
ORIGINAL ARTICLE

Efficacy and safety of dose escalation of infliximab therapy in
Japanese patients with psoriasis: Results of the SPREAD
study

Hideshi TORII,1 Masayuki NAKANO,2 Toshiro YANO,3 Kazuoki KONDO,2 Hidemi

NAKAGAWA,4 The SPREAD Study Group†

1Division of Dermatology, Tokyo Yamate Medical Center, 2Sohyaku Innovative Research Division, Mitsubishi Tanabe Pharma, Tokyo,
3Ikuyaku Integrated Value Developmental Division, Mitsubishi Tanabe Pharma, Osaka, 4Department of Dermatology, The Jikei

University School of Medicine, Tokyo, Japan

ABSTRACT

Although infliximab is approved for psoriasis, its efficacy is reduced over time in some patients. The aim of this

phase III trial is to evaluate efficacy and safety of infliximab dose escalation in Japanese psoriasis patients with

loss of efficacy to standard-dose therapy. Patients with plaque psoriasis, psoriatic arthritis, pustular psoriasis or

psoriatic erythroderma who showed loss of efficacy to standard-dose therapy received infliximab dose escalation

(10 mg/kg every 8 weeks) from weeks 0 to 32. Loss of efficacy was defined as not maintaining 50% reduction in

the Psoriasis Area and Severity Index (PASI 50) after achieving PASI 75. Efficacy and safety were evaluated up to

week 40. Fifty-one patients received dose escalation and 43 completed the study. PASI 75 and median improve-

ment rate of PASI score at week 40 were 44% and 70.0%, respectively, showing efficacy in skin symptoms. Effica-

cies in quality of life, nail psoriasis and joint pain were also obtained. Median serum infliximab level increased

from less than 0.1 to 1.1 lg/mL from weeks 0 to 40, showing positive correlation between efficacy and serum

infliximab level at week 40. Favorable efficacy was observed in patients with detectable serum infliximab levels

(≥0.1 lg/mL) at baseline. Incidences of adverse events, serious adverse events, serious infections and serious

infusion reactions were 92%, 10%, 4% and 0%, respectively. No marked difference was observed in both efficacy

and safety among psoriasis types. No new safety concerns were observed. Infliximab dose escalation was effec-

tive and well-tolerated in psoriasis patients with loss of efficacy to standard-dose therapy, suggesting that dose

escalation may be a useful therapeutic option for these patients.
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INTRODUCTION

Psoriasis is a chronic immune-mediated skin disease and its eti-

ology is not fully elucidated.1,2 Infliximab (IFX), a chimeric anti-

tumor necrosis factor (TNF)-a antibody, is reported to be highly

effective not only for plaque psoriasis, but also for psoriatic

arthritis, pustular psoriasis and psoriatic erythroderma, the last

two of which are considered more severe types.3–10 In Western

countries, IFX is approved for the treatment of psoriasis at a

dose of 5 mg/kg every 8 weeks. However, the efficacy is report-

edly reduced over time in some patients,11,12 and dose adjust-

ment has been recommended for such cases.13,14 In fact, many

patients who showed inadequate response to standard-dose

treatment received a higher dose of IFX in clinical settings.15,16

In Japan, IFX has been approved since 2010 for the treat-

ment of plaque psoriasis, psoriatic arthritis, pustular psoriasis

Correspondence: Hideshi Torii, M.D., Ph.D., Division of Dermatology, Tokyo Yamate Medical Center, 3-22-1 Hyakunincho, Shinjuku-ku,

Tokyo 169-0073, Japan. Email: torii-hideshi@yamate.jcho.go.jp
†SPREAD study investigators: Yasuyuki Fujita (Hokkaido University); Keita Horie, Miki Ito, Mari Iitani and Kei Ito (JR Sapporo Hospital); Taka-

hide Kaneko (Hirosaki University); Toshihide Akasaka (Iwate Medical University); Mamitaro Ohtuki (Jichi Medical University); Masato Yasuda and

Masatoshi Abe (Gunma University); Yurika Tanida (Kitasato Medical Center Hospital); Tadashi Terui (Nihon University); Satoru Arai and Toshiaki

Nakano (St Luke’s International Hospital); Takafumi Etoh (Tokyo Teishin Hospital); Yoshihide Asano (The University of Tokyo); Yoshinori Ume-

zawa and Hidehisa Saeki (The Jikei University); Makoto Adachi (Kanto Rosai Hospital); Mariko Seishima (Gifu University); Yoshiki Tokura

(Hamamatsu University); Akimichi Morita (Nagoya City University); Keiichi Yamanaka (Mie University); Mamoru Tani (Osaka University); Hirot-

sugu Tanimura and Fumikazu Yamazaki (Kansai Medical University); Chikako Nishigori (Kobe University); Sakae Kaneko (Shimane University);

Masahiko Muto (Yamaguchi University); Motonobu Nakamura and Ryosuke Hino (University of Occupational and Environmental Health, Japan);

Juichiro Nakayama (Fukuoka University); Teruaki Nakano (St Mary’s Hospital); Atsushi Utani (Nagasaki University); Toshihiro Sato (Oita Prefec-

tural Hospital); and Hironobu Ihn (Kumamoto University).

