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Abstract

Objective. To evaluate upadacitinib efficacy and safety dose response in Japanese patients with active RA and

an inadequate response to conventional synthetic DMARDs (csDMARDs).

Methods. This was a multicentre, phase IIb/III, dose-ranging study conducted in Japan, in which patients on pre-

viously stable csDMARDs were randomized to receive upadacitinib 7.5, 15 or 30 mg once daily or matching pla-

cebo for a 12-week double-blind period. The primary endpoint was a 20% improvement in ACR criteria (ACR20) re-

sponse at week 12 using non-responder imputation. Key secondary endpoints included ACR50, ACR70 and 28-

joint DAS with CRP (DAS28-CRP) remission and low disease activity. Adverse events were also assessed.

Results. Of 197 patients treated, 187 completed the double-blind period. At week 12, more patients receiving

upadacitinib 7.5, 15 or 30 mg vs placebo met the ACR20 response (75.5%, 83.7%, 80.0% vs 42.9%; P< 0.001),

with significant differences observed as early as week 1. Stringent responses, including ACR50, ACR70 and

DAS28-CRP <2.6, were achieved by significantly higher proportions of patients on upadacitinib than placebo and

by numerically higher proportions on upadacitinib 15 or 30 mg vs upadacitinib 7.5 mg. Adverse events and infec-

tions (serious infections, opportunistic infections and herpes zoster) were more common with upadacitinib vs pla-

cebo and numerically highest with upadacitinib 30 mg. There were no venous thromboembolic events reported.

Conclusion. Efficacy of upadacitinib was demonstrated in this population of Japanese patients with RA and an

inadequate response to csDMARDs. Safety and tolerability were consistent with other upadacitinib RA studies. The

15 mg dose of upadacitinib showed the most favourable benefit–risk profile.

Trial registration. ClinicalTrials.gov, https://clinicaltrials.gov/ct2/show/NCT02720523.
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Rheumatology key messages

. Treatment with upadacitinib was efficacious and acceptably safe in Japanese patients with RA.

. Optimal benefit–risk was observed with upadacitinib 15 mg compared with 7.5 mg in patients with RA.

. The overall safety and tolerability were consistent with other published studies of upadacitinib in RA.
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Introduction

RA is a systemic autoimmune disease characterized by

chronic inflammatory synovitis and progressive joint de-

struction and is associated with severe disability [1, 2].

To prevent irreversible damage associated with progres-

sive disease, the American College of Rheumatology

(ACR), Japanese College of Rheumatology [3] and

European League against Rheumatism

(EULAR) recommend clinical remission or low disease

activity (LDA) as the therapeutic target for patients with

RA [4, 5]. MTX, a conventional synthetic DMARD

(csDMARD), is usually recommended as first-line treat-

ment for RA. However, a significant proportion of

patients do not respond adequately to MTX treatment

and do not achieve the treatment target at optimal

therapeutic doses [3, 4]. In addition, side effects and tol-

erability of MTX can impact treatment adherence. If the

treatment target is not achieved with the first csDMARD

and risk factors for progressive disease are present, the

addition of biological (b) or targeted synthetic (ts)

DMARDs is recommended. Owing to rheumatologists’

extensive experience using bDMARDs in combination

with MTX, these combinations are often used first in

clinical practice. However, bDMARDs require intraven-

ous or subcutaneous administration, and a significant

proportion of patients fail to respond to bDMARDs or

lose their primary response [6].

Orally administered inhibitors of the Janus kinase

(JAK) family belong to the class of tsDMARDs and have

emerged as alternative treatment options for patients

with RA. JAKs [JAK1, 2 and 3 and tyrosine kinase 2

(TYK2)] are important mediators of multiple cytokine-

signalling pathways involved in normal cellular proc-

esses as well as in the pathogenesis of RA and other

immune-mediated inflammatory diseases. Several com-

pounds have been tested in clinical trials and some are

approved for the treatment of RA [7–11]. Upadacitinib

(ABT-494) is an oral JAK inhibitor engineered for greater

selectivity towards JAK1 vs JAK2, JAK3 and TYK2.

Upadacitinib is currently in development for the treat-

ment of RA and has demonstrated rapid and sustained

clinical and functional efficacy in both global phase II

[12, 13] and phase III studies [14, 15].

Here we report the week 12 results of the SELECT-

SUNRISE (NCT02720523) study, which evaluated the ef-

ficacy and safety of upadacitinib 7.5, 15 and 30 mg

once daily (QD) vs placebo for the treatment of

Japanese patients with moderately to severely active RA

on a stable dose of csDMARDs who have demonstrated

an inadequate response (IR) to csDMARDs.

