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Ikaros and Aiolos affect immune-cell
ment and homeostasis®® and are impli-
1 genetic predisposition to SLE.*® Ikaros
development of B cells and plasmacytoid
ic cells, which are major producers of
iterferon. Aiolos supports B-cell differen-
Messenger RNAs for genes encoding
(IKZF1) and Aiolos (IKZF3) are overex-
in patients with SLE.**
lomide is a high-affinity cereblon modu-
at binds to cullin-RING E3 ubiquitin li-
complex,® promoting ubiquitination and
omal degradation of Ikaros and Aiolos.’
e immunomodulatory effects include in-
levels of interleukin-2 and decreased
f pro-inflammatory cytokines, B-cell dif-
ition, and autoantibody production.*® A
a trial of iberdomide in patients with SLE
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METHODS

TRIAL DESIGN
The trial was conducted at 117 sites in the
United States, Canada, Europe, South America,
Mexico, and Russia from July 6, 2017 through
January 21, 2020. Patients with SLE were ran-
domly assigned in a 2:2:1:2 ratio to receive oral
iberdomide (at a dose of 0.45, 0.30, or 0.15 mg)
or placebo once daily for 24 weeks, along with
the continued use of standard-of-care medica-
tions (Fig. 1). Stratification factors included the
baseline prednisone (equivalent) dose (210 mg
or <10 mg per day) and the score (210 or <10) on
the Systemic Lupus Erythematosus Disease Activ-
ity Index 2000 (SLEDAI-2K, a 24-item weighted
score of lupus activity that ranges from 0 to 105,

Placebo-Controlled Blinded Active-

Observational
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Table 1. Baseline Demographic and Clinical Characteristics of the Patients.*
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Characteristic
Age —yr
Female sex — no. (%)
Race — no (%) T
Black
White
Other
Hispanic or Latino ethnic group — no. (%)
Geographic region — no. (%)
United States or Canada
Europe
Mexico or South America
Russia

Median time from initial diagnosis of SLE to
randomization (range) — yr

Antinuclear antibody level =1:80 — no. (%)
Mean SLEDAI-2K global scoref:
BILAG-2004, 1 A score or >1 B score — no. (%)
Mean PGA score¥
Mean CLASI-A activity|
Cutaneous lupus subtype — no. (%)
Acute
Subacute
Chronic
No. of affected joints
Swollen
Tender
High gene signature — no. (%)
Aiolos
Type | interferon
Ikaros

Elevated anti-double-stranded DNA antibody
level — no. (%)

Baseline treatment for SLE — no. (%)
Any dose of oral glucocorticoid
Oral glucocorticoid =10 mg/day
Antimalarial agent

Immunosuppressant agent

Iberdomide,
045 mg
(N=81)

46.4:11.2
79 (98)

5 (6)
60 (74)
16 (20)
33 (41)

18 (22)
31 38)
29 (36)
3(4)
9.0 (0.5-31.7)

79 (98)
9.5:2.8
59 (73)
1.7:0.5
7.2+7.2

38 (47)
12 (15)
29 (36)

5.5+4.0
8.2+5.8

36 (44)
57 (70)
64 (79)
29 (36)

58 (72)
32 (40)
50 (62)
37 (46)

Iberdomide,
030 mg
(N=82)

44.7+13.7
77 (94)

6(7)
59 (72)
17 (21)
46 (56)

20 (24)
18 (22)
39 (48)
5(6)
7.3 (0.5-35.8)

82 (100)
9.6+2.7
60 (73)
1.7:0.3
71479

43 (52)
9 (11)
23 (28)

7.2:6.1
9.8+74

32 (39)
49 (60)
53 (65)
23 (28)

64 (78)
30 (37)
63 (77)
36 (44)

Iberdomide,
0.15mg
(N=42)

43.8+13.0
41 (98)

3(7)
29 (69)
10 (24)
21 (50)

9 (21)
11 (26)
20 (48)
2(3)

7.3 (0.9-35.7)

42 (100)
9.5+2.8
35 (83)
1.7:04
7.216.1

30 (71)
9 (21)
14 (33)

7.2+6.4
86159

14 (33)
25 (60)
28 (67)
13 (31)

31 (74)
17 (40)
28 (67)
22 (52)

Placebo
(N=383)
434:133
81 (98)

7(8)
60 (72)
16 (19)
41 (49)

16 (19)
27 (33)
35 (42)
5(6)

5.7 (0.5-35.8)

83 (100)
98:36
65 (78)
1.7+0.4
63165

50 (60)
17 (20)
18 (22)

6.4:4.7
8.7+6.1

27 (33)
43 (58)
56 (68)
27 (33)

64 (77)
31 37)
66 (80)
34 (41)

Total
(N=288)
447+12.8
278 (97)

21(7)
208 (72)
59 (20)
141 (49)

63 (22)
87 (30)
123 (43)
15 (5)
7.2 (0.5-35.

286 (99)
9.6+£3.0
219 (76)
1.7:04
6.9+7.0

161 (56)
47 (16)
84 (29)

6.5+53
89164

109 (38)
179 (62)
201 (70)

92 (32)

217 (75)
110 (38)
207 (72)
129 (45)
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test with a two-sided significance level of 0.1.
The Hochberg procedure was used to adjust for
multiplicity in the comparison of iberdomide at
a dose of 0.45 or 0.30 mg with placebo for the
primary end point, as indicated in the revised
statistical analysis plan, which is available with
the protocol at NEJM.org. This statistical analy-
sis plan was written before the database had been
unlocked. The sample size of the lowest-dose
group (0.15 mg) was limited to 40 patients for
the estimation of the minimally effective dose.
Baseline characteristics were summarized with
descriptive statistics. Analyses were conducted
in the modified intention-to-treat population,
which included all the patients who had under-
gone randomization and received at least one
dose of iberdomide or placebo. For the primary
end point and other binary outcomes, a Cochran—
Mantel-Haenszel test was used to control for
baseline glucocorticoid dose and SLEDAI-2K score
at screening. Missing data for the binary end
points were imputed as nonresponse. A patient
was classified as not having a response if there

Figure S1. CONSORT Diagram

within the 24-week window (observed cases) for

an SRI-4 response. We performed a prespecified
exploratory analysis of SRI-4 response in groups
defined according to gene-expression signatures
at baseline (high vs. low), including Ikaros

Assessed for eligibility (n=593)

(IKZF1), Aiolos (IKZF3), and type I interferon
(IFI27, IFI44, IFI44L, and RSAD2). Expression of each
gene was normalized to the average of three
housekeeping genes (ACTB, GAPDH, and TFRC).

RESULTS

PATIENTS
Of the 593 patients who underwent screening,
289 met the criteria for inclusion in the trial and
were randomly assigned to receive iberdomide
at a dose of 0.45 mg (82 patients), 0.30 mg (82
patients), or 0.15 mg (42 patients) or placebo (83
patients). The most common reasons for screen-

| Excluded (n=304)
* Not meeting inclusion criteria (n=304)

ing failure were not meeting autoantibody
threshold requirements and testing positive for
tuberculosis. One patient who was randomly as-
signed to receive iberdomide at a dose of 0.45 mg

Randomized (n=289)

l

l

l

l

PLACEBO
Allocated (n=83)
* Received (n=83)

+ Did not receive (n=0)

Allocated (n=82)
*» Received (n=81)

IBERDOMIDE 0.45 MG QD

« Did not receive (n=1)"

IBERDOMIDE 0.30 MG QD
Allocated (n=82)

* Received (n=82)

+ Did not receive (n=0)

IBERDOMIDE 0.15 MG QD
Allocated (n=42)

* Received (n=42)

+ Did not receive (n=0)

Completed placebo-controlled

treatment (n=73)

Reasons for not completing:

« AE (n=5)

* Death (n=1)

» Pregnancy (n=1)
« Withdrawal (n=2)
* Other (n=1)

treatment (n=73)

« AE (n=2)
* Death (n=0)

+» Other (n=1)

Completed placebo-controlled

Reasons for not completing:

« Withdrawal (n=5)

Completed placebo-controlled
treatment (n=52)
Reasons for not completing:

« AE (n=11)