Received 12 July 2016; accepted 11 October 2016.

552 © 2016 The Authors. The Journal of Dermatology published by John Wiley & Sons Australia, Ltd

on behalf of Japanese Dermatological Association.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs

License, which permits use and distribution in any medium, provided the original work is properly cited, the use is

non-commercial and no modifications or adaptations are made.

doi: 10.1111/1346-8138.13698 Journal of Dermatology 2017; 44: 552–559

http://creativecommons.org/licenses/by-nc-nd/4.0/


and psoriatic erythroderma at 5 mg/kg in weeks 0, 2, 6 and

14, and every 8 weeks thereafter, and the efficacy and safety

profiles of standard-dose IFX therapy in Japanese clinical set-

tings was clarified.17 However, loss of efficacy has been

reported in some patients who had initially responded to stan-

dard-dose treatment18 as observed in Western countries.

In order to evaluate the efficacy and safety of dose escala-

tion of IFX therapy (10 mg/kg every 8 weeks) in Japanese pso-

riasis patients with loss of efficacy to standard-dose IFX

maintenance therapy, the Study on Psoriasis Treatment with

Remicade Escalating Dosage (SPREAD, NCT01680159) was

conducted.

METHODS

The SPREAD study was a phase III, multicenter, single-arm,

40-week trial conducted at 34 sites in Japan. The study proto-

col was approved by the Ministry of Health and Labor as well

as each institutional ethics committee, and the study itself was

conducted in accordance with the Declaration of Helsinki and

with Good Clinical Practice. Informed written consent was

obtained from all patients.

Patients
Patients with plaque psoriasis, psoriatic arthritis, pustular psori-

asis (except for localized pustular psoriasis) or psoriatic ery-

throderma, aged 16–75 years and showing loss of efficacy to

standard-dose IFX originator (Remicade; Mitsubishi Tanabe

Pharma, Osaka, Japan) therapy (5 mg/kg every 8 weeks), were

included in the study. Patients with guttate psoriasis or drug-

induced psoriasis were excluded. Loss of efficacy was defined

as once achieving 75% reduction in the Psoriasis Area and

Severity Index (PASI 75) response19 continuously (judged by

each investigator) to standard-dose IFX therapy, but then fall-

ing below PASI 50 at study entry (i.e. at initiation of dose esca-

lation, week 0). PASI score at initiation of standard-dose IFX

therapy (not at initiation of this study) was used as the baseline

for evaluating PASI responses.

Patients with any of the following conditions were excluded

from the study: a history of serious infusion reaction to stan-

dard-dose IFX therapy, active infection (including tuberculosis),

active hepatitis B/C, other active skin diseases (e.g. allergic

disease, skin infection), previous non-IFX biologic therapy,

demyelinating disease, congestive heart failure, lymphoprolifer-

ative disease, lupus-like syndrome and pregnancy.

Study design
All patients who met the study criteria received IFX originator

(Remicade) at 10 mg/kg every 8 weeks from weeks 0 to 32,

and the efficacy and safety were evaluated until week 40. In

patients who discontinued the study, the efficacy and safety

were evaluated until 8 weeks after the last infusion. Prior to

dose escalation, patients with plaque psoriasis or psoriatic

arthritis received additional standard-dose IFX treatment to

confirm that the loss of efficacy was not transient, and dose

escalation of 10 mg/kg every 8 weeks was initiated (week 0)

only in those who could not achieve PASI 50 response again

after 8 weeks of additional treatment. For patients with pustular

psoriasis or psoriatic erythroderma, dose escalation was initi-

ated without additional treatment (week 0) if PASI response

was less than 50%, given the severity of disease and due to

ethical considerations.

Use of the following therapies was prohibited throughout the

study period: immunosuppressants excluding methotrexate

(MTX), phototherapy, injectable systemic corticosteroids,

injectable-activated vitamin D3 derivatives, alkylating agents,

lithium preparations, surgical operation, live vaccines and other

investigational products. Use of MTX, etretinate, oral-activated

vitamin D3 derivatives and oral corticosteroids was allowed

provided the dose level was not increased during the study

period (dose reduction was allowed). For patients with plaque

psoriasis or psoriatic arthritis, dose change or initiation of new

treatment was not allowed for 4 weeks (MTX, etretinate and

oral-activated vitamin D3 derivatives) or 2 weeks (corticos-

teroids) prior to study entry.

Patients with a history of or suspected tuberculosis

received prophylactic treatment with isonicotinic acid hydra-

zide (INH).