Methods

Study design and settings

SELECT-SUNRISE was a multicentre phase IIb/III dose-

ranging study conducted across 49 sites in Japan. The

primary objective of this study was to assess the

dose response of a 20% improvement in ACR criteria

(ACR20) at week 12. The study tested three upadacitinib

doses (7.5, 15 and 30 mg QD) vs placebo in patients

with moderately to severely active RA who were

csDMARD-IR and on a stable dose of csDMARDs. The

7.5 mg dose of upadacitinib, which was not assessed in

the global phase III programme, was included in this

study to address a request by the Japanese regulatory

authority [Pharmaceuticals and Medical Devices Agency

(PMDA)] for dose ranging in local Japanese patients.

The study duration included a 35 day screening period,

a 12 week randomized, double-blind, parallel-group,

placebo-controlled treatment period and a 30 day

follow-up period (for site visit) to confirm dose response

in the efficacy of upadacitinib (Supplementary Fig. S1,

available at Rheumatology online). Patients who com-

pleted week 12 had the option to continue in the study;

patients in the upadacitinib groups continued on the

same dose of upadacitinib and patients in the placebo

group switched to upadacitinib 7.5, 15 or 30 mg QD

according to a pre-specified randomized assignment.

The study was conducted according to the

International Conference on Harmonization of Technical

Requirements for Pharmaceuticals for Human Use

guidelines, applicable regulations and guidelines govern-

ing clinical study conduct and the Declaration of

Helsinki. Study-related documents were reviewed and

approved by independent ethics committees and institu-

tional review boards. All patients provided written

informed consent before participation in the study.

Study population

Eligible patients were �18 years of age with a diagnosis

of RA for �3 months and fulfilled the 2010 ACR and

EULAR classification criteria for RA [16]. Eligible patients

had �6 tender (of 68 assessed) and �6 swollen (of 66

assessed) joints at screening and baseline visits and

high-sensitivity CRP (hsCRP) �3 mg/l measured through

a central laboratory at screening. Patients had been

receiving csDMARD therapy for �3 months and had

been on a stable dose of csDMARD therapy (MTX,

sulfasalazine, leflunomide, bucillamine or iguratimod) for

�4 weeks prior to the first dose of study drug. A com-

bination of up to two background csDMARDs was

allowed except for the combination of MTX and lefluno-

mide. Patients with prior exposure to at most one

bDMARD were allowed to be enrolled (up to 20% of the

study population) if they had evidence of intolerance to

the bDMARD or limited exposure (<3 months) with

required washout periods. Patients were allowed stable

concomitant RA medications including NSAIDs, acet-

aminophen/paracetamol and oral corticosteroids

(equivalent to prednisone �10 mg/day).

Patients were excluded if they had prior exposure to

any JAK inhibitor (including but not limited to tofacitinib,

baricitinib and filgotinib) or were considered inadequate

responders to bDMARDs. Additional exclusion criteria

included serum aspartate transaminase greater than

twice the upper limit of normal (ULN), serum alanine

transaminase greater than twice the ULN, estimated
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glomerular filtration rate by the Modification of Diet in

Renal Disease formula <40 ml/min/1.73 m2, total white

blood cell count <2500/ll, absolute neutrophil count

<1500/ll, platelet count <100 000/ll, absolute lympho-

cyte count <850/ll and haemoglobin <10 g/dl.

Randomization and treatment

Patients were randomized using an interactive response

technology with a randomization schedule generated by

the Data and Statistical Sciences Department of the

study sponsor. Patients, investigators and the sponsor

were masked to this allocation. Patients received QD

an extended-release formulation of upadacitinib at 7.5,

15 or 30 mg or a matching placebo for 12 weeks along

with their background dose of csDMARD(s). The study

period began with the baseline visit and ended with the

week 12 visit.

Outcomes

The primary efficacy endpoint was the proportion of

patients who achieved an ACR20 response at week 12.

The ACR20 response rate was based on �20% im-

provement in tender joint count and swollen joint count

and three or more of the five remaining measures,

including patient’s assessment of pain (visual analogue

scale [VAS]), patient’s global assessment of disease ac-

tivity, physician’s global assessment of disease activity,

HAQ–Disability Index (HAQ-DI) and hsCRP.