* Death (n=0)

» Withdrawal (n=6)

» Lack of efficacy (n=1)

» Other (n=2)

Completed placebo-controlled
treatment (n=39)
Reasons for not completing:

* AE (n=1)

*» Death (n=0)

» Withdrawal (n=2)

Analyzed (ITT population) (n=83)

Analyzed (ITT population) (n=81)

Analyzed (ITT population) (n=82)

Analyzed (ITT population) (n=42)
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« Did not receive (n=0)

Completed placebo-controlled
treatment (n=73)
Reasons for not completing:

* AE (n=5)

* Death (n=1)

» Pregnancy (n=1)

» Withdrawal (n=2)

» Other (n=1)

Completed placebo-controlled
treatment (n=73)
Reasons for not completing:

« AE (n=2)

*» Death (n=0)

» Withdrawal (n=5)

+» Other (n=1)

Completed placebo-controlled
treatment (n=62)
Reasons for not completing:

« AE (n=11)

* Death (n=0)

» Withdrawal (n=6)

» Lack of efficacy (n=1)

+ Other (n=2)

Completed placebo-controlled
treatment (n=39)
Reasons for not completing:

« AE (n=1)

*» Death (n=0)

» Withdrawal (n=2)
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G E3 ubiquitin li-

showed decreased disease activity.”” In the cur-
rent phase 2, randomized, placebo-controlled,
double-blind trial, we evaluated iberdomide in
patients with active, moderate-to-severe SLE.

METHODS

TRIAL DESIGN
The trial was conducted at 117 sites in the
United States, Canada, Europe, South America,
Mexico, and Russia from July 6, 2017 through
January 21, 2020. Patients with SLE were ran-
domly assigned in a 2:2:1:2 ratio to receive oral
iberdomide (at a dose of 0.45, 0.30, or 0.15 mg)
or placebo once daily for 24 weeks, along with

ubiquitination and the continued use of standard-of-care medica-
karos and Aiolos.” tions (Fig. 1). Stratification factors included the

The NEW ENGLAND JOURNAL of MEDICINE

with higher scares indicating greater disease
activity). To address the thromboembolic risk
associated with cereblon modulators, the patients
received at least one form of thromboprophy-
laxis (see the Methods section in the Supplemen-
tary Appendix, available with the full text of this
article at NEIM.org).

This trial was conducted in accordance with
the principles of the Declaration of Helsinki and
the Good Clinical Practice guidelines of the Inter-
national Council for Harmonisation. The proto-
col, which is available at NEJM.org, was approved
by the institutional review board or independent
cthics committee at cach site and conducted ac-
cording to applicable laws. All the patients pro-
vided written informed consent. An adjudication
commiittee, whose members were unaware of
the trial-group assignments, reviewed patient
eligibility to participate in the trial and disease
scoring throughour the trial. The safety manage-

had severe or unstable neuropsychiatric SLE, an
estimated glomerular filtration rate of less than
45 ml per minute per 1.73 m?, proteinuria greater
than 2000 mg per day, ncphritis warranting in-
duction treatment, antiphospholipid syndrome, or
high-risk antiphospholipid status. The Methods
section in the Supplementary Appendix includes
detailed eligibility criteria and describes throm-
boprophylaxis and cxclusion criteria, including
the concomitant use of certain medications.

END POINTS AND ASSESSMENTS
The primary end point at week 24 was a re-
sponsc on the SLE Responder Index (SRI-4),
which was defined as a reduction of at least
4 points in the SLEDAI-2K score, no new disease
activity as measured by an A (severe) score or
more than one B (moderate) score on the British
Isles Lupus Assessment Group (BILAG) 2004
index (BILAG-2004; incorporating 97 items into
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results.

9.9.3. Pharmacogenetics Analysis

DNA will be examined for the presence of polymorphisms in or near the genes associated with
SLE (including but not limited to the following genes: CC-220 target-related genes CRBN (gene
encoding cereblon), CUL4A IKZF1 (gene encoding Ikaros), and IKZF3 (gene encoding Aiolos).