Efficacy
The primary end-point was PASI 75 response after dose esca-

lation. The PASI score at initiation of standard-dose IFX ther-

apy was used as the baseline for assessing PASI response. In

addition, PASI 50/90 responses, global improvement (classified

into four categories: resolved, improved, unchanged and wors-

ened),8 and Dermatology Life Quality Index (DLQI, 0–

30 points)20 were also assessed.

Physician’s Global Assessment (PGA) (six grades: cleared,

minimal, mild, moderate marked and severe)9 was also

assessed in patients with plaque psoriasis. The number of nails

with psoriasis and Nail Psoriasis Severity Index (NAPSI, 0–

8 points)21 were assessed in patients with nail psoriasis; pain

visual analog scale (VAS pain, 0–100 mm) was assessed in

patients with psoriatic arthritis; and the degree of severity

(mild, moderate or severe) was evaluated in patients with pus-

tular psoriasis in accordance with the Japanese Dermatological

Association’s guidelines at 2010 (https://www.dermatol.or.jp/

uploads/uploads/files/guideline/1372913421_3.pdf, Japanese

article, last accessed 8 July 2016). All efficacies except DLQI

and VAS pain were assessed by each investigator.

Laboratory tests
All laboratory tests were performed at LSI Medience (Tokyo,

Japan). Serum IFX levels were measured via enzyme-linked

immune sorbent assay (ELISA) using anti-IFX monoclonal anti-

bodies obtained from Janssen Biotech (Horsham, PA, USA),

with a lower detection limit of 0.1 lg/mL.22 Serum anti-IFX

antibodies (ATI) positivity were also evaluated via ELISA. In

patients with detectable serum IFX levels (≥0.1 lg/mL), we

considered these patients to be ATI-negative and did not eval-

uate ATI positivity (i.e. serum IFX levels were <0.1 lg/mL in all

ATI-positive patients), as described previously.22 Serum IFX

level and ATI positivity were measured at Mitsubishi Tanabe

Pharma (Osaka, Japan).
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Statistical analyses
Efficacy and safety were analyzed in the full analysis set. The

efficacy at each time point (weeks 0–40) was assessed using

data as observed analysis. In addition, the last observation car-

ried forward approach was also used in evaluating the efficacy

at week 40. Statistical analyses were performed using SAS

software version 9.2 (SAS Institute Japan, Tokyo, Japan).

RESULTS

Of the 62 patients who gave informed consent, 51 met the

entry criteria and received IFX dose escalation (10 mg/kg every

8 weeks) from week 0. Of these 51 patients, 31 had plaque

psoriasis, eight had psoriatic arthritis, seven had pustular psori-

asis and five had psoriatic erythroderma. Patient characteris-

tics for each psoriasis type are shown in Table 1.

Characteristics did not differ markedly by psoriasis type. Med-

ian PASI score at initiation of standard-dose therapy (mean

duration of 1.9 years prior to study) and at initiation of dose

escalation (week 0) were 14.7 and 14.7, respectively; 41% of

patients had a higher PASI score at week 0 than at initiation of

standard-dose therapy. Eight patients discontinued the study,

leaving 43 who ultimately completed the study (26 with plaque

psoriasis, seven with psoriatic arthritis, five with pustular psori-

asis and five with psoriatic erythroderma). Reasons for discon-

tinuation were adverse events (AE) in six patients (including

two with exacerbation of psoriasis) and withdrawal of consent

in two patients (both had poor responses).

Efficacy in skin symptoms
Psoriasis Area and Severity Index 50/75/90 responses and glo-

bal improvement rate (resolved or improved) over time in all

patients are shown in Figure 1. PASI 75 responses ranged

40–64% after week 24, and 44% at week 40 (as observed). Glo-

bal improvement rates ranged 88–95% at week 24 and there-

after, showing efficacy in most patients. Global improvement

was assessed as worsened in only one patient with plaque pso-

riasis, and one with pustular psoriasis who dropped out of the

study due to exacerbation of the disease. Among eight patients

who discontinued the study, only one patient with plaque psori-

asis achieved PASI 75 response at the discontinuation.

Median improvement rates of PASI score over time are listed

for each psoriasis type in Table 2. Median value at week 40 was

70.0% in all patients and ranged 64.8–87.5%, depending on pso-

riasis type, with no marked differences among psoriasis types.

Quality of life improvement: DLQI score
Dermatological Life Quality Index was evaluated in all 51

patients. Mean DLQI scores were 8.3, 5.3, 4.6 and 3.9 at

weeks 0, 8, 24 and 40, respectively, and DLQI remission

rates (DLQI ≤1) were 14% (7/51) and 37% (16/43) at weeks 0

and 40, respectively, showing the improvement of patient

Table 1. Patient characteristics

All patients

(n = 51)

Type of psoriasis

Plaque psoriasis

(n = 31)

Psoriatic arthritis

(n = 8)

Pustular psoriasis

(n = 7)

Psoriatic

erythroderma

(n = 5)

Male (%) 38 (75) 25 (81) 5 (63) 4 (57) 4 (80)

Age, years 49.5 (13.7) 51.2 (13.9) 50.1 (11.9) 36.7 (9.7) 55.8 (12.5)

Disease duration, years 19.8 (10.7) 18.7 (9.6) 20.1 (10.7) 22.9 (13.5) 21.8 (15.0)
Comorbidity (%) 47 (92) 28 (90) 8 (100) 7 (100) 4 (80)

History of psoriasis therapy (%)

Systemic therapy 47 (92) 28 (90) 7 (88) 7 (100) 5 (100)

Phototherapy 38 (75) 22 (71) 6 (75) 6 (86) 4 (80)
Topical therapy 51 (100) 31 (100) 8 (100) 7 (100) 5 (100)

History of IFX therapy

Duration, years 1.9 (1.1) 1.8 (0.8) 2.3 (1.9) 2.0 (1.0) 1.9 (0.8)
Dose just before this

study, mg/kg

5.1 (5.0 to 5.7) 5.0 (4.9 to 5.7) 5.1 (5.0 to 5.5) 5.0 (5.0 to 5.7) 5.3 (5.2 to 6.0)

Interval just before this

study, weeks

7.9 (7.0 to 8.0) 8.0 (7.0 to 8.0) 7.4 (7.1 to 7.9) 7.0 (6.0 to 7.4) 8.0 (8.0 to 8.0)

Body surface area, % 25 (11 to 44) 21 (11 to 37) 17 (5 to 45) 41 (34 to 61) 49 (20 to 52)

PASI at initiation of IFX

standard-dose therapy

14.7 (10.3 to 25.0) 13.7 (10.3 to 19.5) 15.3 (5.0 to 25.9) 13.0 (9.7 to 27.6) 26.8 (25.0 to 32.3)

PASI at initiation of dose
escalation (week 0)

14.7 (9.4 to 24.4) 12.8 (9.4 to 24.4) 14.0 (5.3 to 21.2) 14.7 (13.6 to 36.8) 22.2 (14.7 to 25.3)

DLQI 8.3 (7.7) 7.7 (8.2) 6.9 (4.5) 12.7 (7.4) 8.2 (8.8)

NAPSI† 3.9 (2.6) 3.8 (2.7) 2.5 (2.1) 5.0 (3.5) 4.4 (1.1)

Number of nail psoriasis† 6.7 (4.0) 6.4 (4.0) 5.7 (4.8) 7.2 (4.4) 8.6 (3.1)
Serum IFX level, lg/mL <0.1 (<0.1 to 2.7) <0.1 (<0.1 to 2.2) <0.1 (<0.1 to 3.8) <0.1 (<0.1 to 5.0) 1.4 (<0.1 to 2.4)

Data were number of patients (%), mean (standard deviation) or median (interquartile range). †n = 36. DLQI, Dermatology Life Quality Index; IFX,
infliximab; NAPSI, Nail Psoriasis Severity Index; PASI, Psoriasis Area and Severity Index.
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quality of life (QOL) by dose escalation (Table 3). In 27

patients with baseline DLQI of 5 or more (week 0), the pro-

portion of patients with a DLQI improvement of 5 or more,

which is considered as clinically meaningful improvement, at

week 40 was 59% (13/22). The mean (standard deviation)

change in DLQI at week 40 was �2.5 (5.2), �4.9 (3.4), �9.6

(7.2) and �5.6 (6.1) in patients with plaque psoriasis, psoriatic

arthritis, pustular psoriasis and psoriatic erythroderma,

respectively, showing that DLQI improved across all psoriasis

types. Proportions of patients with successful treatment (de-

fined as PASI 75 response or both PASI 50–<75 response

and DLQI ≤5)16 were 36% (18/50), 71% (32/45) and 77% (33/

43) at weeks 8, 24 and 40, respectively. Of the eight patients

withdrawn from the study, only two who discontinued due to

AE had successful treatment at the time of discontinuation.

Efficacy in Physician Global Assessment
Physician Global Assessment was assessed in the 31 patients

with plaque psoriasis (Table 3). The proportions of patients

assessed as cleared, minimal, mild, moderate, marked and

severe were 0%, 0%, 26%, 45%, 16% and 13% at week 0,

and 8%, 38%, 35%, 15%, 4% and 0% at week 40, respec-

tively, showing that skin symptoms of plaque psoriasis

improved under the dose-escalation regimen.

Efficacy for nail psoriasis
Nail Psoriasis Severity Index and number of nails with psoriasis

were assessed in the 36 patients with nail psoriasis at week 0

(Table 3). Mean NAPSI was 3.9, 3.4, 3.1 and 2.9 at weeks 0, 8,

24 and 40, respectively, showing that NAPSI tended to

improve over time. Mean numbers of nails with psoriasis were

6.7, 6.0, 5.8 and 5.7 at weeks 0, 8, 24 and 40, respectively,

similarly showing improvement with time. No marked differ-

ences were noted in improvement of nail psoriasis among pso-

riasis types (data not shown).