Key secondary endpoints at week 12 included the

proportion of patients achieving ACR50 and ACR70

responses, the proportion of patients achieving a 28-

joint DAS using CRP (DAS28-CRP) �3.2 and <2.6 and

changes from baseline in DAS28-CRP, HAQ-DI, the

36-item Short-Form Health Survey (SF-36) Physical

Component Summary (PCS), Functional Assessment

of Chronic Illness Therapy–Fatigue (FACIT-F), Work

Instability Scale for RA (RA-WIS) and morning stiff-

ness severity. Additional secondary endpoints at all

visits included the proportions of patients achieving

ACR20/50/70 responses, DAS28-CRP �3.2 and <2.6,

LDA and clinical remission by the Simplified Disease

Activity Index (SDAI �11 and �3.3, respectively) and

Clinical Disease Activity Index (CDAI �10 and �2.8,

respectively) and changes from baseline in individual

components of the ACR response criteria, DAS28-

CRP, morning stiffness severity and duration, SF-36

PCS, FACIT-F and RA-WIS.

Most efficacy variables were measured at weeks 0, 1,

2, 4, 8 and 12. Safety evaluations were conducted during

the entire duration of the study and included adverse

event (AE) monitoring, physical examinations, vital sign

measurements, electrocardiogram and clinical laboratory

testing that included haematology, chemistry and urinaly-

sis. Laboratory data were processed at a central labora-

tory and categorized according to the OMERACT criteria.

For creatine phosphokinase (CPK) and serum creatinine,

National Cancer Institute Common Toxicity Criteria (NCI-

CTC) were used. Patients were required to fast for a

minimum of 8 h prior to providing blood samples for la-

boratory analysis. Data for hsCRP were blinded.

Statistical analysis

The sample size estimates were based on a prior study

[13]. It was estimated that 48 patients in each group

would provide 90% power and a two-sided a of 5% to

detect a statistically significant dose response for the

primary endpoint, using the Cochran–Armitage test and

accounting for a 5% dropout rate.

The primary endpoint analysis was conducted using

the full analysis set, defined as all randomized patients

who received at least one dose of the study drug. Point

estimate and 95% CIs using normal approximation were

provided for the response rates for each randomized

treatment group. The Cochran–Armitage test was con-

ducted for the dose–response relationship. In addition,

the primary endpoint was compared between each upa-

dacitinib dose and the placebo group using the

Cochran–Mantel–Haenszel test, adjusting for prior

bDMARD use (yes/no). Non-responder imputation was

used for missing data.

For binary secondary endpoints, frequencies and per-

centages were reported for each randomized treatment

group. For the continuous endpoints DAS28-CRP and

HAQ-DI change from baseline, statistical inference was

conducted using analysis of covariance (ANCOVA) with

multiple imputation (MI) for missing data. The ANCOVA

model included treatment as the fixed factor and the

corresponding baseline value and the stratification factor

prior bDMARD use (yes/no) as covariates. For other

continuous endpoints, statistical inference was con-

ducted using mixed-effect model repeated measure

(MMRM) with the stratification factor being prior

bDMARD use (yes/no). From both the MI and MMRM

analyses, the least square (LS) mean and 95% CI were

reported for each randomized treatment group. The LS

mean treatment differences and associated 95% CIs

and P-values were reported comparing each upadaciti-

nib dose group with the placebo group.

An independent external data monitoring committee

was used to review unblinded safety data at regular

intervals during the conduct of the study.

Results

Demographics and baseline characteristics

Of 256 Japanese patients who were screened for eligi-

bility, 197 patients were randomized (upadacitinib:

7.5 mg, n¼49; 15 mg, n¼49; 30 mg, n¼ 50; placebo:

n¼49) and received double-blind study treatment, of

whom 187 (94.9%) completed 12 weeks on the study

drug (Fig. 1). Patients in the upadacitinib 30 mg group

had a numerically higher discontinuation rate due to AEs

(10%) compared with other treatment groups. No pa-

tient discontinued due to a lack of efficacy in any of the

upadacitinib treatment groups (one discontinued from

the placebo group) (Fig. 1).
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Baseline characteristics were generally well balanced

across treatment groups, although some differences were

observed in sex, duration of RA diagnosis and csDMARD

use (Table 1). Participants were predominantly female

(78.7%) with a mean age of 55.2years (S.D. 12.1). The mean

duration of RA since diagnosis was 5.5years (S.D. 6.0) and

the mean disease activity was high at baseline based on

DAS28-CRP [5.1 (S.D. 0.9)] and CDAI [30.5 (S.D. 10.3)].

