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Abstract

Objectives. To characterize the relationship of anifrolumab pharmacokinetics with efficacy and safety in patients
with moderate to severe SLE despite standard therapy, using pooled data from two phase 3 trials.

Methods. TULIP-1 and TULIP-2 were randomized, placebo-controlled, 52-week trials of intravenous anifrolumab
(every 4weeks for 48 weeks). For the exposure-response analysis, BILAG-based Composite Lupus Assessment
(BICLA) or SLE Responder Index [SRI(4)] response rates at week 52 in each quartile/tertile of average anifrolumab
serum concentration (C,..) were compared for anifrolumab and placebo in all-comers, patients who completed
treatment, and IFN gene signature (IFNGS)-high patients who completed treatment, using average marginal effect
logistic regression. Relationships between exposure and key safety events were assessed graphically.

Results. Of patients in TULIP-1/TULIP-2 who received anifrolumab (150mg, n=91; 300mg, n=2356) or placebo
(n=366), 574 completed treatment, of whom 470 were IFNGS high. In the exposure—efficacy analyses, BICLA and
SRI(4) treatment differences favouring anifrolumab 300mg vs placebo were observed across C,. subgroups and
all analysis populations. Logistic regression identified C,,. as a significant covariate for predicted BICLA response,
as higher anifrolumab C,,. predicted greater efficacy. There was no evidence of exposure-driven incidence of key
safety events through week 52 in patients receiving anifrolumab 150 or 300 mg.

Conclusion. While higher C,,. predicted greater efficacy, consistent positive benefit favouring anifrolumab 300 mg
vs placebo was observed in BICLA and SRI(4) responses across C,e subgroups in the TULIP trials. There was no
evidence of exposure-driven safety events.

ClinicalTrial.gov numbers. NCT02446912, NCT02446899
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Rheumatology key messages

o BILAG-based Composite Lupus Assessment (BICLA) response rates favouring anifrolumab were observed
across subgroups of average anifrolumab serum concentration (Caye)-

o Higher C,, predicted higher BICLA response rates in patients with SLE who completed treatment.

o The incidence of key safety events associated with anifrolumab (150/300 mg) was not exposure driven.
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(IFNAR), are frequently detected in patients with SLE [4,
5]. This dysregulated signalling can culminate in a type |
IFN gene signature (IFNGS), which is present in up to
80% of patients with SLE [4, 5] and often correlates with
lupus disease activity [1, 6, 7].

Anifrolumab is a human, immunoglobulin G1x mono-
clonal antibody that binds to IFNAR subunit 1 (IFNAR1)
with high specificity and affinity [2, 3]. Following anifrolu-
mab binding to IFNAR1, functional IFNAR complex as-
sembly is sterically inhibited and the antibody-receptor
complex becomes rapidly internalized, preventing type |
IFN-mediated signalling [3]. Anifrolumab has been
studied in the phase 3 TULIP-1 and TULIP-2 trials [8, 9],
and the phase 2b MUSE trial [10] in patients with mod-
erate to severe SLE, where it was associated with higher
response rates over placebo for multiple efficacy end-
points [8-11].

BILAG-based Composite Lupus Assessment (BICLA)
response at week 52 was the primary end point in
TULIP-2 and a secondary end point in TULIP-1 and
MUSE [8-10]. Positive BICLA treatment differences
favouring anifrolumab were observed across all three
studies [8-10]. Anifrolumab also suggested treatment
benefit in TULIP-2 and MUSE when measured by the
SLE Responder Index [SRI(4); secondary and primary
endpoints, respectively] [9, 10], although TULIP-1 did
not meet its SRI(4) primary endpoint. The efficacy of ani-
frolumab was comparable in IFNGS-high patients
(~80% of the trial populations) and in overall patients
[8-10]. Anifrolumab had a favourable tolerability profile
in the 1-year studies [8-10] and in the 3-year MUSE
long-term extension trial.

Assessing the relationship between drug exposure
(pharmacokinetics, PK) with efficacy and safety is inte-
gral to the drug development process and for regulatory
decision making [12, 13]. Clinical pharmacokinetic stud-
ies examine properties such as the absorption, distribu-
tion, metabolism and excretion of a drug, which in turn
inform the design and conduct of clinical trials. The PK
properties of a drug govern the magnitude and time
course of its effect, helping to inform dose, dosing inter-
val and dosage form of a drug [13]. The results of clinic-
al pharmacokinetic studies are also useful for identifying
dosage adjustments required for patient subpopulations,
for example in patients with severe disease or those tak-
ing additional medications [13].

