 
	Figure
	Source: Figure 3 of Annex 2 to Section 2.5, Re-analysis of Immunogenicity Results, submitted on 02/21/2019..
	Table 15. ACR50 and ACR70 response rates at Week 24 by 24-week overall ADA status (Perprotocol Set 1) (Study SB5-G31-RA) 
	-

	24-week Overall ADA Status 
	24-week Overall ADA Status 
	24-week Overall ADA Status 
	Treatment 
	ACR50 Response Rate 
	ACR70 Response Rate 

	Overall ADA negative (ADA-) 
	Overall ADA negative (ADA-) 
	SB5 
	44.7% (63/141)  
	20.6% (29/141) 

	EU- Humira 
	EU- Humira 
	41.7% (60/144) 
	23.6% (34/144) 

	Overall ADA positive (ADA+) 
	Overall ADA positive (ADA+) 
	SB5 
	29.1% (23/79) 
	17.7% (14/79) 

	EU- Humira 
	EU- Humira 
	36.3% (29/80) 
	15.0% (12/80) 


	24-week overall anti-drug antibody (ADA) result was defined as positive if a patient had at least one ADA positive up to Week 24 after Week 0. Per-protocol Set 1 (PPS1)= PPS1 consisted of all subjects included in the Full Analysis Set (FAS) who completed the Week 24 visit and had an adherence (through Week 24) within the range 80-120% of both the expected number of IP administrations and the expected sum of MTX doses without any major protocol deviations that could affect the comparative efficacy assessment
	Figure 6. ACR20 response by NAb status up to Week 24 (Per-protocol Set 1) (Study SB5-G31RA) 
	-

	Figure
	Source: Figure 6 of Annex 2 to Section 2.5, Re-analysis of Immunogenicity Results, submitted on 02/21/2019 
	The incidence of any treatment-emergent adverse events (TEAEs) was comparable between SB5 and EU-Humira treatment groups in both ADA-positive and ADA-negative subgroups. The incidence of injections site reaction was generally low in each of the treatment groups (Table 16). Overall, no evidence of altered safety was observed in RA patients in Study SB5-G31-RA who were ADA-positive. 
	Impact of ADA on safety 

	Table 16. Comparison of the incidence of TEAE (%(n)) and injection site reaction (%) at week 24 between SB5 and EU-Humira by ADA status (Study SB5-G31-RA) 
	Safety 
	Safety 
	Safety 
	ADA-positive 
	ADA-negative 

	TR
	SB5 
	EU-Humira 
	SB5 
	EU-Humira 

	TEAE 
	TEAE 
	32.9% (28) 
	29.2% (26) 
	38.0% (60) 
	45.7% (75) 

	Injection site reaction 
	Injection site reaction 
	4.7% 
	0 
	2.5% 
	4.3% 


	n: The number of patients who experienced any TEAEs. .Source: Annex 2 to Section 2.5, Re-analysis of Immunogenicity Results, submitted on 02/21/2019..
	In summary, no impact of immunogenicity on safety or efficacy was observed in study SB5-G31RA. 
	-

	Authors: 
	Bhawana Saluja, Ph.D. signing for Lei He, Ph.D. Bhawana Saluja signing for Ping Ji, Ph.D. Clinical Pharmacology Reviewer Clinical Pharmacology Team Leader 
	7. Statistical and Clinical Evaluation and Recommendations 
	Statistical and Clinical Executive Summary and Recommendation 
	Figure

	The statistical review evaluated SB5 as a potential biosimilar to US-Humira by focusing on the single 52-week randomized comparative clinical study, Study SB5-G31-RA. Study SB5-G31-RA was a double-blind, parallel-group, multicenter study in 544 patients with active rheumatoid arthritis despite MTX therapy, comparing SB5 to EU-Humira.  The applicant also conducted Study SB5-G11-NHV, a randomized, single-blind, three-arm, parallel group, single-dose study, that established the PK portion of the scientific bri
	-

	In Study SB5-G31-RA, the primary endpoint was the proportion of patients who achieved an American College of Rheumatology 20% (ACR20) response at Week 24. Approximately 68.0% of patients randomized to SB5 and 67.4% of patients randomized to EU-Humira were ACR20 responders, with an estimated absolute difference between treatments of 0.76% (90% confidence interval [CI]: (-5.78%, 7.30%)). The 90% CI is within the margin of ±12% that the Agency determined reasonable as well as the ±15% margin specified by the a
	In Study SB5-G31-RA, the primary endpoint was the proportion of patients who achieved an American College of Rheumatology 20% (ACR20) response at Week 24. Approximately 68.0% of patients randomized to SB5 and 67.4% of patients randomized to EU-Humira were ACR20 responders, with an estimated absolute difference between treatments of 0.76% (90% confidence interval [CI]: (-5.78%, 7.30%)). The 90% CI is within the margin of ±12% that the Agency determined reasonable as well as the ±15% margin specified by the a
	components of the ACR composite endpoint, and the disease activity score (DAS28), were also similar between the treatment arms. 

	In this study, patients who discontinued treatment early were also withdrawn from the clinical study; however, in general, dropout was relatively low. Of the 544 subjects randomized, 514 (94%) had observed data for the Week 24 primary efficacy analysis and 489 (90%) completed Week 52. The applicant noted that there were two randomized patients who did not qualify for randomization but were “inadvertently randomized.” These subjects did not receive study drug during the study phase, were not followed for saf
	To reliably evaluate whether there are clinically meaningful differences between two products, a comparative clinical study must have assay sensitivity, or the ability to detect meaningful differences between the products, if such differences exist. Historical evidence of sensitivity to drug effects and an evaluation of the study conduct may be used to support the presence of assay sensitivity, i.e., determine if the study was adequately designed and performed, and a conclusion that the treatments are simil
	5 

	The collective evidence from the comparative clinical study supports a demonstration of no clinically meaningful differences between SB5 and US-Humira, as the applicant provided adequate data to establish the scientific bridge between SB5, US-Humira, and EU-Humira to justify the relevance of data generated with EU-Humira as the comparator to the assessment of biosimilarity. 
	7.1.1. Statistical and Clinical Residual Uncertainties Assessment 
	During this statistical review, a few important statistical issues arose. These issues were adequately addressed by the applicant and/or the reviewer. 
	The first issue regarded the determination of the similarity margin. This is a critical aspect of the design of a comparative clinical study because it determines the differences in efficacy that need to be ruled out at an acceptable significance level. The pre-specified similarity margin for the treatment difference in proportion of subjects with ACR20 response at week 24 was ±15%, using a 95% confidence interval (CI) of the difference of the proportions in treatment groups. Based on discussions with the F
	The second issue that arose was the observation of numerically lower ACR20 responder rates at Week 24 in the anti-drug antibody (ADA) positive subgroup of the SB5 treatment arm. The Agency discussed these findings with the applicant during the review and requested justification that they did not preclude a demonstration of no clinically meaningful differences between SB5 and US-Humira. Considering the limited number of patients in ADA subgroups, the meaningfulness of the observed difference in ACR20 respons
	Review Strategy 
	Figure

	The evaluation of supportive evidence of no clinically meaningful differences between SB5 and US-Humira centered on Study SB5-G31-RA, which used EU-Humira as a comparator.  The relevance of Study SB5-G31-RA data derived from EU-Humira was predicated on establishing a scientific bridge to US-Humira through appropriate three-way comparisons of US-Humira, EU-Humira and the proposed product. Though supplemental safety data from the other studies are also summarized by the applicant, these studies were either pe
	The statistical reviewer confirmed the applicant’s primary and key secondary analyses and performed additional analyses to evaluate the robustness of the results. The results from these supplemental analyses and the applicant’s reproduced analyses are presented and described in the tables and figures in subsequent sections. Because after Week 24, subjects on the EU-Humira arm are re-randomized to receive SB5 or continue on EU-Humira, the efficacy analyses primarily focus on the treatment period through Week
	Review of Individual Comparative Clinical Studies 
	Figure

	7.3.1. Study SB5-G31-RA 
	Study SB5-G31-RA was a randomized, double-blind, parallel-group, multicenter study to evaluate the efficacy, safety, tolerability, PK, and immunogenicity of SB5 compared to EU-Humira. 
	Study Design and Endpoints 
	Study SB5-G31-RA randomized 544 men and women, 18 to 75 years of age who had been diagnosed as having RA at least six months, but not exceeding 15 years, prior to screening. All subjects had moderate to severe active disease despite MTX therapy, defined as at least six swollen joints and at least six tender joints, and either an erythrocyte sedimentation rate (ESR) ш Ϯϴ ŵŵͬŚ Žƌ ƐĞƌƵŵ .-ƌĞĂĐƚŝǀĞ ƉƌŽƚĞŝŶ ;.ZWͿ ш ϭϬ ŵŐͬ> Ăƚ ƐĐƌĞĞŶŝŶŐ͘ .ůů ƐƵďũĞĐƚƐ ǁĞƌĞ ƚƌĞĂƚĞĚ with MTX for at least six months prior to randomiz
	Subjects were randomized in a 1:1 ratio to receive either SB5 40 mg every other week (eow) or EU-Humira 40 mg eow, via subcutaneous injection (Figure 7). No stratification factors were specified. At Week 24, subjects receiving EU-Humira were re-randomized in a 1:1 ratio to either continue on EU-Humira or transition to SB5 40 mg eow up to Week 50. Subjects originally randomized to SB5 continued to receive SB5 40 mg eow to Week 50. All subjects also received a stable dose of oral or parenteral MTX (10-25 mg/w
	Figure 7 Schematic Diagram of Study SB5-G31-RA 
	Figure
	Source: Study Report, p. 24..Abbreviations: ACR20= American College of Rheumatology 20% response criteria, EOW=every other week, .F/U=follow-up, ICF= informed consent form, MTX=methotrexate, ® = randomization .Screening was within six weeks of randomization...Infromed consent obtained prior to any study related procedures..At Week 24, subjects receiving EU-Humira were randomized in a 1:1 ratio to either continue to receive EU-Humira .or transition to SB5. Subjects receiving SB5 continued to receive SB5 40 m
	1
	2
	3
	4
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	The primary objective of this study was to evaluate if differences exist between SB5 and EU-Humira at Week 24 using ACR20 response rate in subjects with moderate to severe RA despite MTX. The pre-specified primary endpoint was ACR20 response at Week 24 defined as at least a 20% improvement from baseline in swollen joint count (66 joint count), at least a 20% improvement from baseline in tender joint count (68 joint count), and at least a 20% improvement from baseline in at least three of the following five 
	Other efficacy endpoints included ACR20 response at Week 52, ACR50 and ACR70 response (analogously defined as ACR20 but using 50% and 70% improvement, respectively) at Week 24 and 52, numeric index of the ACR response (ACR-N) at Week 24 and Week 52, area under the curve (AUC) of ACR-N up to Week 24, disease activity score based on 28 joints (DAS-28) at Week 24 and Week 52, AUC of change in DAS28 from baseline up to Week 24, European League Against Rheumatism (EULAR) Response at Week 24 and 52, and major cli
	24. The modified total Sharp score (mTSS), calculated as the sum of the joint erosion score and joint space narrowing (JSN) score, was also measured at baseline and Week 52. This study did not include plans to control type 1 error across multiple tests. 
	Statistical Methodologies 
	The SAP and protocol for this study were not submitted to the FDA for review prior to the completion of the study. However, the applicant did have statistical analysis plans for the clinical studies finalized and documented prior to the completion of the studies. The FDA also was able to provide general feedback on the study design and proposed analyses prior to the initiation of the study at a Type 2 BPD Meeting on July 23, 2013. After completing their study and preparing for submission, the applicant retu
	Analysis Sets 
	The applicant defined two analysis sets for the primary efficacy analyses: the full analysis set (FAS) and the per-protocol set 1 (PPS1). The FAS consists of all subjects who are randomized at the randomization visit and subjects were analyzed according to the treatment to which they were assigned at randomization. However, the subjects who did not qualify for randomization and were inadvertently randomized into the study were excluded from the FAS, provided these subjects did not receive IP during that stu
	PPS1 consists of all FAS subjects who complete the Week 24 visit and have an adherence (through Week 24) within the range of 80 to 120% of both the expected number of IP administrations and the expected sum of methotrexate (MTX) doses without any major protocol deviations. The applicant also defined the per protocol set 2 (PPS2) which is analogous to PPS1, though subjects must complete Week 52. Analyses using this set evaluate differences between treatment groups within the subset of patients who tolerate a
	Where possible, the statistical reviewer performed all key analyses in the FAS to evaluate mean differences between treatment groups in all randomized patients regardless of adherence to the treatment or to the protocol (i.e., the “intention-to-treat” or “de facto estimand”). The reviewer also carried out analyses in the PPS1 to evaluate mean differences between treatment groups in the subset of patients who were able to tolerate and adhere. Draft FDA Guidance and ICH guidelines indicate that the evaluation
	6
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	the analysis is restricted to the subset of patients who adhere. The SAP and protocol did not include a description of the primary targeted estimand in this study. 
	Analysis of the Primary Endpoint and Margin Selection 
	The primary efficacy analysis aimed to support a demonstration of no clinically meaningful differences between SB5 and US-Humira through an evaluation of the ACR20 response between SB5 and EU-Humira at Week 24. This analysis used the PPS1 and a non-parametric randomization-based analysis of covariance model with region as a stratification factor and baseline C-reactive protein (CRP) as a covariate. No imputation was used in this analysis as all subjects were observed at Week 24 in the PPS1. The difference i
	-

	Based on discussions with the FDA, including the BPD Type 4 Meeting on May 4, 2016, the applicant also calculated a 90% CI of the difference of the two proportions for ACR20 response at week 24, using both the FAS and PPS1, compared this interval to a margin of ±12%. This margin choice was based on a balance between clinical relevance and feasibility. The lower bound of -12% corresponds to the retention of approximately 50-60% of conservative estimates (i.e., the lower 95% CI bound) of treatment effect size
	Table 17 Historical Effect of Adalimumab on ACR20 Response in Randomized Clinical Trials of Patients with Active RA Despite Treatment with Methotrexate (MTX) 
	Table 17 Historical Effect of Adalimumab on ACR20 Response in Randomized Clinical Trials of Patients with Active RA Despite Treatment with Methotrexate (MTX) 
	Table 17 Historical Effect of Adalimumab on ACR20 Response in Randomized Clinical Trials of Patients with Active RA Despite Treatment with Methotrexate (MTX) 

	Study 
	Study 
	Week 
	MTX + Placebo 
	MTX + Adalimumab 
	Difference in Response

	N 
	N 
	Response 
	N 
	Response 

	Keystone et al.[1] 
	Keystone et al.[1] 
	24 
	200 
	30% 
	207 
	63% 
	34% 

	Weinblatt et al.[2] 
	Weinblatt et al.[2] 
	24 
	62 
	15% 
	67 
	67% 
	53% 

	Kim et al.[3] 
	Kim et al.[3] 
	24 
	63 
	37% 
	65 
	62% 
	25% 

	Chen et al.[4] 
	Chen et al.[4] 
	12 
	12 
	33% 
	35 
	54% 
	21% 

	Meta-Analysis (fixed effects1): Difference (95% CI) 
	Meta-Analysis (fixed effects1): Difference (95% CI) 
	35% (28%, 42%) 

	Meta-Analysis (random effects2): Difference (95% CI) 
	Meta-Analysis (random effects2): Difference (95% CI) 
	35% (22%, 48%) 

	Heterogeneity p-value 
	Heterogeneity p-value 
	0.04 


	Source: FDA Reviewer Abbreviations: ACR20= 20% improvement in American College of Rheumatology criteria, MTX= methotrexate 1 Based on Mantel-Haenszel weights  Based on DerSimonian-Laird approach 
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	Supplemental Analyses of the Primary Endpoint 
	Two supplemental analyses of the PPS1 for ACR20 at Week 24 were performed by the applicant: (1) calculation of stratified confidence intervals using the Newcombe score method with Cochran-Mantel-Haenszel weights for region and categorŝǌĞĚ ďĂƐĞůŝŶĞ .ZW ;ш ϭϬ ĂŶĚ ф ϭϬ mg/L) as factors and (2) analysis of covariance (ANCOVA) with treatment group and region as factors and the baseline CRP value as a covariate. The Newcombe score method calculates uncertainty based on assuming no difference, which is the alterna
	A supportive analysis using a time-response model with the ACR20 response with a predefined equivalence margin based on a 2-norm measurement was performed to further investigate the treatment difference during the time course of the study period up to Week 24 for the PPS1. The FDA discussed this approach to discriminate treatment effects between products at the BPD Type 2 Meeting on July 23, 2013 and the FDA indicated that, while in theory the time-response model may be more sensitive compared to an analysi
	Assessing the Impact of Missing Data in the Primary Endpoint 
	The analyses for the primary endpoint, ACR20 at Week 24, used two different approaches for missing data for the two data sets. In the PPS, no imputation was performed and, by the definition of the analysis population, all data were observed. In analyses using the FAS, all observed data were used and missing data were imputed as non-responses.  
	An approach to consider patients who withdraw from the study and therefore have missing data to be non-responders for the FAS analysis is reasonable, but with such an approach, the primary endpoint is in fact a composite measure of treatment success. For example, the primary ACR20 endpoint would be a composite measure that includes the following components: (1) remaining in the study through 24 weeks; and (2) achieving an ACR20 response at Week 24. The use of such a composite outcome combines the effects of
	The applicant performed additional analyses using the FAS aimed to assess the robustness of the results to these missing data assumptions, each with specific faults discussed below. First, the applicant performed a pattern mixture analysis. In this analysis, multiple imputation with a missing at random (MAR) assumption was used for all subjects with missing data at Week 24; for subjects who withdraw from the study with a primary reason of lack of efficacy or AE,  their change from the last visit to the miss
	(a) 
	(a) 
	(a) 
	If the initially imputed value with non-missing value represents improvement compared to the last visit, reduce this improvement by 30%. 

	(b) 
	(b) 
	If the initially imputed value with non-missing value represents worsening compared to the last visit, increase this worsening further by 30%. 

	(c) 
	(c) 
	If the initially imputed value is such that the change from last visit is zero, then for categorical or ordinal components force it to a worsening by 1 point (the minimum unit of change). 


	At the BPD Type 4 Meeting on May 4, 2016, the FDA expressed concerns with this sensitivity analysis. The FDA indicated that this analysis would not sufficiently explore the potential effect that violations of the assumptions about missing data might have on the reliability of results. To further assess the robustness of the primary analysis results with regards to missing data, the FDA recommended that the applicant conduct additional tipping point sensitivity analyses in the FAS. These analyses should vary
	under which there is no longer evidence of similarity. The plausibility of those assumptions can be discussed. 
	Based on this advice, to further assess the robustness of the primary analysis results in the FAS with regards to missing data, the applicant performed a tipping point analysis by applying specific outcomes (i.e., imputing different numbers of responders) for the 13 patients from the SB5 treatment group and 15 patients from the EU-Humira who discontinued prior to having an ACR assessment for Week 24. These data were presented graphically, indicating, for each scenario, whether the resulting 95% confidence i
	There is some merit in this approach as it explores a two-dimensional space of plausible assumptions. However, this approach has its limitations in that it directly imputes outcomes for subjects with missing data, rather than drawing from underlying distribution of response rates, resulting in single imputation for these subjects. Therefore, this analysis may not appropriately incorporate the uncertainty of the imputation process.  To alleviate these concerns, the statistical reviewer performed an additiona
	Analyses of Secondary Endpoints 
	The applicant also planned and performed analyses of several secondary endpoints that are considered important to evaluating whether there are clinically meaningful differences between SB5 and US-Humira. A similar analysis to that performed in the primary efficacy analysis was performed for the ACR50 and ACR70 responses at Week 24 for both the PPS and the FAS. The continuous secondary endpoints at Week 24 were analyzed using the FAS and an ANCOVA model with treatment group and region as factors and using th
	To provide additional support in the evaluation of whether there are no clinically meaningful differences between SB5 and US-Humira, the applicant also evaluated the key secondary 
	To provide additional support in the evaluation of whether there are no clinically meaningful differences between SB5 and US-Humira, the applicant also evaluated the key secondary 
	endpoint of change from baseline in DAS28, a continuous endpoint, in the comparative clinical study, specifying a similarity margin of ±0.6, compared to a 95% confidence interval of treatment difference.. The value of 0.6 was justified by the applicant because it is half of the minimum score of clinically significant improvement in DAS28 based on the EULAR criteria. Similarity margins were not pre-specified for other key secondary endpoints. 

	Because of the importance of secondary endpoints in concluding no clinically meaningful differences exist between SB5 and US-Humira and the potential increased sensitivity of continuous endpoints, the statistical reviewer performed an additional tipping point analysis, analogous to that performed for ACR20, for change from baseline in DAS28 at Week 24. This analysis used a 90% confidence interval for the treatment difference and delineates crossing the margin of ±0.5 in addition to the sponsor’s pre-specifi
	The applicant also evaluated the change in mTSS at Week 52 by treatment group. The applicant used ANCOVA to provide treatment comparisons, however, because this endpoint was evaluated after the Week 24 transition, the comparison between treatment groups is difficult to interpret. Therefore, the statistical reviewer summarized the change in mTSS descriptively for each treatment (SB5, All EU-Humira, EU-Humira to EU-Humira, and EU-Humira to SB5) using the mean and standard deviation. The cumulative probability
	Subgroup Analyses 
	To examine the consistency of effect across subgroups, the statistical reviewer performed ĂĚĚŝƚŝŽŶĂů ĂŶĂůǇƐĞƐ ďǇ ƐĞǆ͕ ĂŐĞ ;фϲϱ͕ шϲϱ ǇĞĂƌƐ ŽĨ ĂŐĞͿ͕ ƌĂĐĞ ;ǁŚŝƚĞ͕ .ƐŝĂŶͿ͕ ĂŶĚ ƌĞŐŝŽŶ ;.h͕ ŶŽŶEU locations). In these analyses, the reviewer calculated within each subgroup, the number and proportion of responders within each treatment arm and the difference in the proportion of responders between treatment arms. These results were summarized using a forest plot. 
	-

	Subject Disposition 
	This study planned to include 490 total subjects. Due to a higher number of subjects screened and a lower screening failure during the last phase of the enrollment, a total of 747 subjects were screened, of which 544 subjects were randomized (271 subjects to SB5 and 273 to EU-Humira). Of the 544 subjects randomized, 508 (93%) completed Week 24 and 506 received study drug after Week 24 (Table 18). Two subjects in the SB5 treatment group did not qualify for randomization but were inadvertently randomized. The
	Figure 8 shows the proportions of patients remaining in this study, indicating similar trends on both arms. The proportions of patients withdrawing early from the study and the distributions of reasons for dropout were largely similar between SB5 and EU-Humira in the study. The most common reason for drop out was “withdrawal of consent”, representing 19 subjects from Week 0 to Week 24 and 7 subjects from Week 24 to Week 52. There was slightly lower dropout due to adverse events on SB5 (1%) than EU-Humira (3
	Table 18 Disposition of Patients 
	Table
	TR
	SB5 
	EU-Humira 
	Overall 

	Randomized 
	Randomized 
	271 
	273 
	544 

	Completed Week 24 
	Completed Week 24 
	254 (94%) 
	254 (93%) 
	508 (93%) 

	Received study drug 
	Received study drug 
	268 (99%) 
	273 (100%) 
	541 (99%) 

	Discontinued from study by Week 24 
	Discontinued from study by Week 24 
	17 (6%) 
	19 (7%) 
	36 (7%) 

	Adverse event 
	Adverse event 
	2 (0.7%) 
	9 (3.3%) 
	11 (2%) 

	  Lack of efficacy 
	  Lack of efficacy 
	1 (0.4%) 
	2 (0.7%) 
	3 (0.6%)

	  Lost to follow-up 
	  Lost to follow-up 
	0 (0%) 
	0 (0%) 
	0 (0%) 

	Other 
	Other 
	3 (1.1%) 
	0 (0%) 
	3 (0.6%)

	  Withdrawal of consent 
	  Withdrawal of consent 
	11 (4.1%) 
	8 (2.9%) 
	19 (3.5%) 

	TR
	SB5 
	EU-Humira -SB5 
	EU-HumiraEU-Humira 
	-

	Overall 

	Re-randomized at Week 24 
	Re-randomized at Week 24 
	254 
	125 
	129 
	508 

	Received study drug after Week 24a 
	Received study drug after Week 24a 
	254 (100%) 
	125 (100%) 
	127 (98%) 
	506 (100%) 

	Completed Week 52 a 
	Completed Week 52 a 
	248 (98%) 
	117 (94%) 
	124 (96%) 
	489 (96%) 

	Discontinued from study Week 24 to Week 52 a 
	Discontinued from study Week 24 to Week 52 a 
	6 (2%) 
	8 (6%) 
	5 (4%) 
	19 (4%) 

	  Adverse event a 
	  Adverse event a 
	2 (0.8%) 
	2 (1.6%) 
	3 (2.3%) 
	7 (1.4%)

	  Lack of efficacy a 
	  Lack of efficacy a 
	0 (0%) 
	1 (0.8%) 
	1 (0.8%) 
	2 (0.4%)

	  Lost to follow-up a 
	  Lost to follow-up a 
	1 (0.4%) 
	0 (0%) 
	0 (0%) 
	1 (0.2%) 

	Other a 
	Other a 
	1 (0.4%) 
	1 (0.8%) 
	0 (0%) 
	2 (0.4%)

	  Withdrawal of consent a 
	  Withdrawal of consent a 
	2 (0.8%) 
	4 (3.2%) 
	1 (0.8%) 
	7 (1.4%) 


	Source: FDA Reviewer .Counts (percentages relative to randomized) are presented...Counts and percentages after week 24, were computed relative to re-randomized set...
	a

	Figure 8 Kaplan-Meier Estimates for Time in Study by Treatment Group..
	Figure
	Source: FDA Reviewer Based on all randomized subjects (treatment assignments are from first randomization). Event at time of study discontinuation, censored at time of study completion 
	Demographics and Baseline Characteristics 
	There were no large imbalances in the distributions of baseline demographics (Table 19) across the treatment arms. The population study was very homogeneous, raising some concern of generalizability, with the majority of subjects female (79%), white (99%), and non-Hispanic (99%). The most subjects were studied in Poland (40%) and none of the sites were in the United States. The average age (51 years) and body mass index (27 kg/m) were also similar across treatment arms. 
	2

	Similarly, there were no large imbalances in the distributions of baseline disease characteristics (Table 20) across the treatment arms. The average RA disease duration was 5.4 years with a weekly MTX dose of approximately 15 mg. The average number of DMARDs previously used, beyond MTX, was between 0 and 1. Most subjects were positive for rheumatoid factor (71%), with an average ESR of 40 mm/hr. The average CRP was slightly lower in the SB5 arm (11.8 vs. 13.9). Otherwise, similar baseline measures for the c
	Table 19 Baseline Demographics of All Randomized Subjects 
	Table 19 Baseline Demographics of All Randomized Subjects 
	Table 19 Baseline Demographics of All Randomized Subjects 

	TR
	SB5 
	EU-Humira 
	Overall 

	Randomized 
	Randomized 
	271 
	273 
	544 

	Age, years 
	Age, years 
	49.8 (12.7) 
	52.5 (11.9) 
	51.2 (12.4) 

	Male (%) 
	Male (%) 
	54 (20) 
	49 (18) 
	103 (19) 

	White (%) 
	White (%) 
	271 (100) 
	269 (99) 
	540 (99) 

	Country (%)
	Country (%)

	   Bosnia and Herzegovina 
	   Bosnia and Herzegovina 
	33 (12) 
	32 (12) 
	65 (12) 

	Bulgaria 
	Bulgaria 
	26 (10) 
	25 (9) 
	51 (9) 

	   Czech Republic 
	   Czech Republic 
	45 (17) 
	45 (16) 
	90 (17) 

	Korea 
	Korea 
	0 (0) 
	4 (1) 
	4 (1) 

	Lithuania 
	Lithuania 
	17 (6) 
	18 (7) 
	35 (6) 

	Poland 
	Poland 
	109 (40) 
	107 (39) 
	216 (40) 

	Ukraine 
	Ukraine 
	41 (15) 
	42 (15) 
	83 (15) 

	Ethnicity (%) 
	Ethnicity (%) 

	Hispanic or Latino 
	Hispanic or Latino 
	2 (1) 
	2 (1) 
	4 (1) 

	Mixed Ethnicity 
	Mixed Ethnicity 
	6 (2) 
	5 (2) 
	11 (2)

	 Other 
	 Other 
	263 (97) 
	266 (97) 
	529 (97) 

	Height, cm 
	Height, cm 
	166.2 (9.0) 
	165.5 (8.2) 
	165.8 (8.6) 

	BMI kg/m2 
	BMI kg/m2 
	26.2 (4.8) 
	27.0 (5.1) 
	26.6 (4.9) 


	Source: FDA Reviewer .Counts (percentages relative to randomized) or means (standard deviation) are presented...
	Table 20 Baseline Disease Characteristics for All Randomized 
	Table
	TR
	SB5 
	EU-Humira 
	Overall 

	Randomized 
	Randomized 
	271 
	273 
	544 

	RA disease duration, years 
	RA disease duration, years 
	5.4 (4.4) 
	5.5 (4.3) 
	5.4 (4.3) 

	Swollen joint count (out of 66) 
	Swollen joint count (out of 66) 
	15.8 (8.0) 
	15.5 (7.5) 
	15.7 (7.8) 

	Tender joint count (out of 68) 
	Tender joint count (out of 68) 
	23.9 (11.7) 
	24.1 (10.8) 
	24.0 (11.3) 

	Subject Pain Assessment (VAS 0-100 mm) 
	Subject Pain Assessment (VAS 0-100 mm) 
	59.2 (20.7) 
	60.8 (19.7) 
	60.0 (20.2) 

	Physician Global Assessment (VAS 0-100 mm) 
	Physician Global Assessment (VAS 0-100 mm) 
	59.8 (16.9) 
	60.6 (15.4) 
	60.2 (16.1) 

	Subject Global Assessment (VAS 0-100 mm) 
	Subject Global Assessment (VAS 0-100 mm) 
	58.5 (20.3) 
	59.4 (18.6) 
	58.9 (19.5) 

	HAQ-DI 
	HAQ-DI 
	1.3 (0.6) 
	1.4 (0.6) 
	1.3 (0.6) 

	ESR, mm/hr 
	ESR, mm/hr 
	39.6 (13.3) 
	39.6 (13.9) 
	39.6 (13.6) 

	CRP, mg/L 
	CRP, mg/L 
	11.8 (19.2) 
	13.4 (19.3) 
	12.6 (19.3) 

	Positive RF (%) 
	Positive RF (%) 
	203 (75) 
	185 (68) 
	388 (71) 

	Weekly MTX dose, mg 
	Weekly MTX dose, mg 
	15.1 (4.6) 
	15.3 (4.4) 
	15.2 (4.5) 

	Number of Previous DMARDs (except MTX) 
	Number of Previous DMARDs (except MTX) 
	0.5 (0.8) 
	0.5 (0.9) 
	0.5 (0.8) 


	Source: FDA Reviewer Counts (percentages relative to randomized) or means (standard deviation) are presented. Abbreviations: CRP=C-reactive protein; DMARDS=disease modifying anti-rheumatic drugs; HAQ-DI=health assessment questionnaire-disability index; MTX=methotrexate; RA=rheumatoid arthritis; RF=rheumatoid factor 
	Analysis of Primary Clinical Endpoint(s) 
	Table 21 displays the results for the primary clinical endpoint, the proportion of subjects with ACR20 response at Week 24. Approximately 68.0% of subjects randomized to SB5 and 67.4% of subjects randomized to EU-Humira remained in the study and achieved an ACR20 response at Week 24, for an estimated absolute difference between treatments of 0.76% (90% CI: (-5.78%, 7.30%), 95% CI: (-7.03%, 8.56%)). Of the subjects who did not have a major protocol violation and adhered to study visits and treatment (PPS1), 
	In order to assess that these results were not driven by the sponsor’s overenrollment (544 subjects compared to the planned 490 due to faster than expected recruiting), the statistical reviewer repeated the primary analysis using only the first 490 randomized subjects. Similar results were observed for both the PPS1 and the FAS analyses, again ruling out the chosen similarity margins. 
	Table 21 Difference in ACR20 Response at Week 24 between SB5 and EU-Humira 
	Table 21 Difference in ACR20 Response at Week 24 between SB5 and EU-Humira 
	Table 21 Difference in ACR20 Response at Week 24 between SB5 and EU-Humira 

	Analysis Set 
	Analysis Set 
	ACR20 Response (n/N (%)) 
	Estimated Difference 
	95% CI 
	90% CI 

	SB5 
	SB5 
	EU-Humira 

	PPS1 
	PPS1 
	173 / 239 (72.4%) 
	171 / 237 (72.2%) 
	0.15% 
	(-7.83%, 8.13%) 
	(-6.55%, 6.85%) 

	FAS 
	FAS 
	183 / 269 (68.0%) 
	184 / 273 (67.4%) 
	0.76% 
	(-7.03%, 8.56%) 
	(-5.78%, 7.30%) 


	Source: Reviewer Abbreviations: ACR20= American College of Rheumatology 20% response, N=number of subjects in the analysis set, n= number of responders, PPS1= per protocol set, FAS= full analysis set, CI=confidence interval Estimated differences and confidence intervals are adjusted based on non-parametric analysis of covariance model with region and baseline C-reactive protein (CRP) in model.  No imputation for missing data used in PPS1 analysis. Non-responder imputation used for missing data in FAS analys
	Potential Effects of Missing Data 
	As described in the Statistical Methodologies section, in the analysis using the FAS, non-responder imputation was used for subjects who withdrew from the study early and had missing data at Week 24. This approach could confound treatment differences in adherence and response, requiring further investigation of the missing data assumption. 
	The amount of missing data for the primary endpoint was low. The statistical reviewer found during the review that there were six subjects (four randomized to EU-Humira and two randomized to SB5) who discontinued from the study between Week 16 and Week 24 but their observed ACR20 response at the early discontinuation visit was included in the applicant’s Week 24 FAS analyses, resulting a total of 514 subjects with observed data (Table 22). To ensure that these carried observations did not impact results, th
	Table 22 Tabulation by Analysis Set of Available Data in Primary Endpoint, ACR20 at Week 24 
	Table
	TR
	SB5 
	EU-Humira 
	Total 

	Randomized, N 
	Randomized, N 
	271 
	273 
	544 

	Per Protocol Set 1, N 
	Per Protocol Set 1, N 
	239 
	237 
	476 

	Week 24 Observed, n (%) 
	Week 24 Observed, n (%) 
	239 (100%) 
	237 (100%) 
	476 (100%) 

	Full Analysis Set, N 
	Full Analysis Set, N 
	269 
	273 
	542 

	Week 24 Observed n (%) 
	Week 24 Observed n (%) 
	256 (95.2%) 
	258 (94.5%) 
	514 (94.8%) 


	Source: Reviewer Abbreviations: N= number of subjects in set, n= number of subjects with observed data, %= percentage of subjects with observed data in set 
	Although the amount of missing data was low, the statistical reviewer performed a tipping point analysis to assess the potential impact of assuming non-response for subjects with missing data (see Appendix for methodology). Figure 9 shows the results from this analysis for the comparison of SB5 to EU-Humira. In these figures, the horizontal axes show the estimated mean response in the missing subjects on the SB5 arm, the postulated shift in the mean response of the missing subjects compared to the non-missi
	This figure varied the mean ACR20 response in the missing subjects across the possible range of values (0 to 1). Across this range, the 90% confidence intervals did not cross the ±12% margin, indicated by the entirely yellow plot. This analysis shows that these results are robust to the missing data assumptions used in this FAS analysis. These findings were consistent with the applicant’s tipping point analysis. 
	Figure 9 Tipping Point Analysis of ACR20 Response at Week 24 (90% Confidence Interval) 
	Source: Reviewer Constructed using the Full Analysis Set. Numbers on diagonal lines indicate estimated treatment differences in ACR20 response between SB5 and EU-Humira in all subjects, including those who have missing data, under that set of missing data assumptions. The black triangle is the ACR20 response on each arm using observed data only. 
	Analysis of Secondary Clinical Endpoint(s) 
	The proportion of patients with ACR20, ACR50, and ACR70 response over time were similar across treatment arms for Week 0 to Week 24 (Figure 10). Furthermore, at Week 24, ACR50 and ACR70 responses were similar and the confidence intervals were appropriately small for SB5 and EU-Humira, using both the PPS1 and the FAS1 (Table 23). For each analysis, the difference between SB5 and EU-Humira was less than 2%. 
	Figure 10 ACR20, ACR50, and ACR70 Responses over Time (Through Week 24) in Full Analysis Set 
	Figure
	Source: Reviewer Abbreviations: ACR20/ACR50/ACR70= American College of Rheumatology 20%/50%/70% improvement Full analysis set, non-responder imputation applied for missing data 
	Table 23 Primary Analysis Results of ACR50 and ACR70 Response at Week 24 .
	Table 23 Primary Analysis Results of ACR50 and ACR70 Response at Week 24 .
	Table 23 Primary Analysis Results of ACR50 and ACR70 Response at Week 24 .

	Analysis Set 
	Analysis Set 
	Response (n/N (%)) 
	Estimated Difference 
	95% CI 
	90% CI 

	SB5 
	SB5 
	EU-Humira 

	TR
	ACR50 

	PPS1 
	PPS1 
	91 / 239 (38.1%) 
	94 / 237 (39.7 %) 
	-1.97% 
	(-10.69%, 6.75%) 
	(-9.29%, 5.35%) 

	FAS 
	FAS 
	98 / 269 (36.4%) 
	100 / 273 (36.6%) 
	-0.27% 
	(-8.34%, 7.80%) 
	(-7.05%, 6.50%) 

	TR
	ACR70 

	PPS1 
	PPS1 
	46 / 239 (19.2%) 
	48 / 237 (20.3%) 
	-1.31% 
	(-8.41 %, 5.80 %) 
	(-7.27%, 4.65%) 

	FAS 
	FAS 
	47 / 269 (17.5%) 
	50 / 273 (18.3%) 
	-0.96% 
	(-7.37 %, 5.45 %) 
	(-6.34%, 4.42%) 


	Source: Reviewer..Abbreviations: ACR50= American College of Rheumatology 50% response, ACR70= American College of Rheumatology 70% .response, N=number of subjects in the analysis set, n= number of responders, PPS1= per protocol set, FAS= full analysis set, .CI=confidence interval..Estimated differences and confidence intervals are adjusted based on non-parametric analysis of covariance model with region .and baseline C-reactive protein (CRP) in model.  .No imputation for missing data used in PPS1 analysis. 
	Mean changes from baseline in the components of the ACR endpoint and the disease activity score (DAS28) were also similar between the two treatment arms (Table 22). In particular, the 95% confidence interval for HAQ-DI (-0.14, 0.03) ruled out relatively large differences in function on SB5 as compared to EU-Humira. Similarly, the 95% confidence interval for DAS28    (-0.26, 0.17) ruled out large increases in disease activity on SB5 as compared to EU-Humira. The upper bound for DAS28 of 0.17 is substantially
	Because of the importance of the DAS28 endpoint and the sensitivity of continuous endpoints, the statistical reviewer performed an additional tipping point analysis, similar to that used for ACR20. Figure 11 shows the results from this analysis for the comparison of SB5 to EU-Humira. Note that for this endpoint, larger negative values represent larger treatment benefit (i.e., larger DAS28 scores indicate higher disease activity). Analogous to the ACR20 analysis, the horizontal axes show the estimated mean c
	0.5 (favoring SB5), the red portion indicates a lower confidence bound greater than 0.6 (the sponsor’s margin, favoring SB5). Numbers on diagonal lines indicate differences in the mean 
	0.5 (favoring SB5), the red portion indicates a lower confidence bound greater than 0.6 (the sponsor’s margin, favoring SB5). Numbers on diagonal lines indicate differences in the mean 
	change from baseline in DAS28 at Week 24 between SB5 and EU-Humira, including subjects who have missing data, under that set of missing data assumptions. 

	This figure varied the estimated shift in mean change from baseline in DAS28 score in the missing subjects compared to the observed subjects on each arm from -4 to 4. This analysis indicates that large decreases in efficacy (i.e., 0.5 units) on SB5 compared to EU-Humira can be ruled out, unless there is an assumption of much worse outcomes (3 or 4 units) on the SB5 arm and much better outcomes (3 or 4 units) on the EU-Humira among the missing compared to the observed. This is evidenced by the large amount o
	Table 24 Mean Changes from Baseline in the ACR Components and DAS28 at Week 24 in Completers 
	Table 24 Mean Changes from Baseline in the ACR Components and DAS28 at Week 24 in Completers 
	Table 24 Mean Changes from Baseline in the ACR Components and DAS28 at Week 24 in Completers 

	TR
	SB5 
	EU-Humira 
	Difference in Meansb (95% CI)b

	Na 
	Na 
	Adjusted Meanb (SE) 
	Na 
	Adjusted Meanb (SE) 

	Tender Joint Count 
	Tender Joint Count 
	256 
	-16.40 (0.53) 
	258 
	-15.60 (0.53) 
	-0.80 (-2.15, 0.55) 

	Swollen Joint Count 
	Swollen Joint Count 
	256 
	-12.60 (0.30) 
	258 
	-12.46 (0.29) 
	-0.13 (-0.89, 0.62) 

	Subject Pain 
	Subject Pain 
	256 
	-23.63 (3.25) 
	257 
	-23.03 (3.24) 
	-0.60 (-4.30, 3.10) 

	Subject Global 
	Subject Global 
	256 
	-25.07 (3.15) 
	258 
	-24.18 (3.14) 
	-0.90 (-4.47, 2.68) 

	Physician Global 
	Physician Global 
	256 
	-35.83 (2.43) 
	258 
	-35.03 (2.42) 
	-0.80 (-3.57, 1.96) 

	HAQ-DI 
	HAQ-DI 
	256 
	-0.48 (0.03) 
	257 
	-0.43 (0.03) 
	-0.05 (-0.14, 0.03) 

	CRP 
	CRP 
	254 
	-6.61 (0.59) 
	257 
	-6.67 (0.59) 
	0.06 (-1.45, 1.56) 

	DAS28 
	DAS28 
	255 
	-2.70 (0.08) 
	257 
	-2.66 (0.08) 
	-0.04 (-0.26, 0.17) 


	Source: Reviewer Abbreviations: HAQ-DI=Health Assessment Questionnaire Disability Index, CRP=C-Reactive Protein, DAS28=Disease Activity Score using 28 joints, SE=standard error, CI=confidence interval Number of patients with complete data included in analysis Adjusted means, standard errors, difference, and confidence intervals calculated from analysis of covariance model with treatment group and region as factors and corresponding baseline value as a covariate. 
	a
	b

	Figure 11 Tipping Point Analysis of Change from Baseline in DAS28 at Week 24 (90% Confidence Interval) 
	Figure
	Source: Reviewer Constructed using the Full Analysis Set. Numbers on diagonal lines indicate estimated treatment differences in mean change from baseline in DAS28 between SB5 and EU-Humira in all subjects, including those who have missing data, under that set of missing data assumptions. The black triangle is the mean change form baseline in DAS28 on each arm using observed data only. 
	Other Clinical Endpoints 
	In addition to assessments of signs and symptoms, the applicant performed x-ray assessments in order to examine radiographic progression over time. Table 25 shows the mean modified total Sharp score (mTSS) and components at baseline and Week 52 and the mean change from baseline at Week 52 for each of the treatment arms (including an “EU-Humira All” arm with all subjects originally randomized to EU-Humira). In general, the change from baseline in mTSS was low across treatment arms (0.5 or less). The smallest
	Table 25 Summary Statistics of Structural Joint Damage (modified Total Sharp Score) 
	Table
	TR
	SB5 
	EU-Humira (All) 
	EU-HumiraSB5 
	-

	EU-HumiraEU-Humira 
	-

	Total 

	MTSS 
	MTSS 
	Week 0 (BL) 
	n 
	244 
	250 
	119 
	128 
	494 

	Mean (SD) 
	Mean (SD) 
	29.5 (46.5) 
	31.4 (51.3) 
	29.6 (50.7) 
	33.7 (52.4) 
	30.5 (48.9) 

	Week 52 
	Week 52 
	n 
	244 
	250 
	119 
	128 
	494 

	Mean (SD) 
	Mean (SD) 
	29.7 (47.0) 
	31.8 (51.7) 
	29.8 (51.3) 
	34.2 (52.6) 
	30.7 (49.4) 

	Mean Change from Baseline (SD) 
	Mean Change from Baseline (SD) 
	0.2 (2.5) 
	0.4 (2.5) 
	0.3 (2.7) 
	0.5 (2.4) 
	0.3 (2.5) 

	TJES 
	TJES 
	Week 0 (BL) 
	n 
	244 
	250 
	119 
	128 
	494 

	Mean (SD) 
	Mean (SD) 
	15.6 (24.4) 
	16.5 (27.8) 
	14.9 (26.6) 
	18.1 (29.1) 
	16.0 (26.1) 

	Week 52 
	Week 52 
	n 
	244 
	250 
	119 
	128 
	494 

	Mean (SD) 
	Mean (SD) 
	15.7 (24.6) 
	16.6 (27.9) 
	15.1 (26.8) 
	18.3 (29.1) 
	16.1 (26.3) 

	Mean Change from Baseline (SD) 
	Mean Change from Baseline (SD) 
	0.1 (1.6) 
	0.2 (1.2) 
	0.2 (1.4) 
	0.2 (1.1) 
	0.1 (1.4) 

	TJSN 
	TJSN 
	Week 0 (BL) 
	n 
	244 
	250 
	119 
	128 
	494 

	Mean (SD) 
	Mean (SD) 
	13.9 (23.4) 
	14.9 (24.6) 
	14.6 (25.2) 
	15.5 (24.3) 
	14.4 (24.0) 

	Week 52 
	Week 52 
	n 
	244 
	250 
	119 
	128 
	494 

	Mean (SD) 
	Mean (SD) 
	14.0 (23.7) 
	15.2 (24.9) 
	14.7 (25.6) 
	15.9 (24.5) 
	14.6 (24.3) 

	Mean Change from Baseline (SD) 
	Mean Change from Baseline (SD) 
	0.1 (1.3) 
	0.2 (1.7) 
	0.1 (1.5) 
	0.3 (1.9) 
	0.1 (1.5) 


	Source: Reviewer Abbreviations: MTSS= modified total Sharp score, TJES= total joint erosion score, TJSN= total joint space narrowing score, BL= baseline, N= number of subjects with an assessment, SD=standard deviation Analysis includes all subjects who had a baseline and Week 52 radiograph, regardless of discontinuation status EU-Humira arms are based on subjects that had re-randomization at Week 24 (EU-Humira-SB5 + EU-Humira-EU-Humira may not add up to EU-Humira overall due to discontinuation prior to Week
	70 .
	Figure 12 Cumulative Distribution of Mean Change from Baseline in mTSS at Week 52 .
	Figure
	Source: Reviewer Abbreviations: mTSS=modified total Sharp score Analysis includes all subjects who had a baseline and Week 52 radiograph, regardless of discontinuation status EU-Humira arms are based on subjects that had re-randomization at Week 24 (EU-Humira-SB5 + EU-Humira-EU-Humira may not add up to EU-Humira overall due to discontinuation prior to Week 24) 
	Additional Analyses 
	Subgroup Analyses 
	The subgroup analyses compared ACR20 efficacy results across treatment arms within different subgroups defined by sex, race, age, and region. Figure 13 shows these results for the primary 
	The subgroup analyses compared ACR20 efficacy results across treatment arms within different subgroups defined by sex, race, age, and region. Figure 13 shows these results for the primary 
	endpoint (ACR20 response at Week 24) comparing SB5 vs. EU-Humira within the confirmatory study. As would be expected, there was considerable heterogeneity in the estimated differences in response probabilities comparing SB5 and EU-Humira across the subgroups (some very small in size). However, estimated differences were largely centered around similarity, and there were no striking trends. The number of subjects identified as non-white was too small and isolated to the EU-Humira group, making it impossible 

	Figure 13 Subgroup Analyses in Study SB5-G31-RA (Difference in ACR20 Response Probability 
	for SB5 vs. EU-Humira) 
	Source: Reviewer N=number of subjects in the subgroup per arm, n=number of responders in the subgroup per arm, CI=confidence interval Vertical line represents the overall observed treatment difference Confidence intervals calculated using a normal approximation 
	Assay Sensitivity and the Constancy Assumption 
	To determine the sensitivity of this study to detect differences between the proposed biosimilar and the EU-Humira, if such differences do exist, the statistical reviewer reviewed the key characteristics of four historical, randomized, double-blind, parallel-group, placebo-
	To determine the sensitivity of this study to detect differences between the proposed biosimilar and the EU-Humira, if such differences do exist, the statistical reviewer reviewed the key characteristics of four historical, randomized, double-blind, parallel-group, placebo-
	controlled clinical trials of adalimumab (Keystone et al.[1], Weinblatt et al.[2], Kim et al.[3], Chen et al.[4]), in patients with active RA despite treatment with methotrexate, alongside key characteristics of Study SB5-G31-RA (Table 26). Important aspects of the design of the historical studies such as inclusion/exclusion criteria, subject’s previous TNF experience, use of concomitant medications, and baseline disease severity, were largely similar if not identical across the five studies. While Study SB
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	Another key consideration in assessing assay sensitivity is study conduct, e.g., protocol violations, high dropout, and missing data, as this can bias results towards a conclusion of equivalence. Prior to Week 24, 36 (6.6%) of subjects withdrew including 17 subjects (6.3%) from the SB5 treatment group and 19 (7.0%) of subjects from the EU-Humira treatment group. This rate of withdrawal is the same or better than the rates observed on the adalimumab arm in the historical studies. We do note that two subjects
	In general, withdrawal rates were comparable for this study to historical studies and while there were some major protocol deviations, there were not major concerns regarding study conduct. Furthermore, design, conduct, and within-group responses rates of the comparative clinical study were largely similar to those characteristics in four historical clinical trials that demonstrated relatively large and consistent treatment effects of adalimumab over placebo. Therefore, the available information largely sup
	 References to unknown sources of adalimumab (e.g., based on historical studies) will use “adalimumab”. 
	 References to unknown sources of adalimumab (e.g., based on historical studies) will use “adalimumab”. 
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	Table 26 Comparison of Key Study Characteristics of Historical Randomized, Placebo-Controlled Clinical Trials of Adalimumab in RA and Comparative Clinical Study 
	Table
	TR
	Keystone [1] 
	Weinblatt [2] 
	Kim [3] 
	Chen [4] 
	Study SB5-G31-RA 

	Selected Inclusion/Exclusion Criteria 
	Selected Inclusion/Exclusion Criteria 
	шϲ ^:.͖ шϵ d:.͖ ш ϭϬ ŵŐͬ> .ZW͖ Z&н Žƌ ш ϭ :. 
	шϲ ^:.͖ шϵ d:. 
	шϲ ^:.͖ шϵ d:. 
	шϲ ^:.͖ шϵ d:. 
	шϲ ^:.͖ шϲ d:.͖ шϮϴ ŵŵͬŚƌ .^Z Žƌ ш ϭϬ ŵŐͬ> CRP 

	Anti-TNF experience allowed? 
	Anti-TNF experience allowed? 
	No 
	No 
	No 
	No 
	No 

	Concomitant DMARDs 
	Concomitant DMARDs 
	Stable MTX, corticosteroids, NSAIDs 
	Stable MTX, corticosteroids, NSAIDs 
	Stable MTX 
	Stable MTX 
	Stable MTX, corticosteroids, NSAIDs 

