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ABSTRACT

This trial was conducted to evaluate the safety and efficacy of the H4R-antagonist JNJ-39758979 in adult

Japanese patients with moderate atopic dermatitis (AD). Eligible patients were randomly assigned to JNJ-

39758979 300 mg, 100 mg or placebo once daily for 6 weeks in this phase 2a, double-blind, multicenter, placebo-

controlled study. Primary efficacy was assessed via week-6 Eczema Area and Severity Index (EASI) scores.

Secondary efficacy assessments included Investigator’s Global Assessment (IGA) and patient-reported outcome

(PRO) pruritus assessments (Pruritus Categorical Response Scale [PCRS], Pruritus Numeric Rating Scales [PNRS],

Pruritus Interference Numeric Rating Scale [PINRS] and Subject’s Global Impressions of Change in Pruritus

[SGICP]). Eighty-eight of 105 planned patients were randomized before the study was stopped and unblinded for

safety reasons. The study did not meet the primary end-point. However, numerical improvements (i.e. decreases)

in median EASI were observed with JNJ-39758979 100 mg (�3.7) and 300 mg (�3.0) versus placebo (�1.3) at week

6. Nominally significant improvements across PRO PCRS, PNRS and SGICP assessments were consistently

observed, particularly with JNJ-39758979 300 mg. Safety, including adverse events (AE), was comparable between

JNJ-39758979 and placebo with the exception of two patients (both receiving JNJ-39758979 300 mg) with serious

AE of neutropenia, leading to premature study discontinuation. No deaths were reported. Except for neutropenia,

no clinically relevant changes in laboratory values were observed. Although not conclusive, findings suggest H4R-

antagonism may be beneficial for AD, particularly in controlling pruritus. JNJ-39758979 appears to be associated

with drug-induced agranulocytosis, likely an off-target effect.
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INTRODUCTION

Atopic dermatitis (AD) is a common, chronic, inflammatory skin

disease characterized by skin lesions, pruritus and dry skin1–3

that is often predictive of subsequent atopic disorders such as

allergic rhinitis and asthma. Atopic dermatitis has a worldwide

lifetime prevalence of 10–20% in children and 1–3% in adults.4

In Japan, the lifetime adult prevalence of AD is 3.3%5 and the

incidence of adult AD is reported to be increasing over time.6

An increased incidence of severe/very severe AD has also

been reported, with significantly higher incidences of AD in

Japanese patients who are adolescents and adults than in

infants and children.6

Atopic dermatitis is believed to be initially driven by type 2

T-helper (Th)2 cell responses, with Th1 cell responses playing

more of a role in chronic lesions.1–3 An increase in the inflam-

matory mediator histamine has been noted in the skin and

plasma of patients with AD,7,8 and histamine-releasing basoph-

ils and mast cells have been shown to be increased in AD

lesions.9,10 While antihistamines that target the histamine H1
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receptor (H1R) have frequently been used to treat AD-associ-

ated pruritus, their effectiveness has been reported to be lim-

ited.1

More recently, the histamine H4 receptor (H4R) has been

identified to play a role in inflammatory responses.11 The

expression of H4R by CD4+ T cells tends to be higher in

patients with AD versus non-afflicted individuals. Stimulation of

the receptor leads to upregulation of interleukin (IL)-31 mRNA

in Th2 cells, and IL-31 has been shown to correlate with AD

severity.12,13 Proliferation of keratinocytes from patients with

AD has been shown to be increased upon activation of the

H4R.
14 Preclinical data also support a role for the H4R in driv-

ing dermal inflammation. In several different mouse dermatitis

models, treatment with an H4R antagonist reduced the lesion,

the infiltration of inflammatory cells and the production of

inflammatory cytokines.15–19 In addition, scratching was inhib-

ited by H4R antagonists in these models.15,17,19

JNJ-39758979, a potent, selective, orally active H4R antago-

nist, has been evaluated in phase 1 studies assessing single

and multiple ascending doses, and no significant safety issues

were identified other than nausea.20 In addition, JNJ-39758979

was able to inhibit the itch sensation induced by intradermal

(i.d.) injection of histamine in healthy human subjects.21 Given

these findings, a phase 2a trial was conducted to evaluate the

safety, tolerability and efficacy of two dose levels of JNJ-

39758979 using an enteric-coated formulation, which is

expected to reduce nausea, in adult Japanese patients with

moderate AD. Additionally, because there were limited reliable

patient-reporting tools available to measure itching in the clini-

cal trial setting, the trial sponsor developed several pruritus rat-

ing scales that patients could self-administer electronically on

a handheld device throughout the trial.

METHODS

This study was conducted in compliance with the principles

set forth by the Declaration of Helsinki and current International

Committee on Harmonization guidelines. The study protocol

was approved by independent ethics committees, and all

patients provided written informed consent prior to trial

participation.

