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BACKGROUND
Nemolizumab is a subcutaneously administered humanized monoclonal antibody 
against interleukin-31 receptor A, which is involved in pruritus and inflammation 
in atopic dermatitis. In phase 2 studies, nemolizumab lessened the severity of atopic 
dermatitis.

METHODS
In a 16-week, double-blind, phase 3 trial, we randomly assigned Japanese patients 
with atopic dermatitis and moderate-to-severe pruritus and an inadequate response 
to topical agents in a 2:1 ratio to receive subcutaneous nemolizumab (60 mg) or 
placebo every 4 weeks until week 16, with concomitant topical agents. The pri-
mary end point was the mean percent change in the visual-analogue scale (VAS) 
score for pruritus (range, 0 to 100, with higher scores indicating worse pruritus) 
from baseline to week 16. Secondary end points included the time course of 
change in the VAS score for pruritus up to week 4, the change in the Eczema Area 
and Severity Index (EASI) score (range, 0 to 72, with higher scores indicating 
greater severity), a score of 4 or less on the Dermatology Life Quality Index (DLQI; 
range, 0 to 30, with higher scores indicating a greater effect on daily life), a score 
of 7 or less on the Insomnia Severity Index (ISI; range, 0 to 28, with higher scores 
indicating greater severity), and safety.

RESULTS
A total of 143 patients were randomly assigned to receive nemolizumab and 72 to 
receive placebo. The median VAS score for pruritus at baseline was 75. At week 16, 
the mean percent change in the VAS score was −42.8% in the nemolizumab group 
and −21.4% in the placebo group (difference, −21.5 percentage points; 95% confi-
dence interval, −30.2 to −12.7; P<0.001). The mean percent change in the EASI score 
was −45.9% with nemolizumab and −33.2% with placebo. The percentage of pa-
tients with a DLQI score of 4 or less was 40% in the nemolizumab group and 22% 
in the placebo group; the percentage of patients with an ISI score of 7 or less was 
55% and 21%, respectively. The incidence of injection-related reactions was 8% with 
nemolizumab and 3% with placebo.

CONCLUSIONS
In this 16-week trial, the use of subcutaneous nemolizumab in addition to topical 
agents for atopic dermatitis resulted in a greater reduction in pruritus than placebo 
plus topical agents. The incidence of injection-site reactions was greater with 
nemolizumab than with placebo. Longer and larger trials are necessary to deter-
mine whether nemolizumab has a durable effect and is safe for atopic dermatitis. 
(Funded by Maruho; JapicCTI number, 173740.)
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The inflammatory skin condition 
atopic dermatitis is a chronic, relapsing 
disease characterized by epidermal-barri-

er disruption, T-cell activation, and imbalance of 
the skin microbiome.1,2 The pathogenesis of atopic 
dermatitis is primarily driven by type 2 helper T 
(Th2) lymphocytes, with considerable contribu-
tions from Th17 and Th22 cells, which release 
cytokines, resulting in elevated IgE production 
and skin inflammation.3,4 One characteristic symp-
tom of atopic dermatitis is pruritus, which di-
minishes quality of life.5-7 Scratching that is as-
sociated with pruritus may induce mechanical 
damage to skin, which may in turn enhance in-
flammatory reactions and worsen pruritus (itch–
scratch cycle).8,9 Pruritus is also associated with 
poor sleep quality.10

Treatment guidelines for atopic dermatitis in-
clude topical glucocorticoids or topical calcineurin 
inhibitors to reduce inflammation.5,11-14 Japanese 
guidelines also recommend the adjunctive use of 
oral antihistamines to reduce pruritus,14 although 
a systematic review has suggested that the anti-
pruritic effect of antihistamines is limited in pa-
tients with atopic dermatitis.15

Nemolizumab is a humanized monoclonal 
antibody against interleukin-31 receptor A that is 
administered subcutaneously.16,17 Interleukin-31 
plays a role in pruritus18,19 and affects inflamma-
tory response and epidermal-barrier disruption in 
atopic dermatitis.19,20 In early-phase clinical stud-
ies involving adults with moderate-to-severe atopic 
dermatitis, nemolizumab showed efficacy in re-
ducing pruritus and skin signs.17,21-23

Because patients with atopic dermatitis are 
likely to already be receiving therapy to control 
inflammation and pruritus, clinical trials that 
evaluate new therapies could include coadminis-
tration with topical agents or oral antihistamines. 
In this phase 3 trial, we evaluated nemolizumab, 
administered concomitantly with topical agents, 
in Japanese patients with atopic dermatitis and 
inadequately controlled moderate-to-severe pru-
ritus.

Me thods

Trial Design and Oversight

This was a phase 3, 16-week, randomized, double-
blind, parallel-group, multicenter, Japanese trial 
initiated on October 23, 2017 (Fig. S1 in the Sup-
plementary Appendix, available with the full text 

of this article at NEJM.org); data analysis oc-
curred in February 2019. After completion of the 
initial trial, eligible patients could enter a 52-week, 
open-label, long-term follow-up trial.

This trial was conducted in accordance with 
the ethical principles of the Declaration of Hel-
sinki, Good Clinical Practice guidelines, and all 
other applicable regulatory requirements. Trial 
documentation was approved by the institutional 
review board at each participating center. Pa-
tients (or their legal guardians) provided written 
informed consent before the first dose of nemoli
zumab or placebo.

The trial protocol was developed by the spon-
sor, Maruho, with input from the first and last 
authors. Maruho paid for professional writing 
assistance and electronic patient diaries and ana-
lyzed the trial data. Nemolizumab and placebo 
were provided by the product manufacturer, Chugai 
Pharmaceutical. All the authors had access to all 
trial data and participated in the analysis of the 
data. All the authors have confidentiality agree-
ments with the sponsor regarding proprietary 
information. The sponsor and all the authors 
vouch for the completeness and accuracy of the 
data, the complete reporting of adverse events, and 
the fidelity of the trial to the protocol (available 
at NEJM.org).

Patients

Inclusion criteria were an age of 13 years or older 
at the date of informed consent; a body weight of 
30.0 to 120.0 kg; a confirmed diagnosis of atopic 
dermatitis as determined by investigators accord-
ing to the criteria of Hanifin and Rajka,24 with 
pruritus; inadequate pruritic response (score of 
≥3 on a five-level itch scale; range, 0 to 4, with 
higher scores indicating worse itching25) to me-
dium-potency11,26 topical glucocorticoids or to topi-
cal calcineurin inhibitors administered at a stable 
dose for at least 4 weeks and to oral antihista-
mines administered at a stable dose for at least 
2 weeks (or an inability to receive such therapies); 
a visual-analogue scale (VAS) score for pruritus 
of 50 or more on the day of randomization (range, 
0 to 100, with higher scores indicating worse pru-
ritus)27; and an Eczema Area and Severity Index 
(EASI) score of 10 or more on the day of random-
ization (range, 0 to 72, with higher scores indi-
cating greater severity).28 Exclusion criteria were 
any abnormal laboratory values or conditions that 
could confound the outcome of the trial or en-
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danger the patient (for details, see the Supple-
mentary Appendix).

Trial Interventions

After a 28-day screening period, patients were 
randomly assigned in a 2:1 ratio through an in-
teractive Web-response system to receive nemol-
izumab (60 mg) or placebo. Placebo was formu-
lated to be identical to nemolizumab but without 
the active product. On the date of randomization 
and every 4 weeks thereafter to 16 weeks, nemol-
izumab or placebo was injected subcutaneously, 
by the investigating physician or by a nurse un-
der the instruction of the investigator, into the 
abdomen of each patient, in a skin area unaffected 
by atopic dermatitis.

Concomitant stable atopic dermatitis medica-
tions (medium-potency topical glucocorticoids, 
topical calcineurin inhibitors, and oral antihis-
tamines) remained unchanged during the use of 
nemolizumab or placebo. Concomitant use of 
lower-potency topical glucocorticoids11,26 and mois-
turizing or protecting agents for atopic dermati-
tis–associated eczema was allowed. Prohibited 
concomitant therapies included antibody drugs 
(excluding nemolizumab), phototherapy and hypo-
sensitization therapies, and systemic treatments. 
Higher-potency topical glucocorticoids were al-
lowed as rescue therapy (at the investigator’s dis-
cretion) when worsening atopic dermatitis–asso-
ciated eczema was noted (details are available in 
the protocol).

Trial End Points

The primary efficacy end point was the percent 
change in the weekly mean VAS score for pruri-
tus from baseline to week 16, with the percent 
change equivalent to the absolute point change 
on the 0-to-100 scale when the baseline score is 
100. Scores were evaluated by patients daily and 
recorded in an electronic diary provided by the 
sponsor; weekly mean scores were calculated by 
averaging daily scores.

Secondary efficacy end points were the time 
course of percent change in the daily VAS score 
for pruritus up to week 4, the percent change in 
the EASI score from baseline to week 16, the 
percentage of patients with a score of 4 or less 
on the total Dermatology Life Quality Index (DLQI; 
range, 0 to 30, with higher scores indicating a 
greater effect on daily life),29 the percentage of 
patients with a decrease of 4 or more points 

from baseline in the total DLQI score (consid-
ered to be the minimal clinically important dif-
ference),30 and the percentage of patients with a 
score of 7 or less on the Insomnia Severity Index 
(ISI; range, 0 to 28, with higher scores indicat-
ing greater severity).31

Exploratory efficacy end points were the 
change over time in the pruritus VAS score, itch 
score, EASI score, DLQI score, ISI score, modi-
fied EASI score,32 score on the pruritus numeri-
cal rating scale (NRS; range, 0 to 10, with higher 
scores indicating worse pruritus),33 score on the 
Patient-Oriented Eczema Measure (POEM; range, 
0 to 28, with higher scores indicating greater 
severity),34 static investigator’s global assessment 
(sIGA) score (range, 0 to 5, with higher scores 
indicating greater severity of atopic dermatitis),35 
and score on the Work Productivity and Activity 
Impairment: Atopic Dermatitis questionnaire36; 
the mean percent change in the modified EASI 
score from baseline to week 16; and the percent-
age of patients with the following: a 50%, 75%, 
or 90% decrease in the pruritus VAS score, an 
itch score of 1 or less, a decrease of 4 or more 
points from baseline in the pruritus NRS score, 
a 50%, 75%, or 90% decrease in the EASI score, a 
decrease of 2 or more levels in the sIGA score 
(i.e., final score of ≤1), and a decrease of 4 or 
more points from baseline in the POEM total 
score (the minimal clinically important differ-
ence37). Patients used the electronic diary to in-
put pruritus VAS scores, pruritus NRS scores, 
and itch scores by evaluating their mean pruri-
tus severity in the previous 24 hours according 
to the range of the relevant scales. The mean 
daily quantity of topical agents used during the 
trial period was calculated. A post hoc efficacy 
analysis was performed to calculate the percent-
age of patients with a decrease of 6 points or 
more from baseline in the total ISI score.

During the 16-week trial period, safety end 
points (including adverse events that emerged dur-
ing treatment) were evaluated, with severity as-
sessed by the investigator, according to prespeci-
fied protocol definitions. In the safety assessment, 
worsening of atopic dermatitis could be reported 
as a protocol-defined adverse event.

Statistical Analysis

The required sample was calculated to be 204 
(136 in the nemolizumab group and 68 in the 
placebo group) with the use of the POWER pro-
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cedure in SAS software (t-test). This sample 
would provide 90% power to detect a difference 
(nemolizumab minus placebo) of −17 percentage 
points in the percent change from baseline in 
the pruritus VAS score, at a significance level of 
5% (two-sided alpha level), under the assump-
tion that the standard deviation in both trial 
groups was 35%.

Modified intention-to-treat methods were 
used for the analyses of the primary and second-
ary end points and included all randomly as-
signed patients who received at least one dose of 
nemolizumab or placebo and had data available 
for evaluation. The safety analysis set included 
all randomly assigned patients who received at 
least one dose of nemolizumab or placebo. All 
statistical analyses were performed with the use 
of SAS software, version 9.3 or higher (SAS In-
stitute).

The analysis of the primary efficacy end point 

used a mixed-effects model for repeated mea-
sures (MMRM) that included data from weeks 1, 
2, 4, 8, 12, and 16 to calculate the weekly mean 
VAS score for pruritus. For the secondary effi-
cacy end points, no adjustments were made for 
multiple comparisons, and these are presented 
as point estimates with unadjusted confidence 
intervals, from which no clinical inferences can 
be made. Two prespecified sensitivity analyses 
were performed for the primary end point to ac-
count for missing data and the use of rescue 
medication: a tipping-point analysis that used the 
multiple-imputation method and an MMRM 
analysis that used all observed data regardless of 
the use of rescue medication.

For continuous end points, MMRM analysis, 
analysis of covariance, and intention-to treat 
analysis were applied. Binary end points were 
evaluated according to the between-group differ-
ence in the percentage of patients who met the 

Figure 1. Screening, Randomization, and Follow-up.

215 Underwent randomization

206 Proceeded to 52-wk, open-label,
long-term follow-up trial

270 Patients were screened

55 Did not undergo randomization
52 Were ineligible
2 Had adverse events
1 Withdrew

143 Were assigned to receive
nemolizumab

72 Were assigned to receive
placebo

4 (3%) Discontinued
1 Was ineligible
1 Had adverse event
1 Withdrew
1 Had protocol violation

5 (7%) Discontinued
3 Were ineligible
2 Withdrew

139 (97%) Completed 16-wk trial 67 (93%) Completed 16-wk trial
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end-point threshold. Missing data were not im-
puted for the continuous end points but were 
imputed as nonresponse for binary end points; 
the time course of the percent change in the 
daily VAS score for pruritus up to week 4 was 

analyzed with the use of last-observation-car-
ried-forward analysis of covariance to derive es-
timates of least-squares mean. For evaluations of 
pruritus (VAS, NRS, and itch scores), data for 
patients who received rescue therapy owing to 

Table 1. Baseline Demographic and Clinical Characteristics (Modified Intention-to-Treat Population).*

Characteristic
Nemolizumab 

(N = 143)
Placebo 
(N = 72)

Male sex — no. (%) 93 (65) 48 (67)

Median age (range) — yr 39.0 (13–73) 40.5 (13–80)

Median duration of disease (range) — yr 30.3 (1.1–61.3) 28.9 (1.3–59.9)

Median VAS score for pruritus (range)† 75.7 (49.7–100.0) 75.1 (53.3–100.0)

Median score on five-level itch scale (range)‡ 3.0 (2–4) 3.0 (2–4)

Median EASI score (range)§ 24.2 (10–65) 22.7 (10–58)

sIGA score — no. (%)¶

0–3 82 (57) 45 (62)

≥4 61 (43) 27 (38)

DLQI score‖

No. of patients with available data 136 69

Median (range) 12.0 (2–26) 12.0 (2–30)

ISI score**

No. of patients with available data 142 72

Median (range) 12.0 (2–28) 12.0 (1–28)

POEM score††

No. of patients with available data 142 72

Median (range) 22.0 (5–28) 20.5 (8–28)

Median no. of pruriginous lesions and papules (range)‡‡ 8.0 (0–270) 11.0 (0–400)

Baseline treatment — no. (%)

Topical therapy§§ 143 (100) 72 (100)

Medium-potency topical glucocorticoid 139 (97) 70 (97)

Topical calcineurin inhibitor 59 (41) 29 (40)

Oral antihistamines§§ 127 (89) 63 (88)

Nonsedating 126 (88) 61 (85)

Sedating 17 (12) 11 (15)

*	� Nemolizumab (60 mg) and placebo were administered every 4 weeks. All the patients in each group were Asian (100%).
†	� Scores on the visual-analogue scale (VAS) for pruritus range from 0 to 100, with higher scores indicating worse pruri-

tus. The score for each patient was the average measurement during the previous 24 hours.
‡	� Scores range from 0 to 4, with higher scores indicating worse itching.
§	� Scores on the Eczema Area and Severity Index (EASI) range from 0 to 72, with higher scores indicating greater severity.
¶	� Scores on the static investigator’s global assessment (sIGA) range from 0 to 5, with higher scores indicating greater 

severity of atopic dermatitis.
‖	� Scores on the Dermatology Life Quality Index (DLQI) range from 0 to 30, with higher scores indicating a greater ef-

fect on daily life.
**	� Scores on the Insomnia Severity Index (ISI) range from 0 to 28, with higher scores indicating greater severity.
††	� Scores on the Patient-Oriented Eczema Measure (POEM) range from 0 to 28, with higher scores indicating greater 

severity.
‡‡	� No patients with prurigo nodularis were enrolled. Pruriginous lesions and papules of 7 to 8 mm were assessed and 

counted by dermatology specialists and were confirmed to be symptomatic of atopic dermatitis.
§§	� The use of multiple agents was allowed.
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exacerbations of atopic dermatitis were handled 
as missing values. For other evaluations, data 
after receipt of rescue therapy were included in 
the analysis. The statistical analysis plan and its 
amendments are available with the protocol at 
NEJM.org.

R esult s

Patients

Overall, 215 patients were enrolled and ran-
domly assigned in a 2:1 ratio to receive nemoli-
zumab or placebo (143 to nemolizumab and 72 
to placebo); all the patients received at least one 
dose of nemolizumab or placebo and were in-
cluded in the modified intention-to-treat analysis 
and safety analysis (Fig. 1). The baseline charac-
teristics of the patients were similar in the two 
groups (Table 1 and Table S1). The median base-
line disease-severity scores in the entire cohort 
were 75.4 for the pruritus VAS score, 3.0 for the 
score on the five-level itch scale, and 23.2 for the 
EASI score. All the patients (100%) had previ-
ously received topical agents, and 88% had re-
ceived oral antihistamines (Table 1). The num-

ber of patients lost to follow-up at week 16 was 
3 in each group. The percentages of patients 
who used topical rescue medication at any point 
up to week 16 were 17% (25 of 143 patients) in 
the nemolizumab group and 18% (13 of 72 pa-
tients) in the placebo group.

Efficacy

At week 16, the least-squares mean percent change 
from baseline in the pruritus VAS score (primary 
end point) was −42.8% in the nemolizumab 
group and −21.4% in the placebo group (Table 2). 
The least-squares mean difference between the 
two groups was −21.5 percentage points (95% 
confidence interval [CI], −30.2 to −12.7; P<0.001). 
The results of sensitivity analyses were similar to 
those of the primary analysis (data not shown).

With respect to secondary outcomes, from 
which no clinical conclusions can be drawn be-
cause of the lack of a plan for adjustment for mul-
tiple comparisons, the time course of the percent 
change in the pruritus VAS score from baseline 
to week 16 is shown in Figure 2A and Figure S2. 
The percent change in the daily VAS score for 
pruritus from baseline to week 4 is shown in 

Table 2. Primary and Secondary Efficacy End Points (Modified Intention-to-Treat Population).*

End Point
Nemolizumab 

(N = 143)
Placebo 
(N = 72) Difference (95% CI)

percentage points

Primary end point: percent change in pruritus VAS score from baseline to 
wk 16

−42.8±2.6 −21.4±3.6 −21.5 (−30.2 to −12.7)†

Secondary end points‡

Percent change in pruritus VAS score from baseline to day 29 −34.4±2.2 −15.3±3.0 −19.3 (−26.6 to −11.9)

Percent change in EASI score from baseline to wk 16 −45.9±3.3 −33.2±4.7 −12.6 (−24.0 to −1.3)

Percentage of patients with a DLQI score of ≤4 at wk 16 (no./total no.)§ 40 (51/129) 22 (15/67) 17 (2 to 31)

Percentage of patients with a decrease of ≥4 points in the DLQI score 
from baseline to wk 16 (no./total no.)¶

67 (89/133) 50 (34/68) 17 (3 to 31)

Percentage of patients with an ISI score of ≤7 at wk 16 (no./total no.)‖ 55 (59/108) 21 (12/56) 33 (17 to 48)

*	�Plus–minus values are least-squares means ±SE. Efficacy analyses were conducted in the modified intention-to-treat population, which 
included all randomly assigned patients who received at least one dose of nemolizumab or placebo and who had data available for evalua-
tion. For evaluations of pruritus VAS scores, data for patients who received rescue therapy owing to exacerbations of atopic dermatitis were 
handled as missing values. For other evaluations (of EASI, DLQI, and ISI scores), data after receipt of rescue therapy were included in the 
analysis. Because the pruritus VAS score was evaluated by patients daily, the weekly mean scores were used in the analysis. CI denotes con-
fidence interval.

†	�P<0.001.
‡	�For the secondary end points, there were no adjustments for multiple comparisons, and therefore no clinical inferences can be drawn from 

these data.
§	� Analysis for this end point was performed only for patients with a DLQI score of 5 or more at baseline.
¶	�Analysis for this end point was performed only for patients with a DLQI score of 4 or more at baseline. A change of 4 points is considered 

to be the minimal clinically important difference.
‖	�Analysis for this end point was performed only for patients with an ISI score of 8 or more at baseline.
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Table 2 (least-squares mean difference between 
the nemolizumab group and the placebo group, 
−19.3 percentage points; 95% CI, −26.6 to −11.9). 
Figure 2B shows the data from the first 15 days 
of this period, highlighting that changes were 
reported as early as day 2 (−10.3% in the nemol-
izumab group and −4.4% in the placebo group). 
Figure 2C shows the time course of the percent 
change in the EASI score. The least-squares mean 
percent change at week 16 was −45.9% in the 
nemolizumab group and −33.2% in the placebo 
group. The percentage of patients with a DLQI 
score of 4 or less was 40% in the nemolizumab 
group and 22% in the placebo group, and the 
percentage of patients with a decrease of 4 or 
more points in the DLQI score was 67% and 50%, 
respectively, at week 16 (Table 2). An ISI score of 
7 or less was achieved in 55% of the patients in 
the nemolizumab group and 21% of those in the 
placebo group (Fig. 2D). Results for exploratory 
end points and post hoc analysis of ISI scores 
are provided in Tables S2 and S3 and Figure S3.

Safety

Overall, 71% of the patients in each group re-
ported adverse events that emerged during treat-
ment (Table 3 and Table S4); most were mild or 
moderate in severity as determined by the inves-
tigators. Severe adverse events were reported by 
three patients (2%) in the nemolizumab group: 
Meniere’s disease, acute pancreatitis, and atopic 
dermatitis (in one patient each). Three patients 

who received nemolizumab reported a total of four 
treatment-related adverse events resulting in dis-
continuation of the drug: atopic dermatitis, Me-
niere’s disease, alopecia, and peripheral edema.
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Figure 2. Efficacy Outcomes (Modified Intention-to-
Treat Population).

Panel A shows the primary efficacy end point: the per-
cent change in the weekly mean visual-analogue scale 
(VAS) score for pruritus (with higher scores indicating 
worse pruritus) from baseline to week 16. Panel B 
shows the percent change in the daily mean VAS score 
for pruritus from baseline to day 15; for the prespeci-
fied secondary end point of the percent change up to 
week 4, the least-squares mean difference between 
the nemolizumab group and the placebo group was 
−19.3 percentage points (95% confidence interval, 
−26.6 to −11.9). Panel C shows the percent change in 
the Eczema Area and Severity Index (EASI) score (with 
higher scores indicating greater severity) from base-
line to week 16. In Panels A through C, data are shown 
as least-squares means, and I bars indicate 95% confi-
dence intervals. Panel D shows the percentage of pa-
tients with a score of 7 or less on the Insomnia Severi-
ty Index (ISI; range, 0 to 28, with higher scores 
indicating greater severity) from baseline to week 16.
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The most commonly reported adverse event 
of special interest was worsening atopic derma-
titis, occurring in 24% of the patients in the 
nemolizumab group and 21% of those in the pla-

cebo group; one patient discontinued nemoli-
zumab as a result. The incidence of injection-
related reactions was 8% with nemolizumab and 
3% with placebo. Musculoskeletal and connective 
tissue symptoms occurred in 5% of the patients 
in the nemolizumab group and 8% of those in 
the placebo group. Cytokine abnormalities such 
as an increased level of thymus and activation-
regulated chemokine (TARC) occurred only in 
the nemolizumab group. The median change in 
the TARC level from baseline to week 16 and the 
lack of association of these changes with the 
EASI score are shown in Figures S4 and S5.

Discussion

In the current trial, nemolizumab resulted in a 
greater reduction in pruritus than placebo over a 
period of 16 weeks in patients with atopic der-
matitis who had not had an adequate response 
to topical agents and antihistamines. The second-
ary end-point results with respect to quality of 
life, sleep, and signs or extent of atopic derma-
titis were in the same direction as the primary 
end-point results, but no inferences can be made 
from these results because there was no plan for 
adjustment for multiple comparisons. Nemoli-
zumab plus topical agents may ameliorate both 
pruritus and signs of eczema and may lessen the 
severity of atopic dermatitis by disrupting the 
itch–scratch cycle. Safety results in our trial in-
dicated that some patients reported worsening 
atopic dermatitis as an adverse event, although 
those patients had reductions in pruritus as 
measured by the VAS score. This worsening of 
atopic dermatitis as a safety outcome was not 
correlated with the efficacy outcome of a reduc-
tion in pruritus, and the mechanisms underlying 
this dichotomy are unclear.

In a previous phase 2a monotherapy trial in-
volving patients with atopic dermatitis, all nemol-
izumab doses were associated with greater re-
ductions in pruritus at week 12 than placebo.21 
Nemolizumab showed a lesser magnitude of ef-
ficacy in the current trial than in the phase 2a 
trial. A phase 2b trial showed a change in pruritus 
according to the NRS score, which precludes di-
rect comparisons with the primary end point in 
the current trial; in the phase 2b trial, a between-
group difference in the NRS score was reported at 
week 24.22 Although there are variations among 
these trials in the numerical differences in end-

Table 3. Adverse Events (Safety Analysis Set).*

Adverse Event
Nemolizumab 

(N = 143)
Placebo 
(N = 72)

no. of patients (%)

Any adverse event 101 (71) 51 (71)

Severe 3 (2)† 0

Moderate 32 (22) 14 (19)

Mild 90 (63) 45 (62)

Serious adverse event 3 (2) 2 (3)

Treatment modification

Discontinuation 3 (2) 0

Dose interruption 3 (2) 2 (3)

Dose reduction 0 0

Adverse events of special interest

Injection-related reaction 12 (8) 2 (3)

Asthma 0 0

Worsening of atopic dermatitis‡ 34 (24) 15 (21)

Skin infection 10 (7) 7 (10)

Elevated creatine kinase 4 (3) 1 (1)

Musculoskeletal and connective-tissue 
symptoms

7 (5) 6 (8)

Death 0 0

Adverse events reported by ≥3% of patients 
in either group§

Dermatitis atopic‡ 33 (23) 15 (21)

Nasopharyngitis 18 (13) 11 (15)

Cytokine abnormal 10 (7) 0

Blood creatine kinase increased 5 (3) 1 (1)

Acne 2 (1) 3 (4)

*	�Shown are adverse events that emerged during treatment. Multiple occur-
rences of an event for a single patient are counted only once. The severity of 
adverse events was assessed by the investigator, according to definitions pre-
specified in the protocol, as mild (the event causes discomfort, but without 
limiting normal activities of daily living), moderate (discomfort affects normal 
activities of daily living), or severe (the event disturbs work or normal activi-
ties of daily living).

†	�Meniere’s disease, pancreatitis acute, and dermatitis atopic (preferred terms 
in the Japanese translation of the Medical Dictionary for Regulatory Activities 
[MedDRA], version 20.1) occurred in one patient each.

‡	�Atopic dermatitis (“dermatitis atopic” according to the preferred term in 
MedDRA) could be reported as a safety outcome in individual patients; how-
ever, it was not considered as an efficacy outcome, which involved a reduction 
in the severity of atopic dermatitis in the overall population.

§	� Events are shown according to the preferred term in the Japanese translation 
of the MedDRA, version 20.1.
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point results when comparing nemolizumab 
with placebo, all three trials showed an effect in 
reducing pruritus. The possible reasons for the 
between-trial differences include heterogeneity 
in inclusion criteria and differences in primary 
and secondary end points, nemolizumab dosage, 
trial duration, the ethnic groups of the patients, 
and concomitant treatments.

Several immunotherapies are currently being 
developed for the treatment of atopic dermatitis, 
and their availability varies according to country. 
Dupilumab, which has been shown in phase 3 
clinical trials to be effective in patients with 
atopic dermatitis,38 has been investigated mainly 
in conjunction with other therapies.39 Dupilumab 
and nemolizumab have different treatment pro-
files. Nemolizumab was developed as an inhibi-
tor of interleukin-31 signaling,16,17 and interleu-
kin-31 plays a role in the generation of pruritus 
in patients with atopic dermatitis18,19; moreover, 
interleukin-31 also has a proinflammatory role 
and is involved in the regulation of the cutane-
ous barrier.19,20 Targeting interleukin-31 aims to 
decrease pruritus and signs of skin inflamma-
tion, which may result in reduced severity of 
eczema. In contrast, dupilumab targets interleu-
kin-4 and interleukin-13, drivers of atopic der-
matitis. In trials of dupilumab,38,40 the primary 
end points were based on signs of atopic derma-
titis (primarily eczema scores), and pruritus scores 
— such as the one used in the current trial as a 
primary end point — were secondary end points.

Adverse events with nemolizumab included 

injection-related reactions. Cytokine abnormali-
ties (increased TARC level) occurred in the 
nemolizumab group after treatment; however, 
most were not accompanied by a worsening of 
signs of or the extent of atopic dermatitis. This 
trial has limitations, including the short dura-
tion of treatment; the inclusion of only Japanese 
patients; the enrollment of patients with an age 
of 13 years, even though there is a high preva-
lence of atopic dermatitis among children5; and 
the inability to draw conclusions from secondary 
end-point results because of the lack of a plan 
for adjustment for multiple comparisons.

This phase 3 trial involving patients with 
atopic dermatitis showed that nemolizumab, when 
used with topical agents, provided a greater re-
duction in pruritus than placebo plus topical 
agents. The incidence of injection-related reac-
tions was higher with nemolizumab than with 
placebo. This trial did not assess the durability 
or safety of the drug beyond 16 weeks for atopic 
dermatitis with pruritus.

Supported by Maruho.
Dr. Kabashima reports receiving consulting fees from 

Maruho; and Ms. Matsumura and Mr. Komazaki, being em-
ployed by Maruho. No other potential conflict of interest rel-
evant to this article was reported.

Disclosure forms provided by the authors are available with 
the full text of this article at NEJM.org.

A data sharing statement provided by the authors is available 
with the full text of this article at NEJM.org.

We thank the patients and their families; the investigators; 
the project team members at Maruho, especially Chieko Tanaka, 
Yoshiteru Hayakawa, Chie Fujii, and Rumiko Kato; and Sally-
Anne Mitchell for editorial assistance and Hisanori Yoshida for 
publication management (both at McCann Health CMC).

References
1.	 Weidinger S, Beck LA, Bieber T, Ka-
bashima K, Irvine AD. Atopic dermatitis. 
Nat Rev Dis Primers 2018;​4:​1.
2.	 Torres T, Ferreira EO, Gonçalo M, 
Mendes-Bastos P, Selores M, Filipe P. Up-
date on atopic dermatitis. Acta Med Port 
2019;​32:​606-13.
3.	 Avena-Woods C. Overview of atopic 
dermatitis. Am J Manag Care 2017;​23:​
Suppl:​S115-S123.
4.	 Klonowska J, Gleń J, Nowicki RJ, 
Trzeciak M. New cytokines in the patho-
genesis of atopic dermatitis — new thera-
peutic targets. Int J Mol Sci 2018;​19:​3086.
5.	 Wollenberg A, Barbarot S, Bieber T, et 
al. Consensus-based European guidelines 
for treatment of atopic eczema (atopic 
dermatitis) in adults and children: Part I. 
J Eur Acad Dermatol Venereol 2018;​32:​
657-82.
6.	 Chrostowska-Plak D, Reich A, Szepi-
etowski JC. Relationship between itch and 

psychological status of patients with 
atopic dermatitis. J Eur Acad Dermatol 
Venereol 2013;​27(2):​e239-e242.
7.	 Bridgman AC, Block JK, Drucker AM. 
The multidimensional burden of atopic 
dermatitis: an update. Ann Allergy Asth-
ma Immunol 2018;​120:​603-6.
8.	 Dainichi T, Kitoh A, Otsuka A, et al. 
The epithelial immune microenvironment 
(EIME) in atopic dermatitis and psoriasis. 
Nat Immunol 2018;​19:​1286-98.
9.	 Wahlgren CF. Itch and atopic derma-
titis: an overview. J Dermatol 1999;​26:​
770-9.
10.	 Ramirez FD, Chen S, Langan SM, et 
al. Association of atopic dermatitis with 
sleep quality in children. JAMA Pediatr 
2019;​173(5):​e190025.
11.	 Eichenfield LF, Tom WL, Berger TG, 
et al. Guidelines of care for the manage-
ment of atopic dermatitis: Section 2. 
Management and treatment of atopic der-

matitis with topical therapies. J Am Acad 
Dermatol 2014;​71:​116-32.
12.	 Sidbury R, Davis DM, Cohen DE, et al. 
Guidelines of care for the management of 
atopic dermatitis: Section 3. Management 
and treatment with phototherapy and sys-
temic agents. J Am Acad Dermatol 2014;​
71:​327-49.
13.	 Wollenberg A, Barbarot S, Bieber T, et 
al. Consensus-based European guidelines 
for treatment of atopic eczema (atopic der-
matitis) in adults and children: Part II. J Eur 
Acad Dermatol Venereol 2018;​32:​850-78.
14.	 Katoh N, Ohya Y, Ikeda M, et al. Clin-
ical practice guidelines for the manage-
ment of atopic dermatitis 2018. J Derma-
tol 2019;​46:​1053-101.
15.	 Matterne U, Böhmer MM, Weisshaar 
E, Jupiter A, Carter B, Apfelbacher CJ. Oral 
H1 antihistamines as ‘add-on’ therapy to 
topical treatment for eczema. Cochrane 
Database Syst Rev 2019;​1:​CD012167.

The New England Journal of Medicine 
Downloaded from nejm.org at CMU LIBRARIES - library.cmich.edu on July 8, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 383;2  nejm.org  July 9, 2020150

Nemolizumab for Atopic Dermatitis with Pruritus

16.	 Oyama S, Kitamura H, Kuramochi T, 
et al. Cynomolgus monkey model of inter-
leukin-31-induced scratching depicts block-
ade of human interleukin-31 receptor A by 
a humanized monoclonal antibody. Exp 
Dermatol 2018;​27:​14-21.
17.	 Nemoto O, Furue M, Nakagawa H, et 
al. The first trial of CIM331, a humanized 
antihuman interleukin-31 receptor A anti-
body, in healthy volunteers and patients 
with atopic dermatitis to evaluate safety, 
tolerability and pharmacokinetics of a 
single dose in a randomized, double-blind, 
placebo-controlled study. Br J Dermatol 
2016;​174:​296-304.
18.	Wong C-K, Leung KM-L, Qiu H-N, 
Chow JY-S, Choi AOK, Lam CW-K. Activa-
tion of eosinophils interacting with der-
mal fibroblasts by pruritogenic cytokine 
IL-31 and alarmin IL-33: implications in 
atopic dermatitis. PLoS One 2012;​7(1):​
e29815.
19.	 Bağci IS, Ruzicka T. IL-31: a new key 
player in dermatology and beyond. J Al-
lergy Clin Immunol 2018;​141:​858-66.
20.	 Singh B, Jegga AG, Shanmukhappa 
KS, et al. IL-31-driven skin remodeling in-
volves epidermal cell proliferation and 
thickening that lead to impaired skin-barri-
er function. PLoS One 2016;​11(8):​e0161877.
21.	 Ruzicka T, Hanifin JM, Furue M, et al. 
Anti–interleukin-31 receptor A antibody 
for atopic dermatitis. N Engl J Med 2017;​
376:​826-35.
22.	Silverberg JI, Pinter A, Pulka G, et al. 
Phase 2B randomized study of nemoli-
zumab in adults with moderate-to-severe 
atopic dermatitis and severe pruritus. J Al-
lergy Clin Immunol 2020;​145:​173-82.
23.	 Kabashima K, Furue M, Hanifin JM, 
et al. Nemolizumab in patients with mod-
erate-to-severe atopic dermatitis: random-
ized, phase II, long-term extension study. 
J Allergy Clin Immunol 2018;​142(4):​1121.
e7-1130.e7.

24.	Hanifin JM, Rajka G. Diagnostic fea-
tures of atopic dermatitis. Acta Dermatol 
Venereol (Stockholm) 1980;​92:​Suppl:​44-7.
25.	 Kawashima M, Nakagawa H. Olopata-
dine hydrochloride in children: evidenced 
efficacy and safety for atopic dermatitis 
treatment in a randomized, multicenter, 
double-blind, parallel group comparative 
study. Nishinihon J Dermatol 2011;​73:​
278-89.
26.	 Jacob SE, Steele T. Corticosteroid 
classes: a quick reference guide including 
patch test substances and cross-reactivity. 
J Am Acad Dermatol 2006;​54:​723-7.
27.	 Reich A, Heisig M, Phan NQ, et al. Vi-
sual analogue scale: evaluation of the in-
strument for the assessment of pruritus. 
Acta Derm Venereol 2012;​92:​497-501.
28.	Barbier N, Paul C, Luger T, et al. Vali-
dation of the Eczema Area and Severity 
Index for atopic dermatitis in a cohort of 
1550 patients from the pimecrolimus 
cream 1% randomized controlled clinical 
trials programme. Br J Dermatol 2004;​
150:​96-102.
29.	 Finlay AY, Khan GK. Dermatology 
Life Quality Index (DLQI) — a simple 
practical measure for routine clinical use. 
Clin Exp Dermatol 1994;​19:​210-6.
30.	 Basra MKA, Salek MS, Camilleri L, 
Sturkey R, Finlay AY. Determining the 
minimal clinically important difference 
and responsiveness of the Dermatology 
Life Quality Index (DLQI): further data. 
Dermatology 2015;​230:​27-33.
31.	 Morin CM, Belleville G, Bélanger L, 
Ivers H. The Insomnia Severity Index: psy-
chometric indicators to detect insomnia 
cases and evaluate treatment response. 
Sleep 2011;​34:​601-8.
32.	Chopra R, Vakharia PP, Sacotte R, et 
al. Severity strata for Eczema Area and 
Severity Index (EASI), modified EASI, 
Scoring Atopic Dermatitis (SCORAD), ob-
jective SCORAD, Atopic Dermatitis Sever-

ity Index and body surface area in adoles-
cents and adults with atopic dermatitis. 
Br J Dermatol 2017;​177:​1316-21.
33.	 Yosipovitch G, Reaney M, Mastey V, et 
al. Peak Pruritus Numerical Rating Scale: 
psychometric validation and responder 
definition for assessing itch in moderate-
to-severe atopic dermatitis. Br J Dermatol 
2019;​181:​761-9.
34.	Charman CR, Venn AJ, Williams HC. 
The patient-oriented eczema measure: de-
velopment and initial validation of a new 
tool for measuring atopic eczema severity 
from the patients’ perspective. Arch Der-
matol 2004;​140:​1513-9.
35.	 Schmitt J, Langan S, Williams HC. 
What are the best outcome measurements 
for atopic eczema? a systematic review.  
J Allergy Clin Immunol 2007;​120:​1389-98.
36.	Reilly MC, Zbrozek AS, Dukes EM. 
The validity and reproducibility of a work 
productivity and activity impairment in-
strument. Pharmacoeconomics 1993;​4:​
353-65.
37.	 Schram ME, Spuls PI, Leeflang MMG, 
Lindeboom R, Bos JD, Schmitt J. EASI, 
(objective) SCORAD and POEM for atopic 
eczema: responsiveness and minimal clin-
ically important difference. Allergy 2012;​
67:​99-106.
38.	 Simpson EL, Bieber T, Guttman-Yas-
sky E, et al. Two phase 3 trials of dupil-
umab versus placebo in atopic dermatitis. 
N Engl J Med 2016;​375:​2335-48.
39.	 Shirley M. Dupilumab: first global ap-
proval. Drugs 2017;​77:​1115-21.
40.	Blauvelt A, de Bruin-Weller M, Goo-
derham M, et al. Long-term management 
of moderate-to-severe atopic dermatitis 
with dupilumab and concomitant topical 
corticosteroids (LIBERTY AD CHRONOS): 
a 1-year, randomised, double-blinded, 
placebo-controlled, phase 3 trial. Lancet 
2017;​389:​2287-303.
Copyright © 2020 Massachusetts Medical Society.

The New England Journal of Medicine 
Downloaded from nejm.org at CMU LIBRARIES - library.cmich.edu on July 8, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 