Efficacy outcomes

At week 12, 37 of 49 patients (75.5%; 95% CI 63.5, 87.6)

in the upadacitinib 7.5 mg group, 41 of 49 patients

(83.7%; 95% CI 73.3, 94.0) in the upadacitinib 15 mg

group and 40 of 50 patients (80.0%; 95% CI 68.9, 91.1) in

the upadacitinib 30 mg group achieved the primary end-

point of ACR20 as compared with 21 of 49 patients

(42.9%; 95% CI 29.0, 56.7) in the placebo group

(P<0.001 for each upadacitinib group vs placebo) (Fig. 2).

A significant dose response was observed (P< 0.001).

When compared with placebo, significantly more

patients treated with upadacitinib achieved ACR20 at

week 1 [31% (P¼0.006), 25% (P¼ 0.026) and 34%

(P¼0.002) for upadacitinib 7.5 mg, 15 mg and 30 mg, re-

spectively, vs 8% for placebo] and all subsequent time

points. At week 12, patients treated with upadacitinib

achieved significantly higher rates of the more stringent

measures of ACR50 and ACR70 (Fig. 2). Results for

ACR50 and ACR70 were statistically significant for all

upadacitinib dose groups compared with placebo.

Patients treated with upadacitinib 15 mg and 30 mg had

numerically higher ACR50 and ACR70 responses than

those treated with 7.5 mg; no incremental efficacy was

observed with upadacitinib 30 mg vs 15 mg (Fig. 2).

Through 12 weeks, the mean reduction from baseline in

DAS28-CRP was significantly greater in patients who

received upadacitinib vs placebo [7.5 mg: �2.1; 15 mg:

�2.4; 30 mg: �2.4; placebo: �0.8 (all doses P<0.001 vs

placebo)]. Treatment with upadacitinib over 12 weeks

also led to significant improvements in SDAI [mean

change from baseline: upadacitinib 7.5 mg: �18.7; 15 mg:

�22.4; 30 mg: �22.1; placebo: �9.2 (all doses P< 0.001

vs placebo)] and CDAI [mean change from baseline: upa-

dacitinib 7.5 mg: �17.8; 15 mg: �21.4; 30 mg: �21.4; pla-

cebo: �9.1 (all doses P< 0.001 vs placebo)].

At week 12, upadacitinib treatment led to more

patients achieving LDA and remission based on DAS28-

CRP (�3.2 and <2.6), SDAI (�11 and �3.3) and CDAI

(�10 and �2.8) vs placebo (Fig. 3). Significant differen-

ces between upadacitinib 15 and 30 mg vs placebo

were observed across all definitions of LDA and remis-

sion. However, for the 7.5 mg dose of upadacitinib, the

differences were not significant vs placebo for SDAI and

CDAI remission (Fig. 3).

Reductions in HAQ-DI scores from baseline were also

significantly greater in the upadacitinib treatment groups,

with dose-dependent responses across the three upada-

citinib treatment groups [7.5 mg: �0.41; 15 mg: �0.45;

FIG. 1 Patient disposition
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30 mg: �0.49; placebo: �0.10 (P< 0.001)]. In addition to

HAQ-DI, all remaining components of the ACR response

criteria were reduced significantly through 12 weeks by

treatment with upadacitinib vs placebo across doses

tested (Supplementary Fig. S2, available at Rheumatology

online).

Upadacitinib treatment led to significantly greater reduc-

tions in morning stiffness severity across doses compared

with placebo (Fig. 4). However, only the 15 mg dose led to

a significant reduction in the duration of morning stiffness

vs placebo. Numerical improvements with upadacitinib vs

placebo were observed in FACIT-F and RA-WIS scores

with all upadacitinib doses, but the differences were only

significant with the 7.5 mg dose (P< 0.05). There was also

a significant improvement in the SF-36 PCS among those

treated with upadacitinib [7.5 mg: 7.2; 15 mg: 6.4; 30 mg:

8.8; placebo: 2.9 (P� 0.002)].

TABLE 1 Demographics and other baseline characteristics

Parametera Placebo
(n 5 49)

Upadacitinib
7.5 mg QD (n 5 49)

Upadacitinib
15 mg QD (n 5 49)

Upadacitinib
30 mg QD (n 5 50)

Demographic characteristics
Age, years 54.3 (13.0) 55.8 (11.0) 56.0 (12.5) 54.7 (12.2)
Female, n (%) 42 (85.7) 34 (69.4) 36 (73.5) 43 (86.0)

Weight, kg 56.5 (13.7) 59.2 (10.7) 58.6 (10.1) 56.9 (13.0)
BMI, kg/m2 22.8 (4.5) 23.0 (2.7) 23.2 (3.4) 23.1 (5.0)

Time since RA diagnosis, years,
median (range)

2.1 (0.4–19.2) 4.0 (0.4–31.3) 2.9 (0.4–34.7) 2.8 (0.3–16.3)