9.94. Independent External Data Monitoring Committee

Although Celgene study staff will monitor safety on an ongoing basis throughout the study,
formal blinded safety assessments of the relevant study data will be performed by an external
independent Data Monitoring Committee (DMC). The DMC will review unblinded data to
evaluate safety during the study and data from the interim analysis for futility. The DMC is
comprised of independent physician experts and a statistician for whom there is no identified
conflict of interest. The DMC will be convened regularly, at least once a year, or ad hoc at the
request of the SMT. Recommendations ofthe DMC based on the overall benefit/risk evaluation
may include proceeding with the study per protocol, proceeding with the study with
modification, or study suspension. The scope, conduct, membership, processes, and
accountabilities of the DMC are specified in the DMC charter.
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Primary endpoint

Table 2. Primary and Secondary Efficacy End Points at Week 24 in the Intention-to-Treat Population.*

Iberdomide, Difference vs. Iberdomide, Difference vs. Iberdomide, Difference vs.
045 mg Placebo 0.30 mg Placebo 0.15 mg Placebo Placebo
End Point (N =81) (95% Cl) P Value (N =82) (95% Cl) PValue  (N=42) (95% Cl) PValue  (N=83)
percentage points percentage points percentage points
Primary end point: 44/81 (54) 19.4 0.01 33 /82 (40) 5.0 051 20/42 (48) 11.4 0.21 29/83 (35)
SRI-4 response (4.1t0 33.4) (-9.8t0 19.5) (~6.6 to 29.0)

— no./total no. (%)

* |berdomide 0.45mg&f C44/81 N (54%)
* placeboBF T29/83 A (35%)

—>adjusted difference, 19.4%(95%Cl, 4.1 to 33.4; P=0.01)
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Figure S2. Time Course of SRI-4 Response

/ Iberdomide 0.45 mg QD (n=81)
50 4

Iberdomide 0.15 mg QD (n=42)

40 4 Iberdomide 0.30 mg QD (n=82)

T - Placebo (n=83)

Patients (%)
:

20 «
10 4
*P=0.011 vs Placebo
02 LS L] L] Ll L) .
Week 4 Week 8 Week 12 Week 18 Week 20 Week 24
N (%)
Placebo (N=83) 5/83 (6) 18/83 (22) 26/83 (31) 28/83 (35) 28/83 (35) 28/83 (35)
0.45 mg QD (N=81) 7/81(9) 20/81 (25) 20/81 (38) 38/81 (47) 30/81 (48) 44/81 (54)
0.30 mg QD (N=82) 4/82 (5) 16/82 (20) 18/82 (22) 29/82 (35) 34/82 (42) 33/82 (40)

0.15 mg QD (N=42) 2/42 (5) 12/42 (29) 13/42 (31) 20142 (48) 19042 (45) 20142 (48)
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Secondary endpoint

Secondary end points

Decrease of =4 points from
baseline in SLEDAI-2K
score — no./total no. (%)

No new A scores or>1 B
score on BILAG-2004
— no./total no. (%)

No significant decrease in PGA
score, <0.3 change from
baseline — no./total no. (%)

CLASI-50 in subgroup of patients
with CLASI score =10 at
baseline — no./total no. (%)

Mean change from baseline
in no. of swollen joints
in subgroup of patients
with =2 swollen or tender
joints at baseline:

Mean change from baseline
in no. of tender joints
in subgroup of patients
with =2 swollen or tender
joints at baseline:

Adjusted mean change from
baseline (95% Cl) in
FACIT-Fatigue scoref

Glucocorticoid dose reduced
by wk 16 to <10 mg/day
from a dose =10 mg/day at
baseline — no./total no. (%)

45/81 (56)

70/81 (86)

69/81 (85)

13/19 (68)

-6.6+0.3

-7.6+0.5

5.2
(3.0t0 7.4)

0/32

19.3
(4.0 to 33.4)

8.0
(-3.9t0 19.7)

6.8
(-5.2to 18.6)

14.2
(-19.5 to 44.5)

0.1
(-0.6 t0 0.8)

03
(-1.0to 1.6)

1.4
(-1.6 to 4.4)

35/82 (43)

59/82 (72)

60/82 (73)

8/18 (44)