Patients
Adult (20–65 years of age) Japanese patients with moderate

AD (10–50% body surface area [BSA] involved; Rajka–Lange-

land score of 4.5–7.5;22 Investigator’s Global Assessment [IGA]

score of 3,23 i.e. moderate disease) who had onset prior to age

13 years and were diagnosed according to the AD manage-

ment guidelines issued by the Japanese Dermatological Asso-

ciation,24 including the presence of pruritus, eczematous

changes in a typical distribution and a chronic or chronically

relapsing course, were eligible for study participation. Patients

were also required to demonstrate acceptable compliance with

using a hand-held electronic device to rate their pruritus and to

have reported at least three instances of “moderate itching”,

“severe itching” or “extremely severe itching” either at night or

during the day based on the Pruritus Categorical Response

Scale (PCRS; see Study Evaluations section) within 7 days of

randomization. Involvement of skin on body parts other than

the hands and/or feet was also required.

Patients with any known malignancy (except non-recurrent

basal cell carcinoma or squamous cell carcinoma) or any other

skin condition that the investigator believed would interfere with

AD assessment were excluded from participating. Use of non-

steroid immunosuppressants or immunomodulators (e.g.

cyclosporin A, azathioprine, mycophenolate mofetil, interferon-c),
systemic corticosteroids or daily high-dose inhaled corticoster-

oids was not permitted beginning 4 weeks prior to randomiza-

tion. Use of topical therapy for AD (e.g. corticosteroids,

calcineurin inhibitors, antihistamines, anesthetics, non-steroidal

anti-inflammatory drugs, counter-irritants, medicated emol-

lients) or topical/oral herbal preparations was not permitted

beginning 1 week prior to randomization and continuing

throughout study participation. Sponsor- or patient-provided

non-medicated emollients were allowed; however, with the

exception of white petroleum jelly, other patient-provided

emollients required approval from the sponsor. Use of oral or

parenteral antihistamines (including sleep medications with

antihistaminic properties); other anti-allergy medications such

as sodium cromoglicate, suplatast tosilate, tranilast; or soporif-

ics was not permitted within 2 weeks of randomization.

Study design
Eligible patients enrolled into this randomized, phase 2a, dou-

ble-blind, multicenter, placebo-controlled, parallel-group study

were randomly assigned (1:1:1) to receive placebo, JNJ-

39758979 100 mg or JNJ-39758979 300 mg once daily for up

to 6 weeks. Randomization, based on a computer-generated

randomization schedule, was balanced using randomly per-

muted blocks and stratified by investigational centers. All

patients were to receive three identically appearing tablets

(JNJ-39758979 100 mg or placebo) daily, in the morning with a

meal or within 30 min after a meal. Patients were permitted to

use triamcinolone acetonide (TCA) 0.1% ointment twice daily

for a maximum of 7 days per episode as needed for the treat-

ment of AD flares if protocol-specified flare criteria (IGA

increase from 0 to ≥2 or IGA increase of 1 if most recent IGA

≥1) were met and it was determined appropriate by the investi-

gator. For each patient, use of TCA for treatment of AD flares

was limited to one course in each of the screening, first

3-week (days 1–22) and second 3-week (day 23 through the

end of treatment) study periods.

Study evaluations
The Eczema Area and Severity Index (EASI), a validated scor-

ing system,25 was employed to assess AD severity. Four body

regions (head/neck, trunk, upper limbs, lower limbs) were

assessed separately for erythema, infiltration/papulation, exco-

riation and lichenification.

The IGA of AD was performed by the investigator to mea-

sure disease severity based on morphology, without reference

back to the baseline state. The IGA utilizes a 6-point scale

(0 = “clear” to 5 = “very severe disease”) and has been used

in other AD studies to assess overall disease severity.23
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The Pruritus Categorical Response Scale (PCRS), Pruritus

Numeric Rating Scales (PNRS) and Pruritus Interference

Numeric Rating Scale (PINRS) are instruments developed by

the sponsor to evaluate both the severity and the duration of

pruritus associated with AD and the impact of pruritus on daily

activity and sleep. The scales were translated to Japanese

through a 2-forward/1-backward translation process and were

administered twice daily electronically on a handheld device

(once in the morning and once in the evening). The PCRS

allows patients to rate their worst itching at night and during

the day on a 5-point categorical response scale ranging from

“no itching” to “extremely severe itching”. The PNRS assesses

severity of worst itching using an 11-point (range, 0–10)

numeric rating scale (NRS), whereby 0 = “no itching” and

10 = “worst possible itching”. The PINRS assesses pruritus

interference with sleep and daily activities on an 11-point NRS

(range, 0–10), whereby 0 = “did not interfere” and 10 = “com-

pletely interfered”. In addition, the Subject’s Global Impres-

sions of Change in Pruritus (SGICP) was administered on

paper at site visits to document the perceived change

(improvement or deterioration) from baseline in severity/dura-

tion of itching using a 7-point scale (ranging from “a lot better/

more now” to “a lot worse/less now” with a neutral center

point (“neither better/more nor worse/less”). In addition to serv-

ing as indicators of efficacy, data collected from these scales

were intended to be used for psychometric performance tests

to inform the selection of response scale (categorical vs

numeric) and attributions (intensity, duration and impact) of the

final scale for future trials.

