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Anti-inflammatory mechanism of action was also evaluated in vitro in mono-
cytes from healthy donors. In this randomized, double-blind, parallel-group, mul-
ticenter study, patients with active rheumatoid arthritis were randomized 1:1 to
AZD9567 40 mg or prednisolone 20 mg once daily orally for 14 days. The primary
end point was change from baseline in DAS28-CRP atday 15. Secondary end points
included components of DAS28-CRP, American College of Rheumatology (ACR)
response criteria (ACR20, ACR50, and ACR70), and safety end points, including
serum electrolytes. Overall, 21 patients were randomized to AZD9567 (n=11) or
prednisolone (n=10), and all completed the study. As anticipated, AZD9567 had
a similar efficacy profile to prednisolone, with no clinically meaningful (i.e., >1.0)
difference in change from baseline to day 15 in DAS28-CRP between AZD9567
and prednisolone (least-squares mean difference: 0.47, 95% confidence inter-
val: —0.49 to 1.43). Similar results were observed for the secondary efficacy end
points. In vitro transcriptomic analysis showed that anti-inflammatory responses
were similar for AZD9567, prednisolone, and dexamethasone. Unlike predniso-
lone, AZD9567 had no effect on the serum sodium:potassium ratio. The safety
profile was not different from that of prednisolone. Larger studies of longer dura-
tion are required to determine whether AZD9567 40 mg may in the future be an
alternative to prednisolone in patients with inflammatory disease.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

AZD9567, a first-in-class, selective, nonsteroidal glucocorticoid receptor modu-
lator, has an improved anti-inflammatory-dysglycemic side-effect profile com-
pared with prednisolone and shows greater selectivity for the glucocorticoid
receptor over the mineralocorticoid receptor than prednisolone.

WHAT QUESTION DID THIS STUDY ADDRESS?

This study assessed the anti-inflammatory efficacy and safety of AZD9567 ver-
sus prednisolone in patients with active rheumatoid arthritis (RA). Preclinical
evaluation aimed to elucidate the underlying mechanisms driving the anti-
inflammatory effects for AZD9567 versus prednisolone.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

AZD9567 40mg and prednisolone 20mg had a similar efficacy profile in pa-
tients with active RA. In vitro transcriptomic analysis suggests that the anti-
inflammatory response of AZD9567 is consistent with that of prednisolone and
dexamethasone. Unlike prednisolone, AZD9567 had no effect on the serum so-
dium: potassium ratio, consistent with its higher selectivity for the glucocorticoid
receptor over the mineralocorticoid receptor.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

AZDY9567 40mg may be a mechanistically differentiated alternative to predniso-
lone in patients with inflammatory disease.

INTRODUCTION However, the duration and dose of oral corticosteroid

therapy are limited by serious side effects from unwanted
Oral corticosteroids, such as prednisolone, are potent anti- actions on the glucocorticoid receptor, such as hypergly-
inflammatory drugs used widely to treat chronic inflam-  cemia and reduced bone density, and off-target actions

matory diseases, including rheumatoid arthritis (RA)." on the mineralocorticoid receptor that disrupt electrolyte
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balance and increase water retention.> In over 60years
of corticosteroid use, the uncoupling of their therapeutic
anti-inflammatory effects from their side effects, by iden-
tifying novel selective ligands of the glucocorticoid recep-
tor, has not been successfully demonstrated in the clinic.
An anti-inflammatory medication with similar efficacy
to prednisolone but with a reduced side effect risk would
therefore be greatly beneficial to patients requiring long-
term oral corticosteroid treatment.

AZD9567 is a first-in-class, oral, selective, nonsteroi-
dal glucocorticoid receptor modulator being developed
as an alternative to oral corticosteroids for inflammatory
disease. In vitro, AZD9567 has higher affinity for the glu-
cocorticoid receptor and 10*-fold lower affinity for the
mineralocorticoid receptor than prednisolone,” suggest-
ing that it could be less disruptive to electrolyte balance.
AZDY9567 binds the glucocorticoid receptor differently
from steroids.’ In preclinical experiments, AZD9567 had
similar anti-inflammatory effects to prednisolone, both in
vivo in a rat model of joint inflammation and ex vivo by in-
hibition of lipopolysaccharide-stimulated tumor necrosis
factor o (TNFa) release in human whole blood.” However,
AZD9567 has been shown to have a less deleterious effect
than prednisolone on glucose homeostasis in vitro: it does
not upregulate transcription of gluconeogenic enzymes
in human hepatocytes, unlike prednisolone,s’6 and inhi-
bition of glucose-stimulated insulin secretion in human
pancreatic islets is twofold lower with AZD9567.° Phase I
study data in healthy volunteers support preclinical find-
ings: ex vivo inhibition of lipopolysaccharide-stimulated
TNFa release in whole blood and results of oral glucose
tolerance tests indicate that AZD9567 has an improved
anti-inflammatory-dysglycemic side-effect profile ver-
sus prednisolone.® Furthermore, AZD9567 had no clini-
cally meaningful effects on serum electrolytes in healthy
volunteers.®

The aim of this proof-of-principle phase Ila study
was to assess the efficacy and safety of AZD9567 versus
prednisolone in patients with active RA, using a clinical
disease activity score to evaluate efficacy. Preclinical eval-
uation aimed to elucidate underlying mechanisms that
drive anti-inflammatory effects for AZD9567, predniso-
lone, and dexamethasone.