-6.0+0.4

-6.7+0.5

3.1
(0.9 to 5.4)

1/30 (3)

6.5
(-8.5 to 21.0)

5.3
(-18.4t0 8.1)

43
(-17.4 to 8.9)

5.3
(-27.6 to 39.4)

0.7
(0.1 to 1.6)

1.3
(0.0 to 2.6)

-0.6
(-3.7 to 2.4)

33
(-17.7 to 13.0)

20/42 (48) 10.3 30/83 (36)
(-7.7 to 28.0)
38/42 (90) 12.4 65/83 (78)
(-2.7 to 24.1)
38/42 (90) 12.1 65/83 (78)
(-3.0t0 23.8)
8/11 (73) 24.0 8/16 (50)
(-12.4 to 53.1)
-6.0+0.4 0.7 -6.7+0.3
(-0.2 to 1.5)
-6.80.6 14 -7.940.5
(-0.4 to 2.6)
27 -1.1 3.8
(-0.3t05.6) (-4.7t02.5) (1.6 o 6.0)
0/17 2/31 (6)
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* Aiolos/IFN-1
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BNT

(IEMND

72)

SRI-4 response N

B Iberdomide, 0.45 mg Iberdomide, 0.30 mg Iberdomide, 0.15 mg M Placebo
Adjusted difference,
1004 Adjusted difference, Adjusted difference, 288 gercentage e
: A (95% Cl, 7.5-43.5)
19.4 percentage points 32.9 percentage points
904 (95% Cl, 4.1-33.4) (95% Cl, 7.7-52.9)
30 Adjusted difference,
25.6 percentage points
70 (95% Cl, 1.5-46.4)

Percentage of Patients with
an SRI-4 Response
=
1

No. of Patients . 81 82 42 83 45 49 28 55 36 32 14 27 24 32 17 34 57 49 25 48
Overall Low Aiolos High Aiolos Low Type | Interferon High Type I Interferon
Gene Signature Gene Signature Gene Signature Gene Signature

Figure 2. SRI-4 Clinical Response at Week 24 in Patient Subgroups Defined According to Aiolos and Type | Interferon Gene Signature
at Baseline.

The percentages of patients with an SRI-4 response are shown. Groups were defined according to the gene-expression signatures at
baseline (high vs. low), including Aiolos (IKZF3) and type | interferon (IFI27, IFI44, IFI44L, and RSAD2). Confidence intervals and sec-
ondary end points were not adjusted for multiplicity.
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According to Biomarkers

« BFHAE FEHAHIAZ (LiberdomideBE TR .
e |L-2,TregldiberdomideB¥ CEL ).

Table S5. Summary of Iberdomide Pharmacodynamics

Iberdomide Placebo

Biomarker, mean (SE) % 0.45 mg 0.3 mg 0.15 mg

change from baseline to Once Daily Once Daily Once Daily

week 24
BLyS-R B cells -62.0 (5.6) -42.6 (5.8) -25.2 (7.3) -3.7 (7.0)
Switched memory B cells -54.9 (6.0) -35.0 (6.5) -28.6 (8.5) -14.1 (7.7)
mDCA1 -27.0 (8.6) -8.3 (9.8) 2.6 (12.9) 9.8 (10.2)
pDC -60.2 (7.5) -55.6 (7.6) -36.1 (9.7) 13.7 (8.2)
Type | IFN gene signature -60.1 (5.5) -44.8 (5.9) -46.3 (7.5) 1.3 (56.5)
Regulatory T cells 106.9 (7.7) 68.4 (8.3) 41.9 (9.6) 20(7.1)
IL-2 182.2 (18.7) 129.8 (20.6) 113.2 (25.6) 38.0 (17.7)
Follicular T helper cells 41.0 (7.0) 42.9 (7.0) 28.9 (8.9) 8.4 (6.8)
IL-10 29.7 (8.3) 14.3 (8.7) 1.5 (11.3) -2.8 (8.0)

BLyS-R, B lymphocyte stimulator receptor; IFN, interferon; IL, interleukin; mDC, myeloid dendritic cells; pDC, plasmacytoid dendritic cells.
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Pharmacodynamic Analyses

