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Summary

Background Dupilumab [a monoclonal antibody blocking the shared receptor sub-
unit for interleukin (IL)-4 and IL-13] is approved for patients aged ≥ 12 years
with inadequately controlled, moderate-to-severe atopic dermatitis (AD). Dupilu-
mab trials of up to 52 weeks demonstrated efficacy and a favourable safety pro-
file in patients with moderate-to-severe AD inadequately controlled with topical
medications.
Objectives To further characterize the safety of dupilumab by evaluating clinical
laboratory findings from three randomized, double-blinded, placebo-controlled
phase III trials (LIBERTY AD SOLO 1 & 2 and LIBERTY AD CHRONOS).
Methods Patients were randomized 1 : 1 : 1 (SOLO 1 & 2) or 3 : 1 : 3
(CHRONOS) for 16 and 52 weeks, respectively, to dupilumab weekly, every 2
weeks or placebo. CHRONOS patients received a standardized concomitant topi-
cal corticosteroid regimen. Laboratory outcomes were summarized descriptively
in 1376 patients from SOLO 1 & 2 and 740 from CHRONOS.
Results Treatment groups had similar results in baseline laboratory parameters. Pla-
telets and neutrophils showed mild decreases from baseline in dupilumab vs. pla-
cebo groups. Some dupilumab-treated patients had small transient increases in
eosinophils. Grade 3 eosinophilia was reported in < 1% of dupilumab-treated
and placebo-treated patients; no adverse events were associated with eosinophilia.
Lactate dehydrogenase levels decreased from baseline during dupilumab treat-
ment in all trials. No clinically meaningful changes were observed between treat-
ment groups in other haematology, chemistry or urinalysis parameters.
Conclusions There were no clinically important changes in routine laboratory
parameters that could be attributed to dupilumab. This study supports the use of
dupilumab as a systemic treatment for moderate-to-severe AD that does not
require laboratory monitoring.

What’s already known about this topic?

• Long-term treatment of atopic dermatitis (AD) with conventional immunosuppres-

sive agents is limited by the risk of significant side-effects and a need for repeated

tests to monitor haematological and/or organ (e.g. liver, kidney) toxicities.
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• Dupilumab [a monoclonal antibody blocking the shared receptor subunit for inter-

leukin (IL)-4 and IL-13] is approved for the treatment of patients with inade-

quately controlled, moderate-to-severe AD.

• In 16-week and 52-week studies, dupilumab demonstrated a positive risk/benefit

profile in moderate-to-severe AD.

What does this study add?

• This study is the first comprehensive analysis of dupilumab laboratory safety data

of the 16-week SOLO 1 & 2 (pooled N = 1376) and 52-week CHRONOS (N =

740) trials, demonstrating an absence of clinically important changes in haematol-

ogy, serum chemistry and urinalysis parameters in patients with moderate-to-severe

AD treated with dupilumab.

• Our data support the use of dupilumab as a systemic treatment for the long-term

management of moderate-to-severe AD without routine laboratory monitoring in

clinical practice.

Atopic dermatitis (AD) is a common, chronic and relapsing

inflammatory skin disorder characterized by intense pruritus

and eczematous lesions.1 AD is associated with disruption of

the skin barrier and immune-mediated abnormalities with

skewing towards type 2 immune responses2,3 and increased

susceptibility of patients to cutaneous infections, including Sta-

phylococcus aureus colonization, eczema herpeticum4 and noncu-

taneous or systemic infections.5,6 Topical corticosteroids (TCS)

and calcineurin inhibitors (TCI) remain the mainstay of AD

therapy;7,8 however, moderate-to-severe AD often cannot be

adequately controlled with topical treatments and requires the

use of systemic agents.9 Currently, oral corticosteroids (e.g.

prednisolone) are approved by the U.S. Food and Drug

Administration (FDA) for the treatment of inflammatory skin

diseases, but they are only recommended in short courses for

AD, and their use should be limited to specific circumstances

such as a lack of other adequate treatment options or during

episodes of acute flares where immediate relief is required.10

Among conventional immunosuppressants, only ciclosporin

has approval, limited to short-term treatment of severe AD in

most European countries and Japan. Other off-label systemic

medications are also used in clinical practice, including aza-

thioprine, mycophenolate mofetil and methotrexate.8,11–15

Long-term treatment of AD with systemic immunosuppressive

agents is limited by safety concerns and a need for repeated

tests to monitor clinical laboratory abnormalities and/or organ

(e.g. liver and kidney) toxicities.8,11–15

Dupilumab, a fully human VelocImmune�-derived16,17 mon-

oclonal antibody, blocks the shared receptor subunit for inter-

leukin (IL)-4 and IL-13, thus inhibiting signalling of both IL-4

and IL-13. These cytokines are key drivers of type 2 inflamma-

tory diseases such as AD as well as asthma, allergic rhinitis and

food allergies, which are common AD comorbidities.18

Dupilumab is approved for subcutaneous (SC) administration at

300 mg every 2 weeks (q2w) for the treatment of patients aged

12 years and older in the U.S.A. with moderate-to-severe AD

inadequately controlled with topical prescription therapies or

when those therapies are not advisable,19 for the treatment of

adult patients with AD not adequately controlled with existing

therapies in Japan and for use in patients aged 12 years and

older with moderate-to-severe AD who are candidates for sys-

temic therapy in the European Union (EU).20 Dupilumab is also

approved by the FDA as an add-on maintenance treatment in

patients with moderate-to-severe asthma aged 12 years and

older with an eosinophilic phenotype or with oral corticos-

teroid-dependent asthma and as an add-on maintenance treat-

ment in adult patients with inadequately controlled chronic

rhinosinusitis with nasal polyps.19 Three phase III clinical trials

of dupilumab [LIBERTY AD SOLO 1 (NCT02277743), LIBERTY

AD SOLO 2 (NCT02277769), LIBERTY AD CHRONOS

(NCT02260986)] have demonstrated efficacy in improving AD

signs, symptoms and quality of life and showed a favourable

safety profile for treatment durations of 16 weeks (SOLO 1 & 2)

