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ABSTRACT

In the KEEPSAKE 1 (NCT03675308) and KEEPSAKE 2 (NCT03671148) phase 3 trials, risankizumab
demonstrated greater efficacy compared with placebo in patients with active psoriatic arthritis (PsA).
This post hoc integrated analysis evaluated achieving the following efficacy outcomes at weeks 24 and
52 by baseline demographics and clinical characteristics: >20%/50%/70% improvement in American
College of Rheumatology response criteria (ACR20/50/70), 290% improvement in Psoriasis Area and
Severity Index, minimal disease activity status, Low Disease Activity status (Disease Activity in Psoriatic
Arthritis), and minimal clinically important difference in pain. Baseline demographics and clinical
characteristics were similar between risankizumab (n=707) and placebo (n=700) groups. Numerically
higher ACR20 response rates at week 24 (primary endpoint) were observed among the risankizumab
(46.3%—60.1%) vs. placebo (15.5%—36.2%) cohorts, regardless of subgroups. At week 52, consistent
proportions of patients randomized to risankizumab achieved ACR20 (48.6%—75.8%) while those
initially randomized to placebo and switched to risankizumab experienced an improvement from week
24 (43.7%—63.9%), regardless of subgroups. Similar trends were observed for other efficacy measures
assessing rigorous skin response criteria, composite measures of overall disease activity, and PsA-related
symptoms. Risankizumab treatment was efficacious among patients with varying demographic and
psoriatic disease characteristics through 52 weeks.
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patients with active PsA. The primary results at week 24 demon-
strated efficacy based on >20% improvement in American College
of Rheumatology criteria (ACR20) with risankizumab treatment
(51.3%-57.3%) compared with placebo (26.5%-33.5%) in patients
with active PsA (9,10). Additionally, continued risankizumab treat-
ment demonstrated long-term efficacy (58.5%-70.0%) through
52 weeks based on the proportion of patients achieving ACR20 and
improvements from weeks 24 to 52 in patients who switched from
placebo to risankizumab (11,12). Herein, we evaluated the long-term

Introduction

Psoriatic arthritis (PsA) is a progressive, chronic, inflammatory disease
characterized by the association of psoriasis and musculoskeletal
inflammation (1,2). While recent scientific advances have led to effica-
cious treatments for active PsA, patients with other comorbidities (e.g.,
obesity) or prior exposure to biologic therapies (e.g., refractory response)
may experience lower levels of efficacy with current biologic therapies
compared with patients with no comorbidities or who are naive to

advanced therapies (3,4). Recent guidelines (Group for Research and
Assessment of Psoriasis and Psoriatic Arthritis, the European League
Against Rheumatism, and the American College of Rheumatology/
National Psoriasis Foundation) endorse a specialized treatment approach
for patients with PsA and other underlying comorbidities (5-7).
However, an unmet need remains for new treatment options that pro-
vide durable efficacy in a variety of patients, across heterogeneous
patient demographics and clinical characteristics.

Risankizumab is a fully humanized immunoglobulin G1 monoclo-
nal antibody that specifically inhibits interleukin-23 by binding to
the p19 subunit (8). KEEPSAKE 1 and KEEPSAKE 2 are ongoing phase
3 studies evaluating the efficacy and safety of risankizumab in

efficacy (e.g., improvements in joint symptoms, skin resolution, dis-
ease activity, pain) of risankizumab across clinically relevant patient
subgroups stratified by age, sex, body mass index, race, and disease
characteristics through 52 weeks of treatment.

Methods
Study design

Detailed descriptions of KEEPSAKE 1 (NCT03675308) and KEEPSAKE 2
(NCT03671148) study designs and patient populations were previously
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reported (9-12). Briefly, enrolled patients were aged =18 years; had a
confirmed clinical diagnosis of PsA (symptom onset =6 months prior to
screening, met the classification criteria for PsA and active disease
[defined as =5 tender joints based on 68 joint counts with =5 swollen
joints based on 66 joint counts, and active plaque or nail psoriasis]);
had an inadequate response or intolerance to conventional synthetic
disease-modifying, anti-rheumatic drugs (csDMARD; KEEPSAKE 1 and
KEEPsSAKE 2 studies); and/or had an inadequate response or intolerance
to one or two biologic therapies (KEEPSAKE 2 study). Patients were ran-
domized 1:1 to receive double-blind, subcutaneous risankizumab
150 mg or placebo at weeks 0, 4, and 16. At week 24, patients previ-
ously randomized to placebo received their first double-blinded dose
of risankizumab 150 mg, and patients randomized to risankizumab
received a single double-blinded dose of placebo. Starting on week 28,
all patients were eligible to receive open-label risankizumab 150 mg
every 12 weeks for up to 52 weeks.