Results from PK, efficacy and safety analyses of the
MUSE trial identified i.v. anifrolumab 300mg every
4 weeks (Q4W) as the optimal dosage for TULIP-1 and
TULIP-2 [10, 14]. IFNGS status and body weight were
identified as significant covariates of anifrolumab PK, as
these two variables significantly affected the clearance
of anifrolumab; IFNGS-high patients and patients with
high body weight had greater anifrolumab clearance,
which led to lower anifrolumab exposure [14, 15].
However, there was no impact on efficacy that required
dose adjustments [14, 15]. Anifrolumab exhibited non-
linear PK, as anifrolumab exposure increased more than
dose-proportionally from 100 mg to 1000 mg [14, 15].

https://academic.oup.com/rheumatology

Here, we used data from pooled TULIP-1 and
TULIP-2 trials in patients with moderate to severe SLE
[8, 9] to characterize the exposure-efficacy relationship
of anifrolumab PK with BICLA and SRI(4) composite
endpoints, and assessed the exposure-safety relation-
ship of anifrolumab to help inform appropriate anifrolu-
mab dosages for use in ongoing clinical studies and in
clinical practice.

Methods

Patients and trial designs

TULIP-1 (NCT02446912) and TULIP-2 (NCT02446899)
were phase 3, randomized, double-blind, placebo-con-
trolled 52-week trials in patients with moderate to severe
SLE despite standard therapy [8, 9]. The study design
and methods have been described in detail previously
[8, 9]. In brief, all patients were between the ages of 18
and 70years and met the ACR criteria for SLE [16].
Patients with active severe lupus nephritis or neuro-
psychiatric SLE were excluded.

Patients were randomized to receive anifrolumab
150mg (TULIP-1 only) [8], anifrolumab 300mg (TULIP-1
and TULIP-2) [8, 9], or placebo i.v. Q4W for 48 weeks,
alongside standard therapy. Randomization was stratified
according to SLE Disease Activity Index 2000 (SLEDAI-
2K) score at screening, baseline glucocorticoid dosage
and IFNGS status at screening, determined as previously
described using an analytically validated four-gene quan-
titative polymerase chain reaction test [10, 17].
Glucocorticoid taper attempt to <7.5mg/day (prednisone
or equivalent) between weeks 8 and 40 was allowed in
all patients and was mandatory for patients receiving
>10mg/day at baseline. Stable glucocorticoid doses
were required from weeks 40-52. All studies were con-
ducted in accordance with the Declaration of Helsinki
and the International Conference on Harmonization Good
Clinical Practice Guidelines and were approved by the
ethics committee or institutional review board at each
centre (listed in Supplementary Data S1, available at
Rheumatology online). All patients provided written
informed consent.

Both studies utilized the composite endpoints BICLA
and SRI(4) to measure treatment response at week 52
[8, 9]. BICLA response was defined as all of the follow-
ing: reduction of all baseline BILAG-2004 A and B do-
main scores to B/C/D and C/D, respectively, and no
worsening in other BILAG-2004 organ systems; no in-
crease in SLEDAI-2K score (from baseline); no increase
in Physician’s Global Assessment (PGA) score (>0.3
points from baseline); no study treatment discontinu-
ation; and no use of restricted medications beyond
protocol-allowed thresholds [18]. SRI(4) response was
defined as >4-point reduction in SLEDAI-2K, <1 new
BILAG-2004 A or <2 new BILAG-2004 B organ domain
scores, <0.3-point increase in PGA score from baseline,
no study treatment discontinuation and no use of
restricted  medications beyond  protocol-allowed
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thresholds [10]. Patients who discontinued treatment
were considered non-responders for BICLA and SRI(4).
Safety and tolerability of anifrolumab were assessed by
monitoring adverse events (AEs).

Observed anifrolumab serum concentrations

Anifrolumab concentrations in serum were determined
using a validated electrochemiluminescence assay on
the Meso Scale Discovery platform (Meso Scale
Diagnostics, Rockville, MD, USA), as described previ-
ously [15]. The lower limit of quantification was 20 ng/ml.

Exposure—efficacy and exposure-safety analyses

The dataset used for exposure-response and exposure—
safety analyses consisted of all patients from the pla-
cebo group, while anifrolumab treatment arms were lim-
ited to patients who were randomized to receive
anifrolumab that were included in population PK ana-
lysis, as described previously [15]. The analysis was per-
formed using SAS version 9.4 (SAS Institute Inc., Cary,
NC, USA), R 3.6.3 (R Foundation for Statistical
Computing, Vienna, Austria), and S plus 8.2 (TIBICO
Software Inc., Palo Alto, CA, USA).

The PK exposure metric, average serum concentration
(Cave, defined as the individual predicted anifrolumab con-
centration over the treatment duration) was estimated
using non-linear mixed-effect modelling methodology in the
software NONMEM (version 7.3 or higher, ICON
Development Solutions, Ellicott City, MD, USA, 2006), as
described previously [14, 15]; details are provided in
Supplementary Data S1, available at Rheumnatology online.

Graphical analysis of BICLA and SRI(4) response rates
at week 52, stratified by the model-predicted C,., was
generated for all patients (referred to as ‘all-comers’),
patients who completed treatment and IFNGS-high
patients who completed treatment. The proportions of
patients with BICLA/SRI(4) responses at week 52 (and
corresponding 95% Cls) in each quartile/tertile of C,e (as
appropriate based on sample size) were compared for
the anifrolumab 300mg and placebo groups using aver-
age marginal effect (AME) logistic regression. Details and
equations for logistic modelling using the AME approach
are presented in Supplementary Data S1, available at
Rheumatology online. In brief, the AME model was used
to estimate the BICLA/SRI(4) response rate, treatment dif-
ferences and Cls by predicting the response rate for
every patient in the study as if they had received anifrolu-
mab or placebo and adjusting for baseline covariates
(demographics and clinical characteristics) and stratifica-
tion factors. A separate logistic regression was also per-
formed to quantify the exposure-response relationship,
evaluating C,e as a continuous variable, details of which
are found in Supplementary Data S1, available at
Rheumatology online.

The relationships between exposure and incidence of
key safety events were assessed graphically. For evalu-
ation of herpes zoster (HZ), non-opportunistic serious
infections and malignancy, the relationship between AE
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incidence and individual C,. quartiles was assessed
(details provided in Supplementary Data S1, available at
Rheumatology online). For assessment of infusion-
related reactions (IRRs), hypersensitivity and anaphyl-
axis, the relationships between AE rates and quartiles of
maximum serum concentration (Cnax) directly before
onset of the AE were assessed graphically.

Results
Patients

In the full pooled TULIP dataset (N=2819), patient demo-
graphics and SLE disease characteristics at baseline
were generally balanced across treatment groups,
including SLEDAI-2K scores, glucocorticoid use, IFNGS
status and seropositivity for anti-double-stranded DNA
(anti-dsDNA) antibodies (Supplementary Table S1, avail-
able at Rheumatology online). Of these 819 patients, six
patients from TULIP-1 were excluded from the expos-
ure-response analysis dataset due to having only one
post-dose PK sample (two patients from the anifrolumab
150mg group, four patients from the anifrolumab
300 mg group).

As such, the exposure-response analysis dataset
consisted of 813 patients (all-comers); 91 patients who
received anifrolumab 150mg (TULIP-1 only), 356
patients who received anifrolumab 300mg (TULIP-1,
n=176; TULIP-2, n=180) and 366 who received
placebo  (TULIP-1, n=184; TULIP-2, n=182)
(Supplementary Table S2, available at Rheumatology
online). In the exposure-response dataset, 82.4% of
patients were IFNGS high.

Anifrolumab exposure

The model-predicted median anifrolumab C,, over the
treatment period is presented by individual study treat-
ment groups for all-comers (Supplementary Fig. S1A,
available at Rheumatology online) and patients who
completed treatment (Supplementary Fig. S1B, available
at Rheumatology online). C,. for patients receiving ani-
frolumab 300 mg was consistent between TULIP-1 and
TULIP-2.

Patients were first stratified by PK subgroups (Caye
quartiles/tertiles) in the individual TULIP-1 and TULIP-2
trials to compare individual study data and inform if ex-
posure-response analyses could be pooled. PK quar-
tiles/tertiles were calculated based on patients who
completed treatment. C,,. quartiles were generally simi-
lar in TULIP-1 and TULIP-2 (Supplementary Table S3,
available at Rheumatology online).

Baseline patient characteristics across C,we quartiles
were generally comparable between the individual
TULIP studies, except for numeric differences in gluco-
corticoid usage, SLEDAI-2K scores and body weight in
the lowest quartile (Supplementary Fig. S2, available at
Rheumatology online). In TULIP-1 and TULIP-2, patients
with the lowest C,, had greater baseline glucocorticoid
dosages, higher body weight, elevated IFNGS and anti-

https://academic.oup.com/rheumatology
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TasLe 1 Number of all-comers and patients who completed treatment by median and quartile anifrolumab C,,e

Number of patients

TULIP-1 TULIP-2 Pooled TULIP
All- Patients All- Patients All- Patients
comers completed comers completed comers completed
Treatment Category treatment treatment treatment
Anifrolumab 150 mg Q4W Missing - 2 0 NA NA 2 0
< median <11.5 46 38 NA NA 46 38
> median >11.5 45 37 NA NA 45 37
All - 91 75 NA NA 91 75
Anifrolumab 300 mg Q4W Missing - 4 0 0 0 4 0
Q1 <27.6 50 40 50 35 100 75
Q2 >27.6to <39.2 48 32 50 42 98 74
Q3 >39.2 to <49.8 51 47 30 27 81 74
Q4 >49.8 27 26 50 49 77 75
All - 176 145 180 153 356 298
Placebo - - 184 146 182 130 366 276
Total - - 451 365 362 283 813 648