and 52 weeks (CHRONOS) in patients with moderate-to-severe

AD with inadequate response to topical medications.21–23 Other

randomized, placebo-controlled trials in patients with AD, as

well as randomized, placebo-controlled trials in other diseases

mediated by type 2 inflammation, including asthma, chronic

sinusitis with nasal polyps and eosinophilic oesophagitis,

demonstrated similar results.24–33 Due to its selective targeting

of type 2 inflammation, dupilumab has not been associated

with significant infection-related adverse events (AEs) often

seen with monoclonal antibodies that affect type 1-mediated

immune responses, such as antitumour necrosis factor-a thera-

pies.21,22,26,34,35 However, in most dupilumab AD trials, higher

incidences of conjunctivitis were observed in dupilumab vs.
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placebo groups; most cases were mild-to-moderate, and most

recovered/resolved during the treatment period.36 Conjunctivi-

tis incidence was very low and similar for dupilumab and pla-

cebo in other type 2 diseases.36

To further characterize the safety profile of dupilumab, we

evaluated clinical laboratory data from three large, random-

ized, double-blinded, placebo-controlled phase III trials in

adult patients with moderate-to-severe AD.

Patients and methods

Study design

SOLO 1, SOLO 2 and CHRONOS were randomized, double-

blinded, placebo-controlled phase III trials conducted in

adherence with the Declaration of Helsinki principles. Institu-

tional review boards and independent ethics committees

reviewed and approved the protocols, informed consent forms

and patient information prior to study initiation. All patients

provided signed informed consent prior to any study proce-

dures being performed.

Study designs and patient populations have been described

previously.21,22 Briefly, SOLO 1 & 2 had identical study designs.

Patients were randomized 1 : 1 : 1 to monotherapy with SC

dupilumab 300 mg once weekly (qw), dupilumab 300 mg q2w

or placebo qw for 16 weeks. Key inclusion criteria were: AD

inadequately controlled with or inadvisable for topical medica-

tions; age ≥ 18 years; moderate-to-severe AD for ≥ 3 years prior

to screening; Investigator’s Global Assessment (IGA) score ≥ 3

(moderate-to-severe; scale 0–4) and Eczema Area and Severity

Index (EASI) ≥ 16 (scale 0–72).21 In CHRONOS, patients were

randomized 3 : 1 : 3 to receive SC dupilumab 300 mg qw,

dupilumab 300 mg q2w or placebo qw for 52 weeks. All

patients in CHRONOS received concomitant medium-potency

TCS, or low-potency TCS in thin or sensitive skin areas (e.g. face

or neck); TCI could be used in certain areas such as the face and

intertriginous areas, if not used concomitantly with TCS to treat

the same areas. Once lesions were clear/almost clear, TCS � TCI

could be tapered, then stopped. Key inclusion criteria were:

documented history of inadequate response to medium-to-

high-potency TCS and/or documented systemic treatment use

within the last 6 months; AD inadequately controlled with or

inadvisable for topical medications; age ≥ 18 years; moderate-

to-severe AD for ≥ 3 years prior to screening; IGA ≥ 3 (moder-

ate-to-severe; scale 0–4) and EASI ≥ 16 (scale 0–72).22

Safety analysis

The safety analysis set (SAF) included all randomized patients

who received any study drug; it was based on the treatment

received (as treated); for CHRONOS, this includes patients

who had completed treatment as of the cut-off date for FDA

submission of the dupilumab biologics license application,22

as well as those whose treatment was still ongoing after the

FDA submission. If a patient received a dose regimen different

to that assigned during the study, this patient was considered

as treated by the lowest active dose. SOLO 1 & 2 data were

pooled. Safety assessments included clinical laboratory evalua-

tions (haematology, clinical chemistry and urinalysis) and

reported AEs. For patients who discontinued study treatment,

laboratory data were collected during subsequent monitoring

visits, but no laboratory data were collected after withdrawal

from the study. Blood samples for testing of haematology and

chemistry parameters were collected at baseline and prespeci-

fied postbaseline time points, including at the end of the treat-

ment period. Blood samples were collected after a 6–8-h fast,

if possible; fasting was not mandatory. Haematology, serum

chemistry and urinalysis samples were analysed by a central

laboratory (SOLO 1 & 2: PPD Laboratories; Highland Heights,

KY, U.S.A.; CHRONOS: Covance Laboratories; Indianapolis,

IN, U.S.A.). All untoward medical occurrences, including

medically relevant laboratory abnormalities, were considered

AEs according to the protocol definition. The number and

proportion of patients reporting treatment-emergent adverse

events (TEAEs) were listed by Medical Dictionary for Regula-

tory Activities (MedDRA) system Preferred Terms (PTs). All

safety outcomes were assessed using descriptive statistics.

Laboratory variables

Haematology analyses covered haematocrit, haemoglobin, red

blood cells, white blood cells, red cell indices and platelet

count. Further differential outcomes included neutrophils,

lymphocytes, monocytes, basophils and eosinophils.

Serum chemistry analyses covered metabolic function param-

eters, including albumin, creatine phosphokinase [CPK; CPK

isoenzymes were measured when CPK was > 5 times the upper

limit of normal (ULN)], glucose, haemoglobin A1C and total

serum protein; electrolyte parameters, including bicarbonate,

calcium, chloride, potassium and sodium; renal function param-

eters, including blood urea nitrogen, creatinine and uric acid;

liver function parameters, including alkaline phosphatase, ala-

nine transaminase, aspartate transaminase, total bilirubin (direct

and indirect bilirubin were measured when the total bilirubin

was above the ULN) and lactate dehydrogenase (LDH) as well as

lipid profile parameters, including total cholesterol, low-density

lipoprotein, high-density lipoprotein and triglycerides. Urinaly-

sis included testing of pH and specific gravity.