	Region/Country 
	Region/Country 
	US, Canada 
	US, Canada 
	Korea 
	Taiwan 
	EU, Korea 

	Time of ACR20 Evaluation 
	Time of ACR20 Evaluation 
	Week 24 
	Week 24 
	Week 24 
	Week 12 
	Week 24 

	ACR20 Response on Humira 
	ACR20 Response on Humira 
	63% 
	67% 
	62% 
	54% 
	67% 

	Discontinuation Rates on Humira 
	Discontinuation Rates on Humira 
	23% by Week 52 
	7% by Week 16 
	9% by Week 24 
	NA 
	7% by Week 24 

	Baseline Characteristics a 
	Baseline Characteristics a 

	Swollen Joints 
	Swollen Joints 
	19 
	17 
	12 
	22 
	16

	    Tender Joints 
	    Tender Joints 
	27 
	28 
	19 
	33 
	24 

	Disease Duration (years) 
	Disease Duration (years) 
	11 
	12 
	6 
	6 
	5 

	    HAQ 
	    HAQ 
	1.5 
	1.6 
	1.4 
	1.7 
	1.3

	    CRP (mg/L) 
	    CRP (mg/L) 
	15 
	27 
	24 
	27 
	13 


	Source: Reviewer Abbreviations: TNF= tumor necrosis factor; DMARDs = disease modifying factor; SJC=swollen joint counts; TJC=tender joint counts; RF=rheumatoid factor; JE= joint erosion; ESR= erythrocyte sedmination rate; CRP=C-reactive protein; HAQ= health activity questionnaire; ACR20= American College of Rheumatology 20% response; US= United States; EU=Europe Estimates and information based on reports in publications Study population means 
	a 

	Review of Safety Data 
	Figure

	7.4.1. Methods 
	To characterize safety, adverse events, laboratory examination, vital signs, hypersensitivity, and immunogenicity were reviewed.  The primary study used to characterize safety was the comparative clinical study, SB5-G31-RA, as it provided comparisons between EU-Humira and SB5 in rheumatoid arthritis patients for up to 52 weeks.  Additionally, a portion of patients in SB5-G31-RA who received EU-Humira were switched to SB5 in order to follow potential safety issues after transitioning from EU-Humira to SB5. 
	US-Humira is an immunosuppressant drug with a well characterized safety profile.  Black box warnings on the US-Humira prescribing information include serious infections and malignancy. Additional warnings and precautions include invasive fungal infections, anaphylaxis or serious allergic reactions, Hepatitis B reactivation, demyelinating diseases, cytopenias including pancytopenia, and Lupus-like syndrome.  The most common adverse reactions are infections, injection site reactions, headache, and rash.    
	Clinical Studies to Evaluate Safety 
	The Applicant collected safety data from four clinical studies. 
	Three of the studies were PK similarity or usability studies. These studies had limited follow-up time and/or did not include a US-licensed Humira comparison.  Additionally, two of these studies were conducted in healthy volunteers and not in an indication for which US-licensed Humira is approved. Therefore, only limited safety information could be obtained from these three studies. 
	SB5-G11-NHV was a randomized, single-blind, parallel group study in healthy volunteers who were given SB5, US-Humira, or EU-Humira for up to 10 weeks.  63 subjects in each arm received at least one dose of investigational product. 
	SB5-G12-NHV was a randomized, open-label two-arm parallel group single dose study to compare the pharmacokinetics of SB5 in a pre-filled syringe versus an auto-injector.  95 healthy volunteers received SB5 in a pre-filled syringe and 95 received SB5 in an auto-injector.  There were no comparisons to US-Humira in this study. 
	SB5-G21-RA was an open-label, single-arm study to evaluate the usability and safety of  the auto-injector and pre-filled syringe of SB5 in 49 patients with RA.   
	The primary safety data were derived from the comparative clinical study, SB5-G31-RA, a 52week, randomized, double-blind, parallel group, active-controlled study in 544 patients with moderate to severe RA despite methotrexate therapy.  At week 24, patients who were on EU-Humira were randomized to continue on EU-Humira or transition to SB5.  The transition was used to assess potential risks in safety and immunogenicity as a result of transitioning from EU-Humira to SB5. 
	-

	Population Demographics 
	Table 19 shows the baseline demographics of patients in study SB5-G31-RA and Table 20 shows the baseline disease characteristics of patients in study SB5-G31-RA. In general, the baseline characteristics of the patients in study SB5-G31-RA are representative of a RA population with moderate to severely active disease.    
	Categorization of Adverse Events 
	Safety Analyses 
	The safety analyses submitted by the Applicant were from the individual studies and not from the pooled studies. The differences in study population and conduct of the studies made pooling of the clinical studies inappropriate.  Therefore, during a BPD Type 4 meeting, the Applicant and the FDA agreed to a submission where safety analyses would be provided for the individual studies. 
	 References to unknown sources of adalimumab (e.g., based on historical studies) will use “adalimumab”. 
	 References to unknown sources of adalimumab (e.g., based on historical studies) will use “adalimumab”. 
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	Food and Drug Administration. Draft guidance for industry: Non-inferiority clinical trials, 2010. International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use. E9: Statistical principles for clinical trials, 1998. 
	Food and Drug Administration. Draft guidance for industry: Non-inferiority clinical trials, 2010. International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use. E9: Statistical principles for clinical trials, 1998. 
	Food and Drug Administration. Draft guidance for industry: Non-inferiority clinical trials, 2010. International Conference on Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use. E9: Statistical principles for clinical trials, 1998. 
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	7.4.2. Major Safety Results 
	7.4.2. Major Safety Results 
	Relevant Characteristics of the Safety Population 
	Study SB5-G31-RA was not powered to reach conclusions regarding the safety among demographic subgroups. Pooled analyses of the clinical studies using SB5 were not calculated due to differences in types of patients studied and differences in study design.  
	Deaths 
	There were two deaths within the clinical program for SB5 and both occurred in the comparative clinical study, SB5-G31-RA.  One 60 year old white female had a cardiac arrest at Day 137 and one 63 year old white male had a pulmonary embolism at Day 126. Both deaths occurred in the EU-Humira group.   
	Treatment Emergent Adverse Events 
	Serious Adverse Events 
	In the PK similarity study, SB5-G11-NHV, there were 2 SAEs.  One patient in the SB5 group was hospitalized due to a psychotic disorder. One patient in the US-Humira group had a SAE secondary to sepsis. 
	In the PK comparative study, SB5-G12-NHV, there were 3 SAEs reported.  One patient who received SB5 via autoinjector had schizophrenia.  Two patients receiving SB5 via pre-filled syringe had fractures as a result of motorcycle accidents.  
	No SAEs were reported in the actual use study, SB5-G21-RA.   
	Table 27 shows the SAEs by preferred term occurring in the comparative clinical study, SB5G31-RA. The percent of patients who had a SAE was slightly higher in the EU-Humira group versus the SB5 group. To week 24, there was no more than one event for any preferred term in either group. 
	-

	Table 27. SB5-G31-RA: SAEs by Preferred Term up to week 24 
	Table 27. SB5-G31-RA: SAEs by Preferred Term up to week 24 
	Table 27. SB5-G31-RA: SAEs by Preferred Term up to week 24 

	TR
	SB5 N=268 
	EU-Humira N=273 

	Preferred term 
	Preferred term 
	n (%) 
	n (%) 

	Any SAE 
	Any SAE 
	3 (1.1) 
	8 (2.9) 

	Acute myocardial infarction 
	Acute myocardial infarction 
	1 (0.4) 
	0 (0) 

	Escheria urinary tract infection 
	Escheria urinary tract infection 
	1 (0.4) 
	0 (0) 

	Viral infection 
	Viral infection 
	1 (0.4) 
	0 (0) 

	Bronchopneumonia 
	Bronchopneumonia 
	0 (0) 
	1 (0.4) 

	Cardiac arrest 
	Cardiac arrest 
	0 (0) 
	1 (0.4) 

	Eosinophilia 
	Eosinophilia 
	0 (0) 
	1 (0.4) 

	Lymphoma 
	Lymphoma 
	0 (0) 
	1 (0.4) 

	Metastases to spine 
	Metastases to spine 
	0 (0) 
	1 (0.4) 

	Nasal inflammation 
	Nasal inflammation 
	0 (0) 
	1 (0.4) 

	Papillary thyroid cancer 
	Papillary thyroid cancer 
	0 (0) 
	1 (0.4) 

	Pneumonia 
	Pneumonia 
	0 (0) 
	1 (0.4) 

	Pulmonary embolism 
	Pulmonary embolism 
	0 (0) 
	1 (0.4) 

	Staphylococcal sepsis 
	Staphylococcal sepsis 
	0 (0) 
	1 (0.4) 

	Ulna fracture 
	Ulna fracture 
	0 (0) 
	1 (0.4) 

	Vascular pseudoaneurysm 
	Vascular pseudoaneurysm 
	0 (0) 
	1 (0.4) 


	Source; adapted from Applicant’s Summary of Clinical Safety, p. 45 
	Table 28 shows patients who had a SAE after week 24.  Patients are categorized as patients who were on SB5 and continued on SB5, patients who started on EU-Humira and were randomized to continue on EU-Humira, or patients who were on EU-Humira and were randomized to start on SB5. There were few SAEs after week 24 and no more than one preferred term occurred in each treatment group. 
	Table 28. SB5-G31-RA: SAEs by Preferred Term after week 24 
	Table 28. SB5-G31-RA: SAEs by Preferred Term after week 24 
	Table 28. SB5-G31-RA: SAEs by Preferred Term after week 24 

	TR
	SB5SB5 N=254 
	ÆÆ

	EU-HumiraSB5 N=125 
	ÆÆ

	EU-HumiraEU-Humira N=127 
	ÆÆ


	Preferred term 
	Preferred term 
	n (%) 
	n (%) 
	n (%) 

	Any SAE 
	Any SAE 
	6 (2.4) 
	4 (3.2) 
	4 (3.1) 

	Rheumatoid arthritis 
	Rheumatoid arthritis 
	1 (0.4) 
	0 (0) 
	1 (0.8) 

	Chronic obstructive pulmonary disease 
	Chronic obstructive pulmonary disease 
	1 (0.4) 
	0 (0) 
	0 (0) 

	Femoral hernia, obstructive 
	Femoral hernia, obstructive 
	1 (0.4) 
	0 (0) 
	0 (0) 

	Lumbar radiculopathy 
	Lumbar radiculopathy 
	1 (0.4) 
	0 (0) 
	0 (0) 

	Retinal edema 
	Retinal edema 
	1 (0.4) 
	0 (0) 
	0 (0) 

	Small cell lung cancer 
	Small cell lung cancer 
	1 (0.4) 
	0 (0) 
	0 (0) 

	Bronchitis 
	Bronchitis 
	0 (0) 
	0 (0) 
	1 (0.8) 

	Craniocerebral injury 
	Craniocerebral injury 
	0 (0) 
	1 (0.8) 
	0 (0) 

	Glioblastoma multiforme 
	Glioblastoma multiforme 
	0 (0) 
	1 (0.8) 
	0 (0) 

	Multiple sclerosis 
	Multiple sclerosis 
	0 (0) 
	0 (0) 
	1 (0.8) 

	Pneumonia 
	Pneumonia 
	0 (0) 
	1 (0.8) 
	0 (0) 

	Seminoma 
	Seminoma 
	0 (0) 
	0 (0) 
	1 (0.8) 

	Urinary tract infection 
	Urinary tract infection 
	0 (0) 
	1 (0.8) 
	0 (0) 


	Source: adapted from Applicant’s Summary of Clinical Safety, p. 49 
	Dropouts and/or Discontinuations 
	In the PK similarity study, SB5-G11-NHV, no subjects discontinued from the study. 
	In the comparative clinical study, SB5-G31-RA, there were 2 (0.7%) permanent discontinuations in the SB5 group and 10 permanent discontinuations in the EU-Humira group by week 24. Only one preferred term was reported more than once in a treatment arm. Allergic dermatitis was reported twice in the EU-Humira group. 
	Table 29. SB5-G31-RA: Permanent Discontinuations by Preferred Term up to Week 24 
	Table 29. SB5-G31-RA: Permanent Discontinuations by Preferred Term up to Week 24 
	Table 29. SB5-G31-RA: Permanent Discontinuations by Preferred Term up to Week 24 

	TR
	SB5 N=268 
	EU-Humira N=273 

	Preferred term 
	Preferred term 
	n (%) 
	n (%) 

	Any event 
	Any event 
	2 (0.7) 
	10 (3.7) 

	Abdominal pain 
	Abdominal pain 
	1 (0.4) 
	0 (0) 

	Nausea 
	Nausea 
	1 (0.4) 
	0 (0) 

	Vomiting 
	Vomiting 
	1 (0.4) 
	0 (0) 

	Injection site urticaria 
	Injection site urticaria 
	1 (0.4) 
	0 (0) 

	Injection site reaction 
	Injection site reaction 
	0 (0) 
	1 (0.4) 

	Drug hypersensitivity 
	Drug hypersensitivity 
	0 (0) 
	1 (0.4) 

	Staphylococcal sepsis 
	Staphylococcal sepsis 
	0 (0) 
	1 (0.4) 

	Musculoskeletal pain 
	Musculoskeletal pain 
	1 (0.4) 
	0 (0) 

	Lymphoma 
	Lymphoma 
	0 (0) 
	1 (0.4) 

	Metastases to spine 
	Metastases to spine 
	0 (0) 
	1 (0.4) 

	Papillary thyroid cancer 
	Papillary thyroid cancer 
	0 (0) 
	1 (0.4) 

	Headache 
	Headache 
	1 (0.4) 
	1 (0.4) 

	Dizziness 
	Dizziness 
	0 (0) 
	1 (0.4) 

	Dermatitis 
	Dermatitis 
	0 (0) 
	1 (0.4) 

	Allergic dermatitis 
	Allergic dermatitis 
	0 (0) 
	2 (0.7) 

	Rash 
	Rash 
	0 (0) 
	1 (0.4) 

	Hypertension 
	Hypertension 
	0 (0) 
	1 (0.4) 


	Source: adapted from SB5-G31-RA Study Body Report, p. 2603-2605 
	Table 30 shows permanent discontinuations that occurred in study SB5-G31-RA after week 24. There were only 6 events that led to permanent discontinuation after week 24. 3 events occurred in the EU-Humira group, 2 events in patients who switched from EU-Humira to SB5, and 1 event in patients who remained on SB5. 3 of the permanent discontinuations were due to positive mycobacterium tuberculosis complex test. The positive mycobacterium tests were balanced across the treatment arms. 
	Table 30. SB5-G31-RA: Permanent Discontinuations by Preferred Term after Week 24 
	Table 30. SB5-G31-RA: Permanent Discontinuations by Preferred Term after Week 24 
	Table 30. SB5-G31-RA: Permanent Discontinuations by Preferred Term after Week 24 

	TR
	SB5SB5 N=254 
	ÆÆ

	EU-HumiraSB5 N=125 
	ÆÆ

	EU-HumiraEU-Humira N=127 
	ÆÆ


	Preferred term 
	Preferred term 
	n (%) 
	n (%) 
	n (%) 

	Any event 
	Any event 
	1 (0.4) 
	2 (1.6) 
	3 (2.4) 

	Retinal edema 
	Retinal edema 
	1 (0.4) 
	0 (0) 
	0 (0) 

	Craniocerebral injury 
	Craniocerebral injury 
	0 (0) 
	1 (0.8) 
	0 (0) 

	Positive mycobacterium tuberculosis complex test 
	Positive mycobacterium tuberculosis complex test 
	1 (0.4) 
	1 (0.8) 
	1 (0.8) 

	Seminoma 
	Seminoma 
	1 (0.4) 
	0 (0) 
	1 (0.8) 

	Multiple sclerosis 
	Multiple sclerosis 
	1 (0.4) 
	0 (0) 
	1 (0.8) 


	Source: adapted from SB5-G31-RA Study Body Report, p. 2444-2445..
	Product Specific Safety Concerns 
	Table 31 shows the incidence of treatment emergent adverse events that occurred in ш2% of patients who participated in study SB5-G31-RA.  Common events included liver function test abnormalities, upper respiratory tract infections, urinary tract infections, rheumatoid arthritis, backpain, headache, nausea, and latent tuberculosis.  There were no preferred terms that were significantly different between SB5 and EU-Humira. 
	Figure
	Table 31. SB5-G31-RA: Treatment Emergent Adverse Events Occurring up to Week 52: ш2% of Patients by Preferred Term 
	Table 31. SB5-G31-RA: Treatment Emergent Adverse Events Occurring up to Week 52: ш2% of Patients by Preferred Term 


	Source: Applicant’s Summary of Clinical Safety, p. 33  
	Injection site reactions were infrequent in study SB5-G31-RA. Eight patients who were randomized to SB5 had an injection site reaction and eight patients on EU-Humira had an injection site reaction. Four SB5 patients who were anti-drug antibody (ADA) positive had an injection site reaction and four SB5 patients who were ADA negative had an injection site reaction. In the EU-Humira group one of these patients permanently discontinued as a result. None of the injection site reactions occurred after transition
	Additional analyses of adverse events of special interest are located in section 7.6.3. 

	7.4.3. Additional Safety Evaluations 
	7.4.3. Additional Safety Evaluations 
	The statistical reviewer requested and conducted supplementary analyses to compare SB5 and EU-Humira with respect to the incidence of all AEs, all treatment emergent adverse events (TEAEs), TEAEs by severity (mild, moderate, severe), AEs leading to IP discontinuation, serious adverse events (SAEs), deaths, and adverse events of special interest (AESIs) in the comparative clinical study. Based on previous experience with TNF inhibitors, the adverse events of special interest focused on in this analysis inclu
	The statistical reviewer requested and conducted supplementary analyses to compare SB5 and EU-Humira with respect to the incidence of all AEs, all treatment emergent adverse events (TEAEs), TEAEs by severity (mild, moderate, severe), AEs leading to IP discontinuation, serious adverse events (SAEs), deaths, and adverse events of special interest (AESIs) in the comparative clinical study. Based on previous experience with TNF inhibitors, the adverse events of special interest focused on in this analysis inclu
	and active tuberculosis (TB), pneumonia, malignancy, vascular disorders, and cardiac disorders. These analyses were repeated for three different safety populations: (1) all patients exposed to SB5 or EU-Humira in the Week 0 to 24 period, comparing SB5 and EU-Humira treatment groups, (2) all patients exposed to SB5 or EU-Humira in the Week 0 to 52 period, excluding post-transition data in subjects who transition to SB5, comparing SB5 and EU-Humira treatment groups, and (3) all patients originally randomized 
	9


	Each of these tables include for each treatment group the number of subjects with at least one event in that category, the exposure time in person-years (PY), and the exposure-adjusted incidence rate per 100 person-years. In these analyses, exposure was calculated as the total time at risk for an event, i.e., the elapsed time from baseline to the end of follow-up for patients who did not experience an event or the elapsed time from baseline to the time of the event for patients who experienced the event. Th
	-

	Table 32 describes the high-level adverse events that occurred in the first 24 weeks of the study, comparing SB5 to EU-Humira (analysis set 1). In comparing the two arms, the incidence rates were similar. In the results for the specific AESIs (Table 33), there were small numerical differences between the two groups but with inconsistent trends, for example, there was a higher numerical incidence of pneumonia, malignancy, and vascular disorders in EU-Humira and 
	 Serious infections defined as all events in infections and infestations system organ class classified as serious. .Opportunistic infections defined as all preferred terms with Herpes zoster, Oesophageal candidiasis, Oral .candidiasis, or Varicella .Active tuberculosis defined as all preferred terms with tuberculosis not classified as latent TB .Latent tuberculosis defined as all preferred terms with latent tuberculosis or Mycobacterium tuberculosis complex .test. .Pneumonia defined as all preferred terms w
	 Serious infections defined as all events in infections and infestations system organ class classified as serious. .Opportunistic infections defined as all preferred terms with Herpes zoster, Oesophageal candidiasis, Oral .candidiasis, or Varicella .Active tuberculosis defined as all preferred terms with tuberculosis not classified as latent TB .Latent tuberculosis defined as all preferred terms with latent tuberculosis or Mycobacterium tuberculosis complex .test. .Pneumonia defined as all preferred terms w
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	a higher numerical trend of opportunistic infections in SB5. The small number of events and the inconsistent trends are likely due to chance alone and do not indicate meaningf ul differences between SB5 and EU-Humira;. 
	Table 32 Evaluation of the Incidence of All Adverse Events During 24-Week Treatment Period (Analysis Set 1) 
	Table 32 Evaluation of the Incidence of All Adverse Events During 24-Week Treatment Period (Analysis Set 1) 
	Table 32 Evaluation of the Incidence of All Adverse Events During 24-Week Treatment Period (Analysis Set 1) 

	TR
	SB5 
	EU-Humira 
	RR (95% CI) 

	n 
	n 
	T 
	IR 
	n 
	T 
	IR 

	All AEs 
	All AEs 
	97 
	95.2 
	101.9 
	114 
	89.4 
	127.5 
	0.8 (0.6,1.0) 

	Treatment Emergent AEs 
	Treatment Emergent AEs 
	96 
	96.5 
	99.5 
	111 
	91.7 
	121 
	0.8 (0.6,1.1)

	 Mild 
	 Mild 
	55 
	109.1 
	50.4 
	67 
	105.2 
	63.7 
	0.8 (0.6,1.1) 

	Moderate 
	Moderate 
	37 
	113.5 
	32.6 
	40 
	113.2 
	35.3 
	0.9 (0.6,1.4) 

	  Severe1 
	  Severe1 
	4 
	121.7 
	3.3 
	4 
	123.4 
	3.2 
	1.0 (0.3,4.1) 

	Discontinued Study Treatment Due to AE 
	Discontinued Study Treatment Due to AE 
	2 
	122.4 
	1.6 
	10 
	122.5 
	8.2 
	0.2 (0.0,0.9) 

	SAEs 
	SAEs 
	3 
	122 
	2.5 
	8 
	122 
	6.6 
	0.4 (0.1,1.4) 

	Deaths 
	Deaths 
	0 
	122.8 
	0 
	2 
	124 
	1.6 
	-- 


	Source: FDA Reviewer Abbreviations: AE=adverse event, CI: confidence interval, SAE: serious adverse event, T: total exposure time of the subjects in years, IR: exposure-adjusted incidence rate in 100 person-years, IP: investigational product, RR: rate ratio Subjects counted only once for each severity category and included in their highest recorded severity category. 
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	Table 33 Evaluation of the Incidence of Adverse Events of Special Interest During 24-Week Treatment Period (Analysis Set 1) 
	Table 33 Evaluation of the Incidence of Adverse Events of Special Interest During 24-Week Treatment Period (Analysis Set 1) 
	Table 33 Evaluation of the Incidence of Adverse Events of Special Interest During 24-Week Treatment Period (Analysis Set 1) 

	TR
	SB5 
	EU-Humira 
	RR (95% CI) 

	n 
	n 
	T 
	IR 
	n
	 T
	 IR 

	Serious Infections 
	Serious Infections 
	2 
	122.3 
	1.6 
	3 
	123.6 
	2.4 
	0.7 (0.1,4.0) 

	Opportunistic Infections 
	Opportunistic Infections 
	3 
	122.3 
	2.5 
	1 
	123.9 
	0.8 
	3.0 (0.3,29.2) 

	Latent TB 
	Latent TB 
	2 
	122.7 
	1.6 
	0 
	124 
	0 
	-- 

	Active TB 
	Active TB 
	0 
	122.8 
	0 
	0 
	124 
	0 
	-- 

	Pneumonia 
	Pneumonia 
	0 
	122.8 
	0 
	3 
	123.3 
	2.4 
	--

	Malignancy 
	Malignancy 
	0 
	122.8 
	0 
	1 
	123.9 
	0.8 
	--

	Vascular Disorders 
	Vascular Disorders 
	4 
	121.2 
	3.3 
	8 
	122.2 
	6.5 
	0.5 (0.2,1.7) 

	Cardiac Disorders 
	Cardiac Disorders 
	1 
	122.5 
	0.8 
	3 
	123.7 
	2.4 
	0.3 (0.0,3.2) 


	Source: FDA Reviewer Abbreviations: TB=tuberculosis, CI: confidence interval, T: total exposure time of the subjects in years, IR: exposure-adjusted incidence rate in 100 person-years, IP: investigational product, RR: rate ratio 
	Safety data for the 52-week observation period are presented in Table 34 and Table 35. Due to the transition at Week 24, the total exposure time of EU-Humira was lower than that of SB5; however, the incidence rates were largely similar. Similar to the Week 24 data, there were small numerical differences, but no consistent trends, in the incidence of different AEs between 
	Safety data for the 52-week observation period are presented in Table 34 and Table 35. Due to the transition at Week 24, the total exposure time of EU-Humira was lower than that of SB5; however, the incidence rates were largely similar. Similar to the Week 24 data, there were small numerical differences, but no consistent trends, in the incidence of different AEs between 
	the two groups. The small number of events and the inconsistent trends are likely due to chance alone and do not indicate meaningful differences between SB5 and EU-Humira. 