Data were from the individual and pooled exposure-response analysis set. Quartiles for average PK concentrations are
based on patients in pooled data from TULIP-1 and TULIP-2 trials who completed treatment; PK was stratified by quar-
tiles/tertiles based on sample size; median/tertile/quartile cutoffs used in the analyses of individual studies differ. Cgye:
average anifrolumab concentrations up to the first incidence of serious infection or end of treatment; NA: not applicable;

PK: pharmacokinetic; Q: quartile; Q4W: every 4 weeks.

dsDNA antibody levels, and had higher early discontinu-
ation rates and use of restricted medications than
patients with the highest C,u. Similarly, in TULIP-2,
patients with lower C,, had higher SLEDAI-2K scores
than those with higher C,ye.

As C,ve Was generally similar in TULIP-1 and TULIP-2,
Cave medians and quartiles for the anifrolumab 150 mg
and 300mg groups, respectively, were calculated for
pooled TULIP data based on patients who completed
treatment (Supplementary Table S3, available at
Rheumatology online), and samples sizes were equally
distributed to derive the PK subgroups used for the ex-
posure-response analyses (Table 1).

In the pooled exposure-response analysis dataset, the
model-predicted median C,, for anifrolumab 300mg
increased over time from week 4 to week 44, with stable
Cave (overlapping interquartile ranges with subsequent vis-
its) reached after >3 doses by week 12 (Supplementary
Fig. S3, available at Rheumatology online). Patients who
discontinued after <3 doses (7.8% in TULIP-1, 3.3% in
TULIP-2) tended to have lower C,e. In the anifrolumab
300mg group, C,e was numerically lower in all-comers
compared with patients who completed treatment
(Supplementary Fig. S1, available at Rheumatology online),
owing to this impact of early discontinuation on anifrolu-
mab serum levels (Supplementary Fig. S3, available at
Rheumatology online).

Exposure-response analysis

The exposure-response relationship of BICLA and
SRI(4) was performed in (1) all-comers, and to remove

https://academic.oup.com/rheumatology

confounding effects of discontinuation on Cg,.e, (2) all
patients who completed treatment, and (3) IFNGS-high
patients who completed treatment.

Exposure-BICLA analysis

In the exposure—efficacy analysis of BICLA response at
week 52 in the pooled exposure-response analysis
dataset, positive treatment differences favouring anifro-
lumab 300mg over placebo were consistently observed
across C,ye subgroups (Fig. 1). The positive exposure—
response relationship among all-comers was con-
founded by discontinuations, as patients who discontin-
ued early had lower C,. than those who completed
treatment. Exclusion of patients who discontinued treat-
ment revealed smaller differences across C,. Ssub-
groups than in all-comers.

Additional logistic regression analyses in all patients
and IFNGS-high patients who completed treatment were
performed to evaluate the correlation between C,,c as a
continuous variable and BICLA response (Fig. 2;
Supplementary Table S4, available at Rheumatology on-
line). In the absence of discontinuation, there was still a
significant positive correlation between C,,. and pre-
dicted BICLA response rate at week 52. Among all
patients who completed treatment, baseline SLEDAI-2K
score >10 was a significant covariate of lower predicted
BICLA response rates. In the anifrolumab 150 mg group,
there was variability in the probability of a BICLA re-
sponse across the C,.e range (as this resided in the
suboptimal region of the exposure-response curve). In
contrast, the anifrolumab 300 mg group resided in the
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Fic. 1 BICLA response at week 52 by analysis of populations in TULIP-1 and TULIP-2

Anifrolumab 300 mg Difference
BICLA at Week 52 Group n/N (response rate) (95% CI)
All-comers Q1 40/100 (40.2%) I @ | 9.6 (-1, 20.3)
Q2 44/98 (44.0%) I @ | 13.4 (2.6, 24.2)
Q3 43/81 (53.1%) I O | 22.5(10.7, 34.3)
Q4 44/77 (58.0%) I @ | 27.4(15.4,39.4)
Placebo 112/366 (30.6%)
All patients who Q1 40/75 (53.7%) | @ { 12.7 (0.1, 25.2)
completed treatment Q2 44/74 (56.5%) : ® | 155 (2.7, 28.3)
Q3 43/74 (58.2%) I @ i 17.2 (4.7, 29.8)
Q4 44175 (59.7%) I @ | 18.7 (6.2, 31.2)
Placebo 112/276 (41.0%)
IFNGS-high patients G1 44/81 (54.4%) F @ ! 15.4 (3, 27.8)
who completed treatment 46/81 (65.7%) [ ® | 15.4 (2.8, 27.9)
G3 52/81 (65.7%) I @ | 26.7(14.7,38.7)
Placebo 88/227 (39.0%)
-10 0 10 20 30 40