Figure S3. Percent Change From Baseline in Anti-dsDNA Antibodies Over 24
Weeks

Percent change from baseline

(adjusted mean  SE)

A=568.1%
(-105.76, -6.44)
0= \= 81.2%
(-108.21, -16.19)
40 -
20 -
0 a— — —_— _—
-40 —
50 -
8 12 16 20 24

Placebo (N=26)

M 0.45 mg QD (N=28)

Week
0.30 mg QD (N=23)

0.15mg QD (N=12)
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Figure S4. Baseline and Percent Change From Baseline in Type I Interferon (IFN)
Gene Signature by Baseline Subgroup

Baseline % Change From Baseline to Week 24
304
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IFN gene signature scores in this figure are plotted as antilog values, rather than logz, to
show percent change from baseline.
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Table 3. Adverse Events during the Intervention Period.

Iberdomlde berdomid berdomid berdomid berdomid
Iberdomide, Iberdomide, Iberdomide, | omide,
0_45 mgg¥ 63/81*(780/0) 0.45 mg 0.30 mg 0.15 mg Placebo Total
Event (N=81) (N=82) (N=42) (N=83) (N =205)

O'3omgg¥ 64/82A(780/0) number of patients (percent)
0. 15ngE¥ 35/42*(740/0) Any adverse event 63 (78) 64 (78) 31 (74) 54 (65) 158 (77)

( ( (
0 Any intervention-related adverse event 32 (40) 36 (44) 14 (33) 24 (29) 82 (40)
Placebog¥ 54/83A(65 /0) Any serious adverse event 6 (7) 4 (5) 3(7) 7 (8) 13 (6)
C —=E :3%73 %/_ Any severe adverse event 1(1) 4 (5) 3(7) 5 (6) 8 (4)
3 ( 0( 5(

BERETEEICKD o 23 (28) 14 (17) 10 (24) 15 (18) 47 (23)
E:l:{ﬁiT\\ (j:’ (i t /\J t b Any ad\;e;is:t::/veenr:tlizanding to withdrawal 4 (5) 11 (13) 2 (5) 6 (7) 17 (8)
BENSHEE peath 0 0 0 1(1) 0

Adverse events with frequency of 25%%*

Urinary tract infection 8 (10) 13 (16) 2 (5) 3 (4) 23 (11)

Iberdomlde}ﬁ%g¥t‘\ Upper resp.iratory tract infection 10 (12) 7 (9) 3(7) 4 (5) 20 (10)
Neutropenia 9 (11) 6(7) 2 (5) 2 (2) 17 (8)
}Tﬂl.:ll'.l:l TENA< /j-br_ Influenza 5 (6) 4 (5) 3(7) 3 (4) 12 (6)
/j'l.: Nasopharyngitis 7(9) 1(1) 3(7) 1(1) 11 (5)
mL’L" 7'_._ Leukopenia 5 (6) 3 (4) 1(2) 1 (1) 9 (4)
Q? E]i__k‘ =/ \7'_._ Diarrhea 3 (4) 2(2) 3(7) 0 8 (4)
NS U Sinusitis 5 (6) 0 1(2) 1(1) 6 (3)
/r — 7) I/I/-U-b |E_|’ s r_ Headache 0 0 2 (5) 5 (6) 2 (1)
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Serious adverse events

Any serious adverse event

Chronic obstructive pulmonary disease

Epistaxis

Forearm fracture
Viral gastroenteritis
Influenza-like illness
Pneumonia

Radius fracture
Acetabulum fracture
Brain-stem infarction
Deep-vein thrombosis
Hemiparesis

Hypoxia

Cardiac tamponade
Implant site pain

Leg fracture
Pericarditis

SLE flare

Diverticular perforation

Encephalopathy

Endometriosis

Laryngeal edema

Pulmonary embolism

Enterococcal urinary tract infection

Escherichia urinary tract infection

Safety

6(7)
1(1)
1(1)
1(1)
1(1)
1(1)
1(1)
1(1)
0
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3 (4)
1 (1)
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13 (6)
1(<1)
1(<1)
1(<1)
1(<1)
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1(<1)
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