Statistical methods

All laboratory data analyses were descriptive; there were no

statistical comparisons of treatment groups for any laboratory

variables. All data were summarized as observed, and no

imputations were used for missing data.

Results

Baseline

Clinical laboratory data were assessed in 1376 patients from

SOLO 1 & 2 (SAF for pooled data: placebo, n = 456; dupilumab
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q2w, n = 465; dupilumab qw, n = 455) and 740 patients from

CHRONOS (SAF: placebo + TCS, n = 315; dupilumab q2w +
TCS, n = 110; dupilumab qw + TCS, n = 315). Baseline haema-

tology, serum chemistry and urinalysis characteristics were bal-

anced across treatment groups (Tables S1a, b, S2a–e, S3; see
Supporting Information). Baseline serum levels of LDH, a mar-

ker of tissue damage that correlates with AD disease activity and

severity, were elevated in a large proportion of patients

(Table S2d; see Supporting Information); details are provided

below. In SOLO 1 & 2, 372 (81�6%; placebo), 435 (93�5%;
dupilumab q2w) and 413 (90�8%; dupilumab qw) patients

completed the 16-week study treatment period; in CHRONOS,

225 (71�4%; placebo + TCS), 95 (86�4%; dupilumab q2w +
TCS) and 276 (87�6%; dupilumab qw + TCS) patients com-

pleted the 52-week study treatment period.

Clinical laboratory parameters during the treatment

period

Platelets

Platelet values for the dupilumab and placebo groups were within

normal ranges, with greater decreases from baseline in the dupilu-

mab groups than the placebo groups (Fig. 1a, b; Table S1a; see

Supporting Information). In SOLO 1 & 2, the mean change from

baseline to week 16 for platelets (9 109 L�1) was �3�1, �5�7 and

�11�2 for placebo, dupilumab q2w and dupilumab qw, respec-

tively; for baseline to week 52 in CHRONOS, these values were

�2�2, �12�9 and �13�1, for placebo + TCS, dupilumab q2w +
TCS and dupilumab qw + TCS, respectively. These changes in plate-

let counts were of no particular clinical concern and did not necessi-

tate additional testing or changes to treatment. Moreover, no

notable differences in platelet counts were observed between treat-

ment groups in shifts from normal values at baseline to high or low

values during the study period (Table S4a; see Supporting Informa-

tion). For patients with grade 2 (platelet count: 100–124 9 109

L�1; moderate)37 and grade 3 (25–999 109 L�1; severe)37 throm-

bocytopenia, magnitudes of change in platelet counts from baseline

were similar across the dupilumab and placebo groups (Fig. 2a).

One patient in the placebo group in SOLO 1 had grade 4 thrombo-

cytopenia (platelet count < 25 9 109 L�1; potentially life-threaten-

ing)37 at week 8 (Table 1). Grade 3 thrombocytopenia incidence

rates were < 1% across all treatment groups (Fig. 1c; Table 1).

Neutrophils

Neutrophil values were within normal ranges across all treat-

ment groups, with greater decreases from baseline in the

dupilumab groups vs. placebo groups in SOLO 1 & 2 [mean

change from baseline to week 16: �0�1, �0�4 and �0�5 (9

109 L�1) for placebo, dupilumab q2w and dupilumab qw,

respectively] and CHRONOS [mean change from baseline to

week 52: �0�2, �0�6 and �0�6 (9 109 L�1) for placebo +
TCS, dupilumab q2w + TCS and dupilumab qw + TCS, respec-

tively] (Fig. 3a, b; Table S1b; see Supporting Information).

These changes in neutrophil counts were of no particular clin-

ical concern and did not necessitate additional testing or

changes to treatment. Moreover, no notable differences in

neutrophil counts were observed between treatment groups in

shifts from normal values at baseline to high or low values

during the study period (Table S4b; see Supporting Informa-

tion). Patients with grade 2 [neutrophil count: 1�0–1�499 9

109 L�1 (moderate)]37 and grade 3 [0�5–0�999 9 109 L�1

(severe)]37 neutropenia had lower neutrophil counts at base-

line than the overall study populations (Fig. 2b; Table S1b;

see Supporting Information), and the magnitudes of change in

neutrophil counts from baseline in this subset of patients were

similar across dupilumab and placebo groups (Fig. 2b). No

patient had neutropenia grade 4 [neutrophil count < 0�5 9

109 L�1 (potentially life-threatening)]. Grade 3 neutropenia

incidence rates were < 1% across all treatment groups

(Fig. 3c; Table 2).

Eosinophils

In SOLO 1 & 2, the dupilumab groups had greater mean and

median initial increases from baseline in eosinophil counts

than the placebo groups, with the highest increase observed at

week 4 (Fig. 4a, b; Table S1b; see Supporting Information).

Eosinophils returned to near-baseline levels by week 16 [mean

change (9 109 L�1), baseline to week 16: �0�2, �0�0 and

�0�0, for placebo, dupilumab q2w and dupilumab qw,

respectively]. By contrast, there was no such eosinophil

increase in the overall study population in CHRONOS [mean

change (9 109 L�1) baseline to week 52: �0�2, �0�2 and

�0�2, for placebo + TCS, dupilumab q2w + TCS and dupilu-

mab qw + TCS, respectively] (Fig. 4a, b; Table S1b; see Sup-

porting Information). A higher proportion of patients in the

dupilumab groups vs. placebo had shifts from normal eosino-

phil counts at baseline to high (> ULN) values throughout the

treatment period in SOLO 1 & 2 (for dupilumab q2w and qw,

respectively vs. placebo; week 4, 12�6% and 13�2% vs. 9�0%;
week 16, 9�5% and 14�8% vs. 6�2%) and CHRONOS (for

dupilumab q2w + TCS and qw + TCS, respectively vs. placebo

+ TCS; week 4, 9�1% and 9�6% vs. 7�8%; week 52, 14�5%
and 9�1% vs. 6�7%) (Table S4c; see Supporting Information).