Favours Placebo

Favours Anifrolumab

Data were from the pooled exposure-response analysis set. Response rates and treatment difference for BICLA were
calculated using the AME approach based on logistic regression models by treating quartile/median groups along
with placebo group as one covariate, and stratification factors by SLEDAI-2K score at screening (<10 points vs >10
points), day 1 glucocorticoid dose (<10mg/day vs >10mg/day prednisone or equivalent), and type | IFNGS at
screening (high vs low), whenever applicable. Tertiles (ug/ml) were defined as: G1 <31.2, G2 >31.2 to <43.8 and G3
>43.8; quartiles (ug/ml) were defined as: Q1 <27.6, Q2 >27.6 to <39.2, Q3 >39.2 to <49.8 and Q4 >49.8. AME:
average marginal effect; BICLA: BILAG-based Composite Lupus Assessment; G: tertile; IFNGS: type | IFN gene sig-
nature; n: number of patients; N: number of patients in group; Q: quartile; SLEDAI-2K: SLE Disease Activity Index

2000.

optimal region of the exposure-response curve, where
there was less variability in the probability of a BICLA re-
sponse according to C,ye, and the impact of PK variabil-
ity on efficacy was minimized. The anifrolumab 1000 mg
dose (the highest dose assessed in SLE trials to date
[10]) was projected to provide incremental benefit.

In the individual TULIP trials, positive treatment differ-
ences favouring anifrolumab 300mg over placebo were
observed for BICLA response at week 52 across Cgye
subgroups and analysis populations (Supplementary Fig.
S4, available at Rheumatology online).

Exposure-SRI(4) analysis

TULIP-1 did not meet its primary endpoint of positive
SRI(4) treatment differences for anifrolumab vs placebo
[8] and exposure-SRI(4) response analysis was limited
to pooled TULIP data.

In the exposure—efficacy analysis of SRI(4) response
at week 52, positive treatment differences favouring ani-
frolumab 300mg over placebo were observed across
Cave Subgroups and analysis populations (Fig. 3). Lower

1904

Cave Was associated with greater variability compared
with higher C,ye.

Logistic regression identified that higher C,e signifi-
cantly correlated with higher predicted SRI(4) response
rates in all patients who completed treatment and
IFNGS-high patients who completed treatment (Fig. 4;
Supplementary Table S4, available at Rheumatology on-
line). Baseline SLEDAI-2K score >10 was a significant
covariate of higher SRI(4) response rates. Consistent
with predicted BICLA response, the 150mg group
resided on the suboptimal region of the SRI(4) expos-
ure-response curve, while the highest dose (1000 mg)
was projected to provide incremental benefit.

Exposure-safety analysis

The exposure-safety analyses (Fig. 5) were also con-
ducted in the exposure-response analysis dataset. Of
the six TULIP-1 patients excluded from this dataset, one
(anifrolumab 150mg) experienced hypersensitivity and
anaphylaxis, one (anifrolumab 300 mg) experienced non-
opportunistic serious infection and one (anifrolumab
300 mg) had a diagnosis of malignancy.

https://academic.oup.com/rheumatology
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Fic. 2 Predicted BICLA response at week 52 in all patients and IFNGS-high patients who completed treatment

A Al Patients
© Obs 150 mg (n=75) — Predicted (Baseline SLEDAI 210) 95% CI (Baseline SLEDAI 210)
4 Obs 300 mg (n=298) Predicted (Baseline SLEDAI <10) 95% CI (Baseline SLEDAI <10)
10 A CIMEDCDASMEACIIC AR XA A A A

(0]

2 300 mg 1000 mg

g 0.8+
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o

< 06+ R

o L e L

m y

5 04d P
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2 02
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0 20 40 60 80 100 120 140 160 180 200 220
Anifrolumab C_ _ over 52 weeks (ug/ml)
B IFNGS-high Patients
© Obs 150 mg (n=62) — Predicted
A Obs 300 mg (n=243) 95% Cl
1.0+ MOAN A A A
300 mg 1000 mg

0.8 1

0.6 1 //%

0.4 /

0.2+

Probability of BICLA response

0.0 BN DDA INANI SXOONIIN AN A
T

0 20 40 60 80

100 120 140 160 180 200 220

Anifrolumab C_ _ over 52 weeks (ug/ml)

Data were from the pooled exposure-response analysis set. Two hundred and twenty-seven IFNGS-high patients
receiving placebo were included in the model but are not shown; C,,e was set to 0 ug/ml. (A) All patients; (B) IFNGS-
high patients. BICLA: BILAG-based Composite Lupus Assessment; C,.: average serum concentration; IFNGS: type |
IFN gene signature; n: number of patients; Obs: observed; SLEDAI-2K: SLE Disease Activity Index 2000.