The clinical trials were conducted in accordance with the protocol,
International Council for Harmonization guidelines, and applicable
guidelines and regulations governing ethical principles and study
conduct originating in the Declaration of Helsinki. Independent ethics
committees/institutional review boards ensured the ethical, scientific,
and medical appropriateness of the study before it was conducted
and approved all relevant documentation including the protocol,
informed consent form(s), and all participant materials. Written
informed consent was obtained from all patients before enrollment.

Assessments

Efficacy outcomes at weeks 24 and 52 were stratified and evaluated
by baseline demographics (age [<65, =65 years], sex [male, female],

Table 1. Baseline demographics and clinical characteristics.

body mass index [BMI; <25, =25 to <30, =30kg/m?], race [White,
non-white]), disease characteristics (duration since diagnosis of PsA
[<5, >5 to <10, >10 years], baseline high-sensitivity C-reactive pro-
tein levels [<3, =3 mg/L], swollen joint count [<10, 210], tender joint
count [<20, >20]), and prior medication use (concomitant csDMARD
use at baseline [any csDMARD, any methotrexate, none] and prior
biologic use [yes, nol). Efficacy outcomes included joint symptoms
improvement  (220%/50%/70% improvement in ACR criteria
[ACR20/50/70]; resolution of enthesitis and dactylitis [defined as
patients with baseline Leeds enthesitis index score (LEI)=0 or Leeds
dactylitis index score (LDI)=0, respectively, who achieved LEI = 0
and LDI = 0]) (13, 14), skin clearance (=90% improvement in Psoriasis
Area and Severity Index [PASI90]) (15), disease severity (minimal dis-
ease activity and Disease Activity in Psoriatic Arthritis Low Disease
Activity [DAPSA LDA; DAPSA score of 5-14]) (16, 17), and
patient-reported outcomes (minimal clinically important difference
in pain [=10-mm decrease on a 100-mm visual analog scale]) (18).

Statistical analysis

Efficacy outcomes at weeks 24 and 52 were analyzed by subgroups
defined by baseline demographics, disease characteristics, and med-
ication use (see Assessments section). Baseline demographic and
clinical characteristics were evaluated using descriptive statistics
(e.g., mean and standard deviation [SD], counts and percentages).
For this efficacy analysis, 95% confidence intervals (Cl) were calcu-
lated based on normal approximation to the binomial distribution
and determined using the Cochran-Mantel-Haenszel test adjusting
for the stratification factors of current use of csDMARD (0 vs. >1),
presence of dactylitis (yes vs. no), presence of enthesitis (yes vs. no),

KEEPSAKE 1 Study

KEEPSAKE 2 Study

Characteristic RZB 150 mg n=483 PBO n=481 RZB 150 mg n=224 PBO n=219
Age, years, mean (SD) 51.3 (12.2) 51.2 (12.1) 53.1 (12.5) 52.7 (12.6)
Female, n (%) 231 (47.8) 247 (51.4) 124 (55.4) 120 (54.8)
White, n (%) 454 (94.0) 451 (93.8) 218 (97.3) 210 (95.9)
BMI, kg/m?, mean (SD) 30.7 (6.4) 303 (6.2) 31.5 (8.0) 31.2 (6.8)
Psoriasis BSA, n (%)

<3% 210 (43.5) 209 (43.5) 101 (45.1) 100 (45.7)

>3% 273 (56.5) 272 (56.5) 123 (54.9) 119 (54.3)
PsA duration, years, n (%) 7.1 (7.0) 7.1 (7.7) 8.2 (8.2) 8.2 (8.3)
Concomitant csDMARD, n (%)

Any ¢sDMARD 366 (75.8) 364 (75.7) 141 (62.9) 129 (58.9)

Any methotrexate 314 (65.0) 315 (65.5) 110 (49.1) 99 (45.2)

None 117 (24.2) 117 (24.3) 83 (37.1) 90 (41.1)
Prior biologics, n (%)

