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TO THE EDITOR

Dupilumab, an 1gG4 mAb targeting the
IL-4 receptor alpha (IL-4Ra), substantially
improves disease severity in patients
with atopic dermatitis (AD) (Gooderham
etal., 2018).

A recent daily practice study in-
dicates that dose reduction of dupilu-
mab might be successfully applied in
patients with controlled AD (Spekhorst
et al., 2022). Spekhorst et al. (2022)
showed that prolongation of the injec-
tion interval up to 6 weeks resulted in
sustained disease control in patients
with AD with low disease activity after
52 weeks of dupilumab treatment.
However, the associated immunologic
effects of interval prolongation are
currently unknown. Therefore, we
studied the effects of interval prolon-
gation on dupilumab serum levels, the
IL-4Ra. occupancy, (skin-homing) T-cell
function, and serum thymus and regu-
lated chemokine levels in patients with
AD in whom the dupilumab interval
was prolonged.

All included patients participated in the
Dutch BioDay registry and signed
informed consent for extraction of data
from the registry. In addition, all included

patients gave their consent for collection
of blood samples during the treatment
according to our biobank protocol, which
has been approved by the Medical Ethical
Committee of the University Medical
Center Utrecht (approval number 17-884).
After 1 year of treatment with the standard
dose of dupilumab, the dosing interval
was prolonged according to the protocol
described previously (Spekhorst et al.,
2022). In brief, a patient-centered dosing
regimen that is guided by the Eczema Area
and Severity Index (EASI) was applied, in
which patients were eligible for dose
reduction in cases of EASI < 7, indicating
mild disease activity or less, for at least 6
months. Patients with AD who prolonged
the interval from 300 mg dupilumab sub-
cutaneously every 2 weeks (Q2W) to
every 4 weeks (Q4W), and eventually
every 6 weeks (Q6W), were retrospec-
tively enrolled in this study. Blood samples
were collected from patients before the
initiation of treatment (baseline) and dur-
ing treatment at time points when patients
were treated with dupilumab Q2W, Q4W,
and Q6W for at least 3 months. PBMCs
from a total of 11 patients and healthy
controls were available for analyses. The
EASI was used to assess disease severity

Abbreviations: AD, atopic dermatitis; EASI, Eczema Area and Severity Index; IL-4Ra, IL-4 receptor alpha;
Q2W, once every other week; Q4W, once every 4 weeks; Q6W, once every 6 weeks
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and to evaluate clinical effectiveness. In
addition, serum thymus and regulated
chemokine levels, currently the best per-
forming and most accepted biomarker for
disease severity in AD (Thijs et al., 2015),
were measured. PBMCs were isolated and
analyzed using flow cytometry. The
quantification of total dupilumab levels in
serum was performed with a validated
liquid chromatography-tandem  mass
spectrometry analysis (Amrani et al,
2021). Detailed methods related to labo-
ratory assessments and statistical analysis
are described in this letter's online
repository.

We included a total of 11 patients
with AD. All clinical characteristics are
shown in Table 1. In addition, a total of
11 healthy adult volunteers were
included in the analