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EXTENDED REPORT

Efficacy and safety of subcutaneous tabalumab,
a monoclonal antibody to B-cell activating factor,
in patients with systemic lupus erythematosus:
results from ILLUMINATE-2, a 52-week, phase Il
multicentre, randomised, double-blind,

placebo-controlled study

J T Merrill,' R F van Vollenhoven,? J P Buyon,® R A Furie,* W Stohl,>
M Morgan-Cox,® C Dickson,® P W Anderson,® C Lee,® P-Y Berclaz,® T Démer’

ABSTRACT

Objectives To evaluate the efficacy and safety of
tabalumab, a human IgG4 monoclonal antibody that
neutralises membrane and soluble B-cell activating factor
(BAFF).

Methods This randomised, placebo-controlled study
enrolled 1124 patients with moderate-to-severe systemic
lupus erythematosus (SLE) (Safety of Estrogens in Lupus
Erythematosus National Assessment- SLE Disease Activity
Index >6 at baseline). Patients received standard of care
plus subcutaneous study drug, starting with a loading
dose (240 mg) at week 0 and followed by 120 mg every
2 weeks (120 Q2W), 120 mg every 4 weeks (120 Q4W)
or placebo. Primary endpoint was proportion achieving
SLE Responder Index 5 (SRI-5) improvement at

week 52.

Results Clinical characteristics were balanced across
groups. The primary endpoint was met with 120 Q2W
(38.4% vs 27.7%, placebo; p=0.002), but not with the
less frequent 120 Q4W regimen (34.8%, p=0.051).
Although key secondary endpoints (time to severe flare,
corticosteroid sparing and fatigue) were not met,
patients treated with tabalumab had greater SRI-5
response rates in a serologically active subset and
improvements in more stringent SRI cut-offs, SELENA-
SLEDAI, Physician’s Global Assessment, anti-double-
stranded DNA antibodies, complement, total B cells and
immunoglobulins. The incidences of deaths, serious
adverse events (AEs), and treatment-emergent AEs were
similar in the 120 Q2W, 120 Q4W and placebo groups,
but depression and suicidal ideation, albeit rare events,
were more commonly reported with tabalumab.
Conclusion SRI-5 was met with 120 Q2W and
although key secondary endpoints were not met,
numerous other secondary endpoints significantly
improved in addition to pharmacodynamic evidence of
BAFF pathway blockade. The safety profile for
tabalumab was similar to placebo, except for depression
and suicidality, which were uncommon.

Trial registration number NCT01205438.

INTRODUCTION
Systemic lupus erythematosus (SLE) is a heteroge-
neous autoimmune disease associated with chronic

morbidity and premature death.! Despite improve-
ments in outcomes over the past 50 years, patients
continue to experience chronic disabling symp-
toms, disease flares, complications associated with
treatment (particularly with high-dose and long-
term corticosteroid use) and gradual accumulation
of organ damage.” There are few drugs approved
for treatment of SLE, and a substantial unmet
medical need for evidence-based, effective and
well-tolerated treatments remains.

B-cell activating factor (BAFF) is a tumour necro-
sis factor (TNF)-family ligand critical for B-cell
development, differentiation and survival.>~ Serum
BAFF levels are frequently elevated in SLE and cor-
relate with autoantibody production and disease
activity.® 7 These observations prompted the devel-
opment of belimumab, a BAFF inhibitor. Approved
in a number of countries for the treatment of SLE,
belimumab has been shown to reduce disease activ-
ity and autoantibody synthesis.® °

Tabalumab, a fully human, subcutaneously admi-
nistered, IgG4 monoclonal antibody, binds and neu-
tralises both membrane and soluble BAFE'® Two
independent phase III studies, ILLUMINATE-1 and
ILLUMINATE-2, evaluated the efficacy and safety
of two doses of tabalumab plus standard of
care (SoC) versus placebo plus SoC in patients
with active SLE. We report the results of
ILLUMINATE-2, where the primary efficacy
measure was the SLE Responder Index 5 (SRI-5).”

METHODS

Study design

ILLUMINATE-2 was a 52-week, multicentre, rando-
mised, double-blind, placebo-controlled study.
Patients were randomly assigned 1:1:1 (stratified by
anti-double-stranded DNA (dsDNA) positivity and
African descent) to receive subcutaneous tabalumab
120 mg every 2 weeks (120 Q2W) plus SoC, tabalu-
mab 120 mg every 4 weeks (120 Q4W) plus SoC
(administered by alternating 120 mg tabalumab
injections and placebo Q2W), or placebo Q2W plus
SoC. At week 0, the tabalumab groups received a
240 mg loading dose (2x120 mg injections), and
the placebo group received two placebo injections.
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From week 0 through week 50, blinded treatments were adminis-
tered Q2W. At week 52, patients either discontinued study drug
and entered a safety follow-up period or began a multiyear, open-
label, safety extension study of tabalumab. Data from the double-
blind, 52-week period are included in this report.