Yes 32 (0.6) 22 (0.4) 105 (46.9) 101 (46.1)

No 480 (99.4) 479 (99.6) 119 (53.1) 118 (53.9)
hsCRP, mg/L, mean (SD) 11.9 (15.9) 11.3 (14.1) 7.5 (10.9) 8.2 (17.1)
TJCP mean (SD) 20.8 (14.1) 20.5 (12.8) 22.8 (14.9) 223 (13.8)
SJC, mean (SD) 12.1 (7.8) 12.2 (8.0) 13.0 (8.7) 13.6 (9.0)
MDA, n (%) 2 (0.4) 6 (1.2) 5(2.2) 5(23)
PASI,Y mean (SD) 10.9 (10.1) 10.0 (10.4) 7.7 (6.7) 8.4 (9.9
PtGA

Pain,® mean (SD) 57.1 (22.6) 57.1 (22.6) 55.0 (23.5) 57.0 (23.1)

Disease activity,® mean (SD) 57.9 (21.8) 57.4 (22.1) 56.2 (21.8) 56.2 (23.0)
PGA

Disease activity,® mean (SD) 61.3 (17.6) 62.4 (17.0) 63.0 (17.0) 60.7 (16.4)
HAQ-DI, mean (SD) 1.2 (0.7) 1.2 (0.7) 1.1 (0.6) 1.1 (0.6)

2Patients in the KEEPSAKE 1 study reported as having received prior biologics were documented as protocol deviations.

bBased on 68 joints.
‘Based on 66 joints.
dAmong patients with BSA >3% at baseline.

eScored as millimeters on a 100-mm horizontal visual analog scale. BMI: body mass index; BSA: body surface area; csDMARD: conventional synthetic disease-modifying,
anti-rheumatic drug; HAQ-DI: Health Assessment Questionnaire Disability Index; hsCRP: high-sensitivity C-reactive protein; MDA: minimal disease activity; PASI: Psoriasis
Area and Severity Index; PBO: placebo; PGA: Physician Global Assessment; PsA: psoriatic arthritis; PtGA: Patient’s Global Assessment; RZB: risankizumab; SD: standard

deviation; SJC: swollen joint count; TJC: tender joint count.



and extent of psoriasis (=3% or <3% body surface area) at baseline.
For the week 24 analysis, missing data were imputed using
non-responder imputation incorporating multiple imputation to
handle missing data due to COVID-19; patients with missing data
due to reasons other than COVID-19 or after intercurrent events (i.e.,
initiation of rescue medication or concomitant medications that
could meaningfully impact efficacy assessment) were imputed as
non-responders. Analysis performed at week 52 used non-responder
imputation (as observed with imputation) that imputed data on
patients with missing values as non-responders; intercurrent events
were not considered for the long-term analysis.

Results
Patients

The full disposition of patients in the KEEPSAKE 1 and 2 studies have
been previously reported (11, 12). Briefly, among 1408 patients ini-
tially randomized to receive either risankizumab 150 mg or placebo,
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1354 continued into the open-label periods; 1235 patients were still
ongoing at time of data cutoff date (19 April 2021) and were included
in this integrated analysis. Baseline demographics and clinical charac-
teristics were generally well-balanced between groups (Table 1). In
this integrated analysis, at baseline (range of values across treatment
group and study), approximately half of the patients were female
(47.8%—55.4%), the mean (SD) patient ages were 51.2 (12.1) to 53.1
(12.5) years, the mean (SD) BMI scores were 30.3 (6.2) to 31.5 (8.0) kg/m?,
and the mean (SD) PASI scores were 7.7 (6.7) to 10.9 (10.1).

Efficacy

Week 24

Across all subgroups, a numerically greater proportion of patients
treated with risankizumab achieved ACR20 (the primary endpoint
of the KEEPSAKE 1 and KEEPsAKE 2 studies) at week 24 compared
with patients who received placebo (risankizumab, 46.3%—-60.1%;
placebo, 15.5%—-36.2%; Figure 1). A generally consistent proportion