Efficacy for psoriatic arthritis
In patients with psoriatic arthritis (n = 8), mean VAS pain (0–

100 mm) scores were 54.1, 47.8, 33.1 and 28.7 at weeks 0, 8,

24 and 40, respectively (Table 3), showing that joint pain

improved under the dose-escalation regimen. Mean C-reactive

protein (CRP) level at week 0 was 1.00 mg/dL (63% [5/8] were

within normal range [≤0.5 mg/dL]), and was 0.46 mg/dL at

week 40, without remarkable change.

Efficacy for generalized pustular psoriasis
Among patients with pustular psoriasis (n = 7), severity was

mild in 71% (5/7) and moderate in 29% (2/7) at week 0 but

mild in all until week 40 (Table 3). While improvements were

noted for all skin symptoms (area of erythema, area of ery-

thema with pustules and area of edema) and CRP levels, no

Figure 1. Reduction in Psoriasis Area and Severity Index of

50%, 75% and 90% (PASI 50/75/90) response and global
improvement rate at week 0 to 40. Global improvement rate

includes resolved and improved. Efficacy at each time point

was evaluated using data as observed analysis, unless other-

wise indicated. IFX, infliximab; W, week.

Table 2. Improvement rate of PASI score in each psoriasis type at weeks 0–40

All patients

(n = 43–51)
Plaque psoriasis

(n = 26–31)
Psoriatic arthritis

(n = 7–8)
Pustular psoriasis

(n = 5–7)

Psoriatic

erythroderma

(n = 5)

Improvement rate of PASI score (%)

Week 0 12.9 (�39.4 to 28.5) 14.4 (�56.2 to 28.5) 15.9 (�52.6 to 25.7) �13.1 (�34.8 to 8.7) 31.3 (5.6 to 31.9)

Week 4 50.5 (28.9 to 65.7) 48.2 (26.2 to 63.6) 54.6 (31.8 to 67.0) 37.7 (23.9 to 56.4) 61.2 (57.4 to 83.2)

Week 8 44.1 (22.6 to 69.1) 41.7 (19.4 to 72.2) 44.8 (21.9 to 62.9) 66.4 (44.6 to 76.9) 47.8 (30.6 to 83.9)
Week 12 65.6 (47.5 to 81.7) 65.5 (52.3 to 81.7) 53.9 (16.7 to 65.7) 69.5 (47.5 to 82.3) 88.1 (67.6 to 89.5)

Week 16 62.1 (33.8 to 77.1) 63.5 (33.8 to 77.1) 43.7 (7.2 to 61.4) 62.5 (41.0 to 83.9) 64.2 (56.0 to 88.2)

Week 20 74.8 (59.5 to 84.6) 77.7 (65.4 to 85.1) 58.6 (46.4 to 74.6) 73.6 (59.5 to 83.9) 89.2 (76.4 to 89.5)

Week 24 73.2 (64.1 to 82.7) 72.9 (48.7 to 82.7) 74.6 (56.2 to 82.8) 68.6 (64.1 to 79.2) 74.1 (73.2 to 89.2)
Week 28 80.9 (69.0 to 90.9) 82.9 (68.0 to 91.2) 74.3 (63.2 to 81.5) 83.0 (77.2 to 87.7) 75.5 (65.4 to 93.8)

Week 32 72.9 (59.3 to 82.4) 72.1 (61.5 to 82.0) 74.6 (48.3 to 81.5) 75.6 (52.6 to 87.9) 80.8 (75.5 to 87.6)

Week 36 74.6 (64.3 to 87.4) 74.0 (62.4 to 84.0) 74.3 (61.8 to 93.4) 79.9 (72.2 to 82.6) 81.9 (80.8 to 92.6)

Week 40 70.0 (56.1 to 83.9) 64.8 (48.6 to 80.4) 69.0 (60.0 to 83.7) 82.6 (77.5 to 83.9) 87.5 (80.2 to 87.7)
Week 40 (LOCF) 67.5 (47.7 to 83.7) 64.4 (41.7 to 80.4) 65.4 (29.7 to 83.3) 77.5 (�10.4 to 83.9) 87.5 (80.2 to 87.7)

Data are median (interquartile range) percentage in improvement rate of PASI score. Efficacy at each time point was evaluated using data as observed
analysis, unless otherwise indicated. LOCF, last observation carried forward; PASI, Psoriasis Area and Severity Index.
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marked changes were observed in any other laboratory

parameters.