Adverse events (AE) and concomitant medications were

documented from the time of informed consent signing until

study termination. Samples for clinical laboratory and pharma-

cokinetic evaluation testing were collected at predefined time

points. JNJ-39758979 plasma and whole blood concentrations

were determined using a validated, specific and sensitive liquid

chromatography/mass spectrometry/mass spectrometry

method. Five known metabolites of JNJ-39758979 (Fig. S2)

were also measured.

Data analysis and sample size determination
Because the study was unblinded and terminated early due to

safety reasons before the database was locked and the statis-

tical analysis plan was finalized, the efficacy analysis was per-

formed post-hoc and included available data for all

randomized patients who received at least one dose of study

medication and had at least one post-baseline measurement.

As planned in the protocol, each JNJ-39758979 group was

compared against placebo using a two-sided test at an a-level
of 0.05. All significance tests should be considered nominal

and interpreted with caution.

Patients who met one or more of the treatment failure crite-

ria (used TCA during the previous 3-week treatment period,

used prohibited medications and/or discontinued due to wors-

ened underlying AD) had the last observation before failure car-

ried forward from the date of treatment failure onward

throughout the treatment period. Because most patients were

withdrawn from the study before the week-6 assessment due

to the premature termination of the study, missing data were

not imputed. Changes from baseline in weekly averages were

calculated for patient-reported outcome (PRO) assessments;

the weekly average was calculated for time periods defined as

follows: the visit date of the EASI assessment was used for

weeks 1, 2, 4 and 6, while for weeks 3 and 5, which had no

EASI visit date, week 4 minus 7 days and week 6 minus 7

days, respectively, were employed as PRO visit dates. The

weekly average score was then calculated as the average

score during �7 to �1 days before the visit date.

Comparison of each treatment group versus placebo was

to be conducted using an ANCOVA model, with treatment

group as a factor and baseline value as a covariate, for con-

tinuous data or Fisher’s exact test for dichotomous data. Note

that a non-parametric analysis was actually used due to non-

normal distribution for changes in EASI scores from baseline

to week 6.

All safety analyses performed included all randomized

patients who received at least one dose of study agent. All

reported AE with onset during the treatment phase were

included in the analysis. Laboratory data were summarized by

type of laboratory test. Reference ranges and predefined mark-

edly abnormal criteria were used in the summary of laboratory

data.

The sample size calculation was based on the primary end-

point, namely, the change from baseline in EASI score at week

6. Assuming a standard deviation (SD) of approximately 5.9, 35

patients per treatment group would have provided 95% power

to detect a treatment difference of 5.2 or more when using a

two-sided Student’s t-test at a = 0.05.

RESULTS

Patient disposition
One hundred and five patients were screened across 22 sites

at the time of early termination of the study. Eighty-eight of

these patients were randomized, and 87 received at least one

dose of study agent, including 33 with placebo, 27 with JNJ-

39758979 100 mg and 27 with JNJ-39758979 300 mg. Thirty-

eight (43.2%) patients were withdrawn early from the trial, most

commonly due to the sponsor’s decision to stop the study,

and 50 (56.8%) patients completed the week-6 visit and had

evaluable EASI data (Table 1).

Baseline patient and disease characteristics
Patients entered the study with AD involvement of approxi-

mately 30% of their BSA and that was generally considered to

be moderate in intensity. Baseline characteristics were gener-

ally similar across randomized treatment groups (Table 2).

Efficacy results

Primary end-point. The changes in EASI scores from baseline

to week 6 (primary efficacy end-point) were numerically, but

not significantly, greater with JNJ-39758979 100 mg (median,

�3.70) and 300 mg (median, �3.00) versus placebo (median,

�1.30; P = 0.1672 and 0.1992, respectively; Fig. 1) based on

© 2014 Japanese Dermatological Association 3

H4R-antagonism in Japanese with moderate AD



the non-parametric ranked ANCOVA analysis comparing the dis-

tribution of the changes in EASI scores.

Major secondary end-points. One of 15 (6.7%) patients

receiving JNJ-39758979 100 mg and one of 17 (5.9%) patients

receiving 300 mg had IGA scores of “Clear” (0) or “almost

clear” (1) at week 6, compared with two of 22 (9.1%) patients

in the placebo group (P = 1.000 for both comparisons).

At week 6, mean changes from baseline in PCRS Daytime

and Night-time Pruritus Severity were numerically greater for

patients receiving JNJ-39758979 100 mg (�0.58 and �0.56,

respectively) and nominally significant for 300 mg (�0.87 and

�0.86, respectively) than in patients receiving placebo (�0.26

and �0.17, respectively). Improvements in daytime and night-

time pruritus intensity appeared to be dose-dependent

(Figs 2a; S1A,B).

Mean changes from baseline to week 6 in PNRS Daytime

Pruritus Severity and Daytime Pruritus Duration were numeri-

cally greater for patients receiving JNJ-39758979 100 mg

(�1.87 and �1.94, respectively) and nominally significant for

300 mg (�2.28 and �2.26, respectively; both P < 0.05 vs pla-

cebo) than in patients receiving placebo (�0.57 and �0.91,

respectively). Similar findings were observed for mean changes

in PNRS Night-time Pruritus Severity and Duration, and

improvements in Daytime and Night-time pruritus intensity and

duration appeared to be dose-dependent (Figs 2b,c; S1C,D).