Figure 1. Proportion of patients achieving ACR20 by subgroup. ACR20: >20% improvement in American College of Rheumatology criteria; BMI: body mass index; Cl:
confidence interval; csDMARD: conventional synthetic disease-modifying, anti-rheumatic drug; Dx: diagnosis; hsCRP: high-sensitivity C-reactive protein; PsA: psoriatic

arthritis; PBO: placebo; RZB: risankizumab.
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of patients initially randomized to receive risankizumab achieved
ACR20 at week 24, regardless of subgroup. Similar results were
also observed for the achievement of secondary endpoints in the
KEEPSAKE 1 and KEEPSAKE 2 studies of ACR50 (risankizumab,
19.8%—37.8%; placebo, 5.1%—13.7%; Figure 2) and ACR70 (risanki-
zumab, 6.5%—18.0%; placebo, 2.2%—6.2%; Figure 3). Across all sub-
groups assessed, a greater proportion of patients treated with
risankizumab experienced resolution of enthesitis (38.8%-60.8%)
and dactylitis (57.4%-82.5%) compared with patients who received
placebo (26.4%-41.2% and 37.3%-66.0%, respectively, Supplemental
Figures 1-2).

Among patients with =3% body surface area affected by pso-
riasis at baseline, numerically higher rates of achieving PASI90
with risankizumab vs. placebo at week 24 were observed across
all subgroups (risankizumab, 44.4%-70.7%; placebo, 0%—16.1%;
Figure 4). As was demonstrated for skin efficacy outcomes, the
benefit of risankizumab in composite measures of disease activ-
ity over placebo was demonstrated, regardless of subgroups. At

week 24, 15.0%-34.0% of patients receiving risankizumab and
4.5%-16.2% of patients receiving placebo achieved minimal dis-
ease activity (Figure 5). DAPSA LDA was also achieved by a
greater proportion of patients receiving risankizumab
(14.5%-33.4%) compared with patients receiving placebo
(5.9%-23.2%; Figure 6). Among patients with baseline pain,
risankizumab-treated patients achieved a minimal clinically
important difference in pain more often than did placebo-treated
patients in all subgroups (risankizumab, 50.5%-62.2%; placebo,
21.0%-45.9%; Figure 7).

Week 52

Response rates in all efficacy assessments at week 52 were gen-
erally maintained (in patients who were initially randomized to
risankizumab) or increased (in those who received placebo
through week 24) across all subgroups and efficacy outcomes
(Figures 1-7). Patients treated with risankizumab throughout
the study achieved generally consistent efficacy, regardless of

Figure 2. Proportion of patients achieving ACR50 by subgroup. ACR50: =50% improvement in American College of Rheumatology criteria; BMI: body mass index; Cl:
confidence interval; csDMARD: conventional synthetic disease-modifying, anti-rheumatic drug; Dx: diagnosis; hsCRP: high-sensitivity C-reactive protein; PsA: psoriatic

arthritis; PBO: placebo; RZB: risankizumab.
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Figure 3. Proportion of patients achieving ACR70 by subgroup. ACR70: =270% improvement in American College of Rheumatology criteria; BMI: body mass index; Cl:
confidence interval; csDMARD: conventional synthetic disease-modifying, anti-rheumatic drug; Dx: diagnosis; hsCRP: high-sensitivity C-reactive protein; PsA: psoriatic

arthritis; PBO: placebo; RZB: risankizumab.

patient demographic, disease characteristics, and prior/concom-
itant treatment exposure. At week 52, patients who switched
from placebo to risankizumab also achieved similar response
rates as those who were treated with risankizumab from base-
line through week 52 with similar improved efficacy across
subgroups.

Discussion

These integrated analyses from the KEEPSAKE 1 and KEEPSAKE 2
studies demonstrate that efficacy was consistently achieved with
risankizumab treatment through 52 weeks across subgroups strat-
ified by demographics, disease characteristics, and prior/concomi-
tant treatments, and were similar to levels of efficacy observed in
the general study population (9-12). Among all subgroups, numer-
ically higher response rates were achieved in patients randomized
to receive risankizumab relative to those patients who received
placebo at week 24 across disease domains, including rigorous