Allowable SoC for SLE included non-steroidal anti-
inflammatory drugs (unrestricted), corticosteroids, stable doses
of antimalarials and/or stable doses of immunosuppressants;
however, use of SoC for SLE was not required. Adjustments
(increases or decreases) in corticosteroid dose were allowed
during the first 24 weeks, after which the dose had to be less
than or equal to the baseline dose and only reductions were
allowed. No added or increases in antimalarials or immunosup-
pressant therapies were allowed at any time.

The protocol was approved by each institutional review board
subject to applicable laws and regulations and ethical principles
consistent with the Declaration of Helsinki. All patients pro-
vided written informed consent.

Entry criteria

Patients were eligible if they were 18 years or older, had a diag-
nosis of SLE (fulfilled 4/11 American College of Rheumatology
criteria),'* had a positive antinuclear antibody (HEp-2 ANA;
titre >1:80) test by the central laboratory during screening
(patients with negative ANA, but positive anti-dsDNA, were
retested before being excluded) and a Safety of Estrogens in
Lupus Erythematosus National Assessment—SLE Disease
Activity Index (SELENA-SLEDAI) score of >6."> (See online
supplementary material for detailed exclusion criteria.)

Endpoints

The primary endpoint was the proportion of patients achieving
an SRI-5 response at week 52. This composite endpoint is
defined as a >5 point improvement (reduction) in
SELENA-SLEDAI score, no new British Isles Lupus Assessment
Group 2004 (BILAG) index score of A or no more than one
new BILAG B score and no worsening (increase of >0.3 points
from baseline) in Physician’s Global Assessment (PGA).” Patients
who did not meet all three clinical criteria, who added or
increased antimalarial or immunosuppressant treatment, who
could not adhere to corticosteroid-dosing requirements and/or
who discontinued the study prior to week 52 were considered
non-responders.

Key secondary endpoints included time-to-first severe SLE
flare on the SELENA-SLEDAI Flare Index,'® the proportion of
patients with reduction in corticosteroid dose by >25% to
<7.5 mg/day prednisone (or equivalent) for >3 consecutive
months from weeks 24 to 52 and change from baseline on the
Brief Fatigue Index (BFI) at week 52.'*

Other endpoints included change in proportion of SRI-§
responders over time; individual components of the SRI; the pro-
portion of patients achieving SRI-4, and SRI-6 through SRI-10 at
week 52, mean changes in SELENA-SLEDAIL PGA, SLEDAI-2K
score, Systemic Lupus International Collaborating Clinics
(SLICC) damage index, disease-related biomarkers (anti-dsDNA,
C3 and C4), serum tabalumab concentrations, total B cells, B-cell
subsets, BAFF levels, immunoglobulin concentrations, the
Columbia-Suicide Severity Rating Scale (C-SSRS), the Quick
Inventory of Depressive Symptomatology (QIDS-SR¢) and other
assessments of safety (serious adverse events (SAEs),
treatment-emergent adverse events (TEAEs), adverse events
(AEs) of special interest, vital signs, clinical laboratory data) at
week 52. Additional pharmacodynamic and safety assessment
details are provided in the online supplementary material.

Clinical and epidemiological research

Statistical analysis

All analyses of efficacy, serum tabalumab concentrations and
biological activity were conducted on the intent-to-treat popula-
tion. Safety analyses were applied to patients who received >1
dose of study drug. For the primary endpoint (SRI-5), a sample
size of 380 patients per group was predicted to provide >95%
power to detect a statistically significant difference of >14%
between the tabalumab and placebo groups. Statistical methods
used a two-sided significance level of 0.05 and included logistic
regression for binary efficacy variables, Cox proportional hazard
model for time-to-event variables, Fisher’s exact for discrete
variables and mixed model repeated measures (MMRM) or ana-
lysis of covariance for continuous variables. A graphical
approach for multiple comparisons was used to control the
overall type I error in the analysis of the primary and select sec-
ondary endpoints. Additional analyses were performed to iden-
tify baseline variables associated with response and to evaluate
how response to tabalumab relative to placebo varied across dif-
ferent categories within a subgroup. Analyses of efficacy vari-
ables were adjusted for randomisation stratification factors
(anti-dsDNA status and race) and region. For all non-SRI con-
tinuous measures, a last-observation-carried-forward (LOCF)
approach was used.

RESULTS

Patient disposition and baseline characteristics

Of the 2419 patients screened, 1124 (46%) were randomised
and 872 (77.6%) patients completed the 52-week trial (figure 1).
The percentage of patients who completed the trial and reasons
for withdrawal were similar across groups. Baseline demograph-
ics, SLE disease duration and activity, concomitant medications
and laboratory values were similar across treatment groups

(table 1).