Correlation of trough serum IFX level with
improvement of skin symptoms
Median (interquartile range) serum IFX trough levels were less

than 0.1 (<0.1–2.7), less than 0.1 (<0.1–5.1), 0.9 (<0.1–5.2) and

1.1 lg/mL (<0.1–7.4) at weeks 0 (n = 51), 8 (n = 51), 24

(n = 45) and 40 (n = 44), respectively, showing that serum level

was 1.0 lg/mL or more in 50% of patients at 40 weeks after

the initiation of dose escalation. The proportion of patients with

a serum IFX level below the lower detection limit (<0.1 lg/mL)

was 59% (30/51) and 41% (18/44) at weeks 0 and 40,

respectively.

Anti-IFX antibody prevalence was 29% (15/51) and 37%

(19/51) at week 0 and during the study period (after dose esca-

lation), showing that the prevalence did not increase markedly

under the dose-escalation regimen.

A tendency was observed that PASI response was

enhanced with increasing serum IFX level (Fig. 2). Patients with

a serum IFX level of less than 1.0 lg/mL showed 67%

response in PASI 50, but 19% in PASI 75 at week 40. In con-

trast, PASI 50/75 responses were 94% and 69% in patients

with 1.0 to less than 10 lg/mL, and were 100% and 67% in

patients with 10 lg/mL or more at week 40, showing similar

response between these two patient groups.

Meanwhile, in patients with baseline (week 0) serum IFX

level of less than 0.1 lg/mL (n = 30) or 0.1 lg/mL or more

(n = 21), median improvement rates in PASI score were 41.7%

and 63.8% at week 8, 69.8% and 74.3% at week 24, and

65.3% and 82.7% at week 40, respectively, showing that clini-

cal efficacy tended to be greater in those with higher baseline

serum IFX levels (Fig. 3).

Safety
The safety was evaluated up to week 40 for patients who com-

pleted the study and up to 8 weeks after the last dose of IFX

Table 3. Efficacies in DLQI, PGA, nail psoriasis, joint symptoms and pustular psoriasis

Week 0 Week 8 Week 24 Week 40 Week 40 (LOCF)

Efficacy in QOL (n = 51) (n = 50) (n = 45) (n = 43) (n = 51)

DLQI 8.3 (7.7) 5.3 (6.9) 4.6 (6.0) 3.9 (4.8) 5.1 (6.9)

DLQI ≤1 (%) 14 38 47 37 37
Efficacy in psoriasis vulgaris (n = 31) (n = 31) (n = 27) (n = 26) (n = 31)

PGA

Cleared/minimal/mild (%) 0/0/26 0/32/29 0/41/48 8/38/35 6/35/32

Moderate/marked/severe (%) 45/16/13 35/0/3 7/4/0 15/4/0 19/3/3
Efficacy in nail psoriasis (n = 36) (n = 35) (n = 33) (n = 31) (n = 36)

NAPSI score 3.9 (2.6) 3.4 (2.6) 3.1 (2.6) 2.9 (2.7) 2.9 (2.8)

No. of nails with psoriasis 6.7 (4.0) 6.0 (4.4) 5.8 (4.6) 5.7 (4.3) 5.7 (4.3)

Efficacy in joint symptoms (n = 8) (n = 8) (n = 7) (n = 7) (n = 8)
VAS pain, mm 54.1 (30.9) 47.8 (34.6) 33.1 (24.5) 28.7 (23.5) 28.5 (21.7)

Serum CRP, mg/dL 1.00 (1.47) 0.86 (1.69)† – 0.46 (0.68) 0.45 (0.63)

Efficacy in pustular psoriasis (n = 7) (n = 6) (n = 6) (n = 5) (n = 7)

Severity of pustular psoriasis
Mild/moderate/severe (%) 71/29/0 83/17/0 100/0/0 100/0/0 100/0/0

Area of erythema 39.6 (22.8) 25.8 (25.6) 22.2 (19.2) 8.4 (8.5) 12.1 (9.5)

Area of erythema with pustules 5.4 (7.3) 1.7 (4.1) 0.3 (0.8) 0.0 (0.0) 1.4 (3.8)
Area of edema 4.1 (4.3) 1.7 (4.1) 0.3 (0.8) 0.0 (0.0) 1.0 (1.9)

Leukocyte count, /lL 8287 (3025) 7287 (1912) 7773 (1860) 7210 (830) 8321 (2323)

Serum CRP, mg/dL 2.21 (3.54) 1.93 (2.71) 1.00 (1.03) 0.24 (0.31) 0.51 (0.65)

Serum albumin, g/dL 3.91 (0.31) 3.82 (0.44) 4.05 (0.23) 4.16 (0.36) 4.07 (0.34)
Fever, °C 36.8 (0.4) 36.6 (0.5) 36.4 (0.3) 36.9 (0.3) 36.9 (0.3)

Data are mean (standard deviation) or percentage of patients. Efficacy at each time point was evaluated using data as observed analysis, unless
otherwise indicated. †Week 16 (n = 8). CRP, C-reactive protein; DLQI, Dermatology Life Quality Index; LOCF, last observation carried forward; NAPSI,
Nail Psoriasis Severity Index; PGA, Physician Global Assessment; QOL, quality of life; VAS, visual analog scale.