skin response criteria, composite measures to assess overall dis-
ease activity, and PsA-related signs and symptoms. Furthermore,
patients randomized to receive continued risankizumab treatment
achieved sustained response rates through 52 weeks. As expected,
patients who were randomized to placebo at baseline experienced
efficacy improvements from when they switched to risankizumab
(at week 24) to week 52 across all subgroups. The lack of an
apparent subgroup effect on efficacy outcomes suggests that
patients with varying baseline demographics and clinical charac-
teristics may experience improvement of joint symptoms with
risankizumab treatment at weeks 24 and 52. Given the varied clin-
ical manifestations and heterogeneity of PsA, measuring disease
activity can be difficult (19). A numerically greater proportion of
risankizumab-treated patients achieved both MDA and DAPSA LDA
from week 24 to 52 vs. those who received placebo, regardless of
subgroups, which may further highlight that patients with a range
of disease characteristics may continue to achieve low levels of
disease activity with risankizumab.
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Figure 4. Proportion of patients achieving PASI90 by subgroup. Patients included in the PASI90 analysis had BSA >=3% at baseline. BSA: body surface area; BMI: body
mass index; Cl: confidence interval; csDMARD: conventional synthetic disease-modifying, anti-rheumatic drug; Dx: diagnosis; hsCRP: high-sensitivity C-reactive protein;
PASI90: =90% improvement in Psoriasis Area and Severity Index; PsA: psoriatic arthritis; PBO: placebo; RZB: risankizumab.

Despite the availability of treatment options, PsA remains
undertreated, especially in patients with underlying comorbid-
ities. Several well-known predisposing factors can affect PsA
treatment response (3,4). In a study evaluating a tumor necro-
sis factor inhibitor, researchers found that the likelihood of
achieving an efficacious response was generally lower in
patients who are overweight or obese than among patients
with normal body weight (20). Another well-known factor that
could negatively affect efficacy is prior exposure to biologic
therapy (21). Patients who have a history of biologic use are
generally more often refractory to treatment compared with
patients who were naive to biologic treatment. Not surpris-
ingly, in these studies, higher BMI (=30 kg/m?) and prior expo-
sure to biologic therapy were associated with numerically
lower response rates across all efficacy outcomes with risanki-
zumab treatment, though no inferential statistical testing was
performed to compare different subgroups. In this post hoc
analysis, however, more patients treated with risankizumab

compared with those treated with placebo showed improve-
ments in PsA signs and symptoms at weeks 24 and 52, regard-
less of BMI and prior biologic use.

Although our post hoc analysis lacked multiplicity control to
conduct inferential statistical comparisons between subgroups
receiving the same treatments, we did observe some nominal
trends among patients in the following subgroups at week 24: sex,
BMI, swollen joint count, tender joint count, and prior biologic use.
These differences were numeric only. Analyses may be conducted
in the future to evaluate and confirm whether numerical differ-
ences are meaningful between subgroups of patients treated with
risankizumab.

Although pooled safety data were not evaluted in this post hoc
analysis, long-term safety data from the KEEPSAKE 1 and KEEPSAKE
2 studies has been published showing that risankizumab was gen-
erally well tolerated through 52 weeks (11,12).

This post hoc analysis is not without limitations. The relatively
small sample sizes in a few subgroups (e.g., non-white race, aged
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Figure 5. Proportion of patients achieving MDA by subgroup. BMI: body mass index; Cl: confidence interval; csDMARD: conventional synthetic disease-modifying,
anti-rheumatic drug; Dx: diagnosis; hsCRP: high-sensitivity C-reactive protein; MDA: minimal disease activity; PsA: psoriatic arthritis; PBO: placebo; RZB: risankizumab.

>65 years, prior biologic use) may have led to a lack of precision
in estimating treatment effects. Secondly, while key subgroups
were selected to reflect real-world populations, this analysis
remains a post hoc assessment of clinical trial populations; further
evidence based on real-world patient data may be needed to con-
firm if the overall results are translatable to the general population.

In conclusion, risankizumab consistently resulted in greater
efficacy compared with placebo at week 24 and sustained or
improved efficacy at week 52 across different subgroups,
regardless of baseline demographics and disease characteristics,
or concomitant and prior medication use. These efficacy
results support long-term use of risankizumab for patients with
active PsA across multiple patient and psoriatic disease
characteristics.
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Figure 7. Proportion of patients achieving a minimal clinically important difference in pain by subgroup. A minimal clinically important difference in pain was defined
as =10mm decrease (on a 100-mm visual analog scale) among patients with baseline pain =10mm. BMI: body mass index; c¢sDMARD: conventional synthetic
disease-modifying, anti-rheumatic drug; Cl: confidence interval; Dx: diagnosis; hsCRP: high-sensitivity C-reactive protein; PsA: psoriatic arthritis; PBO: placebo; RZB:

risankizumab.
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