	Table 34 Evaluation of the Incidence of All Adverse Events During 52-Week Treatment Period (Analysis Set 2) 
	Table 34 Evaluation of the Incidence of All Adverse Events During 52-Week Treatment Period (Analysis Set 2) 
	Table 34 Evaluation of the Incidence of All Adverse Events During 52-Week Treatment Period (Analysis Set 2) 

	TR
	SB5 
	EU-Humira 
	RR (95% CI) 

	n 
	n 
	T 
	IR 
	N 
	T 
	IR 

	All AEs 
	All AEs 
	141 
	187.9 
	75.1 
	130 
	133.3 
	97.5 
	0.8 (0.6,1.0) 

	Treatment Emergent AEs 
	Treatment Emergent AEs 
	140 
	189.8 
	73.8 
	128 
	135.6 
	94.4 
	0.8 (0.6,1.0) 

	Mild 
	Mild 
	72 
	241.2 
	29.8 
	75 
	167 
	44.9 
	0.7 (0.5,0.9) 

	Moderate 
	Moderate 
	61 
	254.4 
	24 
	48 
	183.1 
	26.2 
	0.9 (0.6,1.3) 

	  Severe1 
	  Severe1 
	7 
	290 
	2.4 
	5 
	208.2 
	2.4 
	1.0 (0.3,3.2) 

	Discontinued Study Treatment Due to AE 
	Discontinued Study Treatment Due to AE 
	4 
	292.9 
	1.4 
	13 
	207.1 
	6.3 
	0.2 (0.1,0.7) 

	SAEs 
	SAEs 
	9 
	288.1 
	3.1 
	12 
	205.5 
	5.8 
	0.5 (0.2,1.3) 

	Deaths 
	Deaths 
	0 
	293.7 
	0 
	2 
	209.6 
	1 
	--


	Source: FDA Reviewer Abbreviations: AE=adverse event, CI: confidence interval, SAE: serious adverse event, T: total exposure time of the subjects in years, IR: exposure-adjusted incidence rate in 100 person-years, IP: investigational product, RR: rate ratio Subjects counted only once for each severity category and included in their highest recorded severity category. 
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	Table 35 Evaluation of the Incidence of Adverse Events of Special Interest During 52-Week Treatment Period (Analysis Set 2) 
	Table 35 Evaluation of the Incidence of Adverse Events of Special Interest During 52-Week Treatment Period (Analysis Set 2) 
	Table 35 Evaluation of the Incidence of Adverse Events of Special Interest During 52-Week Treatment Period (Analysis Set 2) 

	TR
	SB5 
	EU-Humira 
	RR (95% CI) 

	n 
	n 
	T 
	IR 
	N 
	T 
	IR 

	Serious Infections 
	Serious Infections 
	2 
	291.7 
	0.7 
	4 
	208.9 
	1.9 
	0.4 (0.1,2.0) 

	Opportunistic Infections 
	Opportunistic Infections 
	3 
	291.6 
	1 
	2 
	209.4 
	1 
	1.1 (0.2,6.4) 

	Latent TB 
	Latent TB 
	11 
	287.6 
	3.8 
	7 
	206.5 
	3.4 
	1.1 (0.4,2.9) 

	Active TB 
	Active TB 
	3 
	292.1 
	1 
	1 
	209.1 
	0.5 
	2.1 (0.2,20.7) 

	Pneumonia 
	Pneumonia 
	0 
	293.7 
	0 
	3 
	208.5 
	1.4 
	--

	Malignancy 
	Malignancy 
	0 
	293.7 
	0 
	1 
	209.6 
	0.5 
	--

	Vascular Disorders 
	Vascular Disorders 
	5 
	288.8 
	1.7 
	8 
	205 
	3.9 
	0.4 (0.1,1.4) 

	Cardiac Disorders 
	Cardiac Disorders 
	3 
	292.2 
	1 
	3 
	208.6 
	1.4 
	0.7 (0.1,3.5) 


	Source: FDA Reviewer Abbreviations: TB=tuberculosis, CI: confidence interval, T: total exposure time of the subjects in years, IR: exposure-adjusted incidence rate in 100 person-years, IP: investigational product, RR: rate ratio 
	Table 36 and Table 37 compare the EU-Humira-SB5 arm and the EU-Humira-EU-Humira arm after the single transition (i.e., Week 24 to Week 52). In general, the exposure-adjusted incidence rates were similar between the transition groups. Similar to the Week 24 and Week 52 analysis sets above, there were small numerical differences between the EU-Humira-SB5 arm and the EU-Humira-EU-Humira arm, but with inconsistent trends.  The small number of 
	Table 36 and Table 37 compare the EU-Humira-SB5 arm and the EU-Humira-EU-Humira arm after the single transition (i.e., Week 24 to Week 52). In general, the exposure-adjusted incidence rates were similar between the transition groups. Similar to the Week 24 and Week 52 analysis sets above, there were small numerical differences between the EU-Humira-SB5 arm and the EU-Humira-EU-Humira arm, but with inconsistent trends.  The small number of 
	events and the inconsistent trends are likely due to chance alone and  do not indicate meaningful differences between the two arms. 

	Table 36 Evaluation of the Incidence of All Adverse Events During Week 24 to Week 52  Transition Period (Analysis Set 3) 
	Table 36 Evaluation of the Incidence of All Adverse Events During Week 24 to Week 52  Transition Period (Analysis Set 3) 
	Table 36 Evaluation of the Incidence of All Adverse Events During Week 24 to Week 52  Transition Period (Analysis Set 3) 

	TR
	EU-Humira-SB5 
	EU-Humira-EU-Humira 
	RR (95% CI) 

	N 
	N 
	T 
	IR 
	n 
	T 
	IR 

	All AEs 
	All AEs 
	47 
	60.2 
	78.1 
	42 
	66.2 
	63.5 
	1.2 (0.8,1.9) 

	Treatment Emergent AEs1 
	Treatment Emergent AEs1 
	47 
	60.2 
	78.1 
	42 
	66.2 
	63.5 
	1.2 (0.8,1.9) 

	Mild 
	Mild 
	31 
	66.9 
	46.4 
	26 
	73.1 
	35.6 
	1.3 (0.8,2.2) 

	Moderate 
	Moderate 
	11 
	77.8 
	14.1 
	15 
	79 
	19 
	0.7 (0.3,1.6)

	  Severe 
	  Severe 
	5 
	81.8 
	6.1 
	1 
	85.4 
	1.2 
	5.2 (0.6,44.7) 

	Discontinued Study Treatment Due to AE 
	Discontinued Study Treatment Due to AE 
	2 
	82.3 
	2.4 
	3 
	84.7 
	3.5 
	0.7 (0.1,4.1) 

	SAEs 
	SAEs 
	4 
	81.8 
	4.9 
	4 
	84.8 
	4.7 
	1.0 (0.3,4.1) 

	Deaths 
	Deaths 
	0 
	82.7 
	0 
	0 
	85.6 
	0 
	--


	Source: Reviewer Abbreviations: AE=adverse event, CI: confidence interval, SAE: serious adverse event, T: total exposure time of the subjects in years, IR: exposure-adjusted incidence rate in 100 person-years, IP: investigational product, RR: rate ratio Subjects counted only once for each severity category and included in their highest recorded severity category. 
	1

	Table 37 Evaluation of the Incidence of Adverse Events of Special Interest During Week 24 to Week 52 Transition Period (Analysis Set 3) 
	Table
	TR
	EU-Humira-SB5 
	EU-Humira-EU-Humira 
	RR (95% CI) 

	n 
	n 
	T 
	IR 
	N 
	T 
	IR 

	Serious Infections 
	Serious Infections 
	2 
	82.1 
	2.4 
	1 
	85.3 
	1.2 
	2.1 (0.2,22.9) 

	Opportunistic Infections 
	Opportunistic Infections 
	0 
	82.7 
	0 
	1 
	85.5 
	1.2 
	--

	Latent TB 
	Latent TB 
	1 
	82.1 
	1.2 
	7 
	82.5 
	8.5 
	0.1 (0.0,1.2) 

	Active TB 
	Active TB 
	4 
	81 
	4.9 
	1 
	85.1 
	1.2 
	4.2 (0.5,37.6) 

	Pneumonia 
	Pneumonia 
	2 
	81.9 
	2.4 
	0 
	85.6 
	0 
	--

	Malignancy 
	Malignancy 
	0 
	82.7 
	0 
	0 
	85.6 
	0 
	--

	Vascular Disorders 
	Vascular Disorders 
	0 
	82.7 
	0 
	0 
	85.6 
	0 
	--

	Cardiac Disorders 
	Cardiac Disorders 
	0 
	82.7 
	0 
	0 
	85.6 
	0 
	--


	Source: Reviewer Abbreviations: TB=tuberculosis, CI: confidence interval, T: total exposure time of the subjects in years, IR: exposure-adjusted incidence rate in 100 person-years, IP: investigational product, RR: rate ratio 
	In considering these three analysis sets collectively, there were not meaningful differences in the observed safety profile of SB5 and EU-Humira. The results presented by the applicant using a similar approach also did not identify any notable differences. 
	Authors: 
	Raj Nair, M.D. Nikolay Nikolov, M.D. .Clinical Reviewer     Clinical Team Leader..
	Rebecca Rothwell, Ph.D. Peiling Yang, Ph.D. .Clinical Statistics Reviewer Clinical Statistics Team Leader .
	Extrapolation to Support Approval of Non-Studied Indications 
	Figure

	Given the scientific bridge was established (based on the three-way analytical and PK comparisons between SB5, US-Humira, and EU-Humira) to justify the relevance of data generated with EU-Humira as the comparator, the collective evidence from the comparative clinical study supports a demonstration of no clinically meaningful differences between SB5 and US-Humira in the studied indication (RA). However, the applicant is also seeking licensure of SB5 for the following indications for which US-Humira has been 
	First, Samsung’s extensive analytical characterization data support a demonstration that SB5 is highly similar to US-licensed Humira notwithstanding minor differences in clinically inactive components. In addition, the data support a demonstration there are no clinically meaningful differences between SB5 and US-licensed Humira in terms of safety, purity and potency based on similar clinical pharmacokinetics, and similar efficacy, safety, and immunogenicity in RA. 
	Further, the additional points considered in the scientific justification for extrapolation of data and information to support licensure of SB5 for the treatment of JIA in patients 4 years of age and older, PsA, AS, adult CD, UC, and PsO, as referenced in Appendix 13.6, include: 
	x. Similar PK was demonstrated between SB5 and US-Humira, as discussed in the section on Clinical Pharmacology. Importantly, SB5 was demonstrated to be highly similar to US-Humira, as discussed in the section on CMC/Product Quality, and there are no product-related attributes that would increase the uncertainty that the PK/biodistribution may differ between SB5 and US-Humira in the indications sought for licensure. Thus, a similar PK profile would be expected between SB5 and US-Humira in patients across all
	x 
	In general, immunogenicity of US-Humira was affected primarily by the dosing regimen and the use of concomitant immunosuppressive therapy across different indications rather than by patient population, and the results were influenced by the type of 
	In general, immunogenicity of US-Humira was affected primarily by the dosing regimen and the use of concomitant immunosuppressive therapy across different indications rather than by patient population, and the results were influenced by the type of 
	immunoassay used. As stated elsewhere in this document, the Agency has concluded that there are sufficient data to support similar immunogenicity between SB5 and EU-Humira with repeat dosing in patients with RA, and between SB5, EU-Humira, and US-licensed Humira after a single dose in healthy subjects.  Accordingly, similar immunogenicity would be expected between SB5 and US- Humira in patients with JIA, PsA, AS, adult CD, UC, and PsO. 
	10


	x 
	The applicant demonstrated that there are no clinically meaningful differences between SB5 and US-Humira in patients with RA, and between SB5, EU-Humira, and US-licensed Humira following single doses in healthy subjects. Additionally, in controlled clinical studies of US-Humira submitted to support its approval, as described in the approved labeling, the types of adverse events and their rates were similar across indications. The foreging, coupled with the demonstration of analytical and PK similarity betwe
	x. Samsung addressed each of the known and potential mechanisms of action of US-Humira and submitted data to support the conclusion that SB5 and US- Humira have the same mechanisms of action for each of the sought indications, to the extent that the mechanisms of action are known or can reasonably be determined. 
	Therefore, based on the above considerations, the applicant has provided adequate data and information to support licensure of SB5 for each of the following indications for which US-licensed Humira has been previously licensed and for which Samsung is seeking licensure of SB5: RA, JIA in patients 4 years and older, PsA, AS, PsO, Adult CD, and UC. 
	Author: 
	Nikolay Nikolov, M.D. .Cross Discipline Team Leader .
	8. Labeling Recommendations 
	Nonproprietary Name 
	Figure

	The applicant proposed suffix, ‘bwwd’ was found to be conditionally accepted by the Agency. 
	Proprietary Name 
	Figure

	The proposed proprietary name for SB5 is conditionally approved as Hadlima. This name has 
	FDA-approved Humira labeling 
	10 

	been reviewed by the Division of Medication Error Prevention and Analysis (DMEPA), who concluded the name was acceptable. 
	Labeling Recommendations 
	Figure

	SB5 is a proposed biosimilar to US-Humira.  The Applicant, Samsung, is proposing the following 
	dosage forms and strength: 
	x Injection: 40 mg/0.8 mL in a single-dose prefilled autoinjector 
	x Injection: 40 mg/0.8 mL in a single-dose prefilled glass syringe 
	The proposed SB5 prescribing information incorporated relevant data and information from the US-Humira prescribing information, with appropriate modifications. Samsung is seeking licensure for the following indications, for which US-Humira has been previously approved: rheumatoid arthritis, juvenile idiopathic arthritis in patients 4 years of age and older, psoriatic arthritis, ankylosing spondylitis, adult Crohn’s disease, ulcerative colitis, and plaque psoriasis. 
	Samsung is not seeking licensure for the following indications for which US-Humira has been previously approved: juvenile idiopathic arthritis in patients 2 to less than 4 years of age, pediatric Crohn’s disease, hidradenitis suppurativa, and uveitis. Samsung’s proposed labeling does not include these indications and certain information relating to them.  
	Samsung is also proposing that the dosage and administration information relating to the JIA indication be limited to patients weighing more than 30kg and to include a statement in the labeling that there is no dosage form of the product that allows weight-based dosing for pediatric patients below 30 kg. 
	It was determined that the draft PI is compliant with Physician Labeling Rule (PLR) and Pregnancy and Lactation Labeling Rule (PLLR) requirements, is consistent with labeling guidance recommendations and with CDER/OND best labeling practices and policies, is clinically meaningful and scientifically accurate, and conveys the essential scientific information needed for safe and effective use of the product. 
	11

	Samsung agreed to changes requested by the Division to improve the readability, clarity, and accuracy of the prescribing information.  
	Authors: 
	Raj Nair, M.D. Nikolay Nikolov, M.D...Clinical Reviewer     Cross Discipline Team Leader .
	See January 2006 Physician Labeling Rule; 21 CFR 201.56 and 201.57; and December 2014 Pregnancy and Lactation Labeling Rule (the PLLR amended the PLR regulations). 
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	9. Advisory Committee Meeting and Other External Consultations 
	No advisory committee was held for this biosimilar application as it was determined that there were no issues where the Agency needed input from the committee. 
	Author: 
	Nikolay Nikolov, M.D. .Cross Discipline Team Leader .
	10. Pediatrics 
	The applicant’s iPSP was discussed at the PeRC meeting on August 24, 2016.  The PeRC agreed with the requested deferrals for JIA (2 to less than 4 years of age), CD (6-17 years of age), and UC (5-17 years of age) as well as for the development of a presentation that can be used to accurately administer SB5 to pediatric patients who weigh less than 30 kg.  See Section 11.2. 
	The agency has determined at this time that, with respect to the following indications, no pediatric studies will be required under the Pediatric Research Equity Act (PREA) for the applicant’s BLA: 
	x 
	x 
	x 
	JIA in 0 to less than 2 years of age; 

	x 
	x 
	PsA; 

	x 
	x 
	AS; 

	x 
	x 
	CD in 0 to less than 6 years of age; 

	x 
	x 
	UC in 0 to less than 5 years of age; and 

	x 
	x 
	PsO. 


	Refer to memo dated July 23, 2019. 
	Authors: 
	Raj Nair, M.D.      Nikolay Nikolov, M.D...Clinical Reviewer     Cross Discipline Team Leader .
	11. REMS and Postmarketing Requirements and Commitments 
	Recommendations for Risk Evaluation and Mitigation Strategies 
	Figure

	None. 
	Recommendations for Postmarket Requirements and Commitments 
	Figure

	The current SB5 presentations are not designed to allow for accurate administration of doses less than 40 mg, which impacts children who weigh less than 30 kg.  For accurate weight-based dosing, an age-appropriate presentation is required by PREA.  Therefore, a PREA PMR is recommended for the development of a presentation that can be used to administer SB5 in patients who weigh less than 30 kg.   
	Also, under PREA, Samsung is required to submit a pediatric assessment for patients with JIA 2 ƚŽ фϰ ǇĞĂƌƐ of age, patients with CD 6 to 17 years of age, patients with UC 5 to 17 years of age.  As described in section 10, the agency agreed with the applicant’s requested deferrals.   
	Thus, to address the PREA requirements, I recommend the following PREA PMRs: 
	3671-1 Assessment of Hadlima (adalimumab-bwwd) for the treatment of pediatric Crohn’s Disease in patients 6 to 17 years of age. 
	3671-2 Assessment of Hadlima (adalimumab-bwwd) for the treatment of juvenile idiopathic 
	ĂƌƚŚƌŝƚŝƐ ;:/.Ϳ ŝŶ ƉĂƚĞŝƚŶƐ Ϯ ƚŽ фϰ ǇĞĂƌƐ ŽĨ ĂŐĞ͘ 
	The applicant may fulfill these PREA requirements by satisifying the statutory requirements for biosimilarlity and providing an adequate justification under the BPCI Act for extrapolating the pediatric information from US-Humira to SB5. 
	3671-3 Assessment of Hadlima (adalimumab-bwwd) for the treatment of pediatric ulcerative colitis in patients 5 to 17 years of age. 
	US-Humira is not licensed for the treatment of pediatric ulcerative colitis in patients 5 to 17 years of age. The applicant may fulfill this PREA requirement by seeking to update its labeling, supported by biosimilar extrapolation or appropriate data, that includes relevant pediatric information after the labeling of US-Humira is updated with that information. 
	3671-4 Develop a presentation that can be used to accurately administer Hadlima (adalimumabbwwd) to pediatric patients who weigh less than 30 kg. 
	-

	Recommendation for Postmarketing Commitments: 
	Recommendation for Postmarketing Commitments: 
	3671-5 Implement 

	 monitoring 
	Figure

	of the SB5 drug product. 
	Figure

	3671-6   To implement an SB5 derived assay control for the complement dependent cytotoxicity  (CDC), TNF-ɲ ƌĞƉŽƌƚĞƌ ŐĞŶĞ ƉŽƚĞŶĐǇ͕ ĂŶĚ dE&-ɲ &Z.d ďŝŶĚŝŶŐ ƉŽƚĞŶĐǇ ĂƐƐĂǇƐ ĂŶĚ ƚŽ establish acceptance criteria for the assay control relative to the reference standard (RS). The final study report(s) will be submitted in accordance with 21 CFR 601.12. 
	3671-7   To implement a system suitability criterion 
	and establish a tighter limit for %difference in the peak areas The final study 

	report(s) will be submitted in accordance with 21 CFR 601.12. 
	Authors: 
	Raj Nair, M.D.      Nikolay Nikolov, M.D...Clinical Reviewer     Cross Discipline Team Leader .
	12. Division Director/SignatoryComments 
	Refer to Section 1. Executive Summary.  
	Author: 
	Nikolay Nikolov, M.D.  DPARP Designated Signatory 
	13.. Appendices 
	References 
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	Financial Disclosure 
	Figure

	Covered Clinical Study (Name and/or Number): SB5-G31-RA 
	Was a list of clinical investigators provided: 
	Was a list of clinical investigators provided: 
	Was a list of clinical investigators provided: 
	Yes 
	No (Request list from Applicant) 

	Total number of investigators identified: 51 
	Total number of investigators identified: 51 

	Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 
	Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 

	Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 0 
	Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 0 

	If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 54.2(a), (b), (c) and (f)): Compensation to the investigator for conducting the study where the value could be influenced by the outcome of the study:  Significant payments of other sorts: 
	If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 54.2(a), (b), (c) and (f)): Compensation to the investigator for conducting the study where the value could be influenced by the outcome of the study:  Significant payments of other sorts: 


	Proprietary interest in the product tested held by investigator: Significant equity interest held by investigator in S Sponsor of covered study: Is an attachment provided with details of the disclosable financial interests/arrangements: Yes No (Request details from Applicant) Is a description of the steps taken to minimize potential bias provided: Yes No (Request information from Applicant) Number of investigators with certification of due diligence (Form FDA 3454, box 3)  Is an attachment provided with the
	Office of Clinical Pharmacology Appendices 
	Figure

	13.3.1. Summary of Bioanalytical Method Validation and Performance 
	13.3.1.1. Pharmacokinetics 
	The serum concentrations of SB5, EU-Humira and US-Humira were appropriately quantified using validated enzyme-linked immunosorbent assays (ELISA) in Studies SB5-G11-NHV (validation report 8295851), SB5-G12-NHV (validation report 8306919), and SB5-G31-RA (validation report 8315677). In all three ELISA assays, SB5 was used to establish the standard curves, and the accuracy and precision (± 20.0%, ± 25.0% for lower limit of quantitation (LLOQ) and upper limit of quantitation (ULOQ)) was evaluated using SB5, EU
	Figure
	Table 38. Validated parameters for the quantitative ELISA assay for the determination of SB5, EU-Humira, and US-Humira in human serum (Study SB5-G11-NHV) 
	Table 38. Validated parameters for the quantitative ELISA assay for the determination of SB5, EU-Humira, and US-Humira in human serum (Study SB5-G11-NHV) 


	EŽƚĞ ƚŚĂƚ ůŽŶŐ ƚĞƌŵ ƐƚĂŝůŝƚǇ ǁĂƐ ĞƐƚĂďůŝƐŚĞĚ ƵƉ ƚŽ ϯϲϰ ĚĂǇƐ ;фϱϬ϶C)...(Source:  Table 3 of Summary of Biopharmaceutical Studies, and data from long-term stability final report 8295854 .(BLA761059 SN0012))..
	Figure
	Table 39. Validated parameters for the quantitative ELISA assay for the determination of SB5, EU-Humira, and US-Humira in serum from patients with RA (Study SB5-G31-RA) 
	Table 39. Validated parameters for the quantitative ELISA assay for the determination of SB5, EU-Humira, and US-Humira in serum from patients with RA (Study SB5-G31-RA) 


	EŽƚĞ ƚŚĂƚ ůŽŶŐ ƚĞƌŵ ƐƚĂŝůŝƚǇ ǁĂƐ ĞƐƚĂďůŝƐŚĞĚ ƵƉ ƚŽ ϯϱϳ ĚĂǇƐ ;фϱϬ϶C)...Source:  Table 6 of Summary of Biopharmaceutical Studies and data from long-term stability final report 8312441..(BLA761059 SN0012)..
	Figure
	Table 40. Validated parameters for the quantitative ELISA assay for the determination of SB5, EU-Humira, and US-Humira in human serum (Study SB5-G12-NHV) 
	Table 40. Validated parameters for the quantitative ELISA assay for the determination of SB5, EU-Humira, and US-Humira in human serum (Study SB5-G12-NHV) 


	Source:  Table 9 of Summary of Biopharmaceutical Studies .
	13.3.2. Individual Study Report Summary 
	13.3.2.1...Study SB5-G11-NHV (3-way PK Bridge/Similarity Study in Healthy Subjects) 
	Title: A Randomised, Single-blind, Three-arm, Parallel Group, Single-dose Study to Compare the Pharmacokinetics, Safety, Tolerability, and Immunogenicity of Three Formulations of Adalimumab (SB5, EU Sourced Humira and US Sourced Humira) in Healthy Subjects 
	Study Phase: Phase I 
	Study Duration: May 02, 2014 - September 03, 2014 
	Objectives 
	x Primary: to investigate and compare the pharmacokinetic (PK) profiles of SB5, US- Humira, and EU-Humira in healthy subjects x Secondary: to investigate the safety, tolerability, and immunogenicity of SB5, EU- Humira and US- Humira in healthy subjects 
	Study Population: 189 healthy subjects aged 18-55 years (63 subjects/arm) 
	Test Formulation: The final formulation, which will be used for the commercial batches, was used in this study. 
	Figure
	Table 41 . Investigational products in Study SB5-G11-NHV 
	Table 41 . Investigational products in Study SB5-G11-NHV 


	Source: Table 9-1 of Study SB5-G11-NHV CSR 
	Study Design 
	The Study was a randomized, single-blind, three-arm, parallel-group, single-dose study in healthy subjects (Figure 14). A total of 189 healthy subjects aged 18-55 years (inclusive) were enrolled. In each arm of the study, a total of 63 subjects received a single dose 40 mg of either SB5, EU-Humira, or US-Humira through SC injection using PFS on the first day of the study. 
	Figure 14 . Study design of Study SB5-G11-NHV..
	Figure
	Source: Figure 9-1 of Study SB5-G11-NHV CSR 
	PK assessment 
	PK assessment 

	PK sampling: Blood samples were collected at 0 (pre-dose) and at 6, 12, 24, 48, 72, 96, 108, 120, 132, 144, 168, 336, 504, 672, 1008, 1344, and 1680 hours post-dose.  The serum concentrations of SB5, EU-Humira and US-Humira were appropriately quantified using a validated enzyme-linked immunosorbent assay (ELISA). 
	Primary endpoints: Cmax, AUC0-t, AUC0-inf 
	Secondary endpoints: area under the concentration-time curve from time zero to 336 h (AUC0336), time to Cmax (Tmax), apparent volume of distribution based on the terminal phase (Vz/F), ƚĞƌŵŝŶĂů ƌĂƚĞ ĐŽŶƐƚĂŶƚ ;ʄǌͿ͕ ƚĞƌŵŝŶĂů ŚĂůĨ-life (t½), apparent total body clearance (CL/F), area under the concentration-time curve (AUC) extrapolated from time t to infinity as a percentage of total AUC (%AUCextrap) 
	-

	Immunogenicity assessment 
	Immunogenicity assessment 

	Blood samples for immunogenicity assessment were collected on Day 1 (predose), Day 15, and Day 71. 
	Results 
	Demographics 
	Demographics 

	A total of 351 subjects were screened, of which 189 subjects were randomised and of which 189 subjects completed the study. None of the subjects discontinued from the study. Two subjects (Subject 
	Figure
	Figure

	and Subject 
	 in the SB5 and US-Humira treatment groups, respectively) has been reported to have major protocol deviations due to the use of 
	 in the SB5 and US-Humira treatment groups, respectively) has been reported to have major protocol deviations due to the use of 
	concomitant medication. The demographics of all randomized subjects are shown in the table below and the demographics of three treatment arms are comparable. 