METHODS
Phase Ila clinical study
Study design, participants, and procedures

This was a phase IIa randomized double-blind parallel-
group multicenter study in patients aged 18-80years with

active RA, defined as a disease activity score in 28 joints
with serum C-reactive protein (DAS28-CRP) of greater
than or equal to 3.2 despite stable treatment with conven-
tional disease-modifying antirheumatic drugs. The study
was conducted across five sites: University Medical Center
Utrecht, Maastricht University Medical Center, and Me-
disch Spectrum Twente, The Netherlands, and Sahlgren-
ska University Hospital and Skine University Hospital
Lund in Sweden. The study was conducted according to
the principles of the Declaration of Helsinki and the Good
Clinical Practice Guideline of the International Council
for Harmonisation of Technical Requirements for Phar-
maceuticals for Human Use. Independent ethics com-
mittees at University Medical Center Utrecht (for sites in
The Netherlands) and Regionala etikprévningsndmnden
i Goteborg (for sites in Sweden) prospectively approved
the study protocol before it was reviewed at participating
sites. All participants provided written informed consent
before inclusion. This trial is registered with ClinicalTr
ials.gov, number NCT03368235. The study protocol is
available online via https://clinicaltrials.gov/ct2/show/
NCT03368235.

AZD9567 and prednisolone were administered at doses
predicted to be equipotent, based on a dose-response analy-
sis of ex vivo inhibition of TNFa release in whole blood from
phase I studies in healthy volunteers.” Within 7days post-
screening, eligible participants were randomized 1:1 to either
AZD9567 40mg or prednisolone 20mg once daily orally for
14days. On day 5, study staff checked participants' well-being
via telephone. Participants attended clinic visits on days 8 and
15 and a follow-up visit ~14 days after the last dose.

Full details of study inclusion criteria, assessments,
and analyses are in the Data S1.

Randomization and masking

Randomization was performed using a computer-
generated randomization code supplied by the sponsor.
Randomization was done via a centralized interactive
voice/web response system. Patients were block rand-
omized 1:1 to either AZD9567 or prednisolone. The study
was conducted in a double-blind manner, with patients,
study site personnel, and sponsor personnel blinded to
treatment assignment.

AZD9567 was provided as a suspension with a match-
ing placebo. Prednisolone was provided as a capsule with
a matching placebo. Because AZD9567 and prednisolone
were not similar in appearance, a double dummy method
was used: at each dosing occasion, participants receiving
AZD9567 were also given a placebo for prednisolone, and
participants receiving prednisolone were also given a pla-
cebo for AZD9567.
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http://clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT03368235
https://clinicaltrials.gov/ct2/show/NCT03368235
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End points

The primary end point was change from baseline to
day 15 in DAS28-CRP. Secondary end points included:
proportions of patients achieving American College of
Rheumatology (ACR) 20, 50, and 70 response criteria
at day 15; change from baseline in 68 tender joint count
(TIC68) and 66 swollen joint count (SJIC66); change
from baseline in scores of the individual components of
DAS28-CRP and ACR response; safety and tolerability,
including adverse events, clinical chemistry (including,
but not limited to, fasting plasma glucose and serum
electrolytes), and vital signs; and AZD9567 pharma-
cokinetics. Exploratory end points included: predniso-
lone pharmacokinetics; anti-inflammatory effects on
lipopolysaccharide-stimulated cytokine release in whole
blood ex vivo; and hypothalamic-pituitary-adrenal axis
activity using serum cortisol levels. Bone formation/
resorption balance was evaluated using the following
serum biomarkers: procollagen-1N-terminal peptide
(PINP) and osteocalcin (bone formation), C-terminal
telopeptide of type 1 collagen (CTX-1; bone resorption),
and metabolites of collagens type 1, 3, and 4 (C1M, C3M,
and C4M, soft tissue turnover).

DAS28-CRP was evaluated using the formula from
Wells et al.? at screening, baseline, on days 8 and 15, and at
follow-up. A clinically meaningful change in DAS28-CRP
was defined as a reduction of greater than or equal to one
point.” ACR response criteria, including TIC68 and SIC66,
were evaluated according to Felson et al.'” at the same
timepoints. Adverse events were monitored throughout
the study. Full details of the sampling schedule are in
Data S1 and Table S1.