Herpes zoster

There was a numerically higher incidence of HZ in
patients who received anifrolumab 300mg compared
with placebo (6.4% vs 1.4%), but there was no evidence
that higher C,,. was associated with higher HZ inci-
dence (Fig. 5A). Although HZ incidence was dose-
related in MUSE [10, 19], there was no observed posi-
tive association between HZ incidence and C,,. with
anifrolumab 300mg in TULIP-1 and TULIP-2 (Fig. 5A).
The incidence of HZ in the anifrolumab 150 mg group
was comparable to the 300mg group (5.4% vs 6.4%),
further supporting the lack of association between HZ
incidence and anifrolumab exposure. Furthermore, there
was no evidence that pharmacodynamic (PD) suppres-
sion was driving HZ incidence (Supplementary Fig. S5,
available at Rheumatology online).

https://academic.oup.com/rheumatology

Non-opportunistic serious infections

The incidence of non-opportunistic serious infections
was low and comparable between the anifrolumab
150mg, 300mg and placebo groups (2.2% vs 3.9% vs
4.9%, respectively); there was no evidence that inci-
dence was exposure related (Fig. 5B).

Infusion-related reactions, hypersensitivity reactions
and anaphylaxis

The incidence of IRRs was numerically higher in the anifro-
lumab 300mg group vs placebo group (11.4% vs 7.4%)
(Fig. 5C), but there was no evidence that higher C,.x was
associated with higher IRR incidence. Incidence was simi-
lar between the anifrolumab 150 mg and 300 mg groups.
There was a higher incidence of hypersensitivity reac-
tions in the anifrolumab 300 mg vs placebo group (3.6%
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Fic. 3 SRI(4) response at week 52 by analysis populations in TULIP-1 and TULIP-2

Anifrolumab 300 mg Difference
SRI(4) at Week 52 Group n/N (response rate) (95% ClI)
All-comers Q1 46/100 (45.2%) O | 5.1(-5.8, 16)
Q2 45/98 (45.8%) O | 5.7 (-5.3, 16.8)
Q3 46/81 (56.7%) I O | 16.6 (4.7, 28.5)
Q4 51/77 (67.9%) I @ | 27.8(16.2,39.4)
Placebo 147/366 (40.1%)
All patients who Q1 46/75 (60.1%) O i 6.6 (-6, 19.1)
completed treatment Q2 45/74 (59.5%) ® | 6 (6.7, 18.7)
Q3 46/74 (61.8%) O | 8.3 (—4.1, 20.8)
Q4 51/75 (69.9%) f O | 16.4 (4.4, 28.3)
Placebo 147/276 (53.5%)
IFNGS-high patients G1 49/81 (60.3%) @ i 8.2 (—4.2, 20.6)
who completed treatment G2 52/81 (63.0%) [ ® | 10.8 (~1.6, 23.2)
G3 59/81 (73.7%) F @ { 21.5 (10, 33.1)
Placebo 118/227 (52.1%)
-10 0 10 20 30 40

Favours Placebo

Favours Anifrolumab

Data were from the pooled exposure-response analysis set. Response rates and treatment difference for SRI(4) were
calculated using the AME approach based on logistic regression models by treating quartile/median groups along
with placebo group as one covariate, and stratification factors by SLEDAI-2K score at screening (<10 points vs >10
points), day 1 oral glucocorticoid dose (<10 mg/day vs >10mg/day prednisone or equivalent) and type | IFNGS at
screening (high vs low), whenever applicable. Tertiles (ug/ml) were defined as: G1 <31.2, G2 >31.2 to <43.8 and G3
>43.8; quartiles (ug/ml) were defined as: Q1 <27.6, Q2 >27.6 to <39.2, Q3 >39.2 to <49.8 and Q4 >49.8. AME:
average marginal effect; G: tertile; IFNGS: type | IFN gene signature; n: number of patients; N: number of patients in
group; Q: quartile; SLEDAI-2K: SLE Disease Activity Index 2000; SRI(4): SLE Responder Index of >4.

vs 0.8%), with no evidence that incidence was exposure
related (Fig. 5D).

Finally, there was one case of anaphylaxis in TULIP-1
in an IFNGS-high patient who was excluded from the
exposure-response analysis set. This patient experi-
enced anaphylaxis on day 34 after receiving two doses
of anifrolumab; C,, post-dose on day 1 (37.7 ug/ml)
was lower than the observed median (52.4 pg/ml), and
therefore this was unlikely to be exposure related.

Malignancy

There were low rates of malignancy (~1%) across treat-
ment groups through week 52, and there was no evi-
dence of exposure-driven malignancy.

Discussion

Here, we characterized the relationship between anifro-
lumab serum concentrations (C,ye) and anifrolumab effi-
cacy and safety using data from the phase 3 TULIP-1
and TULIP-2 trials in patients with moderate to severe
SLE [8, 9]. Overall, anifrolumab 300 mg was associated
with consistently positive treatment differences over
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placebo for the primary composite endpoints, BICLA
and SRI(4), across all patient subgroups defined by their
serum anifrolumab concentration. No association be-
tween anifrolumab exposure and safety was identified.
Although there was a higher incidence of HZ and IRRs
in patients treated with anifrolumab vs placebo, there
was no evidence that this was exposure driven.