Figure 2. Clinical response at week 40 in patient groups strati-

fied based on serum infliximab (IFX) levels at week 40. Efficacy

was evaluated using data as observed analysis. PASI, Psoriasis

Area and Severity Index.
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for those who dropped out. In all patients, the incidences of AE

and serious AE (SAE) were 92% (47/51) and 10% (5/51),

respectively (Table 4). Incidences of infections and serious

infections were 43% (22/51) and 4% (2/51), respectively, with

no cases of tuberculosis reported. The incidence of infusion

reactions was 16% (8/51), with no serious ones reported. No

deaths occurred. Six patients dropped out due to AE. However,

among the six patients, one showed exacerbation of psoriasis

during additional standard-dose treatment and then inadequate

control after dose escalation; we therefore did not classify this

patient has having an AE leading to discontinuation.

Common AE (classified by system organ class) were investi-

gations (abnormal laboratory findings) (59%, 30/51), infections

and infestations (45%, 23/51) and gastrointestinal disorders

(27%, 14/51), showing that abnormal laboratory findings and

infections were frequently reported. AE that occurred in at least

5% of patients were dsDNA antibody increased (49%, 25/51),

nasopharyngitis (27%, 14/51), headache (8%, 4/51), urticaria

(8%, 4/51), and cough, dyspnea and vomiting (6% each, 3/51).

Infusion reactions (defined as any AE occurring during or

within 2 h after the completion of each infusion) occurred in

16% (8/51) patients; however, serious ones were not observed.

Infusion reactions tended to correlate with ATI positivity or

serum IFX level. Incidences of infusion reactions in ATI-positive

patients (who showed ATI positivity at least once before or

after dose escalation) and ATI-negative patients were 27% (6/

22) and 7% (2/29), respectively, and those in patients with

undetectable trough serum IFX level (<0.1 lg/mL) and detect-

able level (≥0.1 lg/mL) were 24% (6/25) and 8% (2/26),

respectively, without significant differences. In contrast, no cor-

relation of trough serum IFX levels with the other AE was

observed (data not shown).

No marked differences were noted in the trend of AE among

psoriasis types or any abnormal deviations from the previously

reported safety profile. SAE reported in five patients were

exacerbation of arthritis, cholecystitis, pyelonephritis, bacterial

pneumonia, and colorectal cancer, the last three of which

might have been caused by IFX.

DISCUSSION

While IFX is generally highly effective in treating autoimmune dis-

eases such as rheumatoid arthritis (RA) and inflammatory bowel

disease, inadequate response has been reported in some

patients.23–26 In addition, many of these refractory patients were

found to show low serum IFX trough levels, and serum IFX levels

and efficacy elevated after dose escalation.27–30 However,

despite these promising findings, not many studies have exam-

ined the effect of IFX dose escalation on efficacy in the treatment

of psoriasis, and its usefulness was unclear.3,15 The aim of the

SPREAD study was to evaluate the efficacy and safety of dose-

escalating IFX therapy in psoriasis patients with loss of efficacy

to standard-dose IFX therapy. Treatment at 10 mg/kg every

8 weeks not only increased serum IFX levels and alleviated skin

symptoms but also improved patient QOL, nail psoriasis symp-

toms, pustular psoriasis symptoms and joint symptoms.

Figure 3. Clinical response in patients with detectable serum

infliximab (IFX) level at the start of dose escalation (week 0).
Efficacy at each time point was evaluated using data as

observed analysis, unless otherwise indicated. LOCF, last

observation carried forward; PASI, Psoriasis Area and Severity

Index; W, week.

Table 4. Safety profile

All patients

(n = 51) (%)

Type of psoriasis

Plaque
psoriasis

(n = 31) (%)

Psoriatic
arthritis

(n = 8) (%)

Pustular
psoriasis

(n = 7) (%)

Psoriatic
erythroderma

(n = 5) (%)

Any AE 47 (92) 30 (97) 7 (88) 6 (86) 4 (80)
Serious AE 5 (10) 4 (13) 0 1 (14) 0

AE leading to discontinuation† 5 (10) 3 (10) 1 (13) 1 (14) 0

Any infections 22 (43) 13 (42) 1 (13) 5 (71) 3 (60)
Serious infections 2 (4) 2 (6) 0 0 0

Infusion reactions 8 (16) 7 (23) 0 1 (14) 0

Serious infusion reactions 0 0 0 0 0

†

Not including one patients who showed exacerbation of psoriasis during additional 5 mg/kg treatment, and was not controlled adequately after dose
escalation of infliximab. AE, adverse events. Data are number (%).
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Although no marked change of CRP was observed in patients

with psoriatic arthritis (Table 3), most patients showed normal

level of CRP at the start of dose escalation (week 0); this may be

the cause of no remarkable change.