Statistical analyses

A sample size of 36 participants (18 per arm) was origi-
nally planned, based on a Lalonde-type go/no-go decision
framework'! using a reliability threshold for the DAS28
index of 0.6'* and an assumed standard deviation of 2.3 for
change from baseline in DAS28-CRP. However, blinded
data review and monitoring by the study sponsor revealed
that data variability was lower than expected, indicating
that a smaller sample size of greater than or equal to 10
participants per arm would be sufficient to address the
study's primary objective. Recruitment was therefore
stopped when each treatment group reached greater than
or equal to 10 participants.

The primary end point, difference in DAS28-CRP units
(i.e., difference between the mean change from baseline
with AZD9567 40mg and prednisolone 20 mg), was used
to estimate average difference in DAS28-CRP between the

ASCPT

two treatment groups. This difference was calculated using
a mixed model with baseline DAS28-CRP as a covariate
and categorical fixed effects of treatment, visit, treatment-
by-visit interaction, and country. Changes from baseline
in secondary efficacy variables were also analyzed using
mixed models. Each model included the baseline value
for the variable of interest as a covariate, with categorical
fixed effects of treatment, visit, treatment-by-visit interac-
tion, and country. The study was not powered for inferen-
tial hypothesis testing.

Calculated pharmacokinetic parameters for AZD9567
and prednisolone were area under the concentration-
time curve from time 0 to 6 h postdose (AUC,_gp,)), time
to maximum concentration (T},,,), maximum concentra-
tion (C,y), and the last plasma concentration measured
before the next dose. Inhibition of ex vivo cytokine re-
lease by AZD9567 and prednisolone was assessed sepa-
rately for each cytokine using a sigmoid maximum effect
model from which half-maximal inhibitory concentra-
tion values were estimated. AUC,_q1,) was calculated for
serum osteocalcin. Bone balance, a measure incorporat-
ing bone resorption and formation,'* was calculated as
the ratio of serum concentrations of CTX-1 to PINP or
osteocalcin.

The efficacy analysis population was the intention-to-
treat population, including all randomized patients who
received greater than or equal to one dose of study treat-
ment. All participants who received greater than or equal
to one dose of study drug were included in the safety anal-
yses. The pharmacokinetic analysis set included all par-
ticipants with greater than or equal to one quantifiable
plasma AZD9567 concentration.

Statistical analyses were performed using SAS version
9.4 or higher (SAS Institute). Pharmacokinetic parame-
ters were derived using noncompartmental methods with
Phoenix WinNonlin version 8.0 (Certara).

Preclinical methods

To compare molecular mechanisms, monocytes iso-
lated from the blood of six healthy donors were split
and treated in vitro with four different single doses of
AZD9567 (9-949nM), prednisolone (32-3162nM), or
dexamethasone (3-316nM), and incubated for 4h with
and without TNFa stimulation. The comparable doses
used were based on half-maximal effective concentra-
tion values from a dose-setting experiment that assessed
transcriptional effects on a set of glucocorticoid receptor-
regulated genes. Isolated RNA was transcriptionally
characterized by RNA sequencing, using a paired-end
sequencing approach on an Illumina NovaSeq 6000 plat-
form (Illumina).
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Full details on preclinical methods are provided in
Data S1 and Tables S2 and S3.

RESULTS

The phase Ila study took place from January 18, 2018 to
November 12, 2019. Of 27 screened patients, 21 were ran-
domized (AZD9567, n=11; prednisolone, n=10). All 21
participants completed the study and were included in the
efficacy, pharmacokinetic, and safety analyses (Figure S1).
There were slight imbalances between the AZD9567 and
prednisolone groups at baseline (Table 1), with higher
mean age, more women, and slightly greater disease se-
verity (indicated by higher mean DAS28-CRP, a higher
proportion of patients with radiographic erosions, slightly
higher functional class, and a higher number of patients
treated with anti-TNFa therapies) in the AZD9567 group.

Efficacy results

In the primary efficacy analysis, the least-squares mean
difference in improvement from baseline to day 15 in
DAS28-CRP between the AZD9567 and prednisolone
groups was 0.47 (95% confidence interval [CI]: —0.49 to
1.43), with the numerical difference between the groups
being clinically non-meaningful (i.e., <1.0; Figure 1la,
Table S4). At all timepoints, least-squares mean DAS28-
CRP overlapped with the 95% CI for the comparator group
(Figure 1b, Table S4). Similar results were observed for
the change from baseline in the four individual compo-
nents of DAS28-CRP: 28 tender joint count [TJC28], 28
swollen joint count [SIC28], global health, and CRP levels
(Figure 1c-f, Table S4).

Similar proportions of patients in both treatment
groups achieved the ACR20, ACR50, and ACR70 response
criteria, although proportions were numerically lower
with AZD9567 (Figure S2a). Improvements in TIC68 and
SJIC66 from baseline to day 15 were similar in each group
(Figure S2b,c,; Table S4); however, the reduction was
numerically greater with AZD9567 for TIC68 and with
prednisolone for SJC66. Similar results were observed for
change from baseline in the three other individual com-
ponents of the ACR response: pain score, disease activity,
and physical function (Figure S2d-f, Table S4).

Serum sodium:potassium ratio
Nuclear hormone receptor binding profiles of AZD9567,

prednisolone, and dexamethasone in the preclinical ra-
dioligand binding study showed that AZD9567 was more

selective for the glucocorticoid receptor than for the min-
eralocorticoid receptor (Table S5). Significantly greater
selectivity for the glucocorticoid receptor was observed
with AZD9567 than for prednisolone (p =0.0001) and dex-
amethasone (p =0.0003).

Consistent with this, the serum sodium:potassium
ratio was unchanged from baseline to day 15 in the
AZD9567 group in the phase Ila study, but increased in
the prednisolone group (Figures 2 and S3) because de-
creased potassium in the prednisolone group was not
reported in the AZD9567 group. No changes in sodium
levels were reported in either group (Figures 2 and S3).
Both the serum potassium level and sodium:potassium
ratio returned to baseline values at follow-up in the pred-
nisolone group.

Clinical chemistry

Fasting plasma glucose levels were similar between the
AZD9567 and prednisolone groups throughout the study,
with a mean decrease from baseline of ~0.5 mmol/L at day
8 and day 15 in both groups. There were no other clini-
cally relevant findings in clinical chemistry, hematology,
or urinalysis. There were also no clinically relevant find-
ings in electrocardiographic or physical assessments, in-
cluding body weight, or in vital signs, including systolic
and diastolic blood pressure (although there was a slight
increase from baseline in mean systolic blood pressure in
the AZD9567 group at day 15; Figure S4).

AZD9567 and prednisolone
pharmacokinetics

Pharmacokinetic analyses showed that AZD9567 and
prednisolone were rapidly absorbed, with a median T,
of 0.7h and 1.5h, respectively (Table 2). Following C,.,
elimination of both compounds appeared monophasic
and plasma concentrations remained quantifiable until
the last sampling time at 6 h postdose.

Lipopolysaccharide-stimulated
cytokine release

After lipopolysaccharide stimulation of whole blood ex
vivo, both AZD9567 and prednisolone inhibited the re-
lease of all cytokines assessed (TNFa, interferon-y, inter-
leukins 6 and 8, and macrophage inflammatory protein
[MIP]-1a and -1p); the relative inhibitory potency of
AZD9567 versus prednisolone was similar for each cy-
tokine (albeit with wide CIs; Figure S5).
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TABLE 1 Participant baseline .
demographics and disease characteristics. AZD9567 Prednisolone Overall
(n=11) (n=10) (N=21)
Age, years 64.5(8.4) 55.5(13.6) 60.2 (11.8)
Age group, years
18-40 (%) 0 2(20.0) 2(9.5)
41-65 (%) 7 (63.6) 6 (60.0) 13 (61.9)
>65 (%) 4(36.4) 2(20.0) 6 (28.6)
Female (%) 8(72.7) 5(50.0) 13(61.9)
White (%) 11 (100) 10 (100) 21 (100)
Height, cm 169.3 (9.4) 171.0 (10.9) 170.1 (9.9)
Weight, kg 78.43 (13.28) 80.67 (23.34) 79.50 (18.29)
Years since onset of RA symptoms 14.73 (14.59) 13.35(10.91) 14.07 (12.67)
Years since RA diagnosis 13.20 (15.24) 12.79 (11.21) 13.01 (13.14)
Presence of radiographic 7(63.6) 5(50.0) 12 (57.1)
erosions (%)
Rheumatoid factor positive (%) 9(81.8) 9(90.0) 18 (85.7)
Functional capacity class (%)
Class I 0 2(22.2) 2(10.5)
Class II 7(70.0) 5(55.6) 12(63.2)
Class III 3(30.0) 1(11.1) 4(21.1)
Class IV 0 1(11.1) 1(5.3)
Previously treated with TNFa 6 (54.5)* 3(30.0) 9 (42.9)
antagonist
Reason for TNFo antagonist discontinuation (%)
No response 1(20.0) 1(33.3) 2(25.0)
Subsequent loss of response 2 (40.0) 1(33.3) 3(37.5)
Adverse effect/intolerance 1 (20.0) 1(33.3) 2(25.0)
Other 1(20.0) 0 1(12.5)
DAS28-CRP 5.26 (0.98) 4.90 (0.74) 5.09 (0.87)
Comorbidities® (%)
Hypertension 3(27.3) 4 (40.0) 7 (33.3)
Hypothyroidism 3(27.3) 1(10.0) 4(19.0)
Hematuria 0 3(30.0) 3(14.3)
Concomitant medications (%)
Folic acid and derivatives 8(72.7) 7 (70.0) 15(71.4)
Immunosuppressants, including 8 (72.7) 7 (70.0) 15 (71.4)
methotrexate
Anilides, including paracetamol/ 4 (36.4) 3(30.0) 7 (33.3)
acetaminophen
Nonsteroidal anti-inflammatory 5(45.5) 2(20.0) 7 (33.3)

and anti-rheumatic
agents, including
hydroxychloroquine

Note: Data are n (%) or mean (SD).

hReported by at least three patients overall.

Abbreviations: DAS28-CRP, disease activity score in 28 joints with C-reactive protein; RA, rheumatoid
arthritis; SD, standard deviation; TNF«, tumor necrosis factor a.

?One patient who was previously treated with TNFa antagonist continued treatment during the study.



2500 |

van LAAR ET AL.

—_
D
~

Change from baseline in DAS28-CRP

Change from baseline in TJC28

—~
()
~

Change from baseline in global health

ASCPT

—A— AZD9567 (n=11) —— Prednisolone (n = 10)

0 —_
0.61 (-0.23 to 1.45)
m
0.47 (-0.49 to 1.43)
_1 — M
_2 —
=37 -1.90
-1.93
-2.40
-4 T T T
Baseline Day 8 Day 15
0 —_
0.18 (-3.24 to 3.60)
m
=2 -0.05 (-3.43 10 3.32)
m
_4 — T
_6 — ‘
o -4.39
8 -4.57 i
- -6.07
-6.12
-10 T T T
Baseline Day 8 Day 15
16.4 (0.9 to 31.9)
0 m
9.8 (-10.5t0 30.1)
m
-20 _
L
_40 —
-15.0
-314 1
-27.7
-37.4
-60 T T T
Baseline Day 8 Day 15

(b)
8 —_
o 6+
4
O
I
N
2
a 47
o 5.26
=}
3 4.90
(%}
Q
< 2
3.88
3.13 3.24
2.63
0 T T T
Baseline Day 8 Day 15
(d)
0 —_

Change from baseline in SJC28

—_
—h
~

Change from baseline in CRP (mg/L)

0.35 (-2.04 to 2.75)

_2 —
0.26 (-1.50 to 2.03)
m
_4 —
_6 —
-4.05
-4.40 -5.14
-5.40
-8 T T T
Baseline Day 8 Day 15
0 476
(-2.51t0 12.03)
-5 2.78 m
(-1.62t0 7.18)
1
_10 —
_15 —
—20 -12.80
-15.58 -10.83
-15.59
-25 T T T
Baseline Day 8 Day 15

FIGURE 1 DAS28-CRP and components. Change from baseline in: (a) DAS28-CRP (primary endpoint); (b) absolute DAS28-CRP; and
individual components of DAS28-CRP: (c) TIC28; (d) SJC28; (e) global health; and (f) CRP. Data are LS means with 95% CIs. Comparisons
are LS mean differences for AZD9567 — prednisolone, with 95% CIs. Supporting data are shown in Table S4. CI, confidence interval; CRP,

C-reactive protein; DAS28-CRP, disease activity score in 28 joints with C-reactive protein; LS, least-squares; SJC28, 28 swollen joint count;
TJC28, 28 tender joint count.
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FIGURE 2 Morning serum sodium (a) —A— AZD9567 —8- Prednisolone
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TABLE 2 Pharmacokinetic .
AZDY9567 Prednisolone
parameters of AZD9567. or
Parameter Summary statistic (n=11) (n=10)
AUC_gp) (h-nmol/L) Geometric mean (CV%) 17,740 (35) 3591 (22)
Trax () Median (min, max) 0.7 (0.3, 1.0) 1.5(1.0,1.5)
Cnax (nmol/L) Geometric mean (CV%) 4468 (27) 980 (26)
Cirough (nMOI/L) Geometric mean (CV%) 382 (96) 8(102)

Abbreviations: AUC y_gp,), area under the concentration-time curve from time zero to 6 h after dose; Cp,yy,
maximum observed concentration; Cyq,gp, Observed trough plasma concentration; CV, coefficient of
variation; T,,,,, time to maximum observed concentration.

Serum cortisol levels

Morning serum cortisol levels were reduced at day 15 ver-
sus baseline in both treatment groups, and the reduction
was more pronounced with AZD9567 (Figure S6). Corti-
sol levels returned to near baseline values at follow-up in
both groups, without intervention.

Bone and soft tissue turnover biomarkers

No differences in individual bone and soft tissue bio-
marker levels in serum were observed between treatment

groups other than for P1INP, which was decreased from
baseline at day 15 with AZD9567 versus prednisolone, and
C1M, which was decreased from baseline at day 15 with
prednisolone versus AZD9567 (Figure S7). Bone balance,
assessed as change from baseline to day 15 in CTX-1:PINP
and CTX-1:osteocalcin ratios, was similar with AZD9567
and prednisolone.

Safety

Similar numbers of participants in each group reported
treatment-emergent adverse events (AZD9567, n=10 and
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prednisolone, n=9; Table 3). Most adverse events were
mild in severity. Six patients in the AZD9567 group and
three patients in the prednisolone group reported adverse
events assessed by the investigator as related to study
treatment. The most common adverse events were cough
(AZD9567, 2 patients; and prednisolone, 1 patient), fatigue
(AZD9567, 3 patients), headache (AZD9567, 2 patients;
and prednisolone, 1 patient), and hot flash (AZD9567, 3
patients). After completion of treatment, one serious ad-
verse event of severe suicidal depression was reported by
the patient's physician as related to AZD9567. The event
resolved after ~1 month, and the patient was not hospital-
ized nor given any medical intervention.