RF positive, n (%) 31 (63.3) 38 (77.6) 36 (73.5) 33 (66.0)
Anti-CCP positive, n (%) 40 (81.6) 42 (85.7) 38 (77.6) 46 (92.0)

Prior bDMARD exposure, n (%) 3 (6.1) 5 (10.2) 6 (12.2) 3 (6.0)
csDMARD use at baseline, n (%)

MTX alone 29 (59.2) 25 (51.0) 28 (57.1) 37 (74.0)

MTX plus other csDMARD 14 (28.6) 13 (26.5) 12 (24.5) 7 (14.0)
csDMARD other than MTX 6 (12.2) 11 (22.4) 9 (18.4) 6 (12.0)

MTX dose, mg/weekb 10.1 (2.5) 10.3 (2.6) 9.2 (1.9) 10.0 (2.3)
Oral steroid use, n (%) 24 (49.0) 26 (53.1) 28 (57.1) 24 (48.0)
Oral glucocorticoid dose, mg/dayc

(prednisone equivalent dose)
3.8 (2.1) 3.3 (1.4) 3.8 (1.9) 3.6 (1.3)

Disease characteristics

Tender joint count of 68 joints 16.8 (11.4) 16.3 (8.9) 17.8 (12.6) 16.3 (10.8)
Swollen Joint count of 66 joints 10.9 (4.7) 11.7 (4.9) 14.0 (7.8) 11.7 (5.3)

hsCRP, mg/l, median (range) 9.6 (1.3–103.0) 8.3 (1.0–47.5) 7.8 (0.8–84.6) 7.0 (1.2–51.1)
DAS28-CRP 5.2 (0.8) 5.1 (0.8) 5.1 (1.1) 5.0 (0.9)
CDAI 31.0 (9.9) 29.1 (8.1) 32.1 (12.0) 29.8 (10.7)

SDAI 32.8 (10.1) 30.4 (8.3) 33.7 (12.8) 31.0 (11.1)
HAQ-DI 1.0 (0.7) 0.9 (0.7) 1.0 (0.7) 0.9 (0.6)

FACIT-F 35.2 (8.1) 34.6 (9.6) 33.8 (11.2) 36.6 (9.2)
SF-36 PCS 39.0 (7.1) 40.0 (6.7) 40.5 (7.9) 42.4 (6.3)
RA-WIS 10.6 (6.3) 10.6 (6.1) 9.5 (6.4) 8.0 (6.0)

Morning stiffness severity 4.6 (2.7) 4.8 (2.6) 4.9 (2.9) 3.8 (2.8)
Morning stiffness duration, min,
median (range)

60.0 (0–1440.0) 60.0 (0–540.0) 50.0 (0–1440.0) 30.0 (0–1440.0)

a

Data are mean (S.D.) unless stated otherwise.
b

Mean MTX dose calculated only for patients receiving MTX.
c

Mean gluco-
corticoid dose calculated only for patients receiving glucocorticoids. bDMARD: biological DMARD; csDMARD: conventional

synthetic DMARD; hsCRP: high-sensitivity CRP; DAS28 (CRP): 28-joint Disease Activity Score using C-reactive protein;
CDAI: Clinical Disease Activity Index; SDAI: Simplified Disease Activity Index; HAQ-DI: Health Assessment Questionnaire-
Disability Index; FACIT-F: Functional Assessment of Chronic Illness Therapy- Fatigue; QD: once daily; SF-36 PCS: Short

Form (36-item) Physical Component Summary; RA-WIS: Rheumatoid Arthritis-Work Instability Scale.

FIG. 2 ACR20, ACR50 and ACR70 responses at week

12 (NRI)
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Safety

AEs were reported in 29 (59%) patients receiving upadaci-

tinib 7.5 mg, 28 (57%) patients receiving 15 mg, 37 (74%)

patients receiving 30 mg and 24 (49%) patients receiving

placebo. AEs that resulted in discontinuation of the study

drug were reported in one (2%) patient on upadacitinib

15 mg, seven (14%) patients on 30 mg and no patients

from the 7.5 mg or placebo treatment groups (Table 2).

FIG. 3 Achievement of LDA and remission states at week 12 (NRI)
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FIG. 4 Change from baseline in patient-reported outcomes at week 12

HAQ-DI results are based on multiple imputation, other endpoints were based on MMRM analysis. *P<0.05,

**P<0.01, ***P< 0.001 vs PBO. PBO: placebo; UPA: upadacitinib.
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Infections were the most frequent AEs observed across

treatment groups, with nasopharyngitis being the most

common (data not shown). One serious infection occurred

in the upadacitinib 15 mg group (cellulitis) and three

occurred in the 30 mg group (hand-foot-and-mouth dis-

ease, herpes zoster and Pneumocystis pneumonia); none

were reported with upadacitinib 7.5 mg or placebo. Two

opportunistic infections occurred in the upadacitinib 30 mg

group (oral candidiasis and Pneumocystis pneumonia).

There were five events of herpes zoster reported through

12 weeks (one each in the placebo and upadacitinib

7.5 mg groups, none with upadacitinib 15 mg and three

with upadacitinib 30 mg), one of which was considered

serious in the 30 mg treatment group and led to discon-

tinuation of the study drug. Another patient in the upadaci-

tinib 30 mg group had a non-serious herpes zoster event

that led to discontinuation of the study drug. The majority

of herpes zoster events were reported as involving only

one dermatome. None of the events of herpes zoster were

reported as having non-cutaneous involvement. Four drug-

related hepatic disorders were reported up to week 12

(two events on placebo and one event each in the 15 and

30 mg groups). Except for one event of hepatic steatosis in

the placebo group, all events were reported with alanine

aminotransferase (ALT) or aspartate aminotransferase

(AST) enzyme elevations. There was one adjudicated car-

diovascular event (transient ischaemic attack) reported in

the upadacitinib 7.5 mg treatment group in a patient with a

medical history of a cerebrovascular accident. There were

no reports of death, malignancy, gastrointestinal perfor-

ation, renal dysfunction, active/latent tuberculosis, adjudi-

cated major adverse cardiovascular events (defined as

cardiovascular death, non-fatal myocardial infarction or

non-fatal stroke) or venous thromboembolic events.

Laboratory measures were assessed at baseline and at

each study visit. During the 12 week period, mean levels

of haemoglobin remained within normal ranges across

treatment groups. At week 12, mean haemoglobin values

increased in the upadacitinib 7.5 mg treatment group

[3.5 g/l (S.D. 8.6)], whereas there was a small reduction in

the 15 mg group [�0.3 g/l (S.D. 7.0)] and a larger reduction

in the 30 mg group [�5.4 g/l (S.D. 10.6)]. Grade 3

decreases in haemoglobin were reported from one pa-

tient (2%) in the placebo group, five patients (10%) in the

upadacitinib 30 mg group and no patients in the 7.5 mg

or 15 mg groups; no grade 4 decreases in haemoglobin

were reported in any dose group (Supplementary Table

S1, available at Rheumatology online). The mean lympho-

cyte, neutrophil and platelet counts were within normal

reference ranges at all visits for all treatment groups.

Grade 3 decreases in lymphocyte counts were observed

in all treatment groups, including placebo. They were

most common in the 30 mg upadacitinib group, with

lower frequencies observed with 15 and 7.5 mg

(Supplementary Table S1, available at Rheumatology on-

line). Two grade 4 lymphocyte decreases were also

observed with upadacitinib 30 mg, with an additional oc-

currence in the 7.5 mg group. Grade 3 or 4 decreases in

neutrophil count were infrequent and there were no grade

3 or 4 decreases in the platelet count.

By week 8, the mean concentration of natural killer

(NK) cells increased by 2.8% (S.D. 50.3) with upadacitinib

7.5 mg and 9.3% (S.D. 38.1) with placebo, while it

decreased by 3.2% (S.D. 51.9) with upadacitinib 15 mg

and by 7.6% (S.D. 57.0) with upadacitinib 30 mg. The

decreases in NK cells were generally not associated

with viral infections. Up to week 12 there were small

increases in the levels of low-density lipoprotein

TABLE 2 Summary of adverse events through 12 weeks

AEs Placebo
(n 5 49)

Upadacitinib
7.5 mg QD (n 5 49)

Upadacitinib
15 mg QD (n 5 49)

Upadacitinib
30 mg QD (n 5 50)

Total AEs 24 (49.0) 29 (59.2) 28 (57.1) 37 (74.0)
Serious AEs 0 1 (2.0) 1 (2.0) 5 (10.0)
AEs leading to discontinuation of study drug 0 0 1 (2.0) 7 (14.0)

Deaths 0 0 0 0
Infections 11 (22.4) 18 (36.7) 16 (32.7) 22 (44.0)

Serious infection 0 0 1 (2.0) 3 (6.0)
Opportunistic infection 0 0 0 2 (4.0)
Herpes zostera 1 (2.0) 1 (2.0) 0 3 (6.0)