Efficacy

The primary endpoint, proportion of patients meeting SRI-5 at
week 52, was met by the 120 Q2W group (38.4% vs 27.7% in
the placebo group, p=0.002), but not with the less frequent 120
Q4W regimen (34.8% vs 27.7%, p=0.051). For each component
of the SRI, response rates were greater in the tabalumab 120
Q2W group versus placebo (table 2). Analysis of the time course
of SRI-5 response revealed increasing differences between tabalu-
mab 120 Q2W and placebo at week 24 (figure 2A), the time
point at which corticosteroid dose had to be equal to or lower
than baseline with no subsequent increases. These differences
were statistically significant at weeks 16, 40, 48 and 52.

None of the key secondary endpoints (ie, time-to-first severe
SLE flare, corticosteroid sparing effects and the change from
baseline in BFI) were significantly different when comparing
tabalumab and placebo (table 2).

In analyses at week 52 using different SRI cut-offs, the 120
Q2W group had a significantly higher percentage of responders
than placebo on most measures (ie, SRI-4, -6, -7, -9 and -10),
whereas the 120 Q4W group met the most stringent SRI-9 and
SRI-10 responses relative to placebo (figure 2B). At week 52,
reduction in SELENA-SLEDAI was greater in the 120 Q2W
group (least squares (LS) mean: —5.5) than in the placebo group
(LS mean: —4.5, p=0.002). Similar results were achieved in the
120 Q4W group (LS mean: —5.1) versus the placebo group (LS
mean: —4.5, p=0.039).

The effect of tabalumab was also evaluated in patients who
were anti-dsDNA-positive and who had low C3 and C4 levels at
baseline with a significantly higher rate of SRI-5 response in the
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"

Screened
N=2419

Randomised/ITT Population
N=1124

| |
~
Tabalumab 120 Q2w Tabalumab 120 Q4W Placebo
n=372 n=376 n=376
\

é Week 52 ) é Week 52 é Week 52
Completed: 295 (79.3%) Completed: 289 (76.9%) Completed: 288 (76.6%)
Discontinued: 77 {20.7%) Discontinued: 87 (23.1%) Discontinued: 88 {23.4%)

* Adverse event: 19 (24.7%) * Adverse event: 17 {19.5%) * Adverse event: 24 (27.3%)
* Patient decision: 19 (24.7%) * Patient decision: 25 (28.7%) * Patient decision: 19 (21.6%)
* Lost to follow-up: 6 (7.8%) ® Lost to follow-up: 7 (8.0%) * Lost to follow-up: 8 (9.1%)
* Other: 33 (42.9%) s Other: 38 (43.7%) e Other: 37 (42.0%)
. J . J/ . J

Figure 1 Flow diagram of patient disposition during the study.
ITT, intent to treat; Q2W, every 2 weeks; Q4W, every 4 weeks.

120 Q2W group (41.2% vs 25.6% in the placebo group,
p=0.015) and the 120 Q4W group (38.0%, p=0.036).

Anti-dsDNA levels decreased in both tabalumab groups as
early as week 4 and continued to decrease, remaining well below
baseline levels through week 52 (figure 3A) and were significantly
different from placebo from week 12 to week 52 (table 2). Of the
patients with anti-dsDNA of >30 IU/mL (positive) at baseline,
12% in both the 120 Q2W and 120 Q4W groups versus 7% in
the placebo group were negative (<30 IU/mL) at week 52.

In the Q2W dose group, increases in C3 and C4 were observed
that were significantly greater than placebo at week 52; in the 120
Q4W group, the increase in C4 was significant, but the increase in
C3 only neared significance at week 52 (table 2). Of the patients
with low C3 and/or C4 at baseline, post-hoc analysis showed that
37% in the 120 Q2W group versus 22% in the placebo group
(p=0.001) and 31% in the 120 Q4W group versus 22% in the
placebo (p=0.046) group normalised at week 52.

In prespecified subgroup analyses, the following patient attri-
butes did not have a statistically significant impact on response:
sex, age, region, anti-dsDNA status, complement, race, ethnicity,
disease severity, PGA score, SLICC score, severe seropositivity,
concomitant medication use, number of prior treatment failures,
comorbidities, time since onset of SLE or BAFF concentration.