Psoriasis Area and Severity Index 75 response at week 40

in this study was 44%, showing that efficacy was recovered in

less than half of patients. The duration of loss of efficacy to

standard-dose IFX therapy in the study participants is

unknown. However, many patients might have shown loss of

efficacy to standard-dose IFX therapy for a substantial period

of time, given that the mean duration of IFX therapy prior to

study entry was 1.9 years, the median PASI score at initiation

of dose escalation (week 0) was similar to that at initiation of

standard-dose therapy (median 14.7 at both time points,

Table 1), and 59% of patients had a serum IFX level below the

lower detection limit (<0.1 lg/mL) at week 0. In contrast, IFX

was more effective in patients with a detectable IFX level

(≥0.1 lg/mL) at initiation of dose escalation (week 0) than in

those with an IFX level below the limit of detection (Fig. 3).

These results suggest that dose escalation may be more effec-

tive if initiated early after loss of efficacy; that is, before the IFX

trough level drops below the lower detection limit.

In addition to IFX dose escalation, switching to non-TNF

biologics may be an option for patients with psoriasis refrac-

tory to standard-dose IFX therapy. However, phase III clinical

studies in psoriatic arthritis showed that PASI 75 responses

for the anti-interleukin (IL)-17 antibody secukinumab and anti-

IL-12/23 antibody ustekinumab were 36–64% (week 24) and

36.1–50.0% (week 52), respectively, in patients previously

treated with TNF inhibitors.31,32 The efficacy of IFX at dose

escalation may be comparable to that achieved with switch-

ing to other drugs, although differences in patient characteris-

tics among studies preclude direct (or head-to-head)

comparison.

Serum IFX levels markedly increased after dose escalation

(median, <0.1 lg/mL at week 0 and 1.1 lg/mL at week 40) and

correlated with clinical response (Fig. 2). Clinical studies in RA

and Crohn’s disease have shown that the threshold for clinical

response to IFX is approximately 1.0 lg/mL.27,33–37 In the pre-

sent study, patients with serum IFX level of less than 1.0 lg/
mL at week 40 had PASI 50/75 responses of 67% and 19%,

respectively, which were substantially lower than those in

patients with serum levels of 1.0 to less than 10 lg/mL and

10 lg/mL or more (PASI 50, 94% and 100%; PASI 75, 69%

and 67%, respectively). In contrast, no marked differences

were noted between patients with serum levels of 1.0 to less

than 10 lg/mL and 10 lg/mL or more. However, because only

four patients had a serum level of 0.1 or more to less than

1.0 lg/mL at week 40, the threshold for clinical response to

IFX in psoriasis after dose escalation could not be accurately

estimated in this study. Further clinical studies may be neces-

sary to determine the threshold for clinical response.

Dose escalation of IFX showed good tolerability in this

study. However, we could not clarify whether elevated serum

IFX level by dose escalation resulted in increased AE or not,

because serum IFX level in onset time of each AE was not

evaluated. In contrast, the incidences of AE, SAE and

infections in this study were similar to those reported in Japa-

nese post-marketing surveillance of standard-dose of IFX ther-

apy,17 and the safety profiles were consistent with those in

previous studies,8,9 raising no new safety concerns. In addition,

no correlation of trough serum IFX level with occurrence of AE

was observed in this study. In consideration of these results,

we think that dose escalation may not lead to increased AE.

Meanwhile, incidence of infusion reaction tended to be

higher in patients with ATI-positive or undetectable trough

serum IFX levels in our study. Although correlation of ATI or

serum IFX level with infusion reactions was controversial,38

careful attention should be paid in these patients, especially at

the start of dose escalation.

Eight patients (16%) dropped out whose rate seemed to be

slightly high. However, among eight patients, four were thought

to discontinue this study probably due to non-response (two

due to exacerbation of psoriasis, and two because of with-

drawal of consent with poor responses). Therefore, we think

that the drop-out rate in this study does not exceed that in

previous studies.8,9

There are several limitations in the present study. First, this

was a single-arm, open-label study and was not designed to

determine the difference in efficacy between dose escalation

and non-escalation. Second, the sample size of the study was

relatively small. While neither efficacy nor safety differed mark-

edly by psoriasis type, determining the difference in efficacy

and safety among types was impossible, as less than 10

patients were affected either by psoriatic arthritis, pustular pso-

riasis or psoriatic erythroderma. Third, most efficacies were

assessed by each investigator, which may cause some bias.

Fourth, given the unknown duration of loss of efficacy, as men-

tioned above, no appropriate timing of IFX dose escalation

could be determined.

Nevertheless, this study is the first clinical study to demon-

strate the usefulness of IFX dose escalation in treating psoria-

sis patients with loss of efficacy to standard-dose IFX therapy,

suggesting that IFX dose escalation may be a therapeutic

option for these patients. Controlled clinical studies and cost-

effectiveness analyses will be needed.
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