Mean changes from baseline to week 6 in PINRS Impact of

Pruritus on Daily Activity and Sleep showed numerically (with a

Table 1. Summary of patient disposition (all randomized
patients)

Placebo

JNJ-39758979

100 mg

QD

300 mg

QD

No. of randomized patients 33 28 27
Early withdrawal, n (%) 11 (33.3) 15 (53.6) 12 (44.4)

Withdrawal of consent 1 0 1

>1 AD flare requiring TCA
from day 1–22 or day

23–end of treatment

0 0 1

Adverse event 0 1 1

Physician decision 1 2 0
Other 9 12 9

No. of treated patients 33 27 27
Patients who completed

Week 1 visit 33 27 27

Week 2 visit 32 21 22
Week 4 visit 28 17 18

Week 6 visit 21 13 16

Patients who discontinued

study agent before
week 6, n (%)

11 (33.0) 14 (50.0) 12 (44.4)

Safety population 33 27 27

Modified intention-to-treat

population

33 27 27

AD, atopic dermatitis; QD, once daily; TCA, triamcinolone acetate.

Table 2. Summary of baseline patient and disease characteristics (safety population)

Placebo

JNJ-39758979

100 mg QD 300 mg QD

No. of patients 33 27 27

Male patients, n (%) 23 (69.7) 17 (63.0) 19 (70.4)

Age (years), mean (SD) 31.6 (10.0) 30.2 (8.9) 30.4 (9.5)
Body mass index (kg/m2), mean (SD) 22.7 (3.8) 23.5 (3.7) 22.8 (3.1)

Age of onset of atopic dermatitis, n (%)

<2 years 2 (6.1) 4 (14.8) 6 (22.2)

2 to <6 years 16 (48.5) 16 (59.3) 12 (44.4)
6 to <12 years 12 (36.4) 7 (25.9) 9 (33.3)

≥12 years 3 (9.1) 0 (0.0) 0 (0.0)

Percent body surface area, mean (SD) 30.1 (11.4) 27.0 (10.2) 31.7 (13.1)
Atopic dermatitis severity† (3–9), mean (SD) 7.0 (0.6) 6.8 (0.7) 6.9 (0.6)

PCRS

Daytime severity, mean (SD) 2.3 (0.7) 2.5 (0.6) 2.4 (0.7)

Night-time severity, mean (SD) 2.2 (0.7) 2.2 (0.6) 2.4 (0.6)
PNRS

Daytime severity, mean (SD) 5.9 (1.6) 6.2 (1.5) 6.2 (1.6)

Daytime duration, mean (SD) 5.6 (1.7) 5.8 (1.5) 5.7 (1.5)

Night-time severity, mean (SD) 5.7 (1.7) 5.7 (1.6) 5.9 (1.7)
Night-time duration, mean (SD) 5.1 (1.5) 5.1 (1.7) 5.5 (1.7)

PINRS

Daily activity, mean (SD) 5.1 (1.7) 5.1 (1.7) 4.8 (1.8)

Sleep, mean (SD) 4.9 (1.7) 4.6 (1.7) 4.7 (2.0)
EASI, mean (SD)/median 13.3 (5.6)/12.0 13.3 (6.1)/11.6 15.2 (6.7)/13.4

†Rajka and Langeland T (1989).22 EASI, Eczema Area and Severity Index; PCRS, Pruritus Categorical Response Scale (weekly average); PINRS, Pruri-
tus Interference Numeric Rating Scale; PNRS, Pruritus Numeric Rating Scale (weekly average); QD, once daily; SD, standard deviation.
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trend toward nominal significance) greater reduction in patients

receiving JNJ-39758979 100 mg (�1.01 and �0.86, respec-

tively) and 300 mg (�1.71 and �1.64, respectively; both

P < 0.10 vs placebo) than in patients receiving placebo (�0.66

and �0.65, respectively). These numerical improvements in the

impact of pruritus on daily activity and sleep appeared to be

dose dependent (Figs 2d; S1E,F).

A time course for the PNRS Night-time severity and duration

indicated that there was no difference between the placebo

and active arms during the first 3 weeks of the study (Fig. 3a,

b). However, starting at approximately week 4, patients receiv-

ing either dose level of JNJ-39758979 showed greater numeri-

cal improvements compared with placebo, suggesting that the

onset of antipruritic action of the compound took several

weeks. In general, similar time courses were observed with the

other pruritus assessments (Fig. S1).

Additional efficacy assessments. When patient-reported

changes in pruritus intensity and duration from baseline to

week 6 were assessed using the SGICP, treatment with JNJ-

39758979 100 mg and 300 mg yielded nominally significant

improvements relative to placebo for both change in pruritus

severity (P vs placebo = 0.0352 and =0.0112, respectively) and

change in amount of time itching (P vs placebo = 0.0005 and

=0.0053, respectively; Fig. 4a,b).