	Figure
	Table 42. Demographic characteristics (randomised set) in Study SB5-G11-NHV 
	Table 42. Demographic characteristics (randomised set) in Study SB5-G11-NHV 


	Source: Table 11-2 of Study SB5-G11-NHV CSR 
	PK results 
	PK results 

	The serum concentration vs time profiles and PK similarity analysis are shown in Figure 1, Table 43, and Table 5. The mean serum concentration-time profiles were similar between the SB5, EU-Humira and US-Humira.  In the 3-way PK similarity comparisons (SB5 vs. US-Humira, SB5 vs. EU-Humira, and EU- Humira vs. US-Humira), the 90% CIs for the geometric mean ratios of Cmax, AUC0-t and AUC0-inf were all within the PK similarity range of 80% –125%.  The variability of Cmax, AUC0-t and AUC0-inf evaluated as coeffi
	A request to inspect the clinical facility and bioanalytical facility of Study SB5-G11-NHV was sent to the Office of Study Integrity and Surveillance (OSIS), and OSIS recommended accepting the study data.  For more detailed information, refer to the review memo by Dr. Angel Johnson dated October 09, 2018. 
	Figure
	Table 43. Summary of PK parameters (Study SB5-G11-NHV)..
	Table 43. Summary of PK parameters (Study SB5-G11-NHV)..


	(mL/h) 
	(mL/h) 
	(mL/h) 
	Mean 
	18.964 
	18.611 
	18.968 

	TR
	SD 
	7.8137 
	6.4838 
	7.3223 

	TR
	Median 
	16.83 
	17.67 
	17.49 

	TR
	Min 
	7.92 
	7.44 
	6.68 

	TR
	Max 
	46.96 
	35.52 
	41 .80 


	N = number of subjects in the PK population; n = number of subjects who contributed to summary .statistics· SD =standard deviation; Min =minimum; Max = maximum. .Subject (b)(6fand (b)(6lwere excluded from the PK population due to major protocol deviations. .Sixteen subjects were excluded from the summary statistics due to T max being 1 of the last 3 points in .
	the respective profiles. 
	(Note that Subjects (bf<Sfand (b)(Sl in the SBS and US-Humira treatment groups, respectively, were excluded in the .applicant's analysis) .(Source: Table 11-3 ofStudy SBS-Gll-NHV CSR) .
	Table 44. Variability (CV) in Study SBS-Gll-NHV 
	Table 44. Variability (CV) in Study SBS-Gll-NHV 
	Table 44. Variability (CV) in Study SBS-Gll-NHV 

	TR
	Cmax 
	AUCO-t 
	AU CO-inf 

	SBS 
	SBS 
	34% (n=63) 
	51% (n=63) 
	37% (n=54) 

	EU-Humira 
	EU-Humira 
	32% (n=63) 
	40% (n=63) 
	38% (n=61) 

	US-Humira 
	US-Humira 
	34% (n=63) 
	44% (n=63) 
	36% (n=58) 


	Source: FDA analysis 
	lmmunogenicity results 
	In Study SB5-G11-NHV, following a single 40 mg SC dose of study drug, 63/63 (100.0%), 60/63 
	(95.2%), and 63/63 (100.0%) subjects devloped ADA in SB5, EU-Humira, and US-Humira treatment group, respectively. 83.9% (52/62), 81.7% (49/60), and 84.1% (53/63) subjects who devloped ADAs developed NAb in SB5, EU-Humira and US-Humira treatment group, respectively. Overall, the ADA incidence is similar between all three treatment arms in healthy subjects (Table 7). 
	Additional analyses according to subject antibody (ADA) status were also conducted. The magnitude of the impact of ADAs on the PK parameters was comparable between three treatments as reflected in Table 9 and Table 10. 
	Conclusions 
	• .
	• .
	• .
	PK similarity was demonstrated between SB5, EU-Humira, and US-Humira. 

	• .
	• .
	Overall, following a single 40 mg SC dose of study drug, the incidence ofADAs was similar between all three treatment arms. 


	13.3.2.2. .Study SBS-G12-NHV (Comparability Study in Heatlhy Subjects Comparing PFS and Al) 
	Title: A Randomised, Open-labelled, Two-arm, Parallel-group, Single-dose Study to Compare the Pharmacokinetics, Safety, and Tolerability of the Pre-filled Pen and Pre-filled Syringe of SB5 in Healthy Subjects 
	Study Phase: Phase I 
	Study Duration: June 17, 2015 – September 30, 2015 
	Objectives 
	x Primary: to investigate and compare the PK profiles of the pre-filled pen (Pen) and prefilled syringe (PFS) of SB5 in healthy subjects x Secondary: safety and tolerability 
	-

	Study Population: 188 healthy subjects aged 18-55 years (inclusive) (94 subjects/arm) 
	Test Formulation: The final formulation and device, which will be used for the commercial batches, was used in this study. 
	Figure
	Table 45. Investigational Products in Study SB5-G12-NHV 
	Table 45. Investigational Products in Study SB5-G12-NHV 


	Source: Table 9-1 of Study SB5-G12-NHV CSR 
	Study Design 
	This study was a  randomized, open-label, two-arm, parallel-group, single-dose study in healthy subjects. A total of 188 healthy subjects (94 subjects/arm) were randomized to recive a single dose 40 mg SB5 through SC injection using PFS or AI.  Treatment was administered via deep SC injections in the upper abdominal quadrant of periumbilical area while subjects were supine. 
	Figure 15. Study design of Study SB5-G12-NHV..
	Figure
	Source: Figure 9-1 of Study SB5-G12-NHV CSR 
	PK assessment 
	PK assessment 

	PK sampling: Blood samples were collected at 0 (pre-dose) and at 24, 48, 96, 120, 144, 168, 216, 264, 336, 408, 504, 600, 696, 840, 1008, and 1344 hours postdose.  The serum concentrations of SB5 were appropriately quantified using a validated enzyme-linked immunosorbent assay (ELISA). 
	Primary endpoints: Cmax, AUC0-t, AUC0-inf..
	Secondary endpoints: time to Cmax (Tmax), apparent volume of distribution based on the .ƚĞƌŵŝŶĂů ƉŚĂƐĞ ;sǌͬ&Ϳ͕ ƚĞƌŵŝŶĂů ƌĂƚĞ ĐŽŶƐƚĂŶƚ ;ʄǌͿ͕ ƚĞƌŵŝŶĂů ŚĂůĨ-life (t½), apparent total body .clearance (CL/F), area under the concentration-time curve (AUC) extrapolated from time t to .infinity as a percentage of total AUC (%AUCextrap) .
	No blood samples were collected for immunogenicity assessment. .
	Immunogenicity assessment .

	Results 
	Demographics 
	Demographics 

	A total of 307 subjects were screened, of which 190 subjects were randomized. Two subjects (Subject 
	and Subject 
	Figure

	 in the SB5 PFS and the SB5 Pen groups, respectively) have been reported to have major protocol deviations due to meeting the exclusion criteria or noncompliance with the treatment and were not included in PK population. The demographics of all randomized subjects are shown in the table below and the demographics of the treatment arms are comparable.  
	Figure
	-

	Table 46. Demographic characteristics (randomised set) (Study SB5-G12-NHV) .
	Figure
	Figure
	Source: Table 11-2 of Study SB5-G12-NHV CSR 
	PK results 
	PK results 

	The mean serum concentration-time profiles were similar between the SB5 PFS and SB5 AI (Figure 16 and Table 47). In the statistical analysis, the 90% CIs for the geometric mean ratios of Cmax, AUC0-t and AUC0-inf were all within the range of 80% –125% (Table 6). The variability of Cmax, AUC0-t and AUCo-inf evaluated as coefficient of variation (CV) are also generally comparable between SB5 PFS and SB5 AI (Table 48).  
	The impact of body weight on PK comparison has been explored by the reviewer. As shown in Figure 17, SB5 PK remains comparable using PFS and AI between subjects with body weight of
	хϲϬ чϳϱ ŬŐ ;Ŷсϯϱ ĨŽƌ ^.ϱ ./͕ Ŷсϯϴ ĨŽƌ ^.ϱ W&^Ϳ ĂŶĚ хϳϱ чϵϬ ŬŐ ;ŶсϲϬ ĨŽƌ ^.ϱ ./͕ Ŷсϱϲ ĨŽƌ ^.ϱ 
	PFS). 
	Same as the US-Humira, SB5 is proposed to be injected subcutaneously using PFS or AI in rotating injection sites, thigh or abdomen. In Study SB5-G12-NHV, SB5 was injected in abdomen only.  Although the PK variability of SB5 may increase due to varied bioavailability in different injection site, the overall SB5 PK is expected to remain comparable using PFS and AI with rotating injection sites. 
	Figure 16. SBS PK profiles following a single SC dose of SBS using PFS or Al in healthy subjects (n=93/treatment group) (Study SB5-G12-NHV) 
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	Figure
	Table 47. Summary of PK Parameters of SB5 (Study SB5-G12-NHV)..
	Table 47. Summary of PK Parameters of SB5 (Study SB5-G12-NHV)..


	Figure
	Source: Table 11-3 of Study SB5-G12-NHV CSR 
	Table 48. Variability (CV) in Study SB5-G12-NHV 
	Table 48. Variability (CV) in Study SB5-G12-NHV 
	Table 48. Variability (CV) in Study SB5-G12-NHV 

	TR
	Cmax 
	AUC0-t 
	AUC0-inf (n=94) 

	TR
	(n=94) 
	(n=94) 

	SB5 PFS 
	SB5 PFS 
	24% 
	33% 
	41% 

	SB5 AI 
	SB5 AI 
	28% 
	31% 
	39% 


	Source: FDA analysis .
	Figure 17. SB5 PK comparison ƵƐŝŶŐ W&^ ĂŶĚ ./ ďĞƚǁĞĞŶ ƐƵďũĞĐƚƐ ǁŝƚŚ ďŽĚǇ ǁĞŝŐŚƚ хϲϬ чϳϱ ŬŐ;Ŷсϯϱ ĨŽƌ ^.ϱ ./͕ Ŷсϯϴ ĨŽƌ ^.ϱ W&^Ϳ ĂŶĚ хϳϱ чϵϬ ŬŐ ;ŶсϲϬ ĨŽƌ ^.ϱ ./͕ Ŷсϱϲ ĨŽƌ ^.ϱ W&^Ϳ 
	Figure
	Figure
	Source: FDA analysis 
	Conclusions 
	x. SB5 PK is comparable using PFS and AI. 
	13.3.2.3. Study SB5-G31-RA (Comparative Clinical Study In RA Patients) 
	Title: A Randomised, Double-blind, Parallel Group, Multicentre Clinical Study to Evaluate the Efficacy, Safety, Pharmacokinetics and Immunogenicity of SB5 Compared to EU-Humira in Subjects with Moderate to Severe Rheumatoid Arthritis despite Methotrexate Therapy 
	Study Phase: Phase III 
	Study Duration: May 12, 2014 – October 19, 2015 
	Objectives 
	x. Primary: to demonstrate the equivalence of SB5 to EU-Humira at Week 24, in terms of American College of Rheumatology (ACR) 20% response criteria (ACR20) response rate in subjects with moderate to severe rheumatoid arthritis (RA) despite methotrexate (MTX) therapy 
	x 
	Secondary: efficacy, safety and tolerability, PK, immunogenicity 
	Study Population: 544 subjects with moderate to severe RA despite MTX therapy 
	Test Formulation: The final formulation, which will be used for the commercial batches, was used in this study. 
	Figure
	Table 49. Test products in Study SB5-G31-RA..
	Table 49. Test products in Study SB5-G31-RA..


	Source: Table 9-1 of Study SB5-G31-RA CSR 
	Study Design 
	This was a randomized, double-blind, parallel group, multicenter clinical study (Figure 2).  A total of 544 subjects with moderate to severe RA despite MTX therapy were randomized in a 
	1:1
	1:1
	1:1
	 ratio to receive either SB5 40 mg (n=271) or EU-Humira 40 mg (n=273) every other week up to Week 50 via SC injection. At Week 24, subjects receiving EU-Humira were re-randomized in a 

	1:1
	1:1
	 ratio to either continue on EU-Humira 40 mg (EU-Humira/ EU-Humira) or be transitioned to SB5 40 mg (EU-Humira/SB5) every other week up to Week 50.  Subjects receiving SB5 continued to receive SB5 40 mg up to Week 50 but they also followed the randomization procedure to maintain blinding. The primary efficacy endpoint, ACR20 response, was assessed at Week 24. 


	PK assessment 
	PK assessment 

	PK samples were collected in a subset of patients (356 subjects, 178 subjects/treatment) at baseline and prior to dosing at Weeks 4, 8, 12, 16, and 24 for Ctrough measurement. 
	Immunogenicity assessment 
	Immunogenicity assessment 

	Immunogenicity samples were collected at Weeks 0 (baseline), 4, 8, 16, 24, 32, 40, and 52 for assessment of the ADA formation of SB5 and EU-Humira.   
	Resuslts 
	Demographics 
	Demographics 

	A total of 544 subjects were randomized: 271 subjects were randomised to the SB5 treatment group and 273 subjects were randomised to the EU-Humira treatment group. At Week 24, of 254 subjects who received EU-Humira, 125 subjects were transitioned to SB5 (EU-Humira/SB5) and 129 subjects continued on EU-Humira (EU- Humira/ EU-Humira). The 254 subjects who received SB5 continued to receive SB5. 
	Figure
	Table 50. Demographic characteristics for Study SB5-G31-RA (Randomised Set) .
	Table 50. Demographic characteristics for Study SB5-G31-RA (Randomised Set) .


	Source: Table 11-2 of Study SB5-G31-RA CSR 
	PK results 
	PK results 

	PK samples were collected in a subset of patients (356 subjects, 178 subjects/treatment) at baseline and prior to dosing at Weeks 4, 8, 12, 16, and 24.  Overall, the serum trough concentrations (Ctrough) of SB5 and EU-Humira were generally comparable in RA patients. 
	Figure 18. Mean serum trough concentrations (SD) following multiple SC dose (40 mg, every other week) of SB5 or EU-Humira using PFS in patients with RA (Study SB5-G31-RA) 
	Figure
	Source: Figure 11-2 of Study SB5-G31-RA CSR..
	Table 51. Summary of serum trough concentrations (μg/mL) of SB5 and EU-Humira in Study SB5-G31-RA 
	Figure
	Source: Table 11-14 of Study SB5-G31-RA CSR 
	Immunogenicity assessment 
	Immunogenicity assessment 

	In Study SB5-G31-RA, following multiple 40 mg SC dose of study drug, by Week 24, 85/243 (35.0%) and 89/253 (35.2%) subjects devloped ADA in SB5 and EU-Humira treatment group, respecitvley. At Week 52, 95/243 (39.1%), 51/121 (42.1%), and 48/117 (41.0%) subjects devloped ADA in SB5/SB5,  EU-Humira/SB5, and EU-Humira/EU-Humira treatment group, respecitvley (Table 8). Overall, the incidence of ADA is comparable between SB5 and EU-Humira throughout the study, including the transition-extension period. 
	53.7% (36/67) and 52.2% (35/67) subjects who devloped ADAs  developed NAbs at Week 24 in SB5 and EU-Humira treatment group, respecitvley. At Week 52,  51.6% (33/64), 60.0 (21/35), and 67.5% (27/40) subjects who devloped ADAs developed NAbs in SB5/SB5,  EU-Humira/SB5, and EU- Humira/EU-Humira treatment group, respectively. 
	Impact of immunogenicity on PK 
	Impact of immunogenicity on PK 

	In Study SB5-G31-RA in patients with RA, Ctroughs of SB5 and EU-Humira in subjects who were ADA-positive were generally lower as compared to subjects who were ADA-negative, but remained comparable between SB5 and EU-Humira treatments in each of the ADA subgroups    (Figure 3, Table 12, Table 13).  Similarly, in the PK comparison by NAb status, Ctroughs of SB5 and EU- Humira in NAb-positive were generally lower than NAb negative, but remained comparable between SB5 and EU-Humira treatments in each of the sub
	Impact of ADA on efficacy 
	Impact of ADA on efficacy 

	Overall, no apparent impact of immunogenicity on efficacy was observed. 
	In patients who were ADA-negative, the ACR20 response rates at Week 24 are comparable between SB5 and EU-Humira. In patients who were ADA-positve, ACR20 response rates showed fluctuation during the study period in both SB5 and EU-Humira treatment groups: the ACR20 response rate in SB5 is numerically higher  at Week 16 while numerically lower at Week 24 as compared to EU-Humira treatment group, which is likely due to the limited number of patients (Figure 5, Table 14). In addition, the ACR50 and ACR70 respon
	Impact of ADA on safety 
	Impact of ADA on safety 

	The incidence of any treatment-emergent adverse events (TEAEs) was comparable between SB5 and EU-Humira treatment groups in both ADA-positive and ADA-negative subgroups. The incidence of injections site reaction was generally low in each of the treatment groups. Overall, no apparent impact of immunogenicity  on safety was observed (Table 16).  
	Office of Biostatistics Appendices 
	Figure


	13.4.1. Tipping Point Analysis Methodology 
	13.4.1. Tipping Point Analysis Methodology 
	The goal is to evaluate the potential effect of violations in assumptions about missing data on 
	, are independently distributed on theSuppose that outcomes,the reliability of conclusions.  
	ܻ

	control and test drug arms. The parameter of interest is the difference in means, ߠ. Consider the following parameterization and notation to describe the probabilities of completing the study (non-missingness), the true means in completers and dropouts, and the numbers of completers and total patients on the two treatment arms: 
	Table 16.4.1.1 Relevant Parameters and Notation for Setting with Missing Data 
	Treatment 
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	Mean in Completers ߤ
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	13.5.1.. Safety Assessment of Extractables and Leachables for the Container Closure System 
	Relevant DMFs: 
	Relevant DMFs: 
	The 

	Figure
	Figure
	 prefilled syringe (PFS) is the primary Container Closure System (CCS) for both of the presentations (safety PFS and Autoinjector (AI)). The PFS includes a clear glass syringe barrel including a stainless steel needle with rigid needle shield and a rubber plunger stopper. The 
	Figure
	Figure
	Figure

	 PFS is a marketed device that is used with other FDA-approved drug products. 
	Figure 19. Image of Syringe 
	Excerpted from Applicant submission..
	The safety evaluation focused primarily on potential extractables and leachables from the Container Closure System. Additionally, there are materials that the drug product is exposed to during the manufacturing process ("in-process materials") that could be a source of leachables. 
	(I>) (4f 
	These materials include 
	Figure
	Figure 20. In-Process Materials 
	Equipment Materlal of Construction 
	(I>)( f 
	Excerpted from Sponsor submission Table 52. Container Closure System Materials 
	(b)(4f 
	7 Page(s) lias l::>een Witliliela in Full as o'4 (CCI/TS) immeaiately following tliis page 
	Figure
	13.5.2. Nonclinical Pharmacology 
	Primary Pharmacology 
	Tumor necrosis factor (TNF)-ɲ ŝƐ ĂŶ ĞŶĚŽŐĞŶŽƵƐ ĐǇƚokine that is key regulator of inflammatory responses as well as chronic inflammation pathogenesis. Elevated TNF-ɲ ŝƐ ĂƐƐŽĐŝĂƚĞĚ ǁŝƚŚ several diseases such as arthritis, ankylosing spondylitis, inflammatory bowel disease, Crohn’s disease, ulcerative colitis, and plaque psoriasis. The mechanism of action for adalimumab is binding to both soluble and transmembrane TNF-ɲ ǁŚŝĐŚ ŝŶŚŝďŝƚƐ ƚŚĞ ůŝŐĂŶĚ ĨƌŽŵ ƐƚŝŵƵůĂƚŝŶŐ TNF-ɲ ƌĞĐĞƉƚŽƌƐ ƚŚĞƌĞďǇ ĚŝƐƌƵƉƚŝŶŐ ƉƌŽ-inflammat
	17

	(Study #BMC-394) 
	Evaluation of the Efficacy of SB5 in the TG197 Transgenic Mouse Model of Arthritis 

	Figure
	 Bradley JR “TNF-mediated inflammatory disease” Journal of Pathology 2008. 
	17

	127 .
	Methods: To demonstrate the pharmacodynamic comparability between SB5 and US-licensed Humira (US-Humira; listed as US-sourced Humira by the Sponsor), the Sponsor conducted an in vivo study in Tg197 transgenic mice, a mouse model that overexpresses human TNF-ɲ ĂŶĚ spontaneously develops rheumatoid arthritis-like symptoms. The study included mice (5/sex/group) that were treated with 3 dose levels (0.5, 3, or 10 mg/kg) of SB5 or US-Humira administered twice per week for 7 weeks dosing via the intraperitoneal r
	Excerpted from Applicant submission 
	Table 61. Study Design of Study #BMC-394 
	Table 61. Study Design of Study #BMC-394 


	Results: There was one mouse (M15, 0.5 mg/kg SB5) that was euthanized prior to the end of the study (Day 46) due to “poor health and morbid condition”. Since the morbid condition was not observed in higher dose groups, the poor health of this animal was not considered to be treatment-related. 
	Animals were weighed once a week starting on Week 3 (Day 1) and ending Week 10 (Day 50).  The body weight and body weight gains for all the treatment groups (both SB5 and US-Humira) were elevated compared to control (114-160% and 96.4-155.2% for males and females, respectively). The weight gain increase was dose-dependent for all treatment groups except for SB5 females (dose-independent increase). There were no significant differences in the weight gain between SB5 and US-Humira for either sex. The Sponsor’
	Table 62. Body Weight and Body Weight Gains for TG197 Males Treated with SB5 and US-Humira 
	Treatment 
	Treatment 
	Treatment 
	SB5 Vehicle 
	SB5 
	US-Humira 

	mg/kg 
	mg/kg 
	0 
	0.50 
	3 
	10 
	0.5 
	3 
	10 

	Day 1 g 
	Day 1 g 
	8.04 
	8.0 
	8.0 
	8.0 
	8.0 
	8.0 
	8.0 

	Day 50 g 
	Day 50 g 
	18.4 
	20.0 
	23.3 
	24.6 
	19.9 
	23.2 
	24.4 

	Gain g 
	Gain g 
	10.4 
	11.9 
	15.3 
	16.6 
	11.8 
	15.1 
	16.3 

	% Day 1 
	% Day 1 
	129 
	148 
	190 
	207 
	148 
	188 
	202 

	% Control 
	% Control 
	100 
	115 
	147 
	160 
	114 
	146 
	156 

	Table 63. Body Weight and Body Weight Gains for TG197 Females Treated with SB5 and US-Humira 
	Table 63. Body Weight and Body Weight Gains for TG197 Females Treated with SB5 and US-Humira 


	Treatment 
	Treatment 
	Treatment 
	SB5 Vehicle 
	SB5 
	US-Humira 

	mg/kg 
	mg/kg 
	0 
	0.5 
	3 
	10 
	0.5 
	3 
	10 

	Day 1 g 
	Day 1 g 
	8.14 
	8.2 
	8.1 
	8.3 
	8.1 
	8.1 
	8.1 

	Day 50 g 
	Day 50 g 
	15.6 
	17.3 
	18.5 
	17.8 
	15.2 
	16.8 
	19.6 

	Gain g 
	Gain g 
	7.46 
	9.1 
	10.4 
	9.5 
	7.1 
	8.7 
	11.5 

	% Day 1 
	% Day 1 
	91.6 
	110.4 
	129.0 
	113.4 
	88.3 
	107.4 
	142.2 

	% Control 
	% Control 
	100.0 
	120.5 
	140.8 
	123.8 
	96.4 
	117.2 
	155.2 


	Mice were evaluated weekly for an arthritis score (measurements of grip strength as well as ability to hold their body weight and coordinate body weights when introduced upside down on a metal grid) starting on Day 1 using a 0-3 scale from no to heavy arthritis. Arthritis scores were dramatically reduced ĨŽƌ ŵŝĐĞ ƚƌĞĂƚĞĚ ǁŝƚŚ ш 3 mg/kg  of either treatment (scores at Week 10 were 
	0.11-0.24
	 and 0.16-0.26 for SB5 and US-Humira, respectively) compared to SB5 vehicle 

	(1.56 at Week 10). The difference could be clearly seen as early as Week 5. The arthritic scores for the 0.5 mg/kg groups were slightly, but not significantly, reduced compared to SB5 vehicle 
	(1.11 for both SB5 and US-Humira at Week 10). Arthritis scores were similar between identical doses of SB5 and US-Humira.  
	Figure
	Table 64. In vivo Arthritic Scores for TG197 Mice .
	Table 64. In vivo Arthritic Scores for TG197 Mice .


	Excerpted from Applicant submission..
	Figure 21. Mean In Vivo Arthritis Score in TG197 Mice .
	Excerpted from Applicant submission 
	2 asphyxiation. The hind legs above the knee were dissected, fixed in formalin, and decalcified for histopathological evaluation. Histologic evaluation of the knee was assessed based on a 0-4 scale with 0 being no detectable pathology and 4 marking extensive cartilage destruction and bone erosion with bone outline structure lost. 
	All remaining animals were sacrificed on Day 50 via CO

	Histological scoring decreased in a dose-dependent manner for both SB5 and US-Humira. The ŚŝƐƚŽůŽŐŝĐĂů ƐĐŽƌŝŶŐ ĨŽƌ ŵŝĐĞ ƚƌĞĂƚĞĚ ǁŝƚŚ ш ϯ ŵŐͬŬŐ ŽĨ ĞŝƚŚĞƌ ƚƌĞĂƚŵĞŶƚ ǁĞƌĞ ŐĞŶĞƌĂůůǇ similar (pretreatment (3-week) controls (1.13) and much lower than vehicle control (3.58) . The scores for SB5 and US-Humira were similar for identical doses. 
	0.38-0.85
	 and 0.38-1.13 for SB5 and US-Humira, respectively) and were lower than 

	Figure
	Table 65. Histopathological Scores of the Hind Knee .
	Table 65. Histopathological Scores of the Hind Knee .