Pharmacodynamics

Median total B-cell counts initially increased at week 1 (120 Q2W:
87.3 cells/uL; 120 Q4W: 76.5 cells/nL; placebo: 1.0 cells/pL;
p<0.001, each comparison) and then decreased below baseline
values through week 52 (LOCF) (120 Q2W: —76.3 cells/pL; 120
Q4W: —50.0 cells/pL; placebo: —8.0 cells/uL; p<0.001, each
comparison) (figure 3B). Statistically significant decreases in

serum immunoglobulins were observed at each time point over
the 52-week treatment period (figure 3C-E). The number of
patients who dropped below the normal range in the 120 Q2W;,
120 Q4W and placebo groups was as follows: IgA: 3 (0.8%), 6
(1.7%), 1 (0.3%); IgG: 4 (1.1%), 3 (0.8%), 3 (0.8%); IgM: 61
(18.4%), 48 (14.8%), 13 (3.8%), respectively.

Pharmacokinetics

Tabalumab concentrations shifted higher in the 120 Q2W group
compared with the 120 Q4W group; however, there was
overlap between the two dosing regimens (data not shown).

Safety and tolerability

There were no differences in the number of deaths, the fre-
quency of SAEs or TEAEs or the number of patients who dis-
continued due to an AE between groups (table 3). The majority
of TEAEs were mild to moderate in severity.

Nine pregnancies were reported (table 3). Of the six pregnan-
cies reported with live births, there were no fetal abnormalities
or malformations noted (120 Q2W, n=2; 120 Q4W, n=1;
placebo, n=3) and no maternal complications reported. One
terminated pregnancy (120 Q2W) and one spontaneous abor-
tion (120 Q4W) were reported. Outcome of pregnancy was not
reported for one patient in the placebo group.

The incidences of serious infections and severe infections
were similar in the tabalumab and placebo groups (table 3).
Opportunistic infections of interest included herpes zoster,
which was reported in 6 patients (1.6%) in the 120 Q2W
group, 10 patients (2.7%) in the Q4W group and 6 patients
(1.6%) in the placebo group, and pulmonary tuberculosis,
which was reported in 1 patient (0.3%) in the placebo group.
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Table 1 Baseline demographics and clinical characteristics

120 Q2w 120 Q4w Placebo
n=372 n=376 n=376
Age, year 42+12 41+13 42+12
Age, range 18-75 18-83 19-80
Women, n (%) 342 (91.9) 346 (92.0) 349 (92.8)
Race, n (%)
Indigenous American* 31 (8.3) 33 (8.8) 30 (8.0)
Asian 38 (10.2) 34 (9.0) 40 (10.6)
Black/African—American 43 (11.6) 46 (12.2) 51 (13.6)
Native Hawaiian or Pacific Islander 1(0.3) 2 (0.5) 0
White 245 (65.9) 247 (65.7) 249 (66.2)
Multiple races 14 (3.8) 14 (3.7) 6 (1.6)
Hispanic/Latino origin, n (%)t 110 (29.6) 92 (24.5) 99 (26.3)
Geographical region, n (%)
USA/Canada 146 (39.2) 140 (37.2) 150 (39.9)
Mexico/Central America/South America 62 (16.7) 64 (17.0) 57 (15.2)
Asia-Pacific 45 (12.1) 39 (10.4) 40 (10.6)
Europe 75 (20.2) 89 (23.7) 90 (23.9)
Africa/lMiddle East 44 (11.8) 44 (11.7) 39 (10.4)
SLE disease activity
Time since SLE onset, year 8+9 8+8 8+7
SELENA-SLEDAI organ system involvement, n (%)
CNS 8(22) 8(2.1) 7(1.9)
Vascular 25 (6.7) 30 (8.0) 26 (6.9)
Musculoskeletal 319 (85.8) 317 (84.3) 315 (83.8)
Renal 35 (9.4) 36 (9.6) 30 (8.0)
Mucocutaneous 330 (88.7) 347 (92.3) 332 (88.3)
Cardiovascular and respiratory 32 (8.6) 30 (8.0) 30 (8.0)
Immunological 261 (70.2) 271 (72.1) 259 (68.9)
Constitutional 4(1.1) 10 (2.7) 10 2.7)
Haematological 35 (9.4) 31 (8.2) 24 (6.4)
SELENA-SLEDAI score 10.4+4.1 10.4+4.2 9.8+3.3
SELENA-SLEDAI >10, n (%) 207 (55.6) 208 (55.3) 197 (52.4)
SLEDAI-2K score 10.3+4.2 10.4+4.0 9.8+3.4
>1 A or 2 B BILAG scores, n (%) 230 (62.0) 218 (58.3) 209 (55.6)
PGA score 47.2+15.5 46.8+15.6 44.9+16.6
SLICC damage index 0.6+1.1 0.6+1.2 0.7+£1.2
Medications
Prednisone, n (%) 275 (73.9) 284 (75.5) 274 (72.9)
Mean prednisone dose (or equivalent), mg/day 12.3+8.0 12.4+10.7 11.8+8.1
Prednisone >7.5 mg/day, n (%) 182 (48.9) 177 (47.1) 173 (46.0)
Antimalarial, n (%) 262 (70.4) 248 (66.0) 280 (74.5)
Any immunosuppressant, n (%) 149 (40.1) 160 (42.6) 140 (37.2)
MMF, n (%) 36 (9.7) 29 (7.7) 25 (6.4)
AZA, n (%) 61 (16.4) 71 (18.9) 62 (16.5)
MTX, n (%) 45 (12.1) 52 (13.8) 48 (12.8)
None, n (%) 22 (5.9) 17 (4.5) 13 (3.5)
Biomarkers and other laboratory measures
uPCR, n (%)
<45 mg/mmol 35(9.4) 28 (7.4) 27 (7.2)
>45 mg/mmol 337 (90.6) 348 (92.6) 348 (92.8)
Total B-cell counts, median (range), cells/p.L 148.5 (4-3666) 124.0 (1-1245) 128.0 (0-1141)
BAFF concentration, pg/mL 1859+2744 193543447 1859+2591
Anti-dsDNA >30 [U/mL, n (%)$ 225 (60.5) 224 (59.6) 220 (58.5)
Anti-dsDNA, 1U/mL 117£118 11114 12+117
@3 <LLN, n (%) 147 (39.7) 157 (41.8) 140 (37.2)
a3, glL 1.03+0.33 1.00+0.32 1.02+0.33
C4 <LLN, n (%) 83 (22.4) 84 (22.3) 79 (21.0)
Continued
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Table 1 Continued