Patients were permitted to use TCA 0.1% ointment for the

treatment of AD flares (see Study design). More patients in the

placebo group used TCA during the week-0–3 and week-3–6

treatment periods (eight [24.2%] and seven [21.2%] placebo

patients, respectively) than in the JNJ-39758979 100-mg (five

[18.5%] and two [7.4%]) patients, respectively) and 300-mg

(three [11.1%] and two [7.4%] patients, respectively) groups.

Safety
The proportions of patients reporting AE were comparable

across the JNJ-39758979 100-mg and 300-mg groups and the

placebo group (40.7%, 51.9% and 54.5% respectively), with

the most common reported events being AD, nasopharyngitis,

gingivitis and abdominal discomfort (Table 3). Most of the AE

were mild or moderate in intensity in all treatment groups,

except the two serious AE reported below in the JNJ-

39758979 300-mg group. These two serious cases of neutro-

penia led to the sponsor’s decision to prematurely stop the

trial. An additional three patients prematurely discontinued

study agent, including two patients due to underlying AD (one

each 100 mg and 300 mg) and one patient with asthma and

pharyngitis (300 mg) (Table 3).

Two serious AE of neutropenia, both in the 300-mg group,

were reported. The first patient, a 31-year-old woman, reported

urticaria approximately 24–28 days following randomization

and treatment. Subsequently, she was found to have worsen-

ing asthma and cervical/axillary lymphadenopathy with fever.

At the patient’s scheduled week-4 visit, she was withdrawn

from the study because of worsening asthma. Laboratory test

results showed a white blood cell (WBC) count of 1.2 9 109/L

and an absolute neutrophil count (ANC) of 0.01 9 109/L. The

patient was admitted to the hospital and underwent a bone

marrow biopsy, which revealed a mildly hypoplastic marrow

with decreased myeloid cells, but preserved erythroid and

megakaryocytic cells. She received treatment with intravenous

(i.v.) cefepime and recombinant granulocyte colony-stimulating

factor. Following an uneventful 8-day hospital stay, the patient

was discharged with a WBC count of 12.5 9 109/L and an

ANC of 5.43 9 109/L. A second patient, a 48-year-old woman

who received JNJ-39758979 300 mg, reported fever and chills
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at her planned week-6 visit; laboratory test results included a

WBC count of 0.83 9 109/L, an ANC of 0.01 9 109/L and

mildly elevated liver function tests. The patient was admitted to

the hospital and received i.v. cefepime. A bone marrow biopsy

was performed, revealing a normoplastic marrow with

decreased mature myeloid cells, but preserved erythroid,

megakaryocytic and megaloblastic cells. The patient’s hospital

course was uneventful; her liver function test results returned

to normal and neutrophil count recovered without treatment.

Aside from the two serious events of neutropenia, no mark-

edly abnormal neutrophil counts were observed over time.

Among JNJ-39758979-treated patients, 3.7% had more than

one markedly abnormal increase in eosinophil counts and

5.6% had more than one markedly abnormal decrease in lym-

phocytes; no patient receiving placebo had either of these

abnormalities (Table 3).

Pharmacokinetic analyses
Following administration of daily JNJ-39758979 doses for up to

6 weeks, the mean trough concentrations were generally con-

sistent across sampling time points, ranging 80.4–106 ng/mL

in plasma and 327–367 ng/mL in whole blood of patients

receiving the 100-mg dose and ranging 159–187 ng/mL

in plasma and 681–698 ng/mL in whole blood of patients

receiving the 300-mg dose (with exclusion of two patients with

agranulocytosis). In the two patients with agranulocytosis, both

of whom received JNJ-39758979 300 mg, individual JNJ-

39758979 trough concentrations ranged 86.6–194 ng/mL in

plasma and 308–717 ng/mL in whole blood across sampling

time points, which are within the range observed in other

patients with the same duration of treatment (Table S1). Simi-

larly, concentrations of several known JNJ-39758979 metabo-

lites (Fig. S2) in the patients with agranulocytosis were all

within the range observed in other patients over the course of

the study (Table S1). A potential reactive known human metab-

olite, M11, was not detected in any patient in this study.

DISCUSSION

Atopic dermatitis is a common, chronic, inflammatory skin dis-

ease for which limited efficacy has been demonstrated by anti-

histamines targeting the H1R.
1 The lack of efficacy of H1R

antihistamines has been used as evidence that histamine is not

a major mediator of the disease. However, it may be that the

effects of histamine are mediated by another receptor such as

the H4R because preclinical models of this receptor have been

shown to mediate both pruritus and inflammation in dermal

inflammation models.26 In addition, a phase 1 study in healthy

normal volunteers also demonstrated that JNJ-39758979

can inhibit the itch induced by i.d. injection of histamine.21

Based on these data, we evaluated JNJ-39758979, a potent,

selective, orally active H4R antagonist, in this phase 2a trial of

adult Japanese patients with moderate AD. While the trial was

stopped early (see below) and did not meet the primary end-

point of change from baseline to week 6 in the EASI assess-

ment, numerical improvements (i.e. decreases) in median
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changes from baseline in the EASI score were observed with

JNJ-39758979 100 mg (�3.7) and 300 mg (�3.0) versus pla-

cebo (�1.3). In addition, nominally significant improvements in

pruritus across the PRO of PCRS, PNRS and SGICP assess-

ments were consistently observed, particularly with JNJ-

39758979 300 mg. While a variety of assessment tools were

employed to assess itching, changes from baseline to week 6

in all PRO measures except the two PINRS impact assessments

were consistently greater than a commonly employed, distribu-

tion-based, “minimally important difference” threshold, namely,

one-half of the baseline standard deviation,27,28 and SGICP

results demonstrated a similar trend. Thus, taken together, the

efficacy data collected suggest that H4R antagonism may be

beneficial for AD, particularly in controlling pruritus.