Active/latent tuberculosis 0 0 0 0
Malignancy (including NMSC) 0 0 0 0

Hepatic disorder 2 (4.1) 0 2 (4.1) 1 (2.0)
Gastrointestinal perforation 0 0 0 0
Adjudicated cardiovascular event 0 1 (2.0) 0 0

Adjudicated MACE 0 0 0 0
Other adjudicated cardiovascular event 0 1 (2.0) 0 0

Adjudicated venous thromboembolic event 0 0 0 0

All values presented as n (%).
a

Including two cases of serious herpes zoster, one in the upadacitinib 7.5 mg group and

one in the upadacitinib 30 mg group. AE: adverse event; MACE, major adverse cardiovascular event; NMSC: non-melan-
oma skin cancer; QD: once daily.
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cholesterol (LDL-C) and high-density lipoprotein choles-

terol (HDL-C) with upadacitinib compared with placebo,

which appeared to plateau at week 8. However, the

ratio of LDL-C to HDL-C did not change by week 12

(Supplementary Table S2, available at Rheumatology

online).

Changes in ALT and AST were observed in some

patients. One patient each in the placebo and upadaciti-

nib 15 mg groups experienced grade 3 ALT elevations

and one patient experienced grade 3 AST elevation in

the placebo group. No patient had an ALT or AST value

that was grade 4 and no Hy’s law case was identified.

There were three cases of grade 4 CPK elevations

reported in the upadacitinib 30 mg group; all three

patients were asymptomatic and no patient discontinued

the study drug due to blood CPK elevation.

Discussion

The SELECT-SUNRISE study assessed the efficacy and

safety profile of three doses of upadacitinib (7.5, 15 and

30 mg) in Japanese patients who had moderately to se-

verely active RA despite a stable dose of csDMARD(s).

Through 12 weeks, upadacitinib was effective at reduc-

ing the signs and symptoms of RA in patients across all

doses examined. More than 75% of patients who

received upadacitinib achieved the primary endpoint of

an ACR20 response at week 12 with a statistically sig-

nificant dose–response relationship (P< 0.001).

Significant clinical and functional responses were noted

as early as week 1 for the upadacitinib treatment groups

compared with placebo, which persisted through

12 weeks.

Based on the results of phase IIb trials with upadaci-

tinib in RA, upadacitinib exposures associated with

15 mg QD and 30 mg QD were predicted to provide the

optimal balance of benefit–risk in patients with moder-

ately to severely active RA and were therefore selected

for further evaluation in the global phase III develop-

ment programme [17]. While less stringent endpoints

such as ACR20 responses are designed to assess

effects vs placebo, they may not allow discrimination

between several effective doses. While results across

the three doses were comparable for ACR20, the

7.5 mg dose (assessed in Japan only) showed numeric-

ally lower responses for more stringent endpoints such

as ACR50 and ACR70 responses and remission defined

by DAS28-CRP, SDAI and CDAI. Of note, the 7.5 mg

dose did not significantly increase rates of SDAI and

CDAI remission vs placebo, whereas significant

increases were observed with the 15 and 30 mg doses.

These results are consistent with exposure–response

analyses of upadacitinib from the phase IIb trials in

patients with RA, which indicated that doses <15 mg

QD would provide suboptimal efficacy [17].

However, certain patient-reported outcomes (RA-WIS

and FACIT-F) showed a greater improvement with the

7.5 mg dose vs the other upadacitinib doses. The rea-

sons for this are unclear but may be due to variability

introduced by both the small sample sizes in each

group (particularly for RA-WIS, as this only included the

subset of patients who were employed) and the inher-

ent variability in patient-reported measures.

Treat-to-target guidelines recommend a treatment tar-

get of remission or LDA in patients with RA, with the

aim of preventing structural damage and normalizing

health-related quality of life [4]. In this study, at least half

of patients treated with upadacitinib 15 or 30 mg and

more than one-third of patients treated with upadacitinib

7.5 mg achieved a state of clinical remission based on

DAS28-CRP <2.6 after 12 weeks. More stringent defini-

tions of clinical remission based on SDAI �3.3 and

CDAI �2.8 were also achieved by more patients treated

with upadacitinib 15 or 30 mg (almost 20% in each

group) compared with patients treated with upadacitinib

7.5 mg (10%) after 12 weeks. The alternative treatment

target of LDA (as measured by DAS28-CRP, SDAI and

CDAI) was also achieved at week 12 in a significant pro-

portion of patients treated with upadacitinib, with nu-

merically higher responses seen with upadacitinib 15

and 30 mg vs the 7.5 mg dose.