Patients with lower anifrolumab concentrations gener-
ally had characteristics associated with more severe dis-
ease (elevated 4-/21-gene IFNGS and anti-dsDNA
antibody levels, greater SLEDAI-2K scores, and higher
glucocorticoid use). Patients with lower anifrolumab con-
centrations were also more likely to have higher body
weight and be IFNGS-high, which was consistent with
anifrolumab population PK studies where these patient
subgroups had greater clearance [15]. Our results sug-
gest that more severe disease partially contributed to
higher discontinuation rates.

Across all anifrolumab serum concentrations, anifrolu-
mab 300mg was associated with positive efficacy des-
pite serum anifrolumab concentration being a significant
covariate of predicted BICLA and SRI(4) response. This
significant association between exposure and efficacy
was likely driven by the anifrolumab 150mg group,

https://academic.oup.com/rheumatology
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Fic. 4 Predicted SRI(4) response at week 52 in all patients and IFNGS-high patients who completed treatment

A Al Patients
0 Obs 150 mg (n=75) — Predicted (Baseline SLEDAI 210) 95% CI (Baseline SLEDAI 210)
4 Obs 300 mg (n=298) Predicted (Baseline SLEDAI <10) 95% CI (Baseline SLEDAI <10)
1.0 T LOMAIN A A A A
(0]
j 300 mg 1000 mg
g 0.8+
2 150 mg
s osd AT
r  f---L e ) SO S
%)
5 0.44
=
S 02
o)
Q
o 00— NN DRI SOOI 00 AN A A
T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220
Anifrolumab C_ _ over 52 weeks (ug/ml)
B IFNGS-high Patients
0 0Obs 150 mg (n=62)  — Predicted
A Obs 300 mg (n=243) 95% ClI
1.0 7 L MONB AN A
[0]
2 300 mg 1000 mg
2 087 45
@ mg
o ——
< 0.6 Ve
r  ---Lc ] sl
»n
5 0.44
=
2 02
Q
Q
o 0.0 4 BTN\ TN AN BRI SN A A
T T T T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180 200 220

Anifrolumab C_ _ over 52 weeks (ug/ml)

Data were from the pooled exposure-response analysis set. Two hundred and seventy-six placebo patients (A) and
227 IFNGS-high placebo patients (B) from pooled TULIP trials who completed the treatment were included in the
model but are not shown; C,,. was set to 0 ug/ml. C,e: average serum concentration; IFNGS: type | IFN gene signa-
ture; n: number of patients; Obs: observed; SLEDAI-2K: SLE Disease Activity Index 2000; SRI(4): SLE Responder

Index >4.

where predicted response rates increased more rapidly
with increasing serum anifrolumab concentrations. In
contrast, the 300 mg group was optimal to minimize the
impact of PK variability on efficacy.

SLEDAI-2K score of >10, an indicator of more severe
disease, was predicted to have a significant positive ef-
fect on SRI(4) response, but not BICLA response. SRI(4)
response requires resolution of enough baseline mani-
festations to attain a reduction in SLEDAI-2K score of
>4, whereas BICLA response is more stringent and
requires improvement in all baseline manifestations,
possibly making SRI(4) response more likely in patients
with more severe disease. Our modelling was consistent
with previous subgroup analyses, where BICLA re-
sponse rates were concordant regardless of baseline

https://academic.oup.com/rheumatology

SLEDAI-2K score and other demographic/clinical sub-
groups, with numeric differences observed only between
IFNGS-high and IFNGS-low subgroups [20].

The exposure-response relationship was primarily
driven by IFNGS-high patients, who accounted for
82% of the patient population completing treatment.
Nevertheless, IFNGS-low patients still benefit from
anifrolumab treatment despite smaller treatment dif-
ferences, likely owing to consistently higher placebo
response rates compared with IFNGS-high patients
[9, 10].

Overall, the relationship between anifrolumab serum
concentrations and efficacy supports the mechanism of
action of anifrolumab. IFNGS-high patients with high
serum anifrolumab concentrations had higher BICLA
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Fic. 5 Incidence of key adverse events by PK medians/quartiles in all-comers in TULIP-1 and TULIP-2

A Herpes Zoster

HPlacebo (n=366) M 300 mg C, , 226.8—<37.0 ug/mL (n=89)
W150 mg C,,, <11.6 pg/mL (n=46) MW 300 mg C, 237.0-<46.7 ug/mL (n=89)
150 mg C, , 211.6 pg/mL (n=45) 300 mg C__ 246.7 pg/mL (n=89)

ave

W300 mg C, , <26.8 pg/mL (n=89)