Fig 1. (a) Mean change in platelet count from baseline to week 16 (SOLO 1 & 2) and week 52 (CHRONOS). (b) Absolute platelet count. A close-

up view of the box-and-whisker plots is depicted below. White horizontal lines indicate medians. X depicts mean values. Top and bottom of each

box represent Q3 and Q2, respectively. Upper and lower vertical bars represent Q4 and Q1, respectively; horizontal segments on each end of the

vertical bars represent minimum and maximum values. (c) Proportion of patients with thrombocytopenia grades 1–3; patient numbers are

provided in Table 1. Thrombocytopenia grade scale follows the guidance provided by the U.S. Food and Drug Administration.37 BL, baseline; Q,

quartile; qw, once weekly; q2w, every 2 weeks; TCS, topical corticosteroids; Wk, week.
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Fig 2. (a) Absolute mean platelet counts from baseline in the subset of patients with thrombocytopenia grades 2 and 3 through week 16 (SOLO 1

& 2) and week 52 (CHRONOS). (b) Absolute mean neutrophil counts from baseline in the subset of patients with neutropenia grades 2 and 3

through week 16 (SOLO 1 & 2) and week 52 (CHRONOS). (c) Absolute mean eosinophil counts from baseline in the subset of patients with

eosinophilia grades 2 and 3 through week 16 (SOLO 1 & 2) and week 52 (CHRONOS). Toxicity grade scales follow the guidance provided by the

U.S. Food and Drug Administration.37 qw, once weekly; q2w, every 2 weeks; TCS, topical corticosteroids.
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In the subset of patients with grade 2 [eosinophil count:

1�501–5�0 9 109 L�1 (moderate)]37 and grade 3 [eosinophil

count: > 5�0 9 109 L�1 (severe)]37 eosinophilia, small initial

increases in absolute mean counts were observed in all treat-

ment groups in SOLO 1 & 2 and CHRONOS, with a trend to

return to near-baseline levels; this was particularly evident in

CHRONOS (Fig. 2c). Incidence rates of treatment-emergent

eosinophilia were numerically higher in the dupilumab groups

in all three trials (Fig. 4c; Table 3). Grade 3 treatment-emer-

gent eosinophilia was reported in < 1% of dupilumab-treated

and placebo-treated patients (Fig. 4c; Table 3). The transient

increases in eosinophils had no apparent clinical consequences,

as dupilumab-treated patients with high eosinophil counts did

not show any clinical manifestations or high frequency of AEs

(Table S5; see Supporting Information).

Lactate dehydrogenase

LDH levels were elevated at baseline (median, 231�0–247�0;
Table S2d; see Supporting Information). At baseline, 25�2–27�0%

Table 1 Proportion of patients with thrombocytopenia grades 1–4a,b

Study
week

Thrombocytopenia
grade

SOLO 1 & 2, n (%)b CHRONOS, n (%)

Placebo qw
(n = 456)

Dupilumab

300 mg q2w
(n = 465)

Dupilumab

300 mg qw
(n = 455)

Placebo

qw + TCS
(n = 315)

Dupilumab

300 mg q2w + TCS
(n = 110)

Dupilumab 300

mg qw + TCS
(n = 315)

0 1 1 (0�2) 1 (0�2) 0 0 3 (2�7) 1 (0�3)
2 3 (0�7) 4 (0�9) 4 (0�9) 1 (0�3) 0 0

3 1 (0�2) 2 (0�4) 1 (0�2) 0 0 1 (0�3)
4 0 0 0 0 0 0

4 1 2 (0�4) 1 (0�2) 4 (0�9) 1 (0�3) 0 2 (0�6)
2 1 (0�2) 3 (0�6) 2 (0�4) 0 0 0

3 1 (0�2) 3 (0�6) 1 (0�2) 0 0 0
4 0 0 0 0 0 0

8 1 4 (0�9) 1 (0�2) 1 (0�2) 0 1 (0�9) 3 (1�0)
2 1 (0�2) 2 (0�4) 1 (0�2) 0 1 (0�9) 0

3 0 3 (0�6) 0 0 0 0
4 1 (0�2) 0 0 0 0 0

12 1 3 (0�7) 3 (0�6) 0 3 (1�0) 0 5 (1�6)
2 1 (0�2) 5 (1�1) 2 (0�4) 1 (0�3) 0 0

3 0 1 (0�2) 1 (0�2) 1 (0�3) 0 0

4 0 0 0 0 0 0
16 1 1 (0�2) 3 (0�6) 2 (0�4) 0 0 1 (0�3)

2 3 (0�7) 1 (0�2) 3 (0�7) 0 1 (0�9) 0
3 0 2 (0�4) 0 1 (0�3) 0 1 (0�3)
4 0 0 0 0 0 0

20 1 – – – 1 (0�3) 0 1 (0�3)
2 – – – 1 (0�3) 1 (0�9) 0
3 – – – 0 0 0

4 – – – 0 0 0
28 1 – – – 1 (0�3) 0 3 (1�0)

2 – – – 0 1 (0�9) 1 (0�3)
3 – – – 0 0 0

4 – – – 0 0 0
36 1 – – – 0 0 1 (0�3)

