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1.0 Introduction

This Statistical Analysis Plan (SAP) describes the statistical analyses for Study M16-560 
A Randomized, Double-Blind, Double-Dummy, Active Controlled Study to Evaluate the 
Safety, Tolerability, Pharmacokinetics, and Efficacy of ABBV-3373 in Subjects with 
Moderate to Severe Rheumatoid Arthritis.

Pharmacokinetic and exploratory biomarker analyses will be performed separately, and 
the corresponding analysis plan is not covered in this SAP.

Unless noted otherwise, all analyses will be performed using SAS Version 9.2 (SAS 
Institute Inc., Cary, NC  27513) or later under the UNIX operating system.

This SAP includes changes to analyses described in the study protocol version 5 (Dated 
04 September 2020).  Details are outlined in Section 13.0.

2.0 Study Design and Objectives 

2.1 Objectives and Hypotheses

Primary objective 

1. To assess the safety, tolerability, and efficacy of ABBV-3373 administered every 
other week (eow) intravenously (IV) in subjects with moderately to severely active 
RA on background MTX.

2. To compare clinical efficacy of ABBV-3373 with adalimumab and to test the 
concept that an anti-TNF antibody-drug-conjugate has the potential to provide 
superior efficacy than the traditional anti-TNF antibody in RA.

Secondary objective 

3. To compare adalimumab with synthetic control to establish assay sensitivity.
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4. To assess the pharmacokinetics (PK), pharmacodynamics and immunogenicity of 
ABBV-3373.

5. To assess the duration of the treatment effect of ABBV-3373 after discontinuation.

2.2 Study Design Overview

M16-560 is a randomized, double-blind, double-dummy, adalimumab active-controlled 
(12-week) Phase 2a study to assess the safety, tolerability, PK, pharmacodynamics, 
immunogenicity and efficacy following multiple IV administrations of ABBV-3373 or 
multiple SC injections of adalimumab in subjects with RA on background MTX.  In the 
actively controlled period of the first 12 weeks of treatment, 45 subjects will receive either 
ABBV-3373 100 mg IV and the matching placebo for adalimumab SC eow or in the 
control arm the matching placebo for ABBV-3373 IV and adalimumab 80 mg SC eow 
(double-dummy) according to a 2:1 ratio.  Thereafter all subjects enter a 12-week double-
blind extension period.  At Week 12, the administration of ABBV-3373 will stop (i.e., the 
last dose of ABBV-3373 will be given at Week 10) to assess the durability of the 
observed clinical effects up to 24 weeks.  To keep blinding of the study beyond Week 12, 
the subjects randomized to ABBV-3373 will receive placebo injections, whereas subjects 
randomized into the adalimumab arm will continue their 80 mg dosing until Week 22.  At 
Week 12 and within the blinded extension period subjects who have not achieved at least 
a 20% improvement in both their swollen joint count (SJC) and tender joint count (TJC) 
based on 28 joint assessment compared with BL may be discontinued from the study at 
the discretion of the Investigator.  Subsequently, standard of care may be administered at 
the discretion of the investigator.

The unblinded analysis for the primary endpoint will be conducted after all subjects have 
completed Week 12. Subjects and sites will remain blinded to treatment assignment 
throughout the whole study period.

After all endpoints are assessed at Week 24, a telephone contact is planned to follow up 
on safety 70 days after the last dose.
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The schematic of the study is shown in Figure 1.

Figure 1. Study Schematic

ΔDAS28(CRP) = change in disease activity score (DAS)28(C-reactive protein [CRP]); EOW = every other week; 
IV = intravenous; SC = subcutaneous

2.3 Treatment Assignment and Blinding

Subjects will be randomized to ABBV-3373 100 mg IV and the matching placebo for 
adalimumab SC eow or in the control arm the matching placebo for ABBV-3373 IV and 
adalimumab 80 mg SC eow (double-dummy) in a 2:1 ratio.

Randomization will be stratified by

● Current use of systemic glucocorticoid (GC) (≤ 7.5 mg/d prednisone 
equivalent) for treatment of RA at baseline (BL) (yes/no).
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● Prior exposure to non-anti-TNF biologics or targeted synthetic DMARDs 
(< 3 months and terminated not due to lack of efficacy or intolerance) (yes/no).

2.4 Sample Size Determination

The primary endpoint is the mean change of DAS28 (CRP) from BL at Week 12.  
Two comparisons are considered.  The first one is to compare mean change in 
DAS28 (CRP) of ABBV-3373 group to that of historical adalimumab 80 mg eow, which 
is –2.13.  Assuming a mean DAS28 (CRP) change from baseline of –2.769 to –2.982 for 
ABBV-3373 (corresponding to 30% to 40% more reduction than historical adalimumab) 
and a standard deviation of 1.35, 30 subjects on ABBV-3373 will provide an approximate 
81% to 96% power with a one-sample t-test and two-sided alpha = 0.1 significance level.

The second comparison is between ABBV-3373 arm and adalimumab arm with borrowed 
historical adalimumab data using a Bayesian approach.  When considering borrowing 
historical data, the planned sample size is 45 subjects (30 in ABBV-3373 and 15 in 
adalimumab).  The study will be considered successful if the posterior probability of mean 
difference < 0 is larger than 95%, i.e.,:��μ��������� − μ���������� < 0������ > 0.95.
Based on the historical mean and standard deviation from adalimumab meta-analysis, a 
prior distribution for adalimumab is N (–2.13, 0.2462) corresponding to the 30 historical 
subjects borrowed.  A noninformative prior for ABBV-3373 treatment group will be set.  
Given the mean change from baseline in DAS28 (CRP) is –2.13 for adalimumab, the 
probability to claim the study success is approximately 66% to 88% if the mean change
from baseline in DAS28 (CRP) is –2.769 to –2.982 for ABBV-3373 (i.e., 30% to 40% 
more reduction than historical adalimumab), with at least 30 subjects for adalimumab 
(15 in-trial and at least 30 borrowed) and 30 subjects for ABBV-3373.  If both 
ABBV-3373 and adalimumab groups have the same mean change from baseline of –2.13, 
the probability to claim study success(false positive rate which is equivalent to type I error 
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rate) is approximately 0.03 with the same sample sizes.  In the event that adalimumab 
variability precludes historic data borrowing, using only the in-Study 15 adalimumab 
subjects and 30 ABBV-3373 subjects will provide 43% to 63% power when ABBV-3373 
in 30% to 40% more reduction than adalimumab respectively.

3.0 Endpoints

3.1 Primary Endpoint(s)

The primary endpoint is the change in disease activity score (DAS) 28 (C-reactive protein 
[CRP]) from Baseline (BL) at Week 12.

3.2 Secondary Endpoint(s)

1. Change in clinical disease activity index (CDAI) from BL at Week 12

2. Change in simplified disease activity index (SDAI) from BL at Week 12

3. Change in DAS28 erythrocyte sedimentation rate (ESR) from BL at Week 12

4. Achievement of low disease activity (LDA) (DAS28 [CRP] ≤ 3.2) at Week 12

5. Achievement of American College of Rheumatology (ACR) 50 at Week 12

3.3 Additional Efficacy Endpoint(s)

1. Change from BL in DAS28 (CRP) and DAS28 (ESR) at all visits

2. Change from BL in CDAI at all visits

3. Change from BL in SDAI at all visits

4. ACR20/50/70 response at all visits

5. Change from BL in individual components of ACR response at all visits

6. Achievement of LDA at all visits.  Low disease activity is defined as DAS28 
(CRP) ≤ 3.2, DAS28(ESR) ≤ 3.2, CDAI ≤ 10, SDAI ≤ 11
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7. Achievement of clinical remission (CR) at all visits.  Clinical remission is defined 
as DAS28 (CRP) < 2.6, DAS28 (ESR) < 2.6, CDAI ≤ 2.8, SDAI ≤ 3.3

8. Change in Short Form-36 (SF-36) from BL at Week 12

9. Achievement of minimal clinically important difference (MCID) in change from 
BL in Health Assessment Questionnaire Disability Index (HAQ-DI) (defined as 
change from BL in Health Assessment Questionnaire ≤ –0.22) at all visits among 
subjects who have HAQ ≥ 0.22 at BL

10. Achievement of response (such as LDA) based on DAS28 (CRP), CDAI, or SDAI 
over time from Week 12 to Week 24 among subjects who have achieved DAS28 
(CRP), CDAI, or SDAI response at Week 12

3.4 Safety Endpoint(s)

1. Treatment-emergent adverse events, serious adverse events (SAEs), adverse events 
(AEs) leading to discontinuation, AEs of special interest

2. Percent of subjects meeting potentially clinically significant criteria for vital signs, 
laboratory variables, physical examination findings and electrocardiogram (ECG) 
interval variables

3.5 Pharmacokinetic and Immunogenicity Endpoints

Pharmacokinetic and exploratory biomarker analyses will be performed separately, and 
the corresponding analysis plan is not covered in this SAP.