120 Q2w 120 Q4w Placebo

n=372 n=376 n=376
C4, glL 0.18+0.10 0.18+0.10 0.18+0.10
IgG, g/L 15.25.7 15.06.1 14.7+4.8
1gG <LLN, n (%) 3(0.8) 1(0.3) 2 (0.5
IgM, g/L 1.2+0.9 1.2+1.0 1.1+0.7
IgM <LLN, n (%) 31 (8.3) 37 (9.8) 25 (6.6)
IgA, g/L 3.1+1.6 2.9+15 3.1+1.8
IgA <LLN, n (%) 6(1.6) 12 (3.2) 6 (1.6)

All data are mean+SD unless otherwise indicated as n (%).

*American Indian from North, Central and South America and Alaska Native.

tEthnicity (Hispanic/Latino) information was only required to be collected in the USA.

$<30 IU negative; 30-60 IU low; 61-200 IU positive; >200 IU strong positive.

Anti-dsDNA, anti-double-stranded DNA; AZA, azathioprine; BAFF, B-cell activating factor; BILAG, British Isles Lupus Assessment Group Index; CNS, central nervous system; LLN, lower limit
of normal; MMF, mycophenolate mofetil; MTX, methotrexate; PGA, Physician’s Global Assessment; Q2W, every 2 weeks; Q4W, every 4 weeks; SELENA-SLEDAI, Safety of Estrogens in
Lupus Erythematosus National Assessment—Systemic Lupus Erythematosus Disease Activity Index; SLE, Systemic Lupus Erythematosus; SLEDAI-2K, Systemic Lupus Erythematosus Disease
Activity Index 2000; SLICC, Systemic Lupus International Collaborating Clinics; uPCR, urine protein to urine creatinine ratio.

Table 2 Clinical and biomarker outcomes

120 Q2w 120 Q4W Placebo
n=372 n=376 n=376
SRI-5 143 (38.4) 131 (34.8) 104 (27.7)
p=0.002 p=0.051
Components of SRI
>5 point reduction in SELENA-SLEDAI score 145 (39.0) 133 (35.4) 105 (27.9)
p=0.001 p=0.043
No worsening in BILAG* 252 (67.7) 242 (64.4) 234 (62.2)
p=0.091 p=0.609
No worsening in PGAt 250 (67.2) 234 (62.2) 215 (57.2)
p=0.003 p=0.199
Other clinical outcomes
Severe flares on the SFI
Median time-to-first severe flare, days 169 14 123
HR for severe flares (95% CI) 0.88 (0.61,1.26) 0.98 (0.69,1.40)
p=0.480 p=0.911
Corticosteroid sparingt 41 (22.5) 31 (17.5) 24 (13.9)
p=0.051 p=0342
BFI, LSM change -0.78 —-0.70 —0.76
p=0.957 p=0.779
SELENA-SLEDAI, LSM change =55 =51 -4.5
p=0.002 p=0.039
PGA score, LSM change -235 -21.6 -18.6
p=0.001 p=0.052
SLEDAI-2K, LSM change -5.0 —-4.8 —4.1
p<0.001 p=0.013
SLICC, LSM change 0.1 0.2 0.1
p=0.997 p=0.113
Biomarkers
Anti-dsDNA, IU, LSM change —-28.3 -27.7 -6.7
p<0.001 p<0.001
Anti-dsDNA-positive at baseline n=225 n=224 n=220
Normalisation at week 52, n (%) 28 (12) 26 (12) 16 (7)
Complement C3, g/L, mean change 0.052 0.037 0.006
p<0.001 p<0.053
Complement C4, g/L, mean change 0.036 0.028 0.003
p<0.001 p<0.001
Low complement (C3 and/or C4) at baseline n=166 n=171 n=153
Normalised at week 52, n (%) 62 (37) 53 (31) 33 (22)

All data are n (%) unless otherwise indicated.