Patients participating in this trial entered the study with AD

generally considered moderate in intensity, involving approxi-

mately 30% of their BSA. The disease presentation in the trial

cohort was thus generally consistent with that of the overall

Japanese AD population.6

Changes in the EASI scores from baseline to week 6 (pri-

mary efficacy end-point) were not normally distributed and

were thus subjected to non-parametric ranked ANCOVA analysis

comparing the distribution of the changes in EASI scores.

While median changes in the EASI scores were not significantly

larger with JNJ-39758979 100 or 300 mg (�3.70 and �3.00,

respectively) versus placebo (�1.30) at week 6, possibly due to

the small sample size and/or insufficient length of evaluation

that resulted from stopping the trial early, improvement with

active therapy did exceed the clinically relevant change of 2.75

identified in a recent evaluation of the responsiveness and min-

imal clinically important differences of several outcome mea-

sures, including the EASI, used in AD.29 The improvements in

EASI scores were consistent with patterns observed for use of

TCA 0.1% ointment for the treatment of AD flare, with more

patients in the placebo than active treatments groups using

TCA during both the week-0–3 and week-3–6 study periods.

Evaluation of changes in EASI scores over time generally indi-

cated that numerical improvement was evident, on average, by

4 weeks following the start of treatment.

Few published clinical trials specifically measure the change

in pruritus score from baseline to the end of the study.30 Given

that pruritus can be the predominant symptom of AD, verifying

itch reduction is an important part of establishing the efficacy

of investigative agents for AD. As such, because few reliable

patient-reporting tools were available to measure itching in the

clinical trial setting, the trial sponsor developed several pruritus

rating scales that patients could self-administer electronically

twice daily on a handheld device throughout the trial. Using the

Table 3. Summary of key safety assessments among treated patients

Placebo

JNJ-39758979

100 mg QD 300 mg QD Combined
n (%) n (%) n (%) n (%)

No. of treated patients 33 27 27 54

No. (%) of patients with ≥1:
Adverse events 18 (54.5) 11 (40.7) 14 (51.9) 25 (46.3)

Common adverse events (>5%)

Atopic dermatitis 14 (42.4) 7 (25.9) 8 (29.6) 15 (27.8)
Nasopharyngitis 2 (6.1) 0 4 (14.8) 4 (7.4)

Gingivitis 0 0 2 (7.4) 2 (3.7)

Abdominal discomfort 2 (6.1) 1 (3.7) 0 1 (1.9)

Serious adverse events 0 0 2 (7.4) 2 (3.7)
Febrile neutropenia 0 0 1 (3.7) 1 (1.9)

Neutropenia 0 0 1 (3.7) 1 (1.9)

Adverse events leading to permanent

stop of study medication

0 1 (3.7) 2 (7.4) 3 (5.6)

Atopic dermatitis 0 1 (3.7) 1 (3.7) 2 (3.7)

Asthma 0 0 1 (3.7) 1 (1.9)

Pharyngitis 0 0 1 (3.7) 1 (1.9)

No. (%) of patients with markedly abnormal post-baseline laboratory measurement
Neutrophils (decrease)

Any abnormal value 0 0 2 (7.4) 2 (3.7)

>1 abnormal value 0 0 0 0
Eosinophils (increase)

Any abnormal value 3 (9.1) 1 (3.7) 3 (11.1) 4 (7.4)

>1 abnormal value 0 1 (3.7) 1 (3.7) 2 (3.7)

Lymphocytes (decrease)
Any abnormal value 3 (9.1) 0 8 (29.6) 8 (14.8)

>1 abnormal value 0 0 3 (11.1) 3 (5.6)

QD, once daily.
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sponsor-developed pruritus PRO ratings, and as noted above,

clinically meaningful improvement was assessed using a thresh-

old of one-half of the baseline standard deviation.27,28 In the

case of the PNRS and PCRS PRO tools we employed, mean

changes from baseline generally far exceeded one-half of the

baseline standard deviation for both of the JNJ-39758979

doses, but not placebo, beginning at week 3 (Table 2). It is

important to note that PRO tools are distinguished from mea-

surement of physiological phenomena by the incorporation of

patient values, judgments and preferences into the assess-

ment.27 As such, the meaning of a discrete change in PRO

scores can be unclear. In such instances, distribution-based

methods such as statistical significance, sample variability and

measurement precision can be utilized. In addition to evaluating

efficacy, data collected from these scales were intended to

inform the selection of outcome measures for future trials.