2 – – – 0 1 (0�9) 0
3 – – – 0 0 0

4 – – – 0 0 0
44 1 – – – 0 0 0

2 – – – 0 0 2 (0�6)
3 – – – 0 0 0

4 – – – 0 0 0
52 1 – – – 2 (0�6) 0 1 (0�3)

2 – – – 0 1 (0�9) 1 (0�3)
3 – – – 0 0 0

4 – – – 0 0 0

aThrombocytopenia grade scale follows the guidance provided by the U.S. Food and Drug Administration:37 platelet counts of 125–140 9

109 L�1 are defined as grade 1, 100–124 9 109 L�1 as grade 2, 25–99 9 109 L�1 as grade 3 and < 25 9 109 L�1 as grade 4. bPost-16-

week data were not collected for SOLO. qw, once weekly; q2w, every 2 weeks; TCS, topical corticosteroids.
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of patients in SOLO 1 & 2 and 50�5–57�3% of patients in

CHRONOS had levels above the ULN [per central laboratory

determination; normal ranges: SOLO 1 & 2, males: 135–281 IU

L�1, females: 135–330 IU L�1; CHRONOS, 53–234 IU L�1 (both

sexes)]. Serum LDH decreased over time in SOLO 1 & 2 (mean

change from baseline to week 16: �26�2, �69�7 and �76�0 IU

L�1 for placebo, dupilumab q2w and dupilumab qw, respec-

tively) and CHRONOS (mean change, baseline to week 52:

�49�7, �88�2 and �85�1 IU L�1 for placebo + TCS, dupilumab

q2w + TCS and dupilumab qw + TCS, respectively) (Fig. 5a, b;

Table S2d; see Supporting Information). A higher proportion of

patients in the dupilumab groups vs. placebo had shifts from high

LDH at baseline to normal values throughout the treatment per-

iod (Fig. 5c; Table S4d; see Supporting Information).

Other laboratory parameters

No changes in other haematology (Table S1a, b; see Support-

ing Information), serum chemistry and urinalysis (Table S2a–
e; Table S3; see Supporting Information) parameters in any of

the treatment groups were of clinical concern or necessitated

additional testing or changes to treatment.

Treatment withdrawal

Three patients discontinued study treatment due to abnormal

laboratory values (Fig. S1a–c; see Supporting Information).

These included one patient in the dupilumab qw group in

SOLO 1 with a TEAE of lymphocytosis, which was not consid-

ered by the investigator to be related to dupilumab; and one

patient each in the dupilumab q2w group in SOLO 2 and the

placebo + TCS group in CHRONOS with TEAEs of neutrope-

nia, which were considered by the investigators to be related

to the study drug. The patients in SOLO 1 & 2 continued to

be monitored to week 16, whereas the CHRONOS patient

withdrew from the study and was not monitored after week

8. No other laboratory test abnormalities led to treatment dis-

continuation in these studies. There were no notable differ-

ences in the laboratory results for the patients who withdrew

due to haematological changes or patients who discontinued

due to any TEAEs compared with the general patient popula-

tion, other than those that would be expected for those partic-

ular patients (Tables S6a, b; see Supporting Information).

Adverse events

AEs reported for the overall study populations in SOLO 1 & 2

and CHRONOS were published previously.21,22 Overall,

similar rates of TEAEs were reported across treatment groups

during these studies. The overall incidence of infections was

similar in patients treated with dupilumab and placebo.21,22,34

Conjunctivitis (both MedDRA PT ‘conjunctivitis’ and a com-

piled term for any PT with the word ‘conjunctivitis’) and

injection-site reactions (MedDRA high-level term) were more

frequent in patients treated with dupilumab.21,22,36 Higher

rates of AD exacerbations (MedDRA PT) and nonherpetic skin

infections (adjudicated) were reported in the placebo groups.

Laboratory outcomes that were serious adverse events (SAEs)

were rare: one patient (0�5%) in SOLO 1 had an SAE of anae-

mia; one (0�4%) in SOLO 2 had an SAE of thrombocytopenia

and one (0�3%) in CHRONOS had an SAE of an abnormal

liver function test (MedDRA PTs); all were in the placebo

group in their respective studies.22–24

Discussion

This analysis of more than 2000 patients from three large

phase III placebo-controlled studies did not reveal any adverse

changes in laboratory parameters that could be attributed to

dupilumab. None of the reported changes necessitated addi-

tional testing or changes to treatment. Mean and median

haematology and serum chemistry laboratory values were gen-

erally consistent with baseline values or showed small changes

from baseline. Small decreases from baseline were noted for

platelets and neutrophils within the dupilumab vs. placebo

groups, findings that may reflect a decrease in systemic

inflammation and AD severity.38–42 Overall, platelet and neu-

trophil counts remained within the normal range at any visit,

and the changes were not clinically meaningful for any treat-

ment group.

Transient and usually mild-to-moderate increases in eosino-

phils were observed in a small number of patients treated with

dupilumab in these studies; no AEs were attributed to

eosinophilia. Of note, eosinophilia was less marked in patients

treated with dupilumab + TCS in CHRONOS, suggesting that

concomitant use of TCS may blunt the effect on eosinophils

seen in the monotherapy studies.43 Blood and tissue eosino-

philia are characteristic of AD and other atopic diseases and

correlate with disease activity.44–49 Type 2 inflammation

mediated by IL-4, IL-13 and IL-5 promotes eosinophil

growth, differentiation and trafficking to sites of inflamma-

tion.50 Moreover, IL-4 and IL-13 regulate the expression of

eotaxin-1 [C–C motif chemokine 11 (CCL11)], eotaxin-3

(CCL26), RANTES (CCL5) and MCP-4 (CCL13), potent

chemoattractants for eosinophils.51–54 IL-4 and IL-13 also

induce vascular cell adhesion molecule 1 (VCAM-1) on

Fig 3. (a) Mean change in neutrophil count from baseline to week 16 (SOLO 1 & 2) and week 52 (CHRONOS). (b) Absolute neutrophil count. A