TABLE 3 Summary of participants with AEs.

AZDY9567 Prednisolone
(n=11), % (n=10), %
Any AE 10 (90.9) 9 (90.0)
Mild 6 (54.5) 8 (80.0)
Moderate 3(27.3) 1(10.0)
Severe 1(9.1) 0
Any serious AE 1(9.1)* 0
Any treatment-related AE 6(54.5) 3(30.0)
Any AE leading to 0 0
discontinuation
AE by preferred term”
Abdominal pain (upper) 2(18.2) 0
Cough 2(18.2) 1(10.0)
Dry mouth 2(18.2) 0
Eye pain 2(18.2) 0
Fatigue 3(27.3) 0
Headache 2(18.2) 1(10.0)
Hot flash 3(27.3) 0
Increased appetite 1(9.1) 1(10.0)
Insomnia 2(18.2) 0
Nasopharyngitis 1(9.1) 1(10.0)
Treatment-related AE by preferred term®
Abdominal pain (upper) 2(18.2) 0
Dry mouth 2(18.2) 0
Hot flash 2(18.2) 0
Increased appetite 1(9.1) 1(10.0)

Note: Data are n (%). Includes AEs that started on or after the date of the
first dose, up to and including 14 days after the date of last dose of study
treatment (i.e., the follow-up period).

Abbreviation: AE, adverse event.

#One event of severe suicidal depression was reported in the AZD9567
group, reported by the patient's physician as related to study treatment.
YAEs reported by at least two patients overall; patients with multiple events
of the same preferred term are counted only once in that preferred term;
preferred terms were coded by the Medical Dictionary for Regulatory
Activities (MedDRA) version 22.1.

Human monocytes

Transcriptional profiling demonstrated clear dose-
response data for AZD9567, prednisolone, and dexa-
methasone (Figure S8) and revealed that AZD9567 gene
regulation exhibited a comprehensive overlap with the two
corticosteroids (Figure 3a, Table S6). Predicted upstream
regulator analysis and pathway analyses of differentially
expressed genes confirmed that AZD9567, prednisolone,
and dexamethasone exhibited similar pharmacological
profiles (glucocorticoid receptor activation) typical of ster-
oids, and predicted a similar anti-inflammatory response
in terms of leukocyte activation (Figure 3b).

A global view of all differentially expressed genes in-
duced by both dexamethasone and prednisolone treatment
showed that the AZD9567 and prednisolone responses cor-
related strongly with the dexamethasone response, with
R*values of 0.968 for prednisolone log, fold-change versus
dexamethasone log, fold-change, and 0.841 for AZD9567
log, fold-change versus dexamethasone log, fold-change
(Figure 4). For the downregulated genes, R* values were
0.901 and the slope (b) was 0.87 for prednisolone log, fold-
change versus dexamethasone log, fold-change, and R?
values were 0.717 and the slope (b) was 0.77 for AZD9567
log, fold-change versus dexamethasone log, fold-change.
For the upregulated genes, R* values were 0.931 and the
slope (b) was 0.93 for prednisolone log, fold-change versus
dexamethasone log, fold-change, and R* values were 0.658
and the slope (b) was 0.54 for AZD9567 log, fold-change
versus dexamethasone log, fold-change. The data suggest
that AZD9567 acts as a partial agonist in gene activation,
inducing lower fold-change in those genes while acting as
a full agonist for gene repression, indicated by overlapping
fold-changes.

Transcript analysis revealed that, although primary
monocytes exhibited significant expression of glucocorti-
coid receptor, the other analyzed steroid receptor family
members, including mineralocorticoid receptor, were not
expressed (Figure S9).

DISCUSSION

In this phase Ila study in patients with active RA, the se-
lective glucocorticoid receptor modulator AZD9567 40 mg
had a similar efficacy profile to prednisolone 20 mg based
on clinical disease activity measures. AZD9567 40 mg had
previously been predicted to be equipotent to predniso-
lone 20 mg based on pharmacokinetic/pharmacodynamic
modeling of anti-inflammatory biomarkers in phase I
studies.”