100+

X
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C Infusion-related Reactions

W Placebo (n=366) W300 mg C, 298.4-<117.6 pg/mL (n=89)
W150 mg C__ <50.9 pg/mL (n=46) W300 mg C__ 2117.6—-<140.9 pg/mL (n=89)

150 mg C__ 250.9 pg/mL (n=45) 300mg C__ >140.9 pg/mL (n=89)
W300mg C_, <98.4 pg/mL (n=89)
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Incidence of infusion-related
reactions (%)

B Non-opportunistic Serious Infections

HPlacebo (n=366) W 300 mg C, , 226.9-<37.6 ug/mL (n=89)
W150 mg C,, <11.5 pg/mL (n=46) MW300 mg C,  237.6-<46.7 pg/mL (n=89)
150 mg C, , 211.5 pg/mL (n=45) 300 mg C_,_ 246.7 ug/mL (n=89)
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W300 mg C, , <26.9 ug/mL (n=89)

100
Qo
7
-
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58
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5 e 40
3 § 2.2% (2/93) 3.9% (14/360)
88 204
s 4.9% (18/366) 4.3% 0% 3.49% 56% 5 59, 349

ol N i
Placebo 150 mg 300 mg

D Hypersensitivity

W Placebo (n=366) M300mg C_ 298.1-<119.2 ug/mL (n=89)
W150mg C_ <50.9 pg/mL (n=46) M300mg C_ 2119.2-<142.4 pg/mL (n=89)
150 mg C__, 250.9 pug/mL (n=45) 300mg C_ 2142.4 ug/mL (n=89)

W300mg C_, <98.1 pg/mL (n=89)

—~ 1001
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.“ﬁ
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Q

Q

>

£ 40

5 4.3% (4193) 3.6% (13/360)

e 20

o 5.6% 6.7%

e 0.8% (3/366) 4.3% 4.4% i 1.1% 1.1%

= 0 , — [ R
Placebo 150 mg 300 mg

Data were from the pooled exposure—response analysis set. The overall incidence rate included the patients excluded
from the exposure-response analysis set. (A) Herpes zoster; (B) non-opportunisitic serious infections; (C) infusion-
related reactions; (D) hypersensitivity. C,ye: average anifrolumab concentrations up to the first incidence of serious in-
fection or end of treatment; C,ax: latest anifrolumab peak concentrations at the end of infusion prior to first incidence
of infusion-related events or end of treatment; n: number of patients; PK: pharmacokinetic.

and SRI(4) response rates, despite higher clearance of
anifrolumab in this patient subgroup [14]. In a separate
analysis, patients with higher anifrolumab serum con-
centrations also had substantial, sustained PD suppres-
sion of the 21-gene IFNGS in TULIP-1 and TULIP-2 [21],
which in turn was associated with higher efficacy [21,
22], further supporting a relationship between anifrolu-
mab exposure, the extent of 21-gene IFNGS suppres-
sion and efficacy.

We did not identify any evidence of exposure-related
safety events in the phase 3 TULIP trials. Anifrolumab
was associated with a higher incidence of HZ than pla-
cebo; most HZ events during the MUSE, TULIP-1 and
TULIP-2 trials were mild to moderate and resolved with
antiviral treatment [19, 23]. Although HZ incidence was
higher with anifrolumab 1000mg vs 300mg in MUSE
[10], in the current study there was no evidence that HZ
incidence was related to anifrolumab exposure, consist-
ent with the lack of association between HZ incidence
and PD suppression [14]. Furthermore, HZ incidence did
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not differ by IFNGS status [19]. Similarly, there was no
evidence that the incidence of non-opportunistic serious
infections, IRRs, hypersensitivity, anaphylaxis or malig-
nancy through week 52 was related to anifrolumab ex-
posure. Safety profiles were generally similar for the
150mg and 300mg groups, further suggesting that
safety events were not exposure driven.

Overall, analyses of PK, efficacy, PD and safety data
consistently support the anifrolumab 300mg dose over
anifrolumab 150mg, 1000mg or placebo for treatment
of patients with moderate to severe SLE [8-10]. The ani-
frolumab 300mg dose showed less variation in efficacy
than the 150 mg dose, while the 1000 mg dose [10] was
projected to provide only incremental benefit (owing to
non-linear anifrolumab exposure). In line with our predic-
tions, anifrolumab 300mg was more efficacious than
150mg in TULIP-1 [8]. In MUSE, anifrolumab 300 mg
was numerically more efficacious than 1000 mg; how-
ever, this was partly due to the confounding effects of
higher discontinuation rates seen with anifrolumab

https://academic.oup.com/rheumatology
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1000 mg [10, 14]. Together, data show that anifrolumab
300mg provides adequate exposure to support a fa-
vourable benefit-risk profile in patients with moderate to
severe SLE despite standard therapy.
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