The impact of RA on patients has been described in

several studies that concluded RA causes major and di-

verse effects on patients, affecting both physical and

mental domains of well-being [18, 19]. A reduction in

disease activity results in improvement of patients’

physical function and health-related quality of life [20].

Consistent with improvements in disease activity,

patient-reported outcomes including physical function

assessment (HAQ-DI), quality-of-life domains (SF-36)

and severity of morning stiffness scores significantly

improved among patients treated with upadacitinib com-

pared with placebo. Numerical improvements were also

observed with upadacitinib in fatigue (FACIT-F) and

work instability (RA-WIS).

The safety profile of upadacitinib in this study was

generally comparable to other JAK inhibitor studies in

this population and similar to global trials of upadaciti-

nib, with some known differences in the safety of JAK

inhibition in this Japanese population compared with

other geographical regions. The rate of herpes zoster

seen in the 30 mg group in this study (6%) appeared to

be higher than that observed in the SELECT-NEXT and

SELECT-BEYOND studies (1–2%), which did not include

Japanese study sites [14, 21]. A similar trend has been

observed for Japanese and Korean patients treated with

tofacitinib and baricitinib vs other geographical regions

[22, 23]. The reason for the increased rate of herpes

zoster in Japanese patients is unclear, although it has

been suggested that genetic predisposition, regional dif-

ferences in reporting and cultural or medical factors

could be involved [22, 24]. Over 12 weeks, infections

were more common in patients treated with upadacitinib

vs placebo and followed a dose-dependent trend. The

frequency and types of infections observed were con-

sistent with those known for the JAK inhibitor class [25]

and were also consistent with those typically seen in the

RA population [26].
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Most changes in laboratory parameters were mild or

moderate and followed a dose-dependent trend; grade

3 and 4 laboratory abnormalities were rare. The types of

laboratory changes were consistent with those known in

the JAK class, with the exception that no changes

in creatinine were observed in this study. The

dose-dependent changes in NK cells observed in this

study are consistent with inhibition of JAK/signal trans-

ducer and activator of transcription signalling with upa-

dacitinib treatment. However, an association between

these decreases in NK cells and an increased risk of

viral infections could not be established and the clinical

relevance of this finding is unclear. Increases in mean

levels of LDL-C and HDL-C were also observed with

upadacitinib in this study, as reported with other JAK

inhibitors [7, 8]. Elevations were generally observed dur-

ing the first 8 weeks of treatment and remained stable

with longer-term treatment. However, the atherosclerotic

index remained unchanged at week 12.

Similar to the global upadacitinib studies, certain AEs

were higher with upadacitinib 30 mg compared with the

other doses, including infections, discontinuation due to

AEs and AEs of lymphopenia and of CPK elevation.

This study has several limitations. As this was a dose

range trial, the sample size in each treatment group was

relatively small, which may have introduced variability

into the results and limited the precision of conclusions.

This may also have resulted in some imbalances in

baseline demographics between the treatment groups,

notably in sex, time since RA diagnosis and baseline

csDMARD use. It is possible that these differences may

have affected the efficacy outcomes in the study; for ex-

ample, female patients with RA have been shown to

have worse fatigue than male patients [27, 28].

However, baseline disease characteristics, including lev-

els of fatigue, were comparable across the treatment

groups at baseline, suggesting that differences in demo-

graphics did not have a large effect on treatment

outcomes.

The geographical diversity of the study population

was limited, as the study was conducted with patients

in Japan only, precluding generalization of the efficacy

and safety results. However, data have already been

published on the efficacy and safety of upadacitinib 15

and 30 mg doses from a global population of

csDMARD-IR patients with RA and overall conclusions

are consistent with those observed in the current study

[14]. In addition, this was a relatively short study of only

12 weeks of treatment, but an extension is ongoing to

provide longer-term data on the efficacy and safety of

upadacitinib in Japanese patients.

Overall, upadacitinib at the 15 mg dose showed the

most favourable benefit–risk profile in this csDMARD-

IR Japanese population, with comparable efficacy

observed with the 15 and 30 mg doses. The 30 mg

group had higher rates of AEs and premature discon-

tinuation. Upadacitinib 7.5 mg was less efficacious

than 15 mg for the majority of endpoints. Other than

the higher incidence of herpes zoster, the safety profile

of upadacitinib in this Japanese population was con-

sistent with that observed in global phase III studies.

These results suggest that upadacitinib is a favourable

treatment option in Japanese patients with RA and an

IR to csDMARDs. Further studies are needed to ad-

dress the role of upadacitinib in Japanese patients

who are MTX naı̈ve and those who have an IR to

bDMARDs.
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