The reduction in the EASI score may reflect anti-inflamma-

tory properties of JNJ-39758979. Indeed, this is suggested by

preclinical data, wherein H4R antagonists have been shown to

reduce inflammation in a number of preclinical dermatitis mod-

els.15–19 In one model induced by the application of fluorescein

isothiocyanate, dermal inflammation was reduced in H4R-defi-

cient mice or with treatment with H4R antagonist.15 In this

model, the numbers of eosinophils and mast cells in the

inflamed skin were reduced with compound treatment, as was

the migration of dendritic cells. Increases in these cell types

have been associated with AD.2,3 In addition, the tissue levels

of the cytokines IL-4, IL-6, IL-1b and tumor necrosis factor, as

well as chemokine ligand (CCL)-2, CCL-3, CCL-5, granulocyte-

macrophage colony-stimulating factor and IL-8, were reduced

with H4R antagonist treatment.15 All of these cytokines and

chemokines have been linked to the development of AD.2,3

Some of these effects may be a result of a reduction in T-cell

activation upon treatment with the H4R antagonist, as the anti-

gen-specific proliferation and cytokine production by T cells

was shown to be impacted.15 An impact on T-cell activation

has been observed in mouse asthma and arthritis models and

with human T cells in vitro.31–33

Along with a role in inflammation, the H4R has also been

implicated in directly mediating pruritic responses.26 The

scratching observed in acute and chronic dermatitis models

can be blocked by H4R antagonism.15,17,19,34 The antipruritic

properties of H4R antagonists may be a result of directly inhib-

iting pruritic signals, because scratching induced by histamine

in mice is reduced upon treatment with H4R or in mice that

lack the receptor.35–37 The same is true in humans. In a clinical

study, itch was induced in healthy volunteers by i.d. injection

of histamine after subjects received a single oral dose of JNJ-

39758979, cetirizine or placebo. JNJ-39758979 significantly

reduced the pruritus score when compared with placebo and

to a similar extent as seen with cetirizine.21 These results,

combined with the preclinical data, suggest that the H4R can

directly mediate neuronal pruritic signaling.

However, the inhibition of itch noted in the current AD study

may not represent a direct inhibition of pruritic signals. If it did,

then it may be expected that the antipruritic effects would be

noted very soon after treatment initiation. However, the effects

on itch, as measured by the various scales, were not observed

until 3–4 weeks after the start of dosing. A more likely explana-

tion is that the inhibition of the H4R reduces inflammation or

the production of another mediator of pruritus that then leads

to a reduction in itch. One candidate for this would be the pro-

duction of IL-31, because it has been shown that production of

IL-31 from T cells can be mediated via the H4R.
12 IL-31 is an

important cytokine produced by activated Th2 cells and is

thought to be involved in both inflammation and pruritus in

AD.38

In our study, safety events, such as AE rates, were compa-

rable between JNJ-39758979 and placebo, with the exception

of two patients (both receiving JNJ-39758979 300 mg) with

serious AE of neutropenia, leading to premature study discon-

tinuation. No deaths were reported, and while markedly abnor-

mal low lymphocyte levels were reported in three JNJ-

39758979-treated patients (including the two patients with seri-

ous neutropenia), no other clinically relevant changes in labora-

tory values were observed.

Drug-induced agranulocytosis is an idiosyncratic adverse

drug reaction that has been described for almost all classes of

drugs.39 The pathogenesis is a heterogeneous process that is

not yet fully understood; however, immune and toxic mecha-

nisms have been most commonly implicated in mediating this

rare disorder. Reactive drug metabolites rather than the drug

itself may cause agranulocytosis. Clozapine, a drug which

induces agranulocytosis in almost 1% of treated patients, is an

example of a drug that is metabolized to a reactive intermedi-

ate (nitrenium ion) through oxidation by hypochlorous acid.40

This intermediate has been hypothesized to deplete the adeno-

sine triphosphate supply of neutrophils leading to apoptosis.

Genetic susceptibilities have also been suggested as confer-

ring risk for agranulocytosis; several studies implicate single

nucleotide polymorphisms in genes belonging to the human

leukocyte antigens in the development of agranulocytosis.41–43

Thus, the agranulocytosis observed in this trial is expected to

be related to a possible unknown reactive intermediate(s) of

JNJ-39758979 resulting in a toxic or immune-mediated effect

on neutrophil homeostasis, which is consistent with the prevail-

ing hypothesis for the mechanism by which most drugs cause

agranulocytosis. There were generally no differences in the

concentrations of measured JNJ-39758979 metabolites

between the overall population and the two patients with

agranulocytosis, but the causative reactive intermediates may

be too transient to be detectable in the blood, or may only be

present in the tissues. It is known that a potentially reactive

metabolite of JNJ-39758979 (M11, Fig. S2) can be formed, but

it was not detected in any patient in this study. For drugs (e.g.