Consistent with these data, AZD9567 and prednis-
olone performed similarly on multiple measures of



AZD9567 VERSUS PREDNISOLONE IN RHEUMATOID ARTHRITIS

| 2503

(a)

Induced

169 AZD9567

44 36
526

232 286 168

Dexamethasone Prednisolone

(b)

In line with expected glucocorticoid receptor activation:

Similar anti-inflammatory effects:

ASCPT

Repressed
203 AZD9567
69 99

854

327 338 237

Dexamethasone Prednisolone

AZD9567
Dexamethasone
Prednisolone

Dexamethasone

Prednisolone

Activation of leukocytes -

l:‘ Predicted
B Predicted inhibited

I:‘ 7,311

FIGURE 3 Overall AZD9567 treatment effects on gene transcription in primary monocytes stimulated with tumor necrosis factor o at

4h (preclinical study). (a) Venn diagrams of protein-coding genes induced or repressed by AZD9567, prednisolone, and dexamethasone at

their highest concentrations (949, 3162, and 316 nM, respectively; false discovery rate <0.05); (b) predicted upstream regulator analysis and

pathway analyses of differentially expressed genes. A full list of protein-coding genes induced or repressed by AZD9567, prednisolone, and

dexamethasone at their highest concentrations is included in Table S6. Color by z-score: blue for predicted inhibition (negative z-score) and

orange for predicted activation (positive z-score).
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FIGURE 4 Log,fold-change of AZD9567 or prednisolone

versus dexamethasone for differentially expressed genes common to
prednisolone and dexamethasone (preclinical study). AZD9567 (blue)
or prednisolone (red) effects compared with dexamethasone (highest
concentration, respectively) for all differentially expressed genes (false
discovery rate <0.05) common to prednisolone and dexamethasone
treatments in primary human monocytes stimulated with TNFa, at
4h. DMSO, dimethyl sulfoxide; TNFa, tumor necrosis factor a.

anti-inflammatory efficacy in patients with active RA,
including reductions in the number of tender joints
and swollen joints, reductions in serum CRP levels, and

improvements in global health and treatment response
(ACR20, ACR50, and ACR70). Moreover, AZD9567 and
prednisolone inhibited the release of TNFa and other pro-
inflammatory cytokines assessed after lipopolysaccharide
stimulation of whole blood ex vivo, with a similar rela-
tive potency against each cytokine, demonstrating that
AZD9567 40mg has a similar broad anti-inflammatory
profile to prednisolone 20mg and further confirming
previous biomarker findings in healthy volunteers.®’ Al-
though many of the improvements in efficacy measures
were numerically smaller in the AZD9567 group than
in the prednisolone group, differences were not clini-
cally meaningful, suggesting a similar efficacy profile.
Numerical differences may have resulted from the im-
balance between the groups in age, sex, and disease se-
verity at baseline, as well as from the small sample size.
The differences may also have resulted from the choice of
AZD9567 dose. This was based on an estimate of ex vivo
equipotency of AZD9567 40 mg with prednisolone 20 mg
in healthy volunteers,” which was accompanied by a 95%
CI from 29 to 54 mg.

An in vitro transcriptomic analysis (preclinical data)
suggests an anti-inflammatory response of AZD9567 con-
sistent with those of prednisolone and dexamethasone. A
radioligand binding study using overexpressed receptors
determined that AZD9567 has a higher selectivity for
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the glucocorticoid receptor over the mineralocorticoid
receptor. Consistent with this, and unlike prednisolone,
AZD9567 had no effect on the serum sodium: potassium
ratio. However, it should be noted that, in general, very few
mineralocorticoid receptor transcriptomic published data
exist,"* and many genes are regulated by both glucocorti-
coid and mineralocorticoid receptors.'>*¢ Indazole ethers
are great tools to explore glucocorticoid receptor-exclusive
profiles,’” but there are currently no equivalent tools for
mineralocorticoid receptor-exclusive profiles, and even
aldosterone binds to the glucocorticoid receptor, albeit at
a lower affinity than to the mineralocorticoid receptor.'®

In the clinical study, serum cortisol levels were revers-
ibly reduced with both AZD9567 and prednisolone (more
so in the AZD9567 group). Both AZD9567 and prednis-
olone were well tolerated, and there were no new safety
findings of concern. Together with the reduced dysglyce-
mia observed with AZD9567 40 mg compared with pred-
nisolone 20 mg in previous phase I studies,’ these findings
suggest that AZD9567 is mechanistically differentiated
from prednisolone. Further studies are warranted to sup-
port these preliminary data.

Transcriptomic and in vitro analysis in monocytes (pre-
clinical data) revealed an anti-inflammatory response to
AZD9567 similar to that of prednisolone and dexametha-
sone. AZD9567 gene regulation exhibited a comprehensive
overlap with the two corticosteroids, and AZD9567, pred-
nisolone and dexamethasone exhibited similar pharmaco-
logical profiles (glucocorticoid receptor activation), typical
of steroids, and predicted a similar anti-inflammatory re-
sponse with regard to leukocyte activation. This is in stark
contrast to the functional profiling in primary hepato-
cytes, in which AZD9567 showed a clearly differentiated
profile, suggestive of a reduced risk for hyperglycemia as
measured by mRNA levels of tyrosine aminotransferase (a
key enzyme in gluconeogenesis).”