close-up view of the box-and-whisker plots is depicted below. White horizontal lines indicate medians. X depicts mean values. Top and bottom of

each box represent Q3 and Q2, respectively. Upper and lower vertical bars represent Q4 and Q1, respectively; horizontal segments on each end of

the vertical bars represent minimum and maximum values. (c) Proportion of patients with neutropenia grades 1–3; patient numbers are provided

in Table 2. The neutropenia grade scale follows the guidance provided by the U.S. Food and Drug Administration.37 BL, baseline; Q, quartile; qw,

once weekly; q2w, every 2 weeks; TCS, topical corticosteroids; Wk, week.
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endothelial cells, which is an adhesin involved in eosinophil

transmigration.51–54 IL-4 and IL-13 promote eosinophil

recruitment to sites of inflammation by increasing production

of these chemokines and VCAM-1.47,50–52,54 In lesional skin

of patients with AD, dupilumab decreased eotaxin-3 and MCP-

4.27,55 In mouse models of asthma, dupilumab blockage of

IL-4 and IL-13 signalling prevents eosinophils from entering

tissue, and thus, eosinophils accumulate in the

bloodstream.56,57 Hence, the transient increases in circulating

eosinophils observed in a subset of patients could be a result

of dupilumab inhibiting IL-4/IL-13-induced migration of

eosinophils from the bloodstream into tissues.50,58 The fact

that this phenomenon is not observed in every dupilumab-

treated patient with AD suggests that net effects on eosinophil

counts depend on the magnitude of chemokine suppression

and the rate of eosinophil production in a given patient. Of

Table 2 Proportion of patients with neutropenia grades 1–3a,b,c

Study week
Neutropenia
grade

SOLO 1 & 2, n (%)c CHRONOS, n (%)

Placebo

qw
(n = 456)

Dupilumab

300 mg q2w
(n = 465)

Dupilumab

300 mg qw
(n = 455)

Placebo

qw + TCS
(n = 315)

Dupilumab

300 mg q2w + TCS
(n = 110)

Dupilumab

300 mg qw + TCS
(n = 315)

0 1 11 (2�4) 8 (1�7) 14 (3�1) 3 (1�0) 1 (0�9) 5 (1�6)
2 4 (0�9) 2 (0�4) 0 2 (0�6) 0 1 (0�3)
3 0 0 0 0 0 0

4 1 7 (1�5) 22 (4�7) 28 (6�2) 5 (1�6) 5 (4�5) 10 (3�2)
2 2 (0�4) 4 (0�9) 2 (0�4) 1 (0�3) 1 (0�9) 4 (1�3)
3 0 0 0 0 0 0

8 1 12 (2�6) 22 (4�7) 23 (5�1) 4 (1�3) 3 (2�7) 11 (3�5)
2 4 (0�9) 1 (0�2) 2 (0�4) 1 (0�3) 0 1 (0�3)
3 0 0 1 (0�2) 0 0 0

12 1 11 (2�4) 22 (4�7) 24 (5�3) 2 (0�6) 1 (0�9) 11 (3�5)
2 0 4 (0�9) 1 (0�2) 1 (0�3) 1 (0�9) 1 (0�3)
3 1 (0�2) 0 0 0 0 1 (0�3)

16 1 9 (2�0) 16 (3�4) 15 (3�3) 4 (1�3) 1 (0�9) 6 (1�9)
2 2 (0�4) 3 (0�6) 5 (1�1) 0 0 1 (0�3)
3 0 1 (0�2) 0 0 0 0

20 1 – – – 9 (2�9) 2 (1�8) 3 (1�0)
2 – – – 1 (0�3) 0 1 (0�3)
3 – – – 0 0 0

28 1 – – – 4 (1�3) 3 (2�7) 11 (3�5)
2 – – – 0 0 4 (1�3)
3 – – – 0 0 0

36 1 – – – 5 (1�6) 8 (7�3) 8 (2�5)
2 – – – 0 0 3 (1�0)
3 – – – 0 0 0

44 1 – – – 8 (2�5) 3 (2�7) 8 (2�5)
2 – – – 0 2 (1�8) 3 (1�0)
3 – – – 0 0 0

52 1 – – – 2 (0�6) 4 (3�6) 8 (2�5)
2 – – – 1 (0�3) 0 1 (0�3)
3 – – – 0 0 1 (0�3)

aNeutropenia grade scale follows the guidance provided by the U.S. Food and Drug Administration37 grade 1: neutrophil counts of 1�5–2�0
9 109 L�1; grade 2: 1�0–1�499 9 109 L�1; grade 3: 0�5–0�999 9 109 L�1; grade 4: < 0�5 9 109 L�1. bNo patients in SOLO 1 & 2 and

CHRONOS reported grade 4 neutropenia. cPost-16-week data were not collected for SOLO; qw, once weekly; q2w, every 2 weeks; TCS,

topical corticosteroids.

Fig 4. (a) Mean change in eosinophil count from baseline to week 16 (SOLO 1 & 2) and week 52 (CHRONOS). (b) Absolute eosinophil count. A

close-up view of the box-and-whisker plots is depicted below. White horizontal lines indicate medians. X depicts mean values. Top and bottom of

each box represent Q3 and Q2, respectively. Upper and lower vertical bars represent Q4 and Q1, respectively; horizontal segments on each end of

the vertical bars represent minimum and maximum values. Outliers for eosinophil counts 1�501–5�0 9 109 L�1 and > 5�0 9 109 L�1 are

presented as light red and dark red dots, respectively. (c) Proportion of patients with eosinophilia grades 1–3; patient numbers are provided in

Table 3. Eosinophilia grade scale follows the guidance provided by the U.S. Food and Drug Administration.37 BL, baseline; Q, quartile; qw, once

weekly; q2w, every 2 weeks; TCS, topical corticosteroids; Wk, week.