clozapine) that are associated with reactive intermediate- and/

or metabolite-mediated idiopathic agranulocytosis, safety sig-

nals are often not observed in preclinical toxicity studies.44 This

also appears to be the case for JNJ-39758979, for which no

evidence of effects on neutrophils or bone marrow was

observed in toxicity studies in rat and monkey or in H4R-defi-

cient mice.20 Furthermore, there is neither preclinical nor clini-

cal evidence suggesting a causal relationship between H4R

antagonism and agranulocytosis.
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In summary, although not conclusive due to early study ter-

mination, findings suggest H4R-antagonism may be beneficial

for AD, particularly in controlling pruritus. JNJ-39758979

appears to be associated with drug-induced agranulocytosis,

most likely an off-target effect.
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Categorical Response Scale (PCRS) Daytime Pruritus Severity

(A), PCRS Night-time Pruritus Severity (B), Pruritus Numeric

Rating Scales (PNRS) Daytime Pruritus Severity (C), PNRS

Daytime Pruritus Duration (D), Pruritus Interference Numeric

Rating Scale (PINRS) Impact of Pruritus on Daily Activity (E)

and PINRS Impact of Pruritus on Sleep (F).

Figure S2. Structures of known JNJ-39758979 metabolites

assessed in the study.

Table S1. Whole blood and plasma concentrations of JNJ-

39758979 and known metabolites (M3, M5, M12 and M13)
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SUPPLEMENTAL MATERIALS

Figure S1. Mean changes from baseline to week 6 in PCRS Daytime Pruritus Severity (A),

PCRS Nighttime Pruritus Severity (B), PNRS Daytime Pruritus Severity (C), PNRS Daytime

Pruritus Duration (D), PINRS Impact of Pruritus on Daily Activity (E) and PINRS Impact of

Pruritus on Sleep (F). PCRS - Pruritus Categorical Response Scale (weekly average; 0=no

itching, 1=mild itching, 2=moderate itching, 3=severe itching, 4=extremely severe itching),

PINRS - Pruritus Interference Numeric Rating Scale (impact on activity/sleep-0 [did not

interfere] to 10 [completely interfered]), PNRS - Pruritus Numeric Rating Scale (weekly

average; severity-0 [no itching] to 10 [worst possible itching]; duration-0 [none of the time] to

10 [all of the time]).

Figure S2. Structures of known JNJ-39758979 metabolites assessed in the study.
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Figure S1.
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Figure S2.
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Supplemental Table S1. Whole blood and plasma concentrations of JNJ-39758979 and known metabolites (M3, M5, M12, and M13)

Select Individual and Mean (SD) Predose Concentrations (ng/mL) following Multiple Dosing with 300 mg JNJ-39758979

Analyte Matrix

Day 8
(Week 1 Visit)

Day 15
(Week 2 Visit)

Day 29
(Week 4 Visit)

Day 43
(Week 6 Visit)/

Early Termination
DIAG

Patient 1
DIAG

Patient 2
Other

Patients
(N=23)

DIAG
Patient 1

DIAG
Patient 2

Other
Patients
(N=19)

DIAG
Patient 1

DIAG
Patient 2

Other
Patients
(N=16)

DIAG
Patient 1

Early
Term

DIAG
Patient 2
Week 6

Other
Patients
Week 6
(N=14)

Mean (SD)

Other Patients
Early Termination

(N=11)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

JNJ-
39758979

Plasma 102 162 159 (82.4) 95.2 136 170 (81.5) NS 194 187 (115) 86.6 106 183 (95.6) 70.8 (76.3)
Whole
Blood

467 717 681 (220) 430 603 682 (204) NS 641 696 (263) 348 308 698 (267) 376 (300)

M12 Plasma 35.5 33.0 40.8 (32.3) 38.3 41.3 43.8 (25.5) NS 35.0 52.0 (53.1) 43.2 17.5 51.4 (32.7) 22.4 (34.2)
Whole
Blood

39.3 38.8 47.6 (37.2) 47.1 45.6 52.4 (29.7) NS 38.8 60.2 (60.9) 49.3 19.9 59.9 (39.6) 24.4 (36.2)

M13 Plasma 7.00 9.10 10.7 (6.67) 7.91 8.78 11.8 (5.02) NS 12.4 12.7 (7.72) 8.00 5.02 13.1 (7.18) 5.32 (6.41)
Whole
Blood

8.81 10.7 13.2 (8.17) 9.26 10.4 14.7 (6.16) NS 13.5 15.1 (8.66) 9.26 5.67 15.8 (8.79) 6.13 (7.27)

M5 Plasma 19.7 10.3 15.6 (7.60) 28.2 8.96 17.8 (7.03) NS 9.49 18.2 (11.8) 22.2 6.47 18.2 (9.84) 8.87 (11.4)
Whole
Blood

23.0 11.9 17.3 (9.02) 31.7 10.5 19.9 (7.53) NS 10.0 19.8 (12.4) 26.3 7.90 20.2 (11.9) 8.84 (10.9)

M3 Plasma 44.2 55.6 55.1 (24.5) 71.7 44.8 60.1 (21.8) NS 53.9 56.6 (25.5) 45.7 35.7 55.9 (25.3) 30.3 (31.9)
Whole
Blood

105 136 138 (53.2) 152 112 132 (41.6) NS 100 126 (49.8) 113 92.2 118 (52.4) 92.6 (67.7)

DIAG = Drug-induced agranulocytosis, NS = No sample, SD = Standard deviation
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