Some of the side effects of corticosteroids, such as
edema, result from off-target actions on the mineralocorti-
coid receptor that disrupt electrolyte balance and increase
water retention.>'® The absence of AZD9567 effects on
serum potassium levels in the present study and in pre-
vious phase I studies® is consistent with its demonstrated
higher affinity for the glucocorticoid receptor and lower
affinity for the mineralocorticoid receptor than predniso-
lone.” Together, these data support a mechanistic differen-
tiation between AZD9567 and prednisolone.

Corticosteroid treatment also disrupts the regulation of
endogenous cortisol concentrations via constant activation
of the glucocorticoid receptor, suppressing hypothalamic-
pituitary-adrenal axis activity and thus reducing levels
of cortisol.'”*° Here, both AZD9567 and prednisolone re-
duced morning cortisol levels, demonstrating activation of
the glucocorticoid receptor. Cortisol suppression appeared

more pronounced in the AZD9567 group than in the pred-
nisolone group. These changes were reversible, and levels
had spontaneously returned to near baseline values at fol-
low-up, 2 weeks after discontinuation of treatment.

Similar effects on fasting plasma glucose were reported
with AZD9567 and prednisolone, although observable dif-
ferences in this parameter between the drugs were not ex-
pected based on previous findings.**' Reduced disruption
of glycemic control with AZD9567 versus prednisolone
was evident in a healthy volunteer study: with AZD9567
doses up to 80 mg, plasma glucose after an oral glucose tol-
erance test was similar to that observed with prednisolone
5mg.° The effects of the study drugs on glycemic control
were not assessed in the present phase IIa study; however,
a phase Ila study in adults with type 2 diabetes has been
conducted to evaluate these effects (NCT04556760).

Similar changes from baseline in serum CTX-1:P1NP
and CTX-1:osteocalcin ratios were observed with AZD9567
and prednisolone. This may indicate that these drugs have
similar effects on bone balance, a measure of overall bone
metabolism that assesses the equilibrium between bone
formation and resorption using ratios of biomarker levels
(such as osteocalcin or P1NP for formation and CTX-1 for
resorption).!® Safety and exploratory end point findings
for AZD9567 in this phase IIa study should be interpreted
with caution, owing to the small sample size and the im-
balance in demographics and disease severity between
treatment groups; however, findings are consistent with
previous studies reporting the effects of cortisol on bone
biomarkers in healthy volunteers.’

Systemic exposure to AZD9567 and prednisolone was
60% and 30% higher, respectively, in patients with RA in
the present study versus healthy volunteers from a previ-
ous study.® Differences in body composition, organ capac-
ity,”* and presence of an inflammatory condition*® among
the participants of the two studies are factors potentially
affecting metabolism-dependent drug elimination, and
there were also differences in participant body weight
and age. Interpretation of this finding is limited by the
short pharmacokinetic profile of AZD9567 generated in
this study due to participants’ limited time in the clinic.
Thus, the elimination half-life of AZD9567 could not be
evaluated.

The main limitation of the phase IIa study is the small
sample size, such that it was not powered to evaluate
non-inferiority of AZD9567; therefore, larger studies are
needed to assess this. Additionally, the small sample size
may have contributed to an imbalance in baseline popula-
tion and disease characteristics between the randomized
groups, although the analyses were performed using mod-
els adjusted for baseline values. Nevertheless, the partic-
ipants’ demographics were sufficiently representative of
the intended study population to confirm that AZD9567
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has similar anti-inflammatory effects to prednisolone in
a population with active RA. Although the study design
was sufficient to observe an anti-inflammatory effect, an-
other limitation of this study was the short duration of
treatment, which did not permit the assessment of ad-
verse effects that have a low incidence or may take lon-
ger to manifest, such as bone remodeling. Despite these
limitations, the findings were consistent with a similar
efficacy profile and a potentially improved safety profile
of AZD9567 versus prednisolone in terms of mineralocor-
ticoid receptor-mediated effects on serum potassium. In
addition, findings from the preclinical study support the
findings of this phase IIa study.

In conclusion, these results demonstrate that AZD9567
is mechanistically differentiated from prednisolone,
showing consistent anti-inflammatory response without
any impact on electrolyte balance. AZD9567 40 mg had a
similar efficacy profile to prednisolone 20 mg in patients
with active RA in this phase IIa study. In vitro transcrip-
tomic analysis suggests that the anti-inflammatory re-
sponse of AZD9567 is consistent with that of the steroid
comparators, prednisolone and dexamethasone. Addi-
tionally, AZD9567 showed broad overlap with prednis-
olone and dexamethasone gene regulation and similar
glucocorticoid receptor activation, predicting a compa-
rable anti-inflammatory (leukocyte activation) response.
Unlike prednisolone, AZD9567 had no effect on the
morning serum sodium:potassium ratio, which is consis-
tent with the higher selectivity of AZD9567 for the glu-
cocorticoid receptor over the mineralocorticoid receptor.
Both drugs were well tolerated, with no new safety find-
ings of concern. These results support further clinical
trials of AZD9567 in patients with chronic inflammatory
disease.
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