© 2019 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.

British Journal of Dermatology (2020) 182, pp1120–1135

Lab safety of dupilumab in moderate-to-severe AD, Wollenberg et al. 1129



0
5

10
15
20
25
30
35
40

0
5

10
15
20
25
30
35
40

Eosinophils

0
2
4
6
8

10
12

0·1
0·2
0·3
0·4
0·5
0·6
0·7
0·8
0·9
1·0

0·1
0·2
0·3
0·4
0·5
0·6
0·7
0·8
0·9
1·0

n at visit:
Placebo qw (n = 315)
Dupilumab q2w  (n = 110)
Dupilumab qw (n = 315)

SOLO 1 & 2 CHRONOS (+ TCS)

Placebo Dupilumab 300 mg q2w Dupilumab 300 mg qw

Study week Study week

M
ea

n 
ch

an
ge

 (±
SE

) f
ro

m
 

ba
se

lin
e 

ov
er

 ti
m

e 
(x

 1
09  L

–1
)

M
ea

n 
ch

an
ge

 (±
SE

) f
ro

m
 

ba
se

lin
e 

ov
er

 ti
m

e 
(x

 1
09   

L–
1 )

BL Wk4 Wk16 Wk52BL Wk4 Wk16

427
437
429

412
434
415

n at visit:
Placebo qw (n = 456)
Dupilumab q2w (n = 465)
Dupilumab qw (n = 455)

314
110
315

303
101
300

289
100
294

261
100
287

(a)

SOLO 1 & 2 CHRONOS (+ TCS)(b)

Ab
so

lu
te

 c
ou

nt
 (x

 1
09   L

–1
) 

Ab
so

lu
te

 c
ou

nt
 (x

 1
09

 L
–1

)

BL Wk4 Wk16 Wk52BL Wk4 Wk16
454
465
453

0 4 8 12 16

0·01

0 4 8 12 16 20 28 36 44 52-0·19

0
2
4
6
8

10
12

15
·5

x 
zo

om

Ab
so

lu
te

 c
ou

nt
 (x

 1
09   L

–1
) 

15
·5

x 
zo

om

Ab
so

lu
te

 c
ou

nt
 (x

 1
09  L

–1
)

Placebo Dupilumab 300 mg q2w Dupilumab 300 mg qw
W

k5
2

Dupilumab 
300 mg qw

W
k5

2

(c)

Pa
tie

nt
s 

(%
) 

Pa
tie

nt
s 

(%
) 

B
L

W
k4

W
k1

6

Placebo

B
L

W
k4

W
k1

6

Dupilumab
300 mg q2w

B
L

W
k4

W
k1

6

Dupilumab
300 mg qw

B
L

W
k4

W
k1

6

Placebo

B
L

W
k4

W
k1

6

Dupilumab 
300 mg q2w

W
k5

2

B
L

W
k4

W
k1

6

23·9 22·8 17·8 23·9 24·3 21·3 22·4 20·0

6·4 6·4
0·4

6·0 8·4
7·1

0·4

28·8

7·7

3·8

16·2 14·0 8·9 26·4 14·5 20·0 13·6 18·1 13·3 15·6 9·2

4·1

4·1 0·3

0·4

28·6

1·9

0·3

0·9

1·3

1·6

SOLO 1 & 2 CHRONOS (+ TCS)

2·4

0·2
0·6

10·5

5·5 0·2

0·4

1·0

1·8

1·8 2·7

3·6

0·9

0·9
2·2

0·3

Grade 1 Eosinophilia (0·65–1·5 x 109 L–1) Grade 2 Eosinophilia (1·501–5 x 109 L–1) Grade 3 Eosinophilia (>5 x 109 L–1)

0

0·2

0·1

0

0·2

0·1

© 2019 The Authors. British Journal of Dermatology
published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.

British Journal of Dermatology (2020) 182, pp1120–1135

1130 Lab safety of dupilumab in moderate-to-severe AD, Wollenberg et al.



note, higher baseline levels of circulating eosinophils have

been associated with increased incidence of conjunctivitis in

both placebo-treated and dupilumab-treated patients in clinical

trials in AD.36 In monotherapy studies, patients with high

baseline eosinophil levels reported 0�03–0�15 events of con-

junctivitis per 100 patient-years (PYs) for placebo and dupilu-

mab combined, respectively, whereas patients with low

baseline levels reported 0�02–0�03 events per 100 PYs.36 Simi-

larly, in CHRONOS, patients with high eosinophils at baseline

had 0�04–0�13 conjunctivitis events per 100 PYs, respectively

for placebo + TCS and dupilumab qw + TCS vs. 0�03–0�05
events per 100 PYs for patients with low baseline eosinophil

levels;36 similar associations were also observed for baseline

levels of the biomarkers thymus and activation-regulated che-

mokine (TARC; CCL17) and IgE.36 AD severity is associated

with biomarker levels as well as with incidence of conjunctivi-

tis, suggesting that the association of these biomarkers with

conjunctivitis may result from their relationship to AD sever-

ity.36

A decrease in LDH levels from baseline was seen during dupi-

lumab treatment regardless of dose regimen in all trials. More

dupilumab-treated patients achieved normalization of LDH dur-

ing the treatment period compared with placebo-treated

patients. LDH is an intracellular enzyme that is widely expressed

in tissues such as the skin.59–61 It is a biomarker of tissue dam-

age, and serum LDH concentrations have been reported to cor-

relate with AD disease activity and severity.60–63

No clinically meaningful changes were observed between

treatment groups for other haematology, chemistry or urinaly-

sis parameters. Overall, dupilumab was well tolerated in

patients with moderate-to-severe AD with and without con-

comitant TCS use; both dupilumab dose regimens had accept-

able safety profiles, which were generally comparable with

that of placebo, apart from conjunctivitis and injection-site

Table 3 Proportion of patients with eosinophilia grades 1–3a,b

Study week
Eosinophilia
grade

SOLO 1 & 2, n (%)b CHRONOS, n (%)