*No new BILAG A and no more than one new BILAG B.

tWorsening defined as an increase of >0.3 points from baseline.

tPercentage of patients able to decrease corticosteroid dose by at least 25% to <7.5 mg/day prednisone for at least three consecutive months from weeks 24 to week 52 without an
increase in dose of either antimalarials or immunosuppressants at any time during the treatment period.

Anti-dsDNA, anti-double-stranded DNA; BFI, Brief Fatigue Inventory; BILAG, British Isles Lupus Assessment Group index; LSM, least square mean change from baseline; PGA, Physician’s
Global Assessment; Q2W, every 2 weeks; Q4W, every 4 weeks; SELENA-SLEDAI, Safety of Estrogens in Lupus Erythematosus National Assessment—Systemic Lupus Erythematosus Disease
Activity Index; SFI, SELENA-SLEDAI Flare Index; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000; SLICC, Systemic Lupus International Collaborating Clinics; SRI-5,
Systemic Lupus Erythematosus Responder Index 5.
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Figure 2 SRI-5 observed response rates over the 52-week treatment period and SRI-5 (NRI) primary endpoint at Week 52. The primary endpoint
analysis included patients who achieved SRI-5 endpoint without violating concomitant medication rules. Patients who did not meet all three clinical
criteria of the SRI, who added or increased antimalarial or immunosuppressant treatment, who could not meet the steroid-dosing requirements and/
or who discontinued the study prior to week 52, were considered non-responders. For observed response rates, missing data were not imputed as
non-response. For the pre-specified primary endpoint analysis, NRI was used to impute missing response data as non-response for the primary
endpoint of SRI-5 at Week 52. p Value based on OR was estimated from logistic regression model. (B) SRI-4 through SRI-10 response rates at week
52. SRI-6-SRI-10 was performed in subset of patients who entered study with >SLEDAI6—SLEDAI10. NRI was used to impute missing response data
for the endpoints of SRI-4 to SRI-10. *p<0.05 versus placebo; **p<0.001 versus placebo. Symbols in grayscale represent 52-week endpoint data
calculated using a NRI, circle=120 Q2W, square=120 Q4W and triangle=placebo. NRI, non-responder imputation; Q2W, every 2 weeks; Q4W, every
4 weeks; SLE, systemic lupus erythematosus; SLEDAI, SLE Disease Activity Index; SRI, SLE Responder Index; SRI-4 through SRI-10, SLE Responder

Index 4 through 10.

Oral candidiasis was reported in four patients (1.1%) in the 120
Q2W group, five patients (1.3%) in the Q4W group and seven
patients (1.9%) in the placebo group; however, no unexpected
fungal opportunistic infections were reported. More patients in
the 120 Q2W group reported injection-site reactions (9.4%)
than in the 120 Q4W (7.5%) and placebo groups (5.1%). No
anaphylactic events were reported; hypersensitivity reactions
occurred in 9 patients in the 120 Q2W group, 11 patients in
the 120 Q4W group and 4 patients in the placebo group, the
majority of which were mild or moderate in severity. The inci-
dence of adjudicated major adverse cardiovascular events was
similar in the tabalumab and placebo groups, and malignancy
was reported in four patients in the 120 Q4W group and two
patients in the placebo group (table 3).

More patients receiving tabalumab than placebo reported
depression (120 Q2W: 18 (4.9%; p=0.013); 120 Q4W: 21
(5.6%; p=0.003); placebo: 6 (1.6%)) (table 3). The number
and percentage of treatment-emergent suicidal ideation on the
C-SSRS was also higher with tabalumab (120 Q2W: 7 (3.0%;
p=0.037); 120 Q4W: 12 (5.3%; p=0.001); placebo: 1 (0.4%0)).
All but two patients recovered (no report of suicidal ideation at
subsequent visit): one patient (placebo) discontinued due to an
SAE of butterfly rash and reported an adverse event of suicidal
ideation that resolved, and one patient (Q4W) discontinued due
to lack of efficacy and no additional follow-up data are avail-
able. No important differences in laboratory abnormalities
across treatment groups were noted. The frequency of
treatment-emergent antidrug antibodies was low, and no neutra-
lising antidrug antibodies were identified (table 3).