4.0 Analysis Populations

The following population sets will be used for the analyses.
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Full Analysis Set (FAS)

The Full Analysis Set (FAS) includes all randomized subjects who received at least 1 dose 
of the study drug.  The FAS will be used for all efficacy and baseline analyses.  Subjects 
will be grouped according to treatment as randomized.

Per Protocol Analysis Set

The Per-Protocol Analysis Set represents a subset of the FAS and consists of all FAS 
subjects who did not meet any major protocol deviations prior to Week 12 of the study.  
Additional analysis may be conducted on the Per-Protocol Analysis Set as deemed 
appropriate, in order to evaluate the impact of major protocol deviations.  Major protocol 
deviations (ICH deviations and other clinically significant non-ICH deviations) will be 
identified prior to database lock for the primary analyses.

Safety Analysis Set

The Safety Analysis Set consists of all subjects who received at least 1 dose of the study 
drug.  For the Safety Analysis Set, subjects are assigned to a treatment group based on the 
"as treated" treatment group, regardless of the treatment randomized.  The "as treated" is 
determined by the treatment the subject received during the majority of the subject's drug 
exposure time in the analysis period.

5.0 Subject Disposition

The total number of subjects who were screened, enrolled (randomized), and treated will 
be summarized.  Reasons for exclusion, including screen failure, will be summarized.

A summary of subject accountability will be provided where the number of subjects in 
each of the following categories will be summarized for each treatment group:

● Subjects enrolled (randomized) in the study;
● Subjects who took at least one dose of study drug;
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● Subjects included in key analysis populations (Full Analysis Set and Per 
Protocol Analysis Set for primary efficacy analysis, Safety Analysis Set),

● Subjects who completed protocol-specified treatment of the first 12 weeks 
(Only applicable for Week 12 analysis);

● Subjects who completed protocol-specified treatment (Only applicable for 
final analysis);

● Subjects who prematurely discontinued study drug by Week 12 (all reasons 
and primary reason) (Only applicable for Week 12 analysis);

● Subjects who prematurely discontinued study drug (all reasons and primary 
reason) (Only applicable for final analysis);

● Subjects who completed overall study participation.

For end of study participation, the number and percentage of subjects who completed the 
protocol defined follow-up period (or did not with associated reasons) will be summarized
overall and by treatment group.

6.0 Study Drug Duration and Compliance

For the Safety Analysis Set, duration of treatment will be summarized for each treatment 
group.  Duration of treatment is defined for each subject as last active dose date minus 
first dose date + 14, dosing interval.  Duration of treatment will be summarized using the 
number of subjects treated, mean, standard deviation, median, minimum and maximum.  
In addition, the number and percentage of subjects exposed to study drug will be 
summarized for the following duration intervals.

● < 2 weeks (14 days)
● ≥ 2 weeks (14 days)
● ≥ 4 weeks (28 days)
● ≥ 8 weeks (56 days)
● ≥ 12 weeks (84 days)
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The duration of treatment for ABBV-3373 and for ADA will be summarized by treatment 
group for the Safety Analysis set up to Week 12, and throughout the entire study.

The duration of treatment will be summarized by the following groups:

1. ABBV-3373 100 mg IV EOW

2. ADA 80 mg SC EOW

Treatment compliance for ABBV-3373 and for ADA will be summarized by treatment 
group for the Safety Analysis set up to Week 12.  In addition, treatment compliance for 
ADA will be summarized by treatment group for the Safety Analysis Set between 
Week 12 and Week 24.  Treatment compliance is defined as the number of IV/injections 
actually taken divided by the number of IV/injections that should have been taken.  
Percent compliance will be summarized.

7.0 Demographics, Baseline Characteristics, Medical 
History, and Prior/Concomitant Medications

Demographics, baseline or disease characteristics, medical history, and prior and 
concomitant medications will be summarized for the FAS overall and by treatment group.  
Categorical variables will be summarized with the number and percentage of subjects; 
percentages will be calculated based on the number of non-missing observations.  
Continuous variables will be summarized with descriptive statistics (number of 
non-missing observations, mean and standard deviation, median, minimum and 
maximum).

7.1 Demographics and Baseline Characteristics

Main baseline demographic characteristics

● Sex (male/female)
● Age (years)
● Race (White, Black or African American, Other)
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● Ethnicity (Hispanic or Latino, Not Hispanic or Latino)
● Geographic region (North America, Europe, Other)
● Weight (kg)
● Weight Categories (< 60 kg, ≥ 60 kg)
● Height (cm)
● Body Mass Index (BMI) (kg/m2)
● Body Mass Index (BMI) Category (kg/m2) (BMI < 25 vs BMI ≥ 25)

RA Medical History and Characteristics

● Duration of RA Symptoms in years
● Duration of RA Diagnosis in years
● Duration of RA Diagnosis Categories (< 5 year or ≥ 5 year)

ACR and/or DAS Components at Baseline

● Tender joint count (TJC28) defined as the number of tender joints out of 
28 assessed joints used for DAS28 calculation

● Swollen joint count (SJC28) defined as the number of swollen joints out of 
28 assessed joints used for DAS28 calculation

● Physician's global assessment of disease activity (mm on a 100-mm horizontal 
visual analogue scale [VAS])

● Patient's assessment of pain within a week prior to baseline (mm on a 100-mm 
horizontal (VAS)

● Patient's global assessment of disease activity within last 24 hours (mm on a 
100-mm horizontal VAS)

● Health Assessment Questionnaire Disability Index of the (HAQ – DI) 
(range: 0 to 3)

● High sensitivity C-reactive protein (hsCRP) (mg/L)
● Erythrocyte sedimentation rate (ESR) (mm/hr)



ABBV-3373
M16-560 – Statistical Analysis Plan
Version 5.0 – 08 September 2020

15

Other Baseline RA Disease Characteristics

● Percentage of subjects on oral steroid at baseline
● Oral steroid dose (prednisone equivalent) at baseline
● DAS28 (CRP)
● DAS28 (ESR)
● DAS28 Categories:
○ DAS28 > 5.1 (High Disease Activity)
○ DAS28 ≤ 5.1

● Clinical Disease Activity Index (CDAI)
● CDAI categories:
○ CDAI > 22 (High Disease Activity)
○ CDAI ≤ 22

● Simplified Disease Activity Index (SDAI)
● SDAI categories:
○ SDAI > 26 (High Disease Activity)
○ SDAI ≤ 26

Patient Report Outcomes at Baseline

● 36-Item Short Form Health Survey (SF-36) Version 2:  physical component 
summary, mental component summary and the 8 sub-domain scores

Prior and Concomitant Treatment use

● Prior non-anti-TNF use (Y/N)
● Prior synthetic DMARD use (Y/N)
○ Prior conventional synthetic DMARD use (Y/N)
○ Prior targeted synthetic DMARD use (Y/N)

● Steroid use at baseline (Y/N)
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Clinical Tests at Screening

● Chest x-ray
● ECG
● Tuberculin PPD skin test, QuantiFERON TB Gold test
● Hepatitis Testing
● Serum pregnancy test

Immunization History

● Hepatitis B immunization

Tobacco/Nicotine and Alcohol Use

● Tobacco/Nicotine Use [user, ex-user, non-user, unknown]
● Alcohol Use [drinker, ex-drinker, non-drinker, unknown]

7.2 Medical History

Medical history data will be coded using the Medical Dictionary for Regulatory Activities 
(MedDRA).  The actual version of the MedDRA coding dictionary will be noted in the 
statistical tables and clinical study report.  The number and percentage of subjects in each 
medical history category (by MedDRA system organ class and preferred term) will be 
summarized overall and by treatment group.  The system organ class (SOC) will be 
presented in alphabetical order, and the preferred terms will be presented in alphabetical 
order within each SOC.  Subjects reporting more than one condition/diagnosis will be 
counted only once in each row (SOC or preferred term).

7.3 Prior and Concomitant Medications

Prior and concomitant medications will be summarized by generic name.  A prior 
medication is defined as any medication taken prior to the date of the first dose of study 
drug.  A concomitant medication is defined as any medication that started prior to the date 
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of the first dose of study drug and continued to be taken after the first dose of study drug 
or any medication that started on or after the date of the first dose of study drug, but not 
after the date of the last dose of study drug plus 14 days.  The number and percentage of 
subjects taking medications will be summarized by generic drug name based on the World 
Health Organization (WHO) Drug Dictionary for both prior and concomitant medications.

8.0 Efficacy Analyses

8.1 General Considerations

There are two sets of planned efficacy analysis:  efficacy analysis by Week 12, and 
efficacy analysis between Week 12 and 24.  All efficacy analyses will be conducted in the 
FAS Population.  In addition, Per-protocol analysis for primary endpoints will be 
performed.  All tests will be 2-sided at an alpha level of 0.1. Historical data borrowing 
will be considered with a Bayesian approach. Frequentist property will be evaluated 
where false positive rate and true positive rate will be used to represent erroneous 
conclusion rates when there is no drug effect and there is drug effect respectively.

The Primary Analysis will be performed after all ongoing subjects have completed 
Week 12 visit and the database has been locked.  This will be the only and final analysis 
for the primary and secondary efficacy endpoints as well as all other efficacy endpoints in 
DB actively controlled Period.

Unless otherwise specified, categorical variables will be analyzed using Cochran-Mantel-
Haenszel (CMH) test, stratified by use of systemic GC (≤ 7.5 mg/d prednisone equivalent) 
for treatment of RA at BL (yes/no) and prior exposure to non-anti-TNF biologics and 
targeted synthetic DMARDs (< 3 months and terminated not due to lack of efficacy or 
intolerance) (yes/no).  Continuous variables will be analyzed using Mixed-Effect Model 
Repeat Measurement (MMRM) method.

Unless otherwise specified, any subject who is randomized based on a wrong stratum will 
be analyzed according to the actual stratum the subject belongs to.
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"Baseline" refers to the last non-missing observation before the first administration of 
study drug or randomization if no study drug is given.

8.2 Handling of Missing Data

Missing data will be imputed using the following methods for the efficacy analyses:

● Non-Responder Imputation (NRI):  the NRI analysis will categorize any 
subject who does not have evaluation during a specific visit window as a 
non-responder for that visit.  The NRI will be the primary approach in the 
analyses of categorical variables.

● Mixed-Effects Model Repeat Measurement (MMRM):  The MMRM analysis 
will be conducted using a mixed effects model including observed 
measurements at all visits except values after a subject prematurely 
discontinues from study drug.  The mixed effects model includes the 
categorical fixed effects of treatment, visit and treatment-by-visit interaction, 
stratification factors at randomization, and the continuous fixed covariates of 
baseline measurement.  An unstructured variance covariance matrix will be 
used.  Parameter estimation is based on the assumption of data being missing 
at random and using the method of restrictive maximum likelihood (REML).  
MMRM will be the primary approach in the analysis of continuous variables.

● Observed Cases (OC):  The OC analysis will not impute values for missing 
evaluations, and thus a subject who does not have an evaluation on a scheduled 
visit will be excluded from the OC analysis for that visit.  OC will exclude 
values after a subject prematurely discontinue from study drug.

8.3 Primary Efficacy Endpoint(s) and Analyses

8.3.1 Primary Efficacy Endpoint(s)

The primary endpoint is the change from baseline in DAS28 (CRP) at Week 12.

DAS28 (CRP) is a composite index to assess disease activity in RA patients using hsCRP 
measurement.  The DAS provides a score between 0.96 and 10, indicating how active the 
rheumatoid arthritis is at the time of measurement.
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DAS28 (CRP) can be calculated based on Tender Joint Count, Swollen Joint Count, 
Patient's Global Assessment of Disease Activity (PtGA) (in mm), and hsCRP (in mg/L).

DAS28 (CRP) = 0.56 ×√(TJC28*) + 0.28 ×√(SJC28**) + 0.36 × ln(hsCRP& + 1) 
+ 0.014 × PtGA» + 0.96

* TJC28 refers to the Subject's total Tender Joint Count out of the provided 28 evaluated joints.
** SJC28 refers to the Subject's total Swollen Joint Count out of the provided 28 evaluated joints.
& hsCRP refers to the high-sensitivity C-reactive protein lab value.  hsCRP unit in the DAS28 (CRP) equation is 

expressed as mg/L.
» PtGA refers to the Patient's Global Assessment of Disease Activity.

Where √ is square root and ln is natural log.

Table 1. Anatomical Joints for DAS28 (CRP) Calculation

Shoulder Elbow Wrist Thumb Interphalangeal
Metacarpophalangeal I Metacarpophalangeal II Metacarpophalangeal III Metacarpophalangeal IV
Metacarpophalangeal V Proximal 

Interphalangeal II
Proximal 
Interphalangeal III

Proximal 
Interphalangeal IV

Proximal 
Interphalangeal V

Knee

To calculate observed DAS28 scores, the observed component value will be calculated 
first.  Then the components will be included in the calculation per the DAS formula 
selected.  If any observed component is missing in a window, then the observed 
DAS28 score will be missing.

8.3.2 Handling of Missing Data for the Primary Efficacy Endpoint

If any observed component of DAS28 is missing in a window, then the observed 
DAS28 score will be missing.

MMRM described in Section 8.2 will be the primary imputation approach in the analysis 
of the primary endpoint.
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8.3.3 Primary Efficacy Analysis

The null hypothesis is that there is no difference in change from BL in DAS28 (CRP) at 
Week 12 between ABBV-3373 and adalimumab.

The alternative hypothesis is that change from BL in DAS28 (CRP) at Week 12 for 
ABBV-3373 is different from adalimumab.

8.3.3.1 Mixed-Effect Model Repeated Measurements (MMRM)

An MMRM model including up to Week 12 data with treatment group, visits, treatment-
by-visit interaction, BL values and stratification factors will be used to estimate mean and 
standard deviation of each treatment group, and the treatment difference between 
two treatment groups based on in-study data.  An unstructured variance covariance matrix 
will be used.  The parameter estimations are based on the assumption of data being 
missing at random and using the method of restricted maximum likelihood (REML).

Least-square mean, SE and 90% confidence interval (CI) at Week 12 for each treatment 
group will be presented together with least-square means (SE), 90% CI of the treatment 
difference and 2-sided p-value from t-test for the difference = 0.

8.3.3.2 Meta-Analysis of Adalimumab 80 mg Historical Data

The historical mean, 95% confidence interval and standard deviation of the change from 
BL in DAS28 (CRP) at Week 12 in adalimumab 80 mg eow are estimated to be –2.13 
(–2.29, –1.96) and 1.35 respectively based on a meta-analysis consisting of 242 subjects 
from 3 historical adalimumab studies (Studies DE007, DE009, and DE011) with similar 
populations, similar inclusion and exclusion criteria; for details, see Appendix D.

8.3.3.3 Primary Comparison 1:  Compare ABBV-3373 to a Historical 
Reference Value of Adalimumab

The first comparison in order to achieve the primary objective of assessing the efficacy of 
ABBV-3373 is to compare change from baseline in DAS28 (CRP) at Week 12 in the 
ABBV-3373 group with –2.13, the adalimumab 80 mg eow historical mean change from 
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BL at Week 12 based on the meta-analysis.  The mean of the ABBV-3373 treatment 
group estimated from the above MMRM model will be compared to –2.13, and 90% CI 
and p-value will be provided.

8.3.3.4 Primary Comparison 2:  Compare ABBV-3373 to 
Adalimumab with Historical Data Borrowing

The second comparison is between ABBV-3373 arm and adalimumab arm with borrowed 
historical adalimumab data using a Bayesian historical borrowing approach.  Meta-
analysis results from the historical data will be used as prior distribution for control group 
mean and a non-informative prior will be used for treatment group mean. Based on 
posterior means and variances for treatment and control groups, �(�� − �� < 0|����)
will be calculated where �� and �� are treatment mean and control mean respectively. 
The details for historical data borrowing analysis is in Appendix D.

Based on the historical mean and standard deviation from adalimumab meta-analysis, 
30 historical adalimumab subjects will be borrowed, which targets control of false 
positive rate < 10% and not exceeding total sample size of 45 in the current study. That 
is: number of borrowed subjects �� = 30, historical mean from meta-analysis �� =−2.13 and its SE �� = 1.35 √30⁄ = 0.246. Therefore a conjugate prior distribution for 
adalimumab is N (–2.13, 0.2462).  A 'flat' noninformative prior will be used for 
ABBV-3373 treatment group, which results in the posterior distribution totally based on 
the data.  The prior distributions and estimates of mean of each treatment group from the 
MMRM model above will be combined to construct the posterior distributions which will 
be used for comparison between ABBV-3373 and adalimumab.  Based on posterior 
distribution of means for treatment and control groups, the probability of Treatment mean 
– Control mean < 0 given the observed data i.e., �(�� − �� < 0|����) will be calculated.
If �(�� − �� < 0|����) > 0.95, the treatment group will be claimed as significantly 
better than the control group. For sensitivity analysis, the dynamic borrowing based on 
observed bias may be performed as detailed in Appendix D.
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If the adalimumab group mean is not comparable with historical adalimumab data, for 
example, the confidence intervals of the mean based on historical and in-trial data don't 
overlap, the Bayesian approach based on historical data may not be performed, and the 
mean difference in change from baseline in DAS28 (CRP) at Week 12 between the 
ABBV-3373 group and adalimumab will be estimated only based on in-study data with 
the MMRM model described above.

Historical data borrowing will only apply to the primary endpoint.

8.3.4 Additional Analyses of the Primary Efficacy Endpoint(s)

8.3.4.1 Per Protocol Analysis

The primary analyses above may also be conducted on the Per Protocol Analysis Set.

8.3.4.2 Analysis with Synthetic Placebo Arm

Study M16-560 has two treatment arms, the investigational drug ABBV-3373 and 
adalimumab as an active control.  Since the trial doesn't have a placebo arm, subject-level 
historical placebo data will be used to estimate the treatment effect of ABBV-3373 or 
adalimumab against placebo to establish the assay sensitivity of the study.  Historical 
placebo data of the change from baseline in DAS28(CRP), the primary endpoint, from 
3 recent AbbVie studies with similar populations, entry criteria and study designs:  
upadacitinib Phase 2 study (Study M13-537), upadacitinib Phase 3 studies SELECT-
COMPARE (Study M14-465) and SELECT-NEXT (Study M13-549) are selected to 
construct a synthetic placebo arm through propensity score matching.  For details of entry 
criteria of these studies, see Appendix E.

The propensity scores will be estimated for in-trial subjects and historic placebo subjects 
using penalized maximum likelihood estimation (PMLE) (Firth, 1993) with selected 
common baseline demographics and characteristics variables shared by Study M16-560 
and the three historical studies.  The full list of baseline variables can be found in 
Appendix E. The "nearest neighbor matching" will be performed based on a distance 
measure, caliper, calculated from the logistic regression for propensity score estimates.  
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The intention is to match 45 to 90 placebo subjects corresponding to 1 or 2 synthetic 
placebo subject(s) matched with each ABBV-3373 or adalimumab treated subject.

Pairwise comparison between the in-trial data of the ABBV-3373 or adalimumab 
treatment group and the synthetic placebo arm will be performed based on matched 
dataset.  Each of ABBV-3373 and adalimumab groups will be compared with all matched 
placebo subjects separately.  Change from baseline in DAS28 (CRP) at Week 12 will be 
analyzed with the matched dataset by an MMRM model including data collected during 
the common study visits up to Week 12 (i.e., Weeks 2, 4, 8, 12) with treatment group, 
study visits, and treatment-by-visit interaction.  An unstructured variance covariance 
matrix will be used.  The parameter estimations will be based on the assumption of data 
being missing at random and using the method of restricted maximum likelihood 
(REML).  Least-square mean difference, 90% CI and p-value will be presented.

If only very few placebo patients can be matched with treated subjects in Study M16-560 
and analysis based on matched dataset is deemed not appropriate, alternative methods 
such as propensity score stratified analysis will be considered.

Further details of analyses and implementation using synthetic placebo control are 
described in Appendix E.

8.4 Secondary Efficacy Analyses

Secondary efficacy endpoints are listed in Section 3.2.

Continuous efficacy variables will be analyzed using the same MMRM model as for the 
primary endpoint analysis with data up to Week 12.  LS mean and 90% CI of each 
treatment group and between-treatment-group difference will be reported. P-value for the 
treatment comparison will be presented.

Categorical efficacy variables will be analyzed using the Cochran-Mantel-Haenszel 
(CMH) test controlling for stratification variables.  Point estimate and 90% CI using 
normal approximation will be provided for the response rate for each randomized 
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treatment group.  Point estimate, 90% CI of treatment difference using normal 
approximation and p-value for the treatment comparison will be presented.  For the 
primary analysis, non-responder imputation (NRI) will be used.

Secondary endpoints may also be analyzed between ABBV-3373 or adalimumab and the 
synthetic placebo arm with the matched data sets described in Section 8.3.4.2 as needed.  
If conducted, continuous endpoints between ABBV-3373 or adalimumab and the 
synthetic placebo arm will be analyzed using the same MMRM model as described in 
Section 8.3.4.2, and binary endpoints between ABBV-3373 or adalimumab and the 
synthetic placebo arm will be analyzed using Chi-square test with non-responder 
imputation (NRI).

8.5 Additional Efficacy Analyses

Additional efficacy endpoints are listed in Section 3.3.

Continuous efficacy variables will be analyzed using the same MMRM model as for the 
primary endpoint analysis with data up to Week 12.  In addition, statistical inference of 
continuous endpoints at each visit up to Week 24 will be conducted using analysis of 
covariance (ANCOVA) with treatment, stratification factors and the corresponding 
baseline value as the covariates.  LS mean and 90% CI of each treatment group and 
between-treatment-group difference will be reported. P-value for the treatment 
comparison will be presented.

Categorical efficacy variables up to Week 24 will be analyzed using the same Cochran-
Mantel-Haenszel (CMH) test as for the binary secondary endpoint analysis.  For the 
primary analysis, non-responder imputation (NRI) will be used.  Point estimate and 
90% CI using normal approximation will be provided for the response rate for each 
randomized treatment group.  Point estimate of treatment difference, 90% CI using 
normal approximation and p-value for the treatment comparison will be presented.

Plots by randomized treatment group over time will be provided for selected efficacy 
endpoints.



ABBV-3373
M16-560 – Statistical Analysis Plan
Version 5.0 – 08 September 2020

25

8.6 Subgroup Analysis

● No efficacy subgroup analysis is planned.

9.0 Safety Analyses

9.1 General Considerations

Safety data will be summarized for the Safety Analysis Set.  Safety summaries will be 
presented by treatment group.  For the safety analysis, subjects are assigned to a treatment 
group based on the treatment actually received, regardless of the treatment randomized.  A 
subject's actual treatment will be determined by the most frequent dose regimen received.

Safety analyses will be carried out using the Safety Analysis Set.  Safety analyses will 
include reporting of adverse events, laboratory, vital signs and ECG measurements.  
Missing safety data will not be imputed.  No external data borrowing will be applied for 
safety analyses.

There are two sets of planned safety analyses:  safety analysis up to Week 12 by "as 
treated" treatment groups of ABBV-3373 and ADA 80 mg EOW, and long-term safety 
analysis which includes safety analysis of the extension period (Week 12 to 24) by "as 
treated" treatment groups of PBO and ADA 80 mg EOW, and the safety analysis adjusted 
by cumulative active treatment exposure groups (ABBV-3373 and ADA 80 mg EOW).

9.2 Adverse Events

Adverse events (AEs) will be summarized and presented using primary MedDRA System 
Organ Classes (SOCs) and preferred terms (PTs) according to the version of the MedDRA 
coding dictionary used for the study at the time of database lock.  The actual version of 
the MedDRA coding dictionary used will be noted in the AE tables and in the clinical 
study report.  Specific adverse events will be counted once for each subject for calculating 
percentages, unless stated otherwise.  In addition, if the same adverse event occurs 
multiple times within a subject, the highest severity and level of relationship to 
investigational product will be reported.
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9.2.1 Treatment-Emergent Adverse Events

Treatment-emergent AEs are defined as any AE with the onset that is after the first dose 
of study drug and with an onset date no more than 5 half-lives of the study drug 
(i.e., 70 days).  Events where the onset date is the same as the study drug start date are 
assumed to be treatment-emergent.  If an incomplete onset date was collected for an 
adverse event, the event will be assumed to be treatment-emergent unless there is other 
evidence that confirms that the event was not treatment-emergent (e.g., the event end date 
was prior to the study drug start date).  All treatment-emergent AEs will be summarized 
overall, as well as by primary MedDRA SOC and Preferred Term.  The SOCs will be 
presented in alphabetical order, and the PTs will be presented in alphabetical order within 
each SOC.

The number and percentage of subjects experiencing treatment-emergent AEs will be 
summarized.  In addition, treatment-emergent AEs per 100 patient-years of study 
exposure will be presented by treatment group for AE overview.

9.2.2 Adverse Event Overview

An overview of AEs will be presented consisting of the number and percentage of 
subjects experiencing at least one event for each of the following AE categories:

● Any treatment-emergent AE
● Any treatment-emergent AE related to study drug according to the investigator
● Any severe treatment-emergent AE
● Any serious treatment-emergent AE
● Any treatment-emergent AE leading to discontinuation of study drug
● Any treatment-emergent AE leading to death
● Any treatment-emergent AE of Special Interest
● All deaths
○ Deaths occurring ≤ 70 days after last dose of study drug
○ Deaths occurring > 70 days after last dose of study drug.
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The point estimate and 90% CI (using normal approximation) will be provided for the 
treatment difference in AE percentages.

Additional AEs may be considered for tabulation/summary based on recommendations 
from Clinical and Safety as deemed appropriate.

An overview of treatment-emergent AEs per 100 patient-years of study exposure will be 
presented by treatment group for the same AE categories.  The point estimate and 90% CI 
(using normal approximation) will be provided for the treatment difference in AE rates 
per 100 patient-years.

9.2.3 Treatment-Emergent Adverse Events by SOC and/or PT

Treatment-emergent adverse events will be summarized by SOC and PT; by maximum 
relationship to study drug as assessed by the investigator (e.g., reasonable possibility or no 
reasonable possibility) and SOC and PT; by maximum severity and SOC and PT; and by 
subject number and SOC and PT.  Specific adverse events will be counted once for each 
subject for calculating percentages, unless stated otherwise.  In addition, if the same 
adverse event occurs multiple times within a subject, the highest severity and level of 
relationship to investigational product will be reported.

In addition, treatment-emergent adverse events will be summarized by PT and sorted by 
decreasing frequency for the ABBV-3373 group.

9.2.4 Treatment-Emergent Adverse Events per Patient-Years of 
Exposure

Exposure-adjusted AEs per 100 patient-years will be provided for AE overview, where 
AEs per 100 patient-years of exposure are defined as the number of AEs divided by the 
total study drug exposure in 100 patient-years.  The study drug exposure is defined as the 
last dose date plus 5 × half-life (70 days), minus the first dose date.

The point estimate and 90% CI (using normal approximation) will be provided for the 
treatment difference in AE rates per 100 patient-years.
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9.2.5 SAEs (Including Deaths) and Adverse Events Leading to 
Study Drug Discontinuation

SAEs, deaths and AEs leading to study drug discontinuation will be summarized by SOC 
and PT and in listing format.

9.2.6 Adverse Events of Special Interest

Adverse events of special interest will be summarized by SOC and PT and will be based 
on standardized or company MedDRA queries (SMQs or CMQs). Adverse events of 
special interest are categorized as follows:

● Serious infections, opportunistic infections, herpes zoster, and TB;
● Malignancy (all types);
● Cardiovascular events (e.g., major adverse cardiovascular event [MACE]);
● Hematologic disorders (i.e., anemia, neutropenia, lymphopenia);
● Hepatic disorders;
● Hypersensitivity reactions, including all serious allergic reactions;
● Demyelinating disease;
● Systemic GC side effects (i.e., infections, skin atrophy, weight gain, cataract, 

hypertension, indigestion, hyperglycemia).

Detailed information about the search criteria are provided in Appendix B.

Tabular listings of selected adverse events of special interest will be provided.  Additional 
AEs may be considered for tabulation/summary based on recommendations from Clinical 
and Safety as deemed appropriate.

Treatment-emergent AESIs per 100 patient-years of study exposure will also be presented 
by treatment group.
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9.3 Analysis of Laboratory Data

All laboratory parameters to be collected in this study are listed below.  Laboratory 
parameters will be reported using the standard international (SI) units.

Table 2. List of Laboratory Variables

Laboratory Variables
Hematology
Hematocrit
Hemoglobin
Red Blood Cell (RBC) count
White Blood Cell (WBC) count
Neutrophils
Bands
Lymphocytes
Monocytes
Basophils
Eosinophils
Platelet count
HbA1c
Chemistry
Blood Urea Nitrogen (BUN)
Creatinine
Total bilirubin
Albumin
Alanine transaminase (SGPT/ALT)
Aspartate transaminase (SGOT/AST)
Alkaline phosphatase
Sodium
Potassium
Calcium



ABBV-3373
M16-560 – Statistical Analysis Plan
Version 5.0 – 08 September 2020

30

Table 2. List of Laboratory Variables (Continued)

Laboratory Variables
Chemistry (continued)
Inorganic phosphorus
Uric acid
Cholesterol
Total protein
Glucose
Triglycerides
Bicarbonate/CO2

Chloride
Lactate dehydrogenase (LDH)
Creatinine phosphokinase (CPK)
Urinalysis
Specific gravity
Ketones
pH
Protein
Blood
Glucose
Other
hs-CRP
ESR

Data collected from central and local laboratories, including additional laboratory testing 
due to an SAE, will be used in all analyses, except for Baseline where SAE-related 
laboratory assessments on or before the first dose of study drug will be excluded.  The 
clinical laboratory tests defined in the protocol operations manual (e.g., hematology and
clinical chemistry) will be summarized.

For each laboratory variable, mean change from baseline to each applicable post-baseline 
visit will be summarized for selected laboratory variables, with the number of 
observations, baseline mean, and visit mean.  The change from baseline mean, standard 
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error, and 90% confidence interval will be presented for the mean change from baseline 
within each treatment group and difference between treatment groups.

Changes in laboratory parameters will be tabulated using shift tables by Rheumatology 
Common Toxicity Criteria v2.0.  A shift table from baseline to the worst post-baseline 
category (maximum toxicity grade) during treatment will be created.  A similar shift table 
will be provided to summarize shifts from baseline to the final post-baseline value.  No 
statistical tests will be performed for this analysis.

For total cholesterol and triglycerides, the following categories according to National 
Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) guidelines 
will be used. Shift tables from baseline to the maximum or to the minimum or to the final 
post-baseline value during treatment will be created.  

● Total cholesterol (< 5.17, ≥ 5.17 and < 6.21, ≥ 6.21 mmol/L)
● Triglycerides (< 1.69, ≥ 1.69 and < 2.26, ≥ 2.26 mmol/L)

Potentially Clinically Significant (PCS) Laboratory abnormalities meeting Rheumatology 
Common Toxicity Criteria (Appendix C) grade 3 and 4 will be summarized.  For 
creatinine phosphokinase and creatinine, NCI CTC criteria will be used.  Only subjects 
with worsening in grade compared to baseline grade will be captured.

For each laboratory PCS criterion, the number and percentage of subjects who have a 
laboratory value meeting the criteria will be summarized.  Listings will be provided to 
summarize subject-level laboratory data for subjects meeting PCS criteria.

For the purpose of assessing for potential Hy's law cases, the frequencies and percentages 
of subjects with post baseline liver specific function test values that meet the following 
criteria of potential clinical interest will be summarized by "as treated" treatment group:

● ALT ≥ 3 × ULN
● ALT ≥ 5 × ULN
● ALT ≥ 10 × ULN
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● ALT ≥ 20 × ULN
● AST ≥ 3 × ULN
● AST ≥ 5 × ULN
● AST ≥ 10 × ULN
● AST ≥ 20 × ULN
● TBL ≥ 2 × ULN
● Alkaline phosphatase ≥ 1.5 × ULN
● ALT and/or AST ≥ 3 × ULN and concurrent TBL ≥ 1.5 × ULN
● ALT and/or AST ≥ 3 × ULN and concurrent TBL ≥ 2 × ULN

A listing of possible Hy's Law cases, defined as those who meet all of the following 
conditions simultaneously, will be provided:  ALT > 3 × ULN or AST > 3 × ULN that is 
associated with an increase in bilirubin ≥ 2 × ULN and alkaline phosphatase < 2 × ULN.

9.4 Analysis of Vital Signs

Vital sign measurements of systolic and diastolic blood pressure, pulse rate, weight and 
body temperature will be summarized.

For each vital sign variable, mean change from baseline to each applicable post-baseline 
visit will be summarized for each vital sign variable, with the number of observations, 
baseline mean, and visit mean.  The change from baseline mean, standard error, and 
90% confidence interval will be presented for the mean change from baseline within each 
treatment group and difference between treatment groups.

Vital sign variables will be evaluated based on potentially clinically significant (PCS) 
criteria (Appendix C).  For each vital sign PCS criterion, the number and percentage of 
subjects who have a vital sign value meeting the criteria will be summarized.  Listings 
will be provided to summarize subject-level vital sign data for subjects meeting PCS 
criteria.
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9.5 Safety Subgroup Analyses

No safety subgroup analysis is planned.

9.6 Other Safety Analyses 

ECG is collected at baseline visit, Week 12 and Week 24.  ECG findings will be 
summarized by treatment group for each parameter and visit.

10.0 Other Analyses

No other analysis is planned.

11.0 Interim Analyses

There will not be an interim efficacy analysis for this study.

11.1 Data Monitoring Committee

There will be no DMC in this study.

12.0 Overall Type-I Error Rate Control

Multiplicity for multiple comparison is not adjusted in this POC study.  For the primary 
endpoint, the first comparison between ABBV-3373 and adalimumab 80 mg historical 
mean using single arm test provides control of type I error rate at alpha = 0.1 (2-sided).  
For the second comparison between ABBV-3373 and adalimumab 80 mg using historical 
data borrowing, the false positive rate will be capped at alpha = 0.1 (1-sided).
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13.0 Version History

Version Date Summary
1.0 13 June 2019 Original version
2.0 12 November 2019 Version 2
3.0 02 December 2019 Version 3
4.0 17 April 2020 Version 4
5.0 08 September 2020 Version 5

This SAP includes changes from the previous version of the SAP (version 1.0, approved 
on 13 June 2019, version 2.0, approved on 12 November 2019, version 3.0 approved on 
02 December 2019, version 4.0 approved on 17 April 2020).  High level updates in this 
SAP include:

● Title:  Removed  in title
Rationale:  To align with protocol version 5.0

● Section 1.0:  Removed  in introduction part
Rationale:  To align with protocol version 5.0

● Section 2.0:  Removed the specification of 'ABBV-3373 cohort' for this SAP
Rationale:  To align with protocol version 5.0

● Section 2.1:  Removed the specification of 'ABBV-3373 cohort' for this SAP
Rationale:  To align with protocol version 5.0

● Section 2.2:  Removed the specification of 'ABBV-3373 cohort' for this SAP
Rationale:  To align with protocol version 5.0

● Section 6.0:  Removed the wording "cumulative" for exposure duration 
interval analysis
Rationale: Wording updated for clarity.

● Section 6.0:  Updated treatment label for ADA 80 mg SC EOW group
Rationale: Wording updated for accuracy

● Section 8.1:  Added wording "actively controlled" to clarify the scope of 
primary analysis.
Rationale:  Wording updated for clarity and accuracy.
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● Appendix B, Table B-1:  Added search criteria for Herpes Zoster
Rationale:  To increase accuracy.

● Appendix B, Table B-1:  Updated the AESI term "Opportunistic Infection 
Excluding TB" as "Opportunistic Infection Excluding TB and Herpes Zoster"
Rationale:  To increase accuracy for the description of AESI term.
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Appendix A. Protocol Deviations

The number and percentage of subjects who reported at least one of the following 
protocol deviation categories will be provided.

● Subject entered into the study even though s/he did not satisfy entry criteria.
● Subject developed withdrawal criteria during the study and was not 

withdrawn.
● Subject received wrong treatment or incorrect dose of study.
● Subject took prohibited concomitant medication.
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Appendix B. Definition of Adverse Events of Special Interest

Adverse Events of Special Interest (AESI) will be identified using the following search 
criteria:

Table B-1. AESI SMQs/CMQs/PTs Search Criteria

Adverse Event of Interest

Type of 
MedDRA 

Query

Broad or 
Narrow 
Search SMQ/CMQ Search Criteria

Infections

Serious Infections CMQ "Infections" – Subset for SAEs

Opportunistic Infection Excluding TB and 
Herpes Zoster

CMQ "Opportunistic Infections excluding 
Tuberculosis and Herpes Zoster"

Tuberculosis CMQ "Tuberculosis (Including Investigations)"

Active Tuberculosis CMQ "Active Tuberculosis"

Tuberculosis Conversion CMQ "Tuberculosis (Including Investigations)"

Herpes Zoster CMQ "Herpes Zoster"

Malignancies
Malignancies SMQ Narrow "Malignancies"

Lymphoma SMQ Broad "Malignant Lymphomas"

Hepatosplenic T-Cell Lymphomas
(HSTCL)

CMQ "Hepatosplenic T-Cell Lymphoma"

Non-Melanoma Skin Cancer (NMSC) SMQ Broad "Skin Neoplasms, Malignant and
Unspecified" And Add the Preferred 

Terms "Squamous Cell Carcinoma" and 
"Bowen's Disease" to this Search

Cardiovascular Events
Myocardial Infarction SMQ Broad "Myocardial infarction"

Cerebrovascular Accident SMQ Broad "Central nervous system vascular 
disorders"

Congestive Heart Failure SMQ Broad "Cardiac Failure"

Hematologic Disorders
Hematologic Disorders Including

Pancytopenia
SMQ Broad "Haematopoietic Cytopenias"

Hepatic Events
Liver Failure and Other Liver Events 

(Except Gall Bladder Related Events)
SMQ Broad "Drug Related Hepatic Disorders –

Comprehensive Search"
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Table B-1. AESI SMQs/CMQs/PTs Search Criteria (Continued)

Adverse Event of Interest

Type of 
MedDRA 

Query

Broad or 
Narrow 
Search SMQ/CMQ Search Criteria

Allergic Reactions
Allergic Reactions Including 
Hypersensitivity, Angioedema, and

Anaphylaxis

1) SMQ
2) SMQ

3) SMQ

1) Narrow
2) Broad 
3) Broad

1) "Hypersensitivity"
2) "Anaphylactic Reaction" and 

3) "Angioedema" and PT "Drug reaction 
with Eosinophilia and systemic 

Syndrome"

Stevens-Johnson Syndrome SMQ Narrow "Severe Cutaneous Adverse Reactions"

Erythema Multiforme SMQ Narrow "Severe Cutaneous Adverse Reactions"

Demyelinating Disease
Demyelinating Disorders Including 
Multiple Sclerosis, Guillain-Barré 
Syndrome, and Optic Neuritis and Others

SMQ Broad "Demyelination"

Systemic Glucocorticoid Events
Systemic Glucocorticoid Events NA NA Medical review and adjudication of the 

events
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Table C-2. Criteria for Potentially Clinically Significant Vital Sign Values

Vital Sign Category Criteria for Potential Clinically Significant Vital Signs
Systolic blood pressure Low Value ≤ 90 mmHg and decrease ≥ 20 mmHg from Baseline

High Value ≥ 160 mmHg and increase ≥ 20 mmHg from Baseline
Diastolic blood pressure Low Value ≤ 50 mmHg and decrease ≥ 15 mmHg from Baseline

High Value ≥ 105 mmHg and increase ≥ 15 mmHg from Baseline
Pulse Low Value ≤ 50 bpm and decrease ≥ 15 bpm from Baseline

High Value ≥ 120 bpm and increase ≥ 15 bpm from Baseline
Body temperature High > 39.0 degrees C (102.3 degrees F)
Weight High > 7% increase from baseline

Low > 7% decrease from baseline
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Appendix D. Details for Historical Data Borrowing 

Statistical methods for incorporating historical data in a new study include power prior 
[Ibrahim 2000], commensurate prior [Hobbs 2011] and robust mixture prior 
[Schmidli 2014].  All these methods are Bayesian approaches.  We took a similar 
approach using meta-analytical-predictive method to summarize historical control data as 
a basis for informative prior for the control group and to determine the maximal number 
of subjects to be borrowed (effective sample size [Neuenschwander 2010]).  For the 
treatment group, we use a noninformative prior so that information for the treatment 
group only depends on in-trial data.  We systematically evaluate the impact of bias 
(defined as the difference between historical control data and concurrent control data) and 
number of historical control subjects borrowed on the false positive rate and true positive 
rate.  So the number of subjects borrowed is determined to control the inflation (if any) of 
two types of error rates to a reasonable extent based on a reasonable range of the 
magnitude of bias.

D-1 Historical Data Selection and Meta-Analysis

The historical data are carefully selected based on the similarity in target population, 
mechanism of action of study drugs, concomitant medications [Pocock 1976] between 
historical trials and the trial under design.  The selection of historical trials is described in 
the following. 

Historical data for adalimumab 80 mg group are available from three clinical trials at the 
time of design stage of the current trial.  These historical control data consist of 
242 subjects from three AbbVie Adalimumab studies with similar populations 
(DMARD-IR or MTX-IR) and mechanism of action:  Study DE007 (n = 70, mean [SD] of 
DAS28 (CRP) change from BL = –2.1 [1.3]); Study DE009 (n = 70, mean (SD) of 
DAS28 (CRP) change from BL = –2.23 (1.16)); and Study DE011 (n = 102, mean (SD) of 
DAS28 (CRP) change from BL = –2.04 (1.49)).  The criteria for relevant historical 
control data selection were evaluated and met for these trials and the trial under design.  
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These studies have similar population (DMARD-IR or MTX-IR), similar inclusion and 
exclusion criteria as shown in Table D-1. 

Table D-1. Major entry criteria for historical studies and Study M16-560

Criteria

Historical Studies Current Study

DE007 DE009 DE011
ABBV-3373 
(M16-560)

Inc 1 RA as defined by 
the 1987-revised 

ACR criteria

RA as defined by 
the 1987-revised 

ACR criteria

RA as defined by 
the 1987-revised 

ACR criteria

RA for > 3 months as
defined by 1987 ACR 
or 2010 ACR/EULAR

Inc 2 DMARD-IR MTX and DMARD-
IR

DMARD-IR MTX-IR

Inc 3 18 years or older 18 years or older 18 years or older Between 18 and 
75 years

Inc 4 At least 
10/66 swollen 
joints; At least 

12/68 tender joints

At least 
6/66 swollen joints; 
At least 9/68 tender 

joints

At least 
10/66 swollen 
joints; At least 

12/68 tender joints

At least 4/28 swollen 
joints; At least 

4/28 tender joints

Exc 1 Male:  
Haemoglobin < 8.5 

g/dl Female:  
Haemoglobin 

< 8.0 g/dl

Male:  Haemoglobin
< 9.0 g/dl Female:  

Haemoglobin 
< 8.5 g/dl

Male:  Haemoglobin 
< 8.5 g/dl Female:  

Haemoglobin 
< 8.0 g/dl

Exc 2 WBC < 3 × 10^9/L WBC 
< 3.0 × 10^9/L

WBC 
< 3.0 × 10^9/L

Exc 3 platelet 
< 150 × 10^9/L

platelet 
< 100 × 10^9/L

platelet 
< 150 × 10^9/L

Exc 4 AST/ALT 
> 2× ULN

AST/ALT 
> 2 × ULN

AST/ALT 
> 2 × ULN

AST/ALT 
≥ 2.5 × ULN

The meta-analysis shows that predicted estimated mean (SD) and 95% confidence interval 
for mean are –2.13 (1.35) and [–2.29, –1.96] (Figure D-1) based on Empirical Bayes 
estimator [Sidik 2007].  Between-trial variability is very small, and historical effective 
sample size (the maximum number of subjects we could borrow) is 242 [Neuenschwander 
2010].
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Figure D-1. Meta-Analysis for Historical Adalimumab Data

D-2 Borrowing size and prior distribution determination

For the primary analysis, our principle for borrowing historical sample size is not to 
exceed the total sample size in the current study while keeping reasonable false positive 
rate and true positive rate with borrowing.

Assuming the mean DAS28 (CRP) change from baseline of –2.769 to –2.982 for 
ABBV-3373 (corresponding to 30% to 40% more reduction than historical adalimumab) 
and of –2.13 for historical adalimumab 80 mg eow, so the absolute effect size � is from 
0.639 to 0.852.  Let �� − �� define the bias from historical data, where �� is the true but 
unknown mean for control group (adalimumab 80 mg) and �� is the historical data mean 
calculated from meta-analysis.  To assess the bias impact on historical data borrowing, a 
reasonable limit for bias would be the half confidence interval width from meta-analysis 
i.e.|�� − ��| ≤ 0.165.
Let �� = ������� be the proportion of borrowed number of historical patients �� among all 

control patients �� + �� where �� is the number of control group subjects in current 
study).  Let �� and �� be the treatment group mean and the number of subjects. Given �, 
and ��, false positive rate (i.e., the probability achieving �(�� − �� < 0|����) > 0.95
under the null hypothesis �� = ��) and true positive rate (i.e., the probability achieving 
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�(�� − �� < 0|����) > 0.95 under the alternative hypothesis �� − �� = �) can be 
derived from the following formula:

Φ⎝⎛ �� − ���� 1�� + 1 − ���� + ��
− ��(�� − ��)�� 1�� + 1 − ���� + ��

− Φ��(0.95) � 1�� + 1�� + ��� 1�� + 1 − ���� + ��⎠⎞
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Table D-2. False positive rate and true positive rate for ABBV-3373 vs 
adalimumab: δ = 0.852�� − �� Borrowing 15 subjects Borrowing 30 subjects Borrowing 45 subjects

False 
Positive 

Rate

True 
Positive 

Rate

False 
Positive 

Rate

True 
Positive 

Rate

False 
Positive 

Rate

True 
Positive 

Rate
–0.4 0.108 0.944 0.173 0.986 0.226 0.994
–0.35 0.093 0.934 0.144 0.98 0.185 0.991
–0.3 0.08 0.922 0.118 0.974 0.149 0.987
–0.25 0.069 0.909 0.095 0.965 0.119 0.981
–0.2 0.058 0.895 0.076 0.955 0.092 0.973
–0.165 0.052 0.884 0.065 0.946 0.077 0.967
–0.13 0.046 0.873 0.054 0.936 0.063 0.958
–0.1 0.041 0.862 0.047 0.927 0.053 0.95
–0.07 0.037 0.851 0.04 0.916 0.045 0.941
–0.03 0.032 0.835 0.032 0.9 0.035 0.926
0 0.029 0.822 0.027 0.886 0.029 0.913
0.03 0.026 0.809 0.023 0.871 0.024 0.899
0.07 0.022 0.79 0.018 0.85 0.018 0.877
0.1 0.019 0.776 0.015 0.832 0.014 0.858
0.13 0.017 0.76 0.013 0.813 0.012 0.838
0.165 0.015 0.742 0.01 0.789 0.009 0.812
0.2 0.013 0.723 0.008 0.763 0.007 0.784
0.25 0.01 0.695 0.006 0.724 0.004 0.74
0.3 0.008 0.665 0.004 0.682 0.003 0.691
0.35 0.007 0.634 0.003 0.637 0.002 0.639
0.4 0.005 0.603 0.002 0.59 0.001 0.584

Table D-2 shows the false positive rate and true positive rate for different number of 
borrowing and different bias within ± 0.4 given sample size = 30:15, � = 0.852.  With the 
sample size = 30:15 (k = 30/15 = 2) for ABBV-3373 and adalimumab respectively, 
30 historical adalimumab subjects could be borrowed while controlling false positive rate 
< 10% and not exceeding in study total sample size.  For example, for
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�� − �� = – 0.165 with � = 0.852, borrowing 30 will control false positive rate at 6.5%.

Therefore, for this analysis with historical data borrowing, we would borrow historical 
data:  �� = 30, �� = −2.13, and its SE �� = 1.35 √30⁄ = 0.246.  That is, the prior 
distribution for adalimumab would be N(–2.13, 0.2462).  For ABBV-3373, a "flat" non-
informative prior probability distribution will be assumed, that is the posterior distribution 
is totally from the data. 

In addition, a supportive analysis using dynamic borrowing may be performed based on 
the observed bias and Table D-2.  For example, if observed bias = –0.165 we can borrow 
up to 45 historical sample size to control the false positive rate within 10%.  On the other 
hand, if bias = –0.25, we just borrow 30; if bias = –0.4, we will not borrow (borrow 0) due 
to unreasonable false positive rate inflation.  If the bias is positive and borrowing provides 
a true positive rate above 70%, then up to 45 will be borrowed to achieve the maximum 
true positive rate.  If the bias is positive (for example, 0.3) and the true positive rate loss 
with borrowing is greater than 10% compared with the target power (80%) with up to 45 
borrowed, then we will not borrow due to unreasonable true positive rate loss.

D-3 Analysis Methods

The prior distributions discussed in Section D-2 will be combined with the observed data 
in the trial to obtain posterior distributions for the treatment and control groups.  The 
probability of Treatment mean – Control mean < 0 given the observed data 
i.e., �(�� − �� < 0|����) will be calculated.

Let � = (��,⋯ , ��) be the data and ��~�(�, ��). Then �̅~�(�, ��� ).  If �� is a constant, 
we have the likelihood for the data�(�|�) =  �(�|�) ∝ �(�̅, ��� ).

The conjugate prior for μ is supposed to be
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�(�) ∝ �(��, ���).

Then the posterior is given by�(�|�) = �(�|�)�(�) ∝ �(��, ���) where �� = ��������� �� + ����������� �̅ and

��� = ����� ���� = ������������.

If �(�� − �� < 0|����) > 0.95, the treatment group will be claimed as significantly 
better than the control group. This is equivalent to the hypothesis test of �� − �� = 0 at 
one-sided � = 0.05 significant level.

Notice that ��, ��� are prior parameters determined from historical data borrowing and 

meta-analysis (see Section D-2).  (�̅, ��� ) are LSMean and SE from MMRM based on data 
in the study.  For treatment group, a "flat" non-informative prior probability distribution 
will be assumed, that is the posterior distribution is totally based on the observed data.
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Appendix E. Details for Analysis with a Synthetic Placebo Arm

Study M16-560 has two treatment arms, the investigational drug ABBV-3373 and 
adalimumab as an active control.  Since the trial doesn't have a placebo arm, subject-level 
historical placebo data will be borrowed to estimate the treatment effect of ABBV-3373 or 
adalimumab against placebo to establish the assay sensitivity of the study.  Historical 
placebo data of the change from baseline in DAS28(CRP), the primary endpoint, from 
three recent similar AbbVie studies are selected to construct a synthetic placebo arm 
through propensity score matching.  Pairwise comparison between the in-trial data of the 
ABBV-3373 or adalimumab treatment group and the synthetic placebo arm will be 
performed based on matched dataset.

In this section, we will describe how historical placebo data are selected, the analysis plan 
and implementation plan. 

E1. Historical Data Selection 

The historical data are carefully selected based on the similarity in target population, entry 
criteria, prior and concomitant medications, years conducted between historical trials and 
Study M16-560. 

Subject-level historical placebo data consists of subjects from 3 recent AbbVie clinical 
trials with similar populations (MTX/csDMARD-IR on background MTX or 
csDMARDs), entry criteria and study designs:  upadacitinib Phase 2 study 
(Study M13-537), upadacitinib Phase 3 studies SELECT-COMPARE (Study M14-465) 
and SELECT-NEXT (Study M13-549).  837 placebo subjects with non-missing Week 12 
DAS28 (CRP) change from baseline values are identified.  To enhance trial similarity, for 
the two Phase 3 studies of upadacitinib, the placebo patients with prior biologics use or 
without prior synthetic DMARDs use or without concomitant MTX use prior to Week 12 
will be removed.
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The criteria for relevant historical control data selection were evaluated and met for these 
trials and Study M16-560.  The main eligibility criteria for these studies are shown in 
Table E1-1. 

Table E1-1. Historical Placebo Data Selection– main eligibility criteria

Criteria
Current Study

Study M13-549 Study M14-465 Study M13-537 M16-560
Inc 1 csDMARDs - IR MTX - IR MTX – IR MTX-IR
Inc 2 18 years or older 18 years or older 18 years or older between 18 and 

75 years
Inc 3 Moderately to severely 

RA
Moderately to severely 
RA

Active RA Moderately to 
severely RA

Inc 4 Background meds: 
csDMARDs

Background meds: 
MTX

Background meds: 
MTX

Background 
meds: MTX

Exc 1 Hemoglobin < 10 g/dL Hemoglobin < 10 g/dL Hemoglobin 
< 9 gm/dL

Exc 2 WBC < 2,500/μL WBC < 2,500/μL WBC < 3,000/μL
Exc 3 Platelet count 

< 100,000/μL
Platelet count 
< 100,000/μL

Platelet count 
< 100,000/μL

Exc 4 eGFR 
< 40 mL/min/1.73 m^2

eGFR 
< 40 mL/min/1.73 m^2

eGFR 
< 40 mL/min/1.73 m^2

Exc 5 AST/ALT > 2 × ULN AST/ALT > 2 × ULN AST/ALT 
> 1.5 × ULN

AST/ALT 
≥ 2.5 × ULN

A meta-analysis shows that predicted estimated mean (SD) for placebo based on these 
studies are –1.14 (1.23) based on a random effect model.  

E2. Pairwise comparison between ABBV-3373/adalimumab and 
placebo with synthetic placebo arm using propensity score 
analysis

E2.1. Propensity Score estimation

Propensity score method will be used to balance the population-level baseline 
characteristics between in trial data and historic placebo group.  In order to calculate 
propensity scores, selected common baseline demographics and characteristics variables 
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among Study M16-560 and the three upadacitinib studies will be used as covariates in 
propensity score estimation. 

Main baseline demographic characteristics can include:

● Sex (male/female)
● Race (White, Non-White)
● Ethnicity (Hispanic or Latino, Not Hispanic or Latino)
● Geographic region (North America, Other)
● Age (years)
● Body Mass Index (BMI) (kg/m2)

Main baseline disease characteristics and medications can include:

● Steroid use at baseline (Y/N)
● Number of prior synthetic DMARDs (1/Greater than 1)
● Duration of RA Diagnosis in years
● Tender joint count (TJC28) defined as the number of tender joints out of 

28 assessed joints used for DAS28 calculation
● Swollen joint count (SJC28) defined as the number of swollen joints out of 

28 assessed joints used for DAS28 calculation
● Physician's global assessment of disease activity (mm on a 100-mm horizontal 

visual analogue scale [VAS])
● Patient's assessment of pain within last week (mm on a 100-mm horizontal 

(VAS)
● Patient's global assessment of disease activity within last 24 hours (mm on a 

100-mm horizontal VAS)
● Health Assessment Questionnaire Disability Index of the (HAQ – DI) (range:  

0 to 3)
● High sensitivity C-reactive protein (hsCRP) (mg/L)
● DAS28 (CRP)
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Covariate balance will be checked between all subjects enrolled in Study M16-560 and 
historical placebo subjects specified in Section E1. 

Propensity score is the probability of a patient being assigned to a treatment instead of the 
other one conditional on a given set of baseline characteristics.  It is determined by a 
logistic regression with all above common baseline covariates.  To reduce any potential 
bias due to rare events (45 subjects getting active treatment vs. > 700 getting placebo), 
propensity scores will be estimated using penalized maximum likelihood estimation 
(PMLE) (Firth, 1993).  Sensitivity analysis of PS estimation can be considered.  Overlap 
of PS between the in-trial data and synthetic placebo control will be assessed using 
histogram and descriptive statistics.

E2.2. Analysis using placebo synthetic control with propensity 
score matching

Propensity score matching method (Rosenbaum and Rubin, 1985) matches treatment 
patients with synthetic placebo subjects based on propensity scores such that matched 
treatment subjects and placebo subjects are comparable in terms of covariates used in 
propensity score determination.  This process mimics randomization to create 
two comparable groups with a caution of limitation that the matching is conditional on 
included covariates. The "nearest neighbor matching" will be performed based on a 
distance measure, caliper, calculated from the propensity scores estimates.  We will start 
the matching with the optimal caliper 0.2, which was recommended by Austin (2011), 
with the intention to match 45 to 90 placebo subjects.  If this is not possible under the 
optimal caliper, other caliper values may also be considered.  If multiple placebo subjects 
have propensity scores that are equally close to that of an ABBV-3373 or adalimumab 
treated subject exceeding the matching ratio, prespecified number of these placebo 
subjects will be selected at random.  Subjects who are not selected in the matching 
process will be excluded from further analysis.  Following matching, baseline covariates 
will be summarized for subjects in Study M16-560 and matched historical placebo 
subjects to ensure balance is generally achieved.
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Analysis will be based on matched dataset.  Each of ABBV-3373 and adalimumab group 
will be compared with all matched placebo subjects separately.  Change from baseline in 
DAS28(CRP) at Week 12 will be analyzed with the matched datasets to compare each 
treated group and the synthetic placebo group by an MMRM model including data 
collected during the common study visits up to Week 12 (i.e., Weeks 2, 4, 8, 12) with 
treatment group, study visits, and treatment-by-visit interaction.  An unstructured variance 
covariance matrix will be used.  The parameter estimations will be based on the 
assumption of data being missing at random and using the method of restricted maximum 
likelihood (REML).  Least-square mean difference, 90% CI and p-value will be presented.  
Other endpoints may also be analyzed with the matched data sets. 

Table E2-1 shows the power for two-group comparison between adalimumab and placebo 
under different matching ratios assuming 100% actively treated subjects can be matched.  
When all of the 45 treated subjects in Study M16-560 are matched to synthetic placebo 
subjects according to the matching ratios of 1:1 and 1:2, the statistical power of the 
pairwise comparison between adalimumab and placebo ranges from 78% to 83% based on 
two-sided test with alpha of 0.1, assuming a common standard deviation of 1.35 and the 
mean of adalimumab and placebo to be –2.13 and –1.14 respectively based on meta-
analysis results.

Table E2-1. The power for adalimumab vs. synthetic placebo control.

Matching Ratio 
(Treated:Placebo) N_3373:N_ADA:N_PBO

Two-Group Comparison 
Power (ADA vs. PBO)

1:1 30:15:45 78%
1:2 30:15:90 83%

If only very few placebo patients can be matched with treated subjects in Study M16-560 
and analysis based on matched dataset is deemed not appropriate, alternative methods 
such as stratified analysis will be considered.
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E3. Implementation

To reduce operational bias and maintain study validity, the propensity score calculation 
and matching described in Section E2 will be conducted by an independent statistician 
who is removed from Study M16-560 study.  Prior to the last subject first dose, the study 
team and the independent statistician will meet as needed and agree on the statistical 
details of each step above, with any question (must be unrelated to treatment assignment 
information and in trial and historical subjects outcome) from the independent statistician 
resolved during the meeting(s). 

The process to implement the propensity score analysis is summarized in Figure E3.1.  
Each step is described in detail below.  These steps should happen after Study M16-560 
enrollment is finished and prior to the Week 12 database lock.

Figure E3-1. Flowchart of Implementation
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1. Input baseline datasets of Study M16-560 

A dataset of Study M16-560 containing study ID, de-identified subject IDs, and baseline 
characteristics will be delivered to the independent statistician by the study team.  No 
post-baseline data should be contained in this dataset.  No randomization code is 
accessible to the study team or independent statistician.  

2. Input integrated baseline dataset of historical placebo subjects

A dataset integrating the baseline characteristics from the three studies with historical 
placebo subjects specified in Section E2.1 will be delivered to the independent statistician 
by the study team.  No post-baseline data should be contained.  In addition, study IDs and 
subject IDs in this dataset will be de-identified by the study programing team before 
delivery to the independent statistician. 

3. Post-baseline dataset of historical placebo subjects

A dataset integrating the change from baseline in DAS28 (CRP) data at Weeks 2, 4, 8, 12 
from the three studies with historical placebo subjects specified in Section E2.1 will be 
generated.  Subject ID, change value and visit will be included.  This dataset is to be kept 
by study team for the final analysis and should not be accessible to the independent 
statistician.  

4. Propensity score analysis and communication with study team

Prior to enrollment completion, the study team and the independent statistician will meet 
as needed and agree on the final PS analysis rules (for example, matching ratio, matching 
caliper) of each step in Section E2.  Any question (must be unrelated to treatment 
assignment information) from the independent statistician will also be addressed during 
these meeting(s).

After Study M16-560 enrollment is finished, the input datasets will be delivered to the 
independent statistician for PS estimation and matching, without accessing the subject-
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level post-baseline data (including primary endpoint data) of selected historical placebo 
subjects and Study M16-560 subjects.  The independent statistician will check the 
covariate balance before and after matching is performed to make sure the balance is 
improved following the matching.

5. Final covariate datasets

The resultant datasets (matched) containing subject-level covariate data will be delivered 
by the independent statistician to the study team prior to the Week 12 database lock for 
analysis.  Matched datasets should discard those unmatched subjects.  The analysis-ready 
datasets should include variables such as re-identified subject ID, baseline characteristics, 
propensity score. 

There is no plan to share interim data with external experts or with Regulatory Agencies 
(prior to study completion and availability of final study results).  

6. Final data analysis

After database lock, the study programming team will merge the final output datasets with 
datasets containing post-baseline data of ABBV-3373/adalimumab and historical placebo 
subjects and perform the analyses as specified Section E2.