	Excerpted from Applicant submission..
	Figure 22. Bar Graph of Histopathological Scores of the Hind Knee..
	Figure
	Excerpted from Applicant submission 
	In summary, the 7-week mouse study demonstrated that both SB5 and US-Humira inhibited the development of arthritis to a similar degree in a dose-dependent manner in Tg197 mice based on arthritic and histopathologic scoring. These endpoints were considered acceptable to demonstrate similar pharmacodynamic activity from a nonclinical perspective. 

	13.5.3. Nonclinical Pharmacokinetics and Pharmacodynamics 
	13.5.3. Nonclinical Pharmacokinetics and Pharmacodynamics 
	0-168hr values for SB5 in the 4-week toxicology study with monkey (reviewed below) max values for SB5 in the same study were 77.7-91.3% of that observed for US-Humira. Whereas the mean PK values for SB5 were slightly lower than US-Humira, given the small study size, the differences may have occurred by chance and do not preclude a finding that the PK for SB5 and US-Humira were considered to be similar. There was no evidence of immune-mediated clearance for either drug within the 4week treatment period. The 
	0-168hr values for SB5 in the 4-week toxicology study with monkey (reviewed below) max values for SB5 in the same study were 77.7-91.3% of that observed for US-Humira. Whereas the mean PK values for SB5 were slightly lower than US-Humira, given the small study size, the differences may have occurred by chance and do not preclude a finding that the PK for SB5 and US-Humira were considered to be similar. There was no evidence of immune-mediated clearance for either drug within the 4week treatment period. The 
	The AUC
	were 86.4-91.8% of that observed for US-Humira The C
	-

	completed clinical studies (subcutaneous). 


	13.5.4. General Toxicology 
	13.5.4. General Toxicology 
	A 4-week repeat-dose general toxicity study in monkeys (3/sex/group) was conducted comparing asubcutaneous dose (32 mg/kg) of SB5 and of US-Humira ). The study included immunophenotyping of lymphocyte subpopulations and monocytes as well as histopathological examinations of a complete panel of organs and tissues. Observed findings were judged to be incidental in nature. The toxicity profiles of SB5 and US-Humira were considered to be similar. 
	Single-Dose Toxicity/Toxicokinetics 
	No single-dose toxicity studies were submitted with the BLA.  
	Repeat-Dose Toxicity/Toxicokinetics 
	Study title: A 4-Week Repeat Dose Toxicity Study of SB5 in Cynomolgus Monkeys 
	Study no.: 2064-008 
	Study report location: EDR 
	Conducting laboratory and location: 
	Figure
	Date of study initiation: September 6, 2013 .GLP compliance: Yes .QA statement: Yes .Drug, lot #, and % purity: SB5, TR--003611, 97.2% .
	Figure

	US-Humira, 250932E 
	The reference article, US-Humira, and the test article, SB5, were used as received from the Sponsor in pre-filled syringes at concentrations of 50 mg/mL (US-Humira) and 49 mg/mL (SB5). The reference article was diluted using the vehicle (US-Humira formulation buffer) and the test article was diluted using the vehicle (SB5 formulation buffer) to achieve the desired concentrations, so that equivalent doses could be administered, under a laminar flow hood using sterile equipment and aseptic techniques. 
	Key Study Findings 
	x 
	In a 4-week study, monkeys (3/sex/group) received subcutaneous doses of SB5 vehicle, SB5 (32 mg/kg), or US-Humira (32 mg/kg) once per week for a total of 4 doses.  
	x Histopathological findings were seen for the injection site, spleen, lungs, mammary gland, ovary, eyes, and sublingual salivary gland. 
	o. Fibrosis at the injection site was seen in all groups with higher frequency in males treated with SB5, but not females. Pigmented macrophages (minimal) was also noted in 1 male treated with SB5. These findings were likely related to the injection procedure and unrelated to SB5 treatment.  
	o. Fibrosis at the injection site was seen in all groups with higher frequency in males treated with SB5, but not females. Pigmented macrophages (minimal) was also noted in 1 male treated with SB5. These findings were likely related to the injection procedure and unrelated to SB5 treatment.  
	o. Fibrosis at the injection site was seen in all groups with higher frequency in males treated with SB5, but not females. Pigmented macrophages (minimal) was also noted in 1 male treated with SB5. These findings were likely related to the injection procedure and unrelated to SB5 treatment.  

	o. There were 2 females in the SB5-treated group that were noted to have minimal generalized lymphoid hyperplasia in the spleen that was not seen in females in the other groups. This finding was seen in the males that were treated with SB5 and US-Humira (1 male from each treatment group). The finding may be a mild response to foreign protein although these animals did not test positive for ADA formation. Given the minimal severity of this finding and lack of corresponding pathology, it was not considered ad
	o. There were 2 females in the SB5-treated group that were noted to have minimal generalized lymphoid hyperplasia in the spleen that was not seen in females in the other groups. This finding was seen in the males that were treated with SB5 and US-Humira (1 male from each treatment group). The finding may be a mild response to foreign protein although these animals did not test positive for ADA formation. Given the minimal severity of this finding and lack of corresponding pathology, it was not considered ad

	o. There was 1 SB5-treated female that was noted to have type II cell hyperplasia in the lungs, a finding typically associated with a reaction to inhaled lung irritants. This finding was more than likely incidental considering it was only noted in 1 animal. 
	o. There was 1 SB5-treated female that was noted to have type II cell hyperplasia in the lungs, a finding typically associated with a reaction to inhaled lung irritants. This finding was more than likely incidental considering it was only noted in 1 animal. 

	o. Mammary vacuolation and ovary mineralization was noted in females treated with SB5 although the incidence of these findings was less than (ovary mineralization) or equal to (mammary gland vacuolation) that for US-Humira.  This finding is a common background finding in monkeys and may be incidental.  
	o. Mammary vacuolation and ovary mineralization was noted in females treated with SB5 although the incidence of these findings was less than (ovary mineralization) or equal to (mammary gland vacuolation) that for US-Humira.  This finding is a common background finding in monkeys and may be incidental.  

	o. The other potentially SB5-related findings were mononuclear cell (eyes and injection site) or lymphocytic (salivary gland) infiltration which are common background findings in monkeys and were not considered adverse in the absence of corresponding pathologies.   
	o. The other potentially SB5-related findings were mononuclear cell (eyes and injection site) or lymphocytic (salivary gland) infiltration which are common background findings in monkeys and were not considered adverse in the absence of corresponding pathologies.   


	x. For toxicokinetics, AUC values were slightly lower for SB5 compared to US-Humira max values were slightly lower for SB5 compared to US-Humira (77.7% and 91.3% on Days 22 and 1, respectively). Whereas the mean PK values for SB5 were slightly lower than US-Humira, given the small study size, the differences may have occurred by chance and do not preclude a finding that the PK for SB5 and US-Humira were considered to be similar. Both drug products also showed similar accumulation ratios between Day 1 and Da
	(86.4% and 91.8% on Days 22 and 1 respectively). Similarly, C

	x. Overall, the observed findings with SB5 and US-Humira were judged to be incidental in nature. The toxicity profiles of SB5 and US-Humira were judged to be similar.   
	Methods .Doses: 32 mg/kg for SB5 and US-Humira  .Frequency of dosing: Once a week (on Study Days 1, 8, 15, and 22)..Route of administration: Subcutaneous .Dose volume: 2 mL/kg..
	Formulation/Vehicle: .SB5 formulation buffer (6.8 mM sodium citrate dihydrate, 3.2 mM citric acid monohydrate, 7.7 mM L-histidine, 51.5 mM L-histidine HCl monohydrate, 137 mM sorbitol, 0.65 mM polysorbate 20; identical to proposed clinical formulation) 
	Species/Strain: Cynomolgus monkeys Number/Sex/Group: 3 Age: ~2.5-3 years.  Weight: respectively Satellite groups: None Unique study design: Immunogenicity assay to detect anti-drug antibodies and immunophenotyping of lymphocytes Deviation from study protocol: None that would be expected to impact the interpretation of the study. 
	2.32-3.16
	 kg and 2.39-2.86 kg for males and females, 

	Figure 23. Study Design for The 28-day Monkey Toxicology Study 
	Figure
	(Excerpted from Sponsor submission) 
	Observations and Results Mortality 
	Animals were observed for morbidity, mortality, injury, and the availability of food and water twice daily. 
	All animals survived until scheduled necropsy. 
	Clinical Signs 
	Animals were observed for morbidity, mortality, injury, and the availability of food and water twice daily. 
	Soft feces were observed in all SB5-treated animals (both sexes) on Week 3 but not in any other group or on any other week. This finding was resolved by Week 4. The Sponsor points out that this is a common finding for monkeys although only SB5-treated animals presented with this finding. Given the brief and transient nature of this observation, this finding was not considered treatment-related. 
	Body Weights 
	The body weights for all animals were measured on Day -1 and then weekly during the study.  There were no treatment-related effects on body weight gain with SB5 or US-Humira.  
	Feed Consumption 
	A qualitative assessment of food intake/appetite was performed on all animals twice a day. A quantitative assessment of food consumption was not measured.  
	There were no treatment-related effects on qualitative food consumption.  
	Ophthalmoscopy 
	Ophthalmoscopic examinations were conducted on all animals pretest and prior to terminal necropsy. 
	All ophthalmoscopic findings (bilateral optic nerve atrophy in animal 809 and chorioretinitis in animal 815) were observed prior to the start of treatment and not considered to be treatment-related.  
	ECG 
	All animals received electrocardiographic (ECG) examinations prior to the start of drug treatment and on Days 1 and 22 (predose and 3-4 postdose). Standard ECGs (10 Lead) were recorded at 50mm/sec. The RR, PR, QT, and QRS durations were measured in addition to heart rate. Corrected QT (QTc) interval was also calculated.  
	There were no treatment-related effects on ECG parameters on Day 1 or 22. 
	Hematology 
	Hematology and coagulation parameters were evaluated on all animals pretest and prior to terminal necropsy. Approximately 4.8-5.8 mL of blood was collected from the femoral 3EDTA (pretest) or K2EDTA (terminal) for hematology or sodium citrate for coagulation parameters. 
	artery/vein in a tube containing K

	There were no treatment-related effects on hematology or coagulation parameters prior to the terminal necropsy.  
	Clinical Chemistry 
	Clinical chemistry parameters were evaluated on all animals pretest and prior to terminal necropsy. Approximately 4.8-5.8 mL of blood was collected from the femoral artery/vein in a tube containing no anticoagulant.  
	Sodium levels in females were significantly decreased following treatment with SB5 compared to control (140.7 vs 144.7 mEq/L for SB5 and control values respectively). However, this value was within the normal range for monkeys of this age. 
	18

	Urinalysis 
	Urine samples were collected using steel pans under the cages for at least 16 hours pretest and prior to terminal necropsy.  
	There were no treatment-related effects on urinalysis parameters prior to the terminal necropsy. 
	Gross Pathology 
	Necropsy examinations were performed on Day 29. Animals were euthanized by ketamineinduced sedation via IM followed by an IV dose of sodium pentobarbital and exsanguination. Animals were examined for external abnormalities in the abdominal, thoracic, and cranial cavities. 
	-

	There were no gross observations related to SB5 treatment.  
	Organ Weights 
	Absolute and relative organ weights were measured for organs listed in Table 67. Organs were weighed with paired organs weighed together. 
	Thymus weights (absolute weight, % of body weight, and % brain weight) for SB5-treated males and females were higher than control and US-Humira values. There was high variability among the thymus weights likely due to the age of the animals (2.5-3 years) age-related involution. The mean thymus weights for the SB5 monkeys were within the normal range for Cynomolgus monkeys. 
	19

	 Derelanko, Michael J The Toxicologist’s Pocket Handbook Third Edition, Boca Raton: Taylor & Francis Group LLC,..2018. Print  . Snyder et al, “Maturity-related Variability of the Thymus in Cynomolgus Monkeys (Macaca fascicularis)”. .Toxicologic Pathology 2016. .
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	Table 66. Mean Thymus Weight for Monkeys Treated With SB5 and US-Humira .
	Table 66. Mean Thymus Weight for Monkeys Treated With SB5 and US-Humira .
	Table 66. Mean Thymus Weight for Monkeys Treated With SB5 and US-Humira .

	Sex 
	Sex 
	Male 
	Female 

	Treatment 
	Treatment 
	Control 
	US-Humira 
	SB5 
	Control 
	US-Humira 
	SB5 

	Thymus weight (g) 
	Thymus weight (g) 
	3.232 
	79.5% 
	171.0% 
	1.836 
	110.7% 
	140.7% 

	% Body weight 
	% Body weight 
	0.1286 
	75.7% 
	164.4% 
	0.0768 
	112.0% 
	134.8% 

	% Brain weight 
	% Brain weight 
	0.0495 
	76.2% 
	172.1% 
	0.0298 
	121.8% 
	139.9% 


	Histopathology 
	Adequate Battery: Yes. An adequate panel of organs and tissues from each monkey in the study was evaluated by histopathological examination using light microscopy. 

	Peer Review: Yes 
	Peer Review: Yes 
	Histological Findings 
	The organs listed in Table 67 were removed and placed in fixative (neutral buffered formalin except for eyes and testes which were fixed using modified David’s fixative). Formalin was infused into the lung. The tissues were embedded in paraffin and then stained with hematoxylin and eosin. Slides were examined by a board-certified veterinary pathologist using a 4-step grading system. 
	A microscopic peer review was performed by the Peer Review Pathologist for all the tissues from 2 randomly selected males and 2 randomly selected  females in each of the SB5 and US-Humira groups (Animal # 807, 809, 813, 814, 811, 812, 816, and 818) and the spleen and lymph nodes (mandibular and mesenteric) from all animals. Following the review, the results including the terminology and diagnoses were discussed  and mutually agreed upon with the study pathologist. 
	Figure
	Table 67. Tissue List .
	Table 67. Tissue List .


	Excerpted from Applicant submission 
	There were some minor findings that were potentially related to SB5 exposure, but were not considered to be adverse. The findings that were observed with higher frequency in SB5treated animals compared to the US-Humira-treated animals were pigmented macrophages at the injection site (males), generalized lymphoid spleen hyperplasia (females), and type II cell lung hyperplasia (females). 
	-

	Pigmented macrophages (minimal) were noted in 1 male treated with SB5. Given the infrequency of this observation (1 animal), it is possible that this finding was incidental. There were 2 females in the SB5-treated group that were noted to have minimal generalized lymphoid hyperplasia (increase in lymphocytes) in the spleen that was not seen in females in the other groups. This finding was equally observed in the males that were treated with SB5 and US-Humira (1 male in each group). Although lymphoid hyperpl
	Pigmented macrophages (minimal) were noted in 1 male treated with SB5. Given the infrequency of this observation (1 animal), it is possible that this finding was incidental. There were 2 females in the SB5-treated group that were noted to have minimal generalized lymphoid hyperplasia (increase in lymphocytes) in the spleen that was not seen in females in the other groups. This finding was equally observed in the males that were treated with SB5 and US-Humira (1 male in each group). Although lymphoid hyperpl
	also be a response to a foreign protein, such as the drug, but this finding did not correlate with anti-drug antibody response. Given the minimal severity of this finding and lack of corresponding pathology, it was not considered adverse.  

	There was 1 SB5-treated female that was noted to have cell type II hyperplasia in the lungs which is a finding typically associated as a reaction to lung irritants. This finding may be incidental considering only 1 animal was noted with this finding. Mammary vacuolation and ovary mineralization was noted in females treated with SB5 although the incidence of these were equal to that US-Humira and thus did not affect similarity.   
	Figure 24. Potentially Treatment-Related Pathological Findings in Monkeys 
	Terminal Pathology (Day 29) NOAEL: 32 mg/kg 
	Terminal Pathology (Day 29) NOAEL: 32 mg/kg 
	Terminal Pathology (Day 29) NOAEL: 32 mg/kg 

	Sex 
	Sex 
	Males 
	Females 

	Dose (mg/kg) 
	Dose (mg/kg) 
	Vehicle 
	USHUMIRA 
	-

	SB5 
	Vehicle 
	USHUMIRA 
	-

	SB5 

	Injection site (n) 
	Injection site (n) 
	3 
	3 
	3 
	3 
	3 
	3 

	Pigmented macrophages (minimal) 
	Pigmented macrophages (minimal) 
	0 
	0 
	1 
	0 
	0 
	0 

	Spleen 
	Spleen 
	3 
	3 
	3 
	3 
	3 
	3 

	Generalized lymphoid hyperplasia (minimal) 
	Generalized lymphoid hyperplasia (minimal) 
	0 
	1 
	1 
	0 
	0 
	2 

	Lung 
	Lung 
	3
	 3 
	3 
	3
	 3 
	3 

	Type II cell hyperplasia (minimal) 
	Type II cell hyperplasia (minimal) 
	0 
	0 
	0 
	0 
	0 
	1 

	Mammary gland 
	Mammary gland 
	0 
	0 
	0 
	3 
	3 
	3 

	Vacuolation 
	Vacuolation 
	-
	-
	-
	0 
	1 
	1 

	Minimal 
	Minimal 
	-
	-
	-
	0 
	0 
	1 

	Mild 
	Mild 
	-
	-
	-

	-
	-

	0 
	1 
	0 


	Immunophenotyping 
	Approximately 0.5 mL of blood samples were collected from all animals via the femoral vessel to assess potential changes of  lymphocyte subpopulations and monocytes due to SB5 or US-Humira. Samples were collected predose on Day 1 and prior to necropsy (Day 28) and placed in tubes with sodium heparin as anticoagulants. Whole blood samples were analyzed for CD3, CD4, CD8, CD14, CD45, and CD159a (peripheral blood leukocyte analysis) using flow cytometry performed at 
	Figure

	. These values had high variability.  
	There were no treatment-related effects on lymphocyte subpopulations or monocytes. 
	Toxicokinetics 
	Approximately 1 mL of blood was collected on Days 1 and 22 (predose, ~2, 6, 12, 24, 48, 72, 96, 120, and 168 hours postdose) from all animals via the femoral vessel to determine serum concentrations of SB5 and US-Humira. An electrochemiluminescent ligand binding method was 
	Approximately 1 mL of blood was collected on Days 1 and 22 (predose, ~2, 6, 12, 24, 48, 72, 96, 120, and 168 hours postdose) from all animals via the femoral vessel to determine serum concentrations of SB5 and US-Humira. An electrochemiluminescent ligand binding method was 
	used for measurements of serum concentrations of SB5 and US-Humira (Range 0.49 (LLOQ) to 125 (ULOQ)). Since the male and female drug concentrations were similar, they were combined for the analysis. 

	AUC values were slightly lower for SB5 compared to US-Humira (The AUC values for SB5 were 86.4% and 91.8% compared to that observed for US-Humira on Days 22 and 1, respectively). max values were slightly lower for SB5 compared to US-Humira (The Cmax values for SB5 were 77.7% and 91.3% compared to that observed for US-Humira on Days 22 and 1, respectively) Whereas the mean PK values for SB5 were slightly lower than US-Humira, given the small sample size, the differences may have occurred by chance and do not
	Similarly, C

	Figure
	Table 68. Mean Toxicokinetic Parameters on Days 1 and 22 Following Subcutaneous Administration of 32 mg/kg SB5 or US-HUMIRA 
	Table 68. Mean Toxicokinetic Parameters on Days 1 and 22 Following Subcutaneous Administration of 32 mg/kg SB5 or US-HUMIRA 


	Excerpted from Applicant submission 
	Serum concentration-time profiles of SB5 and US-Humira in monkeys on Days 1 and 22 were  similar as shown in the figure below.  
	Figure 25. Mean SB5 and US-Humira Serum Concentration-Time Profiles on Days 1 and 22 .
	Excerpted from Applicant submission 
	For immunogenicity analysis, ~0.5-1mL blood samples (no coagulant) were collected from all animals via the femoral vessel for the determination of the formation of anti-drug antibodies (ADA) against SB5 and US-Humira on Day 1 (predose), Day 22 (before dosing) and Day 29 (terminal necropsy). Electrochemiluminescence ligand binding methods were used for the detection of anti- US-Humira antibodies (Method #IM-2064-006-A-1.0) and anti-SB5 antibodies (Method #IM-2064-007-A-1.0) in serum samples. Control animals 
	None of the animals treated with SB5 tested positive for anti-SB5 ADA formation.  One animal treated with US-Humira tested positive for anti- US-Humira ADA formation in the screening analysis; however, the confirmatory assay was negative. Two control males and 2 control females tested positive for anti-SB5 antibodies. Two control female tested positive for anti- US-Humira ADA. The two control females tested positive for both anti-SB5 antibodies and anti- US-Humira ADA. Exposure to either SB5 or US-Humira di
	Table 69. Number of Animals that Test Positive for Anti-Drug Antibodies .
	Table 69. Number of Animals that Test Positive for Anti-Drug Antibodies .
	Table 69. Number of Animals that Test Positive for Anti-Drug Antibodies .

	Anti-drug antibody 
	Anti-drug antibody 
	Day 
	Control (3/sex/group) 
	Treatment (3/sex/group) 

	Males 
	Males 
	Females 
	Males 
	Females 

	SB5 
	SB5 
	Predose 
	1 (#803) 
	1 (#805) 
	0 
	0 

	Day 22 
	Day 22 
	1 (#801) 
	1 (#805) 
	0 
	0 

	Terminal 
	Terminal 
	2 (#801 & 803) 
	2 (#804 & 805) 
	0 
	0 

	US-Humira 
	US-Humira 
	Predose 
	0 
	1 (#805) 
	0 
	0 

	Day 22 
	Day 22 
	0 
	1 (#805) 
	1 (#815)* 
	0 

	Terminal 
	Terminal 
	0 
	2 (#804 & 805) 
	1 (#815)* 
	0 


	*Male 815 yielded positive results following initial screening analysis at the Day 22 and Day 29 collections. However, confirmatory results for this responder were negative. 
	Dosing Solution Analysis 
	Samples from every dosing solution on Days 1 and 22 were analyzed for concentration. Vehicle control samples were evaluated for the presence of SB5 and US-Humira. All sample solutions used to administer SB5 or US-Humira were within ±10% of the nominal concentration with a 
	ƌĞůĂƚŝǀĞ ƐƚĂŶĚĂƌĚ ĚĞǀŝĂƚŝŽŶ ŽĨ чϱй ǁŚŝĐŚ ǁĂƐ ǁŝƚŚŝŶ ƚŚĞ ĂĐĐĞƉƚĂďůĞ ĐƌŝƚĞƌŝĂ͘ dŚĞ ǀĞŚŝĐůĞ ĐŽŶƚƌŽů 
	collected on Day 22 had a small quantity (0.0449 mg/mL) of SB5 detected within the sample. A backup replicate was analyzed that also had a detectable concentration of SB5 (0.0579 mg/mL). Analysis of the samples in the remaining SB5 buffer (which was used as vehicle control) did not have detectable levels of SB5. The Sponsor stated the probable cause was a sampling error. The quantity of SB5 detected in the control solutions were ~275-fold lower than the measured concentration of the SB5 sample which indicat
	Table 70. Concentration of Dosing Solutions Used In Study 2064-008 
	Table 70. Concentration of Dosing Solutions Used In Study 2064-008 
	Table 70. Concentration of Dosing Solutions Used In Study 2064-008 

	TR
	Control 
	SB5 
	US-HUMIRA 

	Day 1 concentration (% of nominal) 
	Day 1 concentration (% of nominal) 
	BLQ* 
	100.4 
	94.5 

	Day 22 concentration (% of nominal) 
	Day 22 concentration (% of nominal) 
	0.0449a 
	99.3 
	98.2 


	*Below the limit of quantitation (<0.0360 mg/mL) 
	Initial analysis detected 0.0449 mg/mL SB5 and a backup replicate detected .0579 mg/mL. Remaining 
	a 

	SB5 buffer did not have any detectable SB5. 
	Additional Comments on Extrapolation to Support Approval of Non-Studied Indications 
	Figure

	13.6.1. Division of Gastroentereology and Inborn Errors Products
	20 

	Proposed Indications 
	Rheumatoid Arthritis (RA): Reducing signs and symptoms, inducing major clinical response, inhibiting the progression of structural damage, and improving physical function in adult patients with moderately to severely active RA. 
	Juvenile Idiopathic Arthritis (JIA): Reducing signs and symptoms of moderately to severely active polyarticular JIA in patients 4 years of age and older. 
	Psoriatic Arthritis (PsA): Reducing signs and symptoms, inhibiting the progression of structural damage, and improving physical function in adult patients with active PsA. 
	Ankylosing Spondylitis (AS): Reducing signs and symptoms in adult patients with active AS. 
	!dult .rohn͛s Disease (adult .D). ѣeducing signs and symptoms and inducing and maintaining clinical remission in adult patients with moderately to severely active .rohn͛s disease who have 
	had an inadequate response to conventional therapy. Reducing signs and symptoms and inducing clinical remission in these patients if they have also lost response to or are intolerant to infliximab products. 
	Ulcerative Colitis (UC): Inducing and sustaining clinical remission in adult patients with moderately to severely active ulcerative colitis who have had an inadequate response to immunosuppressants such as corticosteroids, azathioprine or 6-mercaptopurine (6-MP). The effectiveness of adalimumab products has not been established in patients who have lost response to or were intolerant to TNF blockers. 
	Originally archived in DGIEP Clinical Review (dated June 7, 2019). 
	20 