DISCUSSION

In this randomised, placebo-controlled trial of 1124 patients
with active SLE, those receiving 120 Q2W tabalumab met the
primary endpoint, SRI-5 (38.4% vs 27.7% (placebo),
p=0.002). A dose-response was suggested by fewer patients

meeting this endpoint when treated Q4W (34.8%, p=0.051 vs
placebo). At baseline, tabalumab or placebo was added to a
variety of SoC therapies, the impact of which on BAFF signals
is unknown. Furthermore, major adjustments (including
increases) in corticosteroid dose were allowed in the first
24 weeks, which may have affected BAFF levels.® Similar to
other trials allowing significant background medications, a high
placebo response rate was expected. Whether forced steroid
tapering or withdrawal of background treatments would
increase tabalumab treatment effect remains unknown.®

Analyses of three secondary endpoints were multiplicity con-
trolled: time-to-first severe SLE flare, corticosteroid sparing and
the change from baseline in fatigue. Tabalumab did not meet
these three endpoints, although active treatment had better out-
comes than placebo on some measures. For example, the cor-
ticosteroid sparing endpoint was achieved by 13.9% in placebo
group versus 22.5% in 120 Q2W (p=0.051) and 17.5% in 120
Q4W (p=0.342) groups. Steroid tapering was not mandated in
improved patients. Since no other rescue was allowed after
6 months, incentive to reduce steroids was likely decreased, lim-
iting insight into the potential of tabalumab to spare corticoster-
oids. Other secondary endpoints did show statistically
significant differences between groups. More patients in the
tabalumab group had improved SLEDAI-2K, SELENA-SLEDAI
and PGA scores compared to placebo (table 2).

Tabalumab had significant impact on its intended immunological
target with decreases in mean total B cells, immunoglobulins and
anti-dsDNA antibodies. However, given the heterogeneity of SLE,
the optimal dose remains unknown either for the cross-section of
international patients who were studied or for individual patients.
Clinical observations from this trial and from the ILLUMINATE-1
study (Ann Rheum Dis, submitted March 2015) suggest that differ-
ent dosing strategies might be helpful for different patients, under-
scoring the importance of further responder analyses and
pharmacodynamic assessments of BAFF inhibitors.
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Figure 3 Measures of biological activity. (A) Mean change in anti-dsDNA over the 52-week treatment period. (B) Mean change in total B cells
over the 52-week treatment period. (C—E) Mean change in serum IgG, IgM and IgA, respectively, over the 52-week treatment period. *p<0.05
versus placebo; **p<0.001 versus placebo. dsDNA, double-stranded DNA; Q2W, every 2 weeks; Q4W, every 4 weeks.

When the analysis was restricted to patients with baseline
anti-dsDNA antibodies and low complement, the response rates
increased slightly in patients treated with tabalumab and fell
with placebo, increasing the treatment effect size. Anti-dsDNA
antibodies and low complement are associated with higher
BAFF signalling and could help define those more likely to
respond to treatment with BAFF inhibitors; this is also a known
subpopulation with more severe disease.'®™! In this study,
BAFF concentrations were increased by tabalumab, but the assay
could not distinguish between unbound (presumably bioactive)
BAFF molecules and complexes between BAFF and tabalumab.

The SRI-5 endpoint creates a high bar for efficacy by incorp-
orating a stringent definition for improvement (SLEDAI S-point
drop) with sensitive endpoints to ensure lack of worsening in
any organ (BILAG and PGA). The SLEDAI alone slightly
increases discrimination between treatment and placebo
(table 2) but is a less-rigorous determinant of efficacy. Figure 2
compares response rates using the SRI-4 (a less-stringent defin-
ition of response than the primary endpoint) and the SRI-5

through SRI-10 (serially raising the bar for response). These
restrictive endpoints produced lower response rates overall, but
differences between tabalumab and placebo increased in those
patients with the highest baseline disease who qualified for the
SRI-9 and SRI-10 analyses. Therefore, despite aggressive
immune suppression and rescue treatments in this trial, placebo
response rates were not as problematic when limiting analysis to
the most severe patients. Similar observations were also made in
post-hoc analyses of belimumab data.” 2°

Another phase III study of tabalumab, ILLUMINATE-1 (Ann
Rheum Dis, submitted March 2015), did not meet the SRI-5
primary endpoint. There are no obvious differences between the
populations in these trials; they were both worldwide trials with
similar baseline medications and subject demographics. However,
ILLUMINATE-1 stipulated that new, increased or decreased SoC
medications would define a patient as non-responsive, whereas
only new or increased medications in the current trial determined
non-response. A major difference between the ILLUMINATE
and phase IIT belimumab studies is that the two belimumab trials
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Table 3 Safety and tolerability