Placebo

qw
(n = 456)

Dupilumab

300 mg q2w
(n = 465)

Dupilumab

300 mg qw
(n = 455)

Placebo

qw + TCS
(n = 315)

Dupilumab

300 mg q2w + TCS
(n = 110)

Dupilumab

300 mg qw + TCS
(n = 315)

0 1 109 (23�9) 111 (23�9) 131 (28�8) 90 (28�6) 29 (26�4) 57 (18�1)
2 29 (6�4) 28 (6�0) 25 (5�5) 12 (3�8) 2 (1�8) 13 (4�1)
3 1 (0�2) 0 0 0 1 (0�9) 1 (0�3)

4 1 104 (22�8) 113 (24�3) 102 (22�4) 51 (16�2) 16 (14�5) 42 (13�3)
2 29 (6�4) 39 (8�4) 48 (10�5) 6 (1�9) 2 (1�8) 13 (4�1)
3 0 3 (0�6) 2 (0�4) 0 1 (0�9) 0

8 1 79 (17�3) 92 (19�8) 105 (23�1) 47 (14�9) 21 (19�1) 45 (14�3)
2 19 (4�2) 45 (9�7) 39 (8�6) 1 (0�3) 3 (2�7) 14 (4�4)
3 0 1 (0�2) 3 (0�7) 0 1 (0�9) 0

12 1 84 (18�4) 86 (18�5) 95 (20�9) 34 (10�8) 19 (17�3) 53 (16�8)
2 14 (3�1) 43 (9�2) 40 (8�8) 3 (1�0) 4 (3�6) 7 (2�2)
3 0 0 1 (0�2) 0 0 0

16 1 81 (17�8) 99 (21�3) 91 (20�0) 44 (14�0) 22 (20�0) 49 (15�6)
2 11 (2�4) 33 (7�1) 35 (7�7) 3 (1�0) 4 (3�6) 7 (2�2)
3 0 2 (0�4) 1 (0�2) 0 0 0

20 1 – – – 27 (8�6) 20 (18�2) 37 (11�7)
2 – – – 3 (1�0) 3 (2�7) 5 (1�6)
3 – – – 0 1 (0�9) 1 (0�3)

28 1 – – – 32 (10�2) 14 (12�7) 37 (11�7)
2 – – – 3 (1�0) 4 (3�6) 8 (2�5)
3 – – – 0 0 1 (0�3)

36 1 – – – 29 (9�2) 18 (16�4) 42 (13�3)
2 – – – 2 (0�6) 3 (2�7) 2 (0�6)
3 – – – 0 0 0

44 1 – – – 29 (9�2) 17 (15�5) 33 (10�5)
2 – – – 1 (0�3) 1 (0�9) 5 (1�6)
3 – – – 0 0 0

52 1 – – – 28 (8�9) 15 (13�6) 29 (9�2)
2 – – – 1 (0�3) 3 (2�7) 5 (1�6)
3 – – – 0 0 0

aThe eosinophilia grade scale follows the guidance provided by the U.S. Food and Drug Administration:37 grade 1: eosinophil counts of

0�65–1�5 9 109 L�1; grade 2: 1�501–5�0 9 109 L�1; grade 3: > 5�0 9 109 L�1. bPost-16 week data were not collected for SOLO; qw, once

weekly; q2w, every 2 weeks; TCS, topical corticosteroids.
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reactions.21–23 SAEs of laboratory outcomes were rare and

were reported only in placebo-treated patients.

This analysis had limitations. These analyses included a total

of 2116 patients; most (1376 in SOLO 1 & 2) received dupi-

lumab for up to 16 weeks, and the remainder (740 in

CHRONOS) for up to 52 weeks. These data showed that mean

changes in laboratory parameters were transient and returned

to near-baseline levels during study treatment and were not

associated with any clinical AEs, supporting the current guid-

ance in the prescribing information that there is no require-

ment for routine laboratory monitoring. However, greater

numbers of patients exposed to dupilumab for longer periods

of time and in real-world situations will provide the sample

sizes and more varied patient populations needed to discern

rare events. Eligibility criteria for these trials excluded patients

with serious concomitant health conditions; thus, further data

are needed to determine laboratory monitoring needs for

patients with the variety of conditions that may be encoun-

tered in a real-world setting.

In conclusion, although transient reductions in neutrophils

and platelets as well as transient increases in blood eosinophils

were observed in a small number of dupilumab-treated

patients, they were not associated with any clinically signifi-

cant AEs. The laboratory data described here, along with the

efficacy and safety data provided in the previous reports of

these studies, demonstrate that dupilumab results in a favour-

able risk/benefit ratio profile, further supporting the use of

dupilumab as a systemic treatment for long-term management

of moderate-to-severe AD.21–23 Consistent with clinical trial

data, EU20 and U.S.19 prescribing information do not require

routine laboratory monitoring in clinical practice before initia-

tion or during treatment with dupilumab. Because patient

exclusion criteria in the dupilumab trials may have limited the

variability of the study population, real-world evidence,

including long-term data beyond 52 weeks of treatment, will

provide additional valuable information on the role of labora-

tory monitoring in dupilumab-treated patients with AD.
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