	Plaque Psoriasis (PsO): The treatment of adult patients with moderate to severe chronic plaque psoriasis who are candidates for systemic therapy or phototherapy, and when other systemic therapies are medically less appropriate. 
	Executive Summary 
	The Division of Gastroenterology and Inborn Errors Products concludes that the Applicant provided adequate scientific justification (based on mechanism of action, PK, immunogenicity, and toxicity) to support extrapolation of data and information submitted, including clinical data from the studied population (rheumatoid arthritis), to support licensure of SB5 as a biosimilar, under section 351(k) of the PHS Act, for the inflammatory bowel disease indications (ulcerative colitis and adult .rohn͛s disease). 
	21

	Introduction 
	On July 23, 2018, Samsung Bioepis submitted a biologics license application (BLA) under section 351(k) of the Public Health Service (PHS) Act for SB5, a proposed biosimilar to US-licensed Humira (adalimumab). Humira received marketing approval in the US on December 31, 2002. 
	In support of the current BLA, the Applicant provided clinical study data collected from healthy subjects and patients with rheumatoid arthritis (RA). The Applicant submitted a PK similarity study (SB5-G11-NHV) assessing 3-way PK similarity between SB5, EU-approved Humira, and US-licensed Humira (based on pairwise comparisons of SB5 to US-licensed Humira, SB5 to EU-approved Humira, and EU-approved Humira to US-licensed Humira) in healthy subjects. In addition, the Applicant submitted the results of one comp
	The inflammatory bowel disease (IBD) indications were not directly studied in the SB5 clinical program. For additional information on the clinical studies in RA, please refer to the multidisciplinary review from the Division of Pulmonary, Allergy and Rheumatology Products (DPARP). 
	ѭhe !pplicant did not provide a scientific justification for extrapolation for pediatric .rohn͛s disease and is not requesting licensure for this indication; US-licensed Humira has unexpired orphan drug exclusivity for this indication. 
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	Table 1. Overof SBS  Program 
	view 
	Clinical

	Study ID 
	Design 
	Objective 
	Subjects 
	Treatments 
	Dose 
	Pivotal Clinical Pharmacology Study 
	Pivotal Clinical Pharmacology Study 
	Pivotal Clinical Pharmacology Study 

	SBS-Gll-NHV 
	SBS-Gll-NHV 
	R, SB, SD, 3arm, PG 
	PK, immunogenicity, safety 
	Healthy subjects (n=189) 
	40 mg SC 
	SBS (n=63) EU Humira (n=63) US Humira (n=63) 

	Comparative Clinical Study 
	Comparative Clinical Study 

	SBS-G31-RA 
	SBS-G31-RA 
	R, DB, MC, PG 
	Efficacy, safety, immunogenicity, PK 
	Patients with rheumatoid arthrit is (n=545) 
	40 mg SC EOW 
	SBS (n=271) EU Humira (n=273) 

	Supportive Clinical Pharmacology Study 
	Supportive Clinical Pharmacology Study 

	SBS-G12-NHV 
	SBS-G12-NHV 
	R, OL, SD, 2arm, PG 
	PK, immunogenicity, safety 
	Healthy subjects (n=190) 
	40 mg SC 
	SBS PFS (n=95) SBS Al (n=95) 

	Supportive Clinical Study 
	Supportive Clinical Study 

	SBS-G21-RA 
	SBS-G21-RA 
	OL single-arm 
	Injection site pain assessment 
	Patients with rheumatoid arthrit is (n=49) 
	40 mg SC EOW 
	SBS PFS EOW X2 followed by SBS Al EOW X 4 (n=49) 


	R: randomized; SB: single blind; DB: double blind; EOW: every other week; OL: open label; PG: parallel group; TP: treatment period; SD: single dose; MC: multicenter; SC: subcutaneous; PFS: pre-filled syringe; Al: autoinjector. Source: BLA 761059, Module 2.5 
	Extrapolation of Existing Data to Support Biosimilarity to IBD Indications 
	The Applicant conducted a comparative clinical study with their product in patients with RA, and seeks licensure for the RA, JIA (in patients 4 years of age and older), PsA, AS, adult CD, and UC indications, all for which US-licensed Humira has been previously approved. 
	The collective evidence from the comparative clinical study supports a demonstration of no clinically meaningful differences between SBS and US-licensed Humira in the studied indication (RA), as the applicant established an appropriate scientific bridge comprised of comparative PK and analytical data for SBS, US-licensed Humira, and EU-approved Humira. For additional information on the clinical studies in RA, please refer to the multidisciplinary review from the Division of Pulmonary, Allergy and Rheumatolo
	The scientific justification for extrapolation should consider the following issues that are described in the FDA Scientific Considerations in Demonstrating Biosimilarity to a Reference Product Guidance:
	22 

	FDA Guidance for Industry, "Scientific Considerations in Demonstrating Biosimilarity to a Reference Product", .April 2015, available at: .7/download .
	22 
	https://www.fda.gov/media/8264

	•. 
	•. 
	•. 
	The mechanism(s) of action (MOA) in each condition of use for which licensure is sought; 

	•. 
	•. 
	The pharmacokinetics (PK) and bio-distribution of the product in different patient populations; 

	•. 
	•. 
	The immunogenicity of the product in different patient populations; 

	•. 
	•. 
	Differences in expected toxicities in each condition of use and patient population; and 

	•. 
	•. 
	Any other factor that may affect the safety or efficacy of the product in each condition of use and patient population for which licensure is sought. 


	All of these factors were adequately addressed by the Applicant, as summarized below, for the IBD indications. The totality of the evidence provides support for licensure of SB5 for the IBD indications (ulcerative colitis and adult .rohn͛s disease) under section 351(k) of the PHS Act. It should be noted that the Applicant did not provide a scientific justification for extrapolation for pediatric .rohn͛s disease and is not requesting licensure for this indication- ѱѧ-licensed Humira has unexpired orphan drug
	Mechanism of Action 
	The mechanisms of action of adalimumab that are relevant for RA (the comparative clinical study population) are also relevant to IBD. The Applicant provided data to support that SB5 has the same known and potential mechanisms of action as US-licensed Humira, which support extrapolation to these other indications. 
	The primary mechanism of action of adalimumab is direct binding of TNF-α, resulting in blockade of TNF-α receptor-mediated activities. Adalimumab blocks both TNFR1 and TNFR2 receptors by binding both soluble(s) and transmembrane(tm) TNF-α/ In addition, adalimumab has mechanisms of action involving the Fc region of the antibody which are thought to be plausible mechanisms involved in the efficacy of adalimumab for the treatment of IBD. See a list of known and potential mechanisms of US-licensed Humira relate
	Table 2. Known and Potential s of Aof -Humira 
	Mechanism
	ction 
	US

	MOA of US-Humira 
	MOA of US-Humira 
	MOA of US-Humira 
	RA 
	AS 
	PsA 
	PsO 
	CD 
	UC 

	Mechanisms involving the Fab (antigen binding) region: 
	Mechanisms involving the Fab (antigen binding) region: 

	Blocking TNFR1 and TNFR2 activity via binding and neutralization of s/tmTNF 
	Blocking TNFR1 and TNFR2 activity via binding and neutralization of s/tmTNF 
	Known 
	Known 
	Known 
	Known 
	Likely 
	Likely 

	Reverse (outside-to-inside) signaling via binding to tmTNF 
	Reverse (outside-to-inside) signaling via binding to tmTNF 
	-
	-
	-
	-
	Likely 
	Likely 

	Mechanisms involving the Fe (constant) region: 
	Mechanisms involving the Fe (constant) region: 

	Induction of CDC on tmTNFexpressing target cells (via Clq binding) 
	Induction of CDC on tmTNFexpressing target cells (via Clq binding) 
	-
	-
	-
	-
	Plausible 
	Plausible 

	Induction of ADCC on tmTNFexpressing target cells (via FcyRllla binding expressed on effector cells) 
	Induction of ADCC on tmTNFexpressing target cells (via FcyRllla binding expressed on effector cells) 
	-
	-
	-
	-
	Plausible 
	Plausible 

	Induction of regulat ory macrophages in mucosal healing 
	Induction of regulat ory macrophages in mucosal healing 
	-
	-
	-
	-
	Plausible 
	Plausible 

	ADCC: antibody-dependent cellular cytotoxicity; AS: ankylosing spondylitis; CD: Crohn's disease; CDC: complement-dependent cytotoxicity; MOA: mechanism of action; PsA: psoriatic arthritis; PsO: plaque psoriasis; RA: rheumatoid arthritis; UC: ulcerative colitis; sTNF: soluble TNF; tmTNF: transmembrane TNF 
	ADCC: antibody-dependent cellular cytotoxicity; AS: ankylosing spondylitis; CD: Crohn's disease; CDC: complement-dependent cytotoxicity; MOA: mechanism of action; PsA: psoriatic arthritis; PsO: plaque psoriasis; RA: rheumatoid arthritis; UC: ulcerative colitis; sTNF: soluble TNF; tmTNF: transmembrane TNF 
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	•

	Source: FDA summary ofcurrent literature on the topic ofmechanisms of action ofTNF inhibitors•
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	The Product Quality reviewers have concluded that the Applicant has adequately addressed each of the known mechanisms of action of US-licensed Humira, and has also addressed potential mechanisms of action. Specifically, the Applicant provided data to demonstrate that s/tm TNF-a binding, blocking of TNFRl and TNFR2 activity, and the potential Fe regionmediated mechanisms of action are similar between SBS and US-licensed Humira. These data support the conclusion that SBS and US-licensed Humira utilize the sa
	Pharmacokinetics (PK) 
	Study SBS-Gll-NHV was a single-dose, comparative PK, and safety study of SBS, US-licensed Humira, and EU-approved Humira conducted in healthy subjects planned to demonstrate 3-way PK similarity of the commercial formulation of SBS, US-licensed and EU-approved Humira. It should be noted that establishment of a scientific bridge to US-licensed Humira was necessary to justify the relevance of clinical data generated using EU-approved Humira in the SBS developmental program which were used to support an assessm
	In addition, the single comparative clinical study, Study SBS-G31-RA, collected PK information, including an immunogenicity assessment. 
	The clinical pharmacology reviewers concluded that the results of Study SBS-Gll-NHV established 3-way PK similarity between SBS, US-licensed Humira and EU-approved Humira in 
	Oikonomopoulos A et al., Current Drug Targets, 2013, 14, 1421-1432. Tracey D et al., Pharmacology & Therapeutics 117 (2008) 244-279. 0lesen, C.M, et.al., Pharmacology & Therapeutics 159 (2016), 110-119. 
	23 
	24 
	25 

	healthy subjects. The publicly available data submitted by the Applicant on US-licensed Humira do not indicate any major differences in PK based on disease state for the indications for which the Applicant is seeking licensure. Therefore, it is reasonable to conclude that a similar PK profile for SB5 is expected between RA patients (the studied population) and IBD patients. In addition, it should be noted that the PK of adalimumab products is also influenced by immunogenicity, which is discussed further bel
	Immunogenicity 
	Immunogenicity was evaluated in populations that were considered sensitive for detecting meaningful differences (RA and healthy subjects).  Immunogenicity was found to be similar when comparing SB5, EU-approved Humira, and US-licensed Humira in the PK similarity study conducted in healthy subjects, SB5-G11-NHV, and between SB5 and EU-approved Humira in the comparative clinical study conducted in patients with RA, SB5-G31-RA. Specifically, the frequency of anti-drug antibody (ADA) positive subjects, the time
	Toxicity 
	The primary assessment of adverse events was done using data from the comparative PK and safety study of single dose SB5 (Study SB5-G11-NHV) and the comparative clinical study conducted in patients with RA (Study SB5-G31-RA). In controlled clinical studies of US-licensed Humira submitted to support its approval, as described in the approved labeling, the types of adverse events and their rates were similar across indications. Given the similar product quality attributes, PK, and immunogenicity, there is no 
	Conclusion 
	Consistent with the principles of the FDA Guidanceoutlined above, the applicant provided sufficient scientific justification (based on the mechanism of action, PK, immunogenicity and toxicity profile), and sufficient information, including clinical data from the studied population, to support licensure of SB5 for the inflammatory bowel disease indications (ulcerative colitis and adult .rohn͛s disease)/ 
	4 

	Authors: 
	Anil Rajpal Jessica Lee Clinical Reviewer/Team Leader DGIEP Associate Director 
	13.6.2. Division of Dermatology and Dental Products
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	Type: Biosimilar 351(k) Supporting Document Number: 001 Correspondence date: August 29, 2018 CDER Stamp date: August 29, 2018 Review Date: June 27, 2019 Applicant: Samsung Bioepis Co., Ltd. 
	107 Cheomdan-daero, Yeonsu-gu 
	Incheon, Republic of Korea 21987 Drug: HADLIMA (SB5), a proposed biosimilar to U.S.-licensed HUMIRA (adalimumab) Route of Administration: Injection, subcutaneous Dosage Form, Strength, and Presentations: Injection: 40 mg/0.8 mL in a single-dose: 
	•. pre-filled autoinjector (HADLIMA PushTouch) (AI) 
	• pre-filled glass syringe (PFS) Pharmacologic Category: Immunoglobulin G1 (human monoclonal D2E7 heavy chain anti-human tumor necrosis factor), disulfide with human monoclonal D2E7κ-chain, dimer 
	Proposed Indications: 
	1.. 
	1.. 
	1.. 
	Rheumatoid Arthritis (RA): Reducing signs and symptoms, inducing major clinical .response, inhibiting the progression of structural damage, and improving physical .function in adult-patients with moderately to severely active RA.. 

	2.. 
	2.. 
	Juvenile Idiopathic Arthritis (JIA): Reducing signs and symptoms of moderately to severe active polyarticular juvenile idiopathic arthritis (JIA) in patients from 4 to 17 years of age. 

	3.. 
	3.. 
	Ankylosing Spondylitis (AS): Reducing signs and symptoms in adult patients with active AS. 

	4.. 
	4.. 
	!dult .rohn’s Disease (.D): Reducing signs and symptoms and inducing and maintaining 


	clinical remission in adult patients with moderately to severely active .rohn͛s disease 
	who have had an inadequate response to conventional therapy. Reducing signs and symptoms and inducing clinical remission in these patients if they have also lost response to or are intolerant to infliximab products. 
	5.. 
	5.. 
	5.. 
	Ulcerative Colitis (UC): Inducing and sustaining clinical remission in adult patients with moderately to severely active ulcerative colitis who have had an inadequate response to immunosuppressants such as corticosteroids, azathioprine or 6-mercaptopurine (6-MP). The effectiveness of adalimumab products has not been established in patients who have lost response to or were intolerant to TNF blockers. 

	6.. 
	6.. 
	Psoriatic Arthritis (PsA): Reducing signs and symptoms of active arthritis, inhibiting the progression of structural damage, and improving physical function in adult patients with active PsA. 

	7.. 
	7.. 
	Plaque Psoriasis (PsO): The treatment of adult patients with moderate to severe chronic plaque psoriasis who are candidates for systemic therapy or phototherapy, and when other systemic therapies are medically less appropriate. 


	Originally archived in DDDP Clinical Review (dated June 27, 2019). 
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	Medical Officer: Roselyn E. Epps, MD Team Leader: David Kettl, MD Project Manager: Barbara Gould 
	Executive Summary 
	The Division of Dermatology and Dental Products has concluded that the Applicant has provided adequate scientific justification (based on mechanism of action, PK, immunogenicity, and toxicity) to support extrapolation of data and information submitted, including clinical data from the studied population (rheumatoid arthritis), to support licensure of SB5 as a biosimilar, under section 351(k) of the PHS Act, for plaque psoriasis. 
	Although the applicant did not conduct a clinical study in plaque psoriasis patients, the Applicant has provided adequate scientific justification to support extrapolation of the data and information submitted, to support licensure under section 351(k) of the PHS Act of SB5 as a biosimilar for plaque psoriasis. 
	US-licensed Humira has been widely used in clinical practice for about 18 years. Originally licensed for use in moderately to severely active RA, additional therapeutic indications were approved subsequently for U.S.-licensed Humira, including: treatment of patients with polyarticular JIA in patients aged 2 years or older, PsA, AS, PsO. The Applicant is seeking licensure for the following indications for SB5 (which have been previously approved for U.S.licensed Humira): 
	• 
	• 
	• 
	rheumatoid arthritis, 

	• 
	• 
	juvenile idiopathic arthritis (in patients 4 years and older), 

	• 
	• 
	ankylosing spondylitis, 

	• 
	• 
	adult .rohn͛s disease, 

	• 
	• 
	ulcerative colitis, 

	• 
	• 
	plaque psoriasis, 

	• 
	• 
	psoriatic arthritis. 


	The proposed presentations of 40 mg/0.8 mL are a single-dose autoinjector (HADLIMA PushTouch) and a single-dose pre-filled glass syringe. Dosage and administration for pJIA is limited to patients who weigh 30 kg (66 pounds) or more. The proposed adult dosing and the recommended posology of SB5 are the same as those approved for U.S.-licensed Humira. 
	US-licensed Humira is not approved for chronic moderate to severe plaque psoriasis in the pediatric population. 
	For additional information on the clinical data submitted to support the indications evaluated in this application, please refer to the multidisciplinary review from the Division of Pulmonary, Allergy and Rheumatology Products (DPARP) for details of the submitted application. 
	It is the Division͛s conclusion that sufficient scientific justification is presented for use of ѧ.5 in ͞the treatment for patients with chronic moderate to severe plaque psoriasis (PsO) who are candidates for systemic therapy or phototherapy/͟ 
	Introduction 
	On December 31, 2002, the reference product US-licensed Humira was licensed in the United States initially for adults for reducing signs and symptoms and inhibiting the progression of structural damage in adult patients with moderately to severely active rheumatoid arthritis who have had an inadequate response to one or more disease-modifying anti-rheumatic drugs (DMARDs).  Subsequently, US-licensed Humira was approved for adults with chronic moderate to severe plaque psoriasis who are candidates for system
	US-licensed Humira (adalimumab) is a recombinant human IgG1 monoclonal antibody which binds to and inhibits human tumor necrosis factor-alpha (TюFα)/ ѭюF-α is a naturally occurring cytokine that involved in normal inflammatory and immune responses considered to play an important role in pathologic inflammation. Adalimumab blocks the biological function of TNF-α by interacting with cell surface TNF-α receptors, and modulates biological responses induced or regulated by TNF-α/ 
	As part of the totality of the evidence to support a demonstration of biosimilarity, the clinical development program for SB5 was designed to evaluate whether no clinically meaningful differences exist between SB5 and US-licensed Humira.  This evaluation takes into account pharmacokinetics, efficacy, safety, and immunogenicity. 
	The following controlled clinical studies t provide the primary evidence, along with other data and information to establish the scientific bridge to support the relevance of clinical data generated using EU-approved Humira as the comparator, to support the determination of no clinically meaningful differences between SB5 and US-licensed Humira: 
	•. 
	•. 
	•. 
	SB5-G11-NHV was a randomized, single-blind, 3-part, 2-period, 2-sequence, single-dose cross-over study in 189 healthy subjects. The objective was to assess 3-way PK similarity and safety, tolerability, and immunogenicity. The comparison products were SB5, EU-approved Humira, and US-licensed Humira. According to the Clinical Pharmacology reviewer, this study established the PK portion of the scientific bridge to support the relevance of data generated using EU-Humira as the comparator, and that the PK profil

	•. 
	•. 
	•. 
	SB5-G31-RA was a randomized, double-blind, parallel-group, multi-center clinical study in 544 patients with moderate to severe RA despite MTX therapy. Subjects were randomized either to SB5 or EU-approved Humira (1:1 randomization) at 40 mg S.C. weekly. The primary endpoint was ACR20 at Week 24.  According to DPARP Clinical and 

	Clinical Pharmacology reviewers, the results from this study demonstrated that SB5 and EU-approved Humira have similar PK, efficacy and safety, and immunogenicity after multiple doses of either product. 

	•. 
	•. 
	SB5-G12-NHV was a randomized, open-labeled, two-arm, parallel-group, single dose study in 190 healthy subjects to compare the PK, safety and tolerability of SB5 administered using either the pre-filled syringe (PFS) or auto-injector (AI) presentations. Subjects were given a single dose of SC 40 mg SB5 randomized (1:1) to PFS or AI groups. Subjects were observed for 57 days for PK, safety and tolerability. This single-dose study demonstrated that SB5 PK was comparable using the PFS and AI. Immunogenicity was


	Safety considerations for US-Humira include a boxed warning and multiple Warnings and Precautions. Malignancy including lymphoproliferative disorders, serious and opportunistic infections, invasive fungal infections including tuberculosis, and neurologic, hematologic and hypersensitivity reactions are among the serious or lethal adverse events which have been reported. 
	Safety was reviewed for the following groups: 
	•. 
	•. 
	•. 
	All subjects exposed to SB5 or EU-approved Humira during Weeks 0 to 24 

	•. 
	•. 
	All subjects exposed to SB5 or EU-approved Humira during Weeks 0 to 52, excluding post-transition data for those who transitioned to SB5 

	•. 
	•. 
	All subjects originally randomized to EU-approved Humira then re-randomized and exposed to SB5 or EU-approved Humira, Weeks 24 to 52 


	Additional long-term safety and immunogenicity data were collected in the 52-week extension in patients who completed SB5-G31-RA. The extension period consisted of 48 weeks of active treatment and 4 weeks of safety follow-up to evaluate the long-term safety, tolerability, immunogenicity and efficacy of SB5 in patients with RA treated previously with SB5 or EU-approved Humira.  The incidence of ADA was comparable for SB5 and EU-Humira through the study and transition-extension periods. 
	No differences in expected safety or adverse events that are relevant to the PsO population were noted in the three clinical studies using SB5, US-Humira or EU-Humira. 
	Extrapolation for the Plaque Psoriasis indication: 
	Samsung conducted a comparative clinical study with SB5 in patients with RA. Samsung is also seeking licensure for other indications for which US-licensed Humira has been previously licensed, including plaque psoriasis. 
	If a biological product meets the statutory requirements for licensure as a biosimilar biological product under section 351(k) of the PHS Act based on, among other things, data derived from a clinical study or studies sufficient to demonstrate safety, purity and potency in an appropriate 
	If a biological product meets the statutory requirements for licensure as a biosimilar biological product under section 351(k) of the PHS Act based on, among other things, data derived from a clinical study or studies sufficient to demonstrate safety, purity and potency in an appropriate 
	condition of use, the applicant may seek licensure for one or more additional conditions of use for which the reference product has been previously licensed. However, the applicant would need to provide sufficient scientific justification for extrapolating data and information to support a determination of biosimilarity for each non-studied condition of use for which licensure is sought. 

	Such scientific justification for extrapolation should address, for example, the following issues for the studied and extrapolated conditions of use: 
	•. 
	•. 
	•. 
	The mechanism(s) of action (MOA) in each condition of use for which licensure is sought 

	•. 
	•. 
	The pharmacokinetics (PK) and bio-distribution of the product in different patient populations 

	•. 
	•. 
	The immunogenicity of the product in different patient populations 

	•. 
	•. 
	Differences in expected toxicities in each condition of use and patient population 

	•. 
	•. 
	Any other factor that may affect the safety or efficacy of the product in each condition of use and patient population for which licensure is sought 


	Consistent with the principles above and as outlined in FDA guidance, the Applicant has provided sufficient scientific justification to support licensure of SB5 as biosimilar to U.S.licensed Humira for the non-studied plaque psoriasis indication through the use of extrapolation. 
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	•. 
	•. 
	•. 
	The primary mechanism of action (MOA) of US-licensed Humira is direct binding and blocking of TNF receptor-mediated biological activities. US-licensed Humira binds to both soluble (s) and transmembrane (tm) TNF, thus blocking TNF binding to its receptors TNFR1 and TNFR2 and the resulting downstream pro-inflammatory cascade of events. The scientific literature indicates that this MOA is the primary MOA in RA as well as in PsO. The data provided by Samsung showed similar TNF binding and potency to neutralize 

	•. 
	•. 
	The publicly available data submitted by the Applicant on US-licensed Humira do not indicate any major differences in PK between the RA and plaque psoriasis disease states. Because similar PK was demonstrated between SB5 and US-licensed Humira, a similar PK profile would be expected for SB5 in patients with chronic moderate to severe plaque psoriasis. 

	•. 
	•. 
	No differences in expected toxicities that are relevant to the plaque psoriasis population were noted between the SB5 product and the EU-approved Humira arms in the clinical studies. Because Samsung established an adequate scientific bridge to US-licensed Humira, no differences in toxicities are expected between SB5 and US-licensed Humira. 

	•. 
	•. 
	In the current US-licensed Humira labeling, it is stated that the immunogenicity rate was 8% for plaque psoriasis patients who were treated with HUMIRA monotherapy. According to the clinical immunogenicity analysis, the SB5 incidence of ADA was 8.2% which was similar to ADA results for US-licensed Humira and EU-
	approved Humira.
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	FD! Guidance for Industry, ͞ѧcientific .onsiderations in Demonstrating .iosimilarity to a ѣeference Ѡroduct͟, !pril 2015, .available at: See BLA 761059 SB5 Multidisciplinary Review, Section 6.4.. 
	27 
	https://www.fda.gov/media/82647/download. 
	https://www.fda.gov/media/82647/download. 
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	Therefore, it is reasonable to conclude that immunogenicity in plaque psoriasis patients receiving SB5 would be similar to that observed in plaque psoriasis patients receiving US-licensed Humira. 
	Overall Conclusion 
	DDDP has determined that the applicant has provided sufficient scientific justification to support extrapolation of data and information submitted by the applicant to support licensure under section 351(k), of SB5 as a biosimilar for the treatment of moderate to severe plaque psoriasis in patients who are candidates for systemic or phototherapy for which US-licensed Humira has been previously approved. 
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	Type: Biosimilar 351(k) Supporting Document Number: 0001 Correspondence date: August 29, 2018 CDER Stamp date: August 29, 2018 Review Date: June 27, 2019 Applicant: Samsung Bioepis Co., Ltd.
	       107 Cheomdan-daero, Yeonsu-gu 
	Incheon, Republic of Korea 21987 Drug: HADLIMA (SB5), a proposed biosimilar to U.S.-licensed HUMIRA (adalimumab) Route of Administration: Injection, subcutaneous Dosage Form, Strength, and Presentations: Injection:  40 mg/0.8 mL in a single-dose:  
	x pre-filled autoinjector (HADLIMA PushTouch) (AI) x pre-filled glass syringe (PFS) Pharmacologic Category: Immunoglobulin G1 (human monoclonal D2E7 heavy chain anti-human tumor necrosis factor), disulfide with human monoclonal D2E7κ-chain, dimer  
	Proposed Indications: 
	1...
	1...
	1...
	Rheumatoid Arthritis (RA): Reducing signs and symptoms, inducing major clinical response, inhibiting the progression of structural damage, and improving physical function in adult patients with moderately to severely active RA. 

	2...
	2...
	Juvenile Idiopathic Arthritis (JIA): Reducing signs and symptoms of moderately to severe active polyarticular juvenile idiopathic arthritis (JIA) in patients from 4 to 17 years of age. 

	3...
	3...
	Ankylosing Spondylitis (AS): Reducing signs and symptoms in adult patients with active AS. 

	4...
	4...
	Adult Crohn’s Disease (CD): Reducing signs and symptoms and inducing and .maintaining clinical remission in adult patients with moderately to severely active .


	Crohn’s disease who have had an inadequate response to conventional therapy. Reducing 
	signs and symptoms and inducing clinical remission in these patients if they have also lost response to or are intolerant to infliximab products.  
	5...
	5...
	5...
	Ulcerative Colitis (UC): Inducing and sustaining clinical remission in adult patients with moderately to severely active ulcerative colitis who have had an inadequate response to immunosuppressants such as corticosteroids, azathioprine or 6-mercaptopurine (6-MP). The effectiveness of adalimumab products has not been established in patients who have lost response to or were intolerant to TNF blockers. 

	6...
	6...
	6...
	Psoriatic Arthritis (PsA): Reducing signs and symptoms of active arthritis, inhibiting the progression of structural damage, and improving physical function in adult patients with active PsA. 

	7...
	7...
	7...
	Plaque Psoriasis (PsO): The treatment of adult patients with moderate to severe chronic plaque psoriasis who are candidates for systemic therapy or phototherapy, and when other systemic therapies are medically less appropriate.  




	Medical Officer: Roselyn E. Epps, MD Team Leader: David Kettl, MD Project Manager: Barbara Gould 
	Executive Summary: 
	The Division of Dermatology and Dental Products has concluded that the Applicant has provided adequate scientific justification (based on mechanism of action, PK, immunogenicity, and toxicity) to support extrapolation of data and information submitted, including clinical data from the studied population (rheumatoid arthritis), to support licensure of SB5 as a biosimilar, under section 351(k) of the PHS Act, for plaque psoriasis. 
	Although the applicant did not conduct a clinical study in plaque psoriasis patients, the Applicant has provided adequate scientific justification to support extrapolation of the data and information submitted, to support licensure under section 351(k) of the PHS Act of SB5 as a biosimilar for plaque psoriasis. 
	US-licensed Humira has been widely used in clinical practice for about 18 years. Originally licensed for use in moderately to severely active RA, additional therapeutic indications were approved subsequently for U.S.-licensed Humira, including: treatment of patients with polyarticular JIA in patients aged 2 years or older, PsA, AS, PsO. The Applicant is seeking licensure for the following indications for SB5 (which have been previously approved for U.S.licensed Humira): 
	-

	x rheumatoid arthritis, 
	x juvenile idiopathic arthritis (in patients 4 years and older), 
	x ankylosing spondylitis, 
	x adult Crohn’s disease, 
	x ulcerative colitis,  
	x plaque psoriasis, 
	x psoriatic arthritis. 
	The proposed presentations of 40 mg/0.8 mL are a single-dose autoinjector (HADLIMA PushTouch) and a single-dose pre-filled glass syringe.  Dosage and administration for pJIA is limited to patients who weigh 30 kg (66 pounds) or more. The proposed adult dosing and the recommended posology of SB5 are the same as those approved for U.S.-licensed Humira. 
	US-licensed Humira is not approved for chronic moderate to severe plaque psoriasis in the pediatric population. 
	For additional information on the clinical data submitted to support the indications evaluated in this application, please refer to the multidisciplinary review from the Division of Pulmonary, Allergy and Rheumatology Products (DPARP) for details of the submitted application. 
	It is the Division’s conclusion that sufficient scientific justification is presented for use of SB5 in “the treatment for patients with chronic moderate to severe plaque psoriasis (PsO) who are candidates for systemic therapy or phototherapy.” 
	Introduction: 
	On December 31, 2002, the reference product US-licensed Humira was licensed in the United States initially for adults for reducing signs and symptoms and inhibiting the progression of structural damage in adult patients with moderately to severely active rheumatoid arthritis who have had an inadequate response to one or more disease-modifying anti-rheumatic drugs (DMARDs).  Subsequently, US-licensed Humira was approved for adults with chronic moderate to severe plaque psoriasis who are candidates for system
	US-licensed Humira (adalimumab) is a recombinant human IgG1 monoclonal antibody which binds to and inhibits human tumor necrosis factor-alpha (TNFα). TNF-α is a naturally occurring cytokine that involved in normal inflammatory and immune responses considered to play an important role in pathologic inflammation.  Adalimumab blocks the biological function of TNFα by interacting with cell surface TNF-α receptors, and modulates biological responses induced or regulated by TNF-α. 
	-

	As part of the totality of the evidence to support a demonstration of biosimilarity, the clinical development program for SB5 was designed to evaluate whether no clinically meaningful differences exist between SB5 and US-licensed Humira.  This evaluation takes into account pharmacokinetics, efficacy, safety, and immunogenicity. 
	The following controlled clinical studies  t provide the primary evidence, along with other data and information to establish the scientific bridge to support the relevance of clinical data generated using EU-approved Humira as the comparator, to support the determination of no clinically meaningful differences between SB5 and US-licensed Humira: 
	x. SB5-G11-NHV was a randomized, single-blind, 3-part, 2-period, 2-sequence, single-dose cross-over study in 189 healthy subjects. The objective was to assess 3-way PK similarity and safety, tolerability, and immunogenicity. The comparison products were SB5, EU-approved Humira, and US-licensed Humira.  According to the Clinical Pharmacology reviewer, this study established the PK portion of the scientific bridge to support the relevance of data generated using EU-Humira as the comparator, and that the PK pr
	x. SB5-G31-RA was a randomized, double-blind, parallel-group, multi-center clinical study in 544 patients with moderate to severe RA despite MTX therapy.  Subjects were randomized either to SB5 or EU-approved Humira (1:1 randomization) at 40 mg S.C. weekly. The primary endpoint was ACR20 at Week 24.  According to DPARP Clinical and Clinical Pharmacology reviewers, the results from this study demonstrated that SB5 and EU-approved Humira have similar PK, efficacy and safety, and immunogenicity after multiple 
	x 
	SB5-G12-NHV was a randomized, open-labeled, two-arm, parallel-group, single dose study in 190 healthy subjects to compare the PK, safety and tolerability of SB5 administered using either the pre-filled syringe (PFS) or auto-injector (AI) presentations.  
	Subjects were given a single dose of SC 40 mg SB5 randomized (1:1) to PFS or AI 
	groups.  Subjects were observed for 57 days for PK, safety and tolerability.  This single-
	dose study demonstrated that SB5 PK was comparable using the PFS and AI. 
	Immunogenicity was not assessed in this PK study. 
	Safety considerations for US-Humira include a boxed warning and multiple Warnings and Precautions.  Malignancy including lymphoproliferative disorders, serious and opportunistic infections, invasive fungal infections including tuberculosis, and neurologic, hematologic and hypersensitivity reactions are among the serious or lethal adverse events which have been reported. 
	Safety was reviewed for the following groups: 
	x All subjects exposed to SB5 or EU-approved Humira during Weeks 0 to 24 
	x All subjects exposed to SB5 or EU-approved Humira during Weeks 0 to 52, excluding 
	post-transition data for those who transitioned to SB5 
	x All subjects originally randomized to EU-approved Humira then re-randomized and 
	exposed to SB5 or EU-approved Humira, Weeks 24 to 52 
	Additional long-term safety and immunogenicity data were collected in the 52-week extension in patients who completed SB5-G31-RA. The extension period consisted of 48 weeks of active treatment and 4 weeks of safety follow-up to evaluate the long-term safety, tolerability, immunogenicity and efficacy of SB5 in patients with RA treated previously with SB5 or EU-approved Humira.  The incidence of ADA was comparable for SB5 and EU-Humira through the study and transition-extension periods. 
	No differences in expected safety or adverse events that are relevant to the PsO population were noted in the three clinical studies using SB5, US-Humira or EU-Humira. 
	Extrapolation for the Plaque Psoriasis indication: 
	Samsung conducted a comparative clinical study with SB5 in patients with RA. Samsung is also seeking licensure for other indications for which US-licensed Humira has been previously licensed, including plaque psoriasis. 
	If a biological product meets the statutory requirements for licensure as a biosimilar biological product under section 351(k) of the PHS Act based on, among other things, data derived from a clinical study or studies sufficient to demonstrate safety, purity and potency in an appropriate condition of use, the applicant may seek licensure for one or more additional conditions of use for which the reference product has been previously licensed. However, the applicant would need to provide sufficient scientifi
	Such scientific justification for extrapolation should address, for example, the following issues for the studied and extrapolated conditions of use: 
	x 
	The mechanism(s) of action (MOA) in each condition of use for which licensure is 
	sought 
	x 
	The pharmacokinetics (PK) and bio-distribution of the product in different patient 
	populations 
	x 
	The immunogenicity of the product in different patient populations 
	x 
	Differences in expected toxicities in each condition of use and patient population 
	x 
	Any other factor that may affect the safety or efficacy of the product in each condition of 
	use and patient population for which licensure is sought 
	Consistent with the principles above and as outlined in FDA guidance, the Applicant has 
	1

	provided sufficient scientific justification to support licensure of SB5 as biosimilar to U.S.
	-

	licensed Humira for the non-studied plaque psoriasis indication through the use of extrapolation. x The primary mechanism of action (MOA) of US-licensed Humira is direct binding and blocking of TNF receptor-mediated biological activities. US-licensed Humira binds to both soluble (s) and transmembrane (tm) TNF, thus blocking TNF binding to its receptors TNFR1 and TNFR2 and the resulting downstream pro-inflammatory cascade of events. The scientific literature indicates that this MOA is the primary MOA in RA a
	x. The publicly available data submitted by the Applicant on US-licensed Humira do not indicate any major differences in PK between the RA and plaque psoriasis disease states. Because similar PK was demonstrated between SB5 and US-licensed Humira, a similar PK profile would be expected for SB5 in patients with chronic moderate to severe plaque psoriasis. 
	x. No differences in expected toxicities that are relevant to the plaque psoriasis population were noted between the SB5 product and the EU-approved Humira arms in the clinical studies. Because Samsung established an adequate scientific bridge to US-licensed Humira, no differences in toxicities are expected between SB5 and US-licensed Humira. 
	x. In the current US-licensed Humira labeling, it is stated that the immunogenicity rate was 8% for plaque psoriasis patients who were treated with HUMIRA monotherapy.  According to the clinical immunogenicity analysis, the SB5 incidence of ADA was 8.2% which was similar to ADA results for US-licensed Humira and EU-approved Humira.Therefore, it is reasonable to conclude that immunogenicity in plaque psoriasis patients receiving SB5 would be similar to that observed in plaque psoriasis patients receiving US-
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	Overall Conclusion: 
	DDDP has determined that the applicant has provided sufficient scientific justification to support extrapolation of data and information submitted by the applicant to support licensure under section 351(k), of SB5 as a biosimilar for the treatment of moderate to severe plaque psoriasis in patients who are candidates for systemic or phototherapy for which US-licensed Humira has been previously approved.  
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	Proposed Indications 
	Proposed Indications 

	: Reducing signs and symptoms, inducing major clinical response, inhibiting the progression of structural damage, and improving physical function in adult patients with moderately to severely active RA. 
	Rheumatoid Arthritis (RA)

	: Reducing signs and symptoms of moderately to severely active polyarticular JIA in patients 4 years of age and older. 
	Juvenile Idiopathic Arthritis (JIA)

	: Reducing signs and symptoms, inhibiting the progression of structural damage, and improving physical function in adult patients with active PsA. 
	Psoriatic Arthritis (PsA)

	: Reducing signs and symptoms in adult patients with active AS. 
	Ankylosing Spondylitis (AS)

	: Reducing signs and symptoms and inducing and maintaining clinical remission in adult patients with moderately to severely active Crohn’s disease who have had an inadequate response to conventional therapy. Reducing signs and symptoms and inducing clinical remission in these patients if they have also lost response to or are intolerant to infliximab products. 
	Adult Crohn’s Disease (adult CD)

	: Inducing and sustaining clinical remission in adult patients with moderately to severely active ulcerative colitis who have had an inadequate response to immunosuppressants such as corticosteroids, azathioprine or 6- mercaptopurine (6
	Ulcerative Colitis (UC)
	-
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	MP). The effectiveness of adalimumab products has not been established in patients who have lost response to or were intolerant to TNF blockers. 
	: The treatment of adult patients with moderate to severe chronic plaque psoriasis who are candidates for systemic therapy or phototherapy, and when other systemic therapies are medically less appropriate. 
	Plaque Psoriasis (PsO)

	Executive Summary 
	Executive Summary 

	The Division of Gastroenterology and Inborn Errors Products concludes that the Applicant provided adequate scientific justification (based on mechanism of action, PK, immunogenicity, and toxicity) to support extrapolation of data and information submitted, including clinical data from the studied population (rheumatoid arthritis), to support licensure of SB5 as a biosimilar, under section 351(k) of the PHS Act, for the inflammatory bowel disease indications (ulcerative colitis and adult Crohn’s disease). 
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	Introduction 
	Introduction 

	On July 23, 2018, Samsung Bioepis submitted a biologics license application (BLA) under section 351(k) of the Public Health Service (PHS) Act for SB5, a proposed biosimilar to US-licensed Humira (adalimumab). Humira received marketing approval in the US on December 31, 2002. 
	In support of the current BLA, the Applicant provided clinical study data collected from healthy subjects and patients with rheumatoid arthritis (RA). The Applicant submitted a PK similarity study (SB5-G11-NHV) assessing 3-way PK similarity between SB5, EU-approved Humira, and US-licensed Humira (based on pairwise comparisons of SB5 to US-licensed Humira, SB5 to EU-approved Humira, and EU-approved Humira to US-licensed Humira) in healthy subjects. In addition, the Applicant submitted the results of one comp
	The inflammatory bowel disease (IBD) indications were not directly studied in the SB5 clinical program. For additional information on the clinical studies in RA, please refer to the multidisciplinary review from the Division of Pulmonary, Allergy and Rheumatology Products (DPARP). 
	 The Applicant did not provide a scientific justification for extrapolation for pediatric Crohn’s disease and is not requesting licensure for this indication; US-licensed Humira has unexpired orphan drug exclusivity for this indication. 
	 The Applicant did not provide a scientific justification for extrapolation for pediatric Crohn’s disease and is not requesting licensure for this indication; US-licensed Humira has unexpired orphan drug exclusivity for this indication. 
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	Table 1. Overview of SB5 Clinical Program..
	Study ID 
	Study ID 
	Study ID 
	Design 
	Objective 
	Subjects 
	Dose 
	Treatments 

	Pivotal Clinical Pharmacology Study 
	Pivotal Clinical Pharmacology Study 

	SB5-G11-NHV 
	SB5-G11-NHV 
	R, SB, SD, 3-arm, PG 
	PK, immunogenicity, safety 
	Healthy subjects (n=189) 
	40 mg SC 
	SB5 (n=63) EU Humira (n=63) US Humira (n=63) 

	Comparative Clinical Study 
	Comparative Clinical Study 

	SB5-G31-RA 
	SB5-G31-RA 
	R, DB, MC, PG 
	Efficacy, safety, immunogenicity, PK 
	Patients with rheumatoid arthritis (n=545) 
	40 mg SC EOW 
	SB5 (n=271) EU Humira (n=273) 

	Supportive Clinical Pharmacology Study 
	Supportive Clinical Pharmacology Study 

	SB5-G12-NHV 
	SB5-G12-NHV 
	R, OL, SD, 2-arm, PG 
	PK, immunogenicity, safety 
	Healthy subjects (n=190) 
	40 mg SC 
	SB5 PFS (n=95) SB5 AI (n=95) 

	Supportive Clinical Study 
	Supportive Clinical Study 

	SB5-G21-RA 
	SB5-G21-RA 
	OL single-arm 
	Injection site pain assessment 
	Patients with rheumatoid arthritis (n=49) 
	40 mg SC EOW 
	SB5 PFS EOW X2 followed by SB5 AI EOW X 4 (n=49) 


	R: randomized; SB: single blind; DB: double blind; EOW: every other week; OL: open label; PG: parallel group; TP:  treatment period; SD: single dose; MC: multicenter; SC: subcutaneous; PFS:  pre-filled syringe; AI: autoinjector. Source: BLA 761059, Module 2.5 
	Extrapolation of Existing Data to Support Biosimilarity to IBD Indications 
	Extrapolation of Existing Data to Support Biosimilarity to IBD Indications 

	The Applicant conducted a comparative clinical study with their product in patients with RA, and seeks licensure for the RA, JIA (in patients 4 years of age and older), PsA, AS, adult CD, and UC indications, all for which US-licensed Humira has been previously approved. 
	The collective evidence from the comparative clinical study supports a demonstration of no clinically meaningful differences between SB5 and US-licensed Humira in the studied indication (RA), as the applicant established an appropriate scientific bridge comprised of comparative PK and analytical data for SB5, US-licensed Humira, and EU-approved Humira. For additional information on the clinical studies in RA, please refer to the multidisciplinary review from the Division of Pulmonary, Allergy and Rheumatolo
	The scientific justification for extrapolation should consider the following issues that are described in the FDA Scientific Considerations in Demonstrating Biosimilarity to a Reference Product Guidance:
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	FDA Guidance for Industry, “Scientific Considerations in Demonstrating Biosimilarity to a Reference Product”, April 2015, available at: 
	FDA Guidance for Industry, “Scientific Considerations in Demonstrating Biosimilarity to a Reference Product”, April 2015, available at: 
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	https://www.fda.gov/media/82647/download 
	https://www.fda.gov/media/82647/download 
	https://www.fda.gov/media/82647/download 


	•. 
	•. 
	•. 
	The mechanism(s) of action (MOA) in each condition of use for which licensure is sought; 

	•. 
	•. 
	The pharmacokinetics (PK) and bio-distribution of the product in different patient populations; 

	•. 
	•. 
	The immunogenicity of the product in different patient populations; 

	•. 
	•. 
	Differences in expected toxicities in each condition of use and patient population; and 

	•. 
	•. 
	Any other factor that may affect the safety or efficacy of the product in each condition of use and patient population for which licensure is sought. 


	All of these factors were adequately addressed by the Applicant, as summarized below, for the IBD indications. The totality of the evidence provides support for licensure of SB5 for the IBD indications (ulcerative colitis and adult Crohn’s disease) under section 351(k) of the PHS Act. It should be noted that the Applicant did not provide a scientific justification for extrapolation for pediatric Crohn’s disease and is not requesting licensure for this indication; US-licensed Humira has unexpired orphan drug
	Mechanism of Action 
	Mechanism of Action 

	The mechanisms of action of adalimumab that are relevant for RA (the comparative clinical study population) are also relevant to IBD. The Applicant provided data to support that SB5 has the same known and potential mechanisms of action as US-licensed Humira, which support extrapolation to these other indications. 
	The primary mechanism of action of adalimumab is direct binding of TNF-α, resulting in blockade of TNF-α receptor-mediated activities. Adalimumab blocks both TNFR1 and TNFR2 receptors by binding both soluble(s) and transmembrane(tm) TNF-α. In addition, adalimumab has mechanisms of action involving the Fc region of the antibody which are thought to be plausible mechanisms involved in the efficacy of adalimumab for the treatment of IBD. See a list of known and potential mechanisms of US-licensed Humira relate
	Table 2. Known and Potential Mechanisms of Action of US-Humira..
	MOA of US-Humira 
	MOA of US-Humira 
	MOA of US-Humira 
	RA 
	AS 
	PsA 
	PsO 
	CD 
	UC 

	Mechanisms involving the Fab (antigen binding) region: 
	Mechanisms involving the Fab (antigen binding) region: 

	Blocking TNFR1 and TNFR2 activity via binding and neutralization of s/tmTNF 
	Blocking TNFR1 and TNFR2 activity via binding and neutralization of s/tmTNF 
	Known 
	Known 
	Known 
	Known 
	Likely 
	Likely 

	Reverse (outside-to-inside) signaling via binding to tmTNF 
	Reverse (outside-to-inside) signaling via binding to tmTNF 
	-
	-
	-
	-
	Likely 
	Likely 

	Mechanisms involving the Fc (constant) region: 
	Mechanisms involving the Fc (constant) region: 

	Induction of CDC on tmTNFexpressing target cells (via C1q binding) 
	Induction of CDC on tmTNFexpressing target cells (via C1q binding) 
	-

	-
	-
	-
	-
	Plausible 
	Plausible 

	Induction of ADCC on tmTNFexpressing target cells (via FcγRIIIa binding expressed on effector cells) 
	Induction of ADCC on tmTNFexpressing target cells (via FcγRIIIa binding expressed on effector cells) 
	-

	-
	-
	-
	-
	Plausible 
	Plausible 

	Induction of regulatory macrophages in mucosal healing 
	Induction of regulatory macrophages in mucosal healing 
	-
	-
	-
	-
	Plausible 
	Plausible 

	ADCC: antibody-dependent cellular cytotoxicity; AS: ankylosing spondylitis; CD: Crohn’s disease; CDC: complement-dependent cytotoxicity; MOA: mechanism of action; PsA: psoriatic arthritis; PsO: plaque psoriasis; RA: rheumatoid arthritis; UC: ulcerative colitis; sTNF: soluble TNF; tmTNF: transmembrane TNF 
	ADCC: antibody-dependent cellular cytotoxicity; AS: ankylosing spondylitis; CD: Crohn’s disease; CDC: complement-dependent cytotoxicity; MOA: mechanism of action; PsA: psoriatic arthritis; PsO: plaque psoriasis; RA: rheumatoid arthritis; UC: ulcerative colitis; sTNF: soluble TNF; tmTNF: transmembrane TNF 


	Source: FDA summary of current literature on the topic of mechanisms of action of TNF inhibitors
	4,5,6 

	The Product Quality reviewers have concluded that the Applicant has adequately addressed each of the known mechanisms of action of US-licensed Humira, and has also addressed potential mechanisms of action. Specifically, the Applicant provided data to demonstrate that s/tm TNF-α binding, blocking of TNFR1 and TNFR2 activity, and the potential Fc region-mediated mechanisms of action are similar between SB5 and US-licensed Humira. These data support the conclusion that SB5 and US-licensed Humira utilize the sa
	Pharmacokinetics (PK) 
	Pharmacokinetics (PK) 

	Study SB5-G11-NHV was a single-dose, comparative PK, and safety study of SB5, US-licensed Humira, and EU-approved Humira conducted in healthy subjects planned to demonstrate 3-way PK similarity of the commercial formulation of SB5, US-licensed and EU-approved Humira. It should be noted that establishment of a scientific bridge to US-licensed Humira was necessary to justify the relevance of clinical data generated using EU-approved Humira in the SB5 developmental program which were used to support an assessm
	In addition, the single comparative clinical study, Study SB5-G31-RA, collected PK information, including an immunogenicity assessment. 
	The clinical pharmacology reviewers concluded that the results of Study SB5-G11-NHV established 3-way PK similarity between SB5, US-licensed Humira and EU-approved 
	 Oikonomopoulos A et al., Current Drug Targets, 2013, 14, 1421-1432... Tracey D et al., Pharmacology & Therapeutics 117 (2008) 244–279...Olesen, C.M, et.al., Pharmacology & Therapeutics 159 (2016), 110-119...
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	Humira in healthy subjects. The publicly available data submitted by the Applicant on US-licensed Humira do not indicate any major differences in PK based on disease state for the indications for which the Applicant is seeking licensure. Therefore, it is reasonable to conclude that a similar PK profile for SB5 is expected between RA patients (the studied population) and IBD patients. In addition, it should be noted that the PK of adalimumab products is also influenced by immunogenicity, which is discussed f
	Immunogenicity 
	Immunogenicity 

	Immunogenicity was evaluated in populations that were considered sensitive for detecting meaningful differences (RA and healthy subjects). Immunogenicity was found to be similar when comparing SB5, EU-approved Humira, and US-licensed Humira in the PK similarity study conducted in healthy subjects, SB5-G11-NHV, and between SB5 and EU-approved Humira in the comparative clinical study conducted in patients with RA, SB5-G31-RA. Specifically, the frequency of anti-drug antibody (ADA) positive subjects, the time 
	Toxicity 
	Toxicity 

	The primary assessment of adverse events was done using data from the comparative PK and safety study of single dose SB5 (Study SB5-G11-NHV) and the comparative clinical study conducted in patients with RA (Study SB5-G31-RA).  In controlled clinical studies of US-licensed Humira submitted to support its approval, as described in the approved labeling, the types of adverse events and their rates were similar across indications. Given the similar product quality attributes, PK, and immunogenicity, there is no
	Conclusion 
	Conclusion 

	Consistent with the principles of the FDA Guidance outlined above, the applicant provided sufficient scientific justification (based on the mechanism of action, PK, immunogenicity and toxicity profile), and sufficient information, including clinical data from the studied population, to support licensure of SB5 for the inflammatory bowel disease indications (ulcerative colitis and adult Crohn’s disease). 
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	 See BLA 761059 SB5 Multidisciplinary Review, Section 6.4. 
	 See BLA 761059 SB5 Multidisciplinary Review, Section 6.4. 
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