120 Q2w
n (%) n=371
Deaths 1(0.3)*
Serious AEs 46 (12.4)
Discontinued due to an AE 20 (5.4)
TEAEs 305 (82.2)
AEs possibly related to study drug 153 (41.2)
Selected TEAEs
Pregnancies 3(0.8)
Infections 213 (57.4)
Serious 16 (4.3)
Severe 14 (3.8)
Adjudicated MACE 1(0.3)
Malignancies 0
Injection-site reactions 35 (9.4)
Allergic/hypersensitivity reactions
Anaphylaxis 0
Non-anaphylaxis hypersensitivity 9 (2.4)**
Depression and suicide-related events
Depression 15 (4.0)
Suicide attempts 1(0.3)
C-SSRS§§
Suicidal ideation 7 (3.0)99
Suicidal behaviour 2 (0.9)
Change in QIDS-SR1 Total score, mean+SD —1.7+4.8
Immunogenicity
TE persistent or transient ADA 3(0.8)
Positive neutralising ADA 0

120 Q4W Placebo
n=374 n=376

2 (0.5)t 3(0.8)%
60 (16.0) 71 (18.9)
18 (4.8) 27 (1.2)
308 (82.4) 303 (80.6)
152 (40.6) 136 (36.2)
2 (0.5) 4(1.1)
216 (57.8) 212 (56.4)
22 (5.9) 25 (6.6)
16 (4.3) 19 (5.1)
5(1.3) 6 (1.6)

4 (1.8 2 (0.5
28 (1.5) 19 (5.1)

0 0

11 2.9)tt 4 (1.1)4
17 (4.5) 3(0.8)

2 (0.5) 0

12 (5.3)11 1(04)
3(1.3) 1(0.4)
—1.2++4.2 —1.0++4.5
4(1.1) 7(1.0)

0 1(14.3)

Data are n (%) unless indicated otherwise.

*Traffic accident.

tSeptic shock, metastatic squamous cell carcinoma of the vagina.
tBrain oedema, cardiopulmonary failure, cardiac failure.

§Lung adenocarcinoma, mycosis fungoides, papillary thyroid cancer, squamous cell carcinoma of the vagina.

9fIBasal cell carcinoma, breast cancer.

**Allergic dermatitis (2), severe allergic dermatitis (1), rash (2), injection-site rash (1), dermatitis psoriasiform (1), hypersensitivity (1), injection-site hypersensitivity (1).
ttAllergic dermatitis (2), rash (2), drug hypersensitivity (3), injection-site rash (1), angioedema (1), macular rash (1), urticarial (1).

+$Swelling face (1), lip oedema (1), rash (1), allergic dermatitis (1).
§§Number of patients with at least one post-baseline assessment.

9p<0.05, p value calculated using Fisher's exact to test for a difference between each tabalumab group and placebo.
ADA, anti-drug antibody; AE, adverse event; C-SSRS, Columbia-Suicide Severity Rating Scale; MACE, major adverse cardiovascular events; Q2W, every 2 weeks; Q4W, every 4 weeks;
QIDS-SR46, Quick Inventory of Depressive Symptomatology (16-Item); TE, treatment-emergent; TEAE, treatment-emergent adverse event.

were conducted in entirely separated areas of the world.” ® When
the ILLUMINATE-2 definition of response is used, and when the
SRI-4 outcome used in the belimumab trials is examined (see
figure 2), differences between the ILLUMINATE and belimumab
outcomes are diminished.

The overall safety of tabalumab was similar to the placebo
group. Although depression and suicidal ideation were rare, they
were more common in patients treated with tabalumab. There
was also a numerical increase in depression in one phase III beli-
mumab study.” BAFF is expressed in the central nervous system
(CNS) of patients with multiple sclerosis (MS) and neuromyelitis
optica (an MS spectrum disease with strong immunological
overlap with SLE),?! 22 has been reported in the CNS of patients
with SLE and is more enhanced in those with neuropsychiatric
involvement.”> Anxious behaviour has also been reported in an
autoimmune BAFF transgenic murine model.”* Since BAFF sup-
ports in vitro neural cell survival, a drop in BAFF signalling
could alter neural function and change mental state.”> Although
there does not appear to be a high risk of suicide in patients with

SLE taking BAFF inhibitors, it seems reasonable to follow
patients closely for symptoms of depression.

This double-blind, placebo-controlled trial of tabalumab met
its primary endpoint while demonstrating pharmacodynamic
evidence of BAFF pathway blockade. Although multiplicity-
controlled secondary endpoints were not met, a number of
other clinical and immunological endpoints provide justification
for further study of this pathway.
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Correction notice This article has been corrected since it was published Online
First. Figure 2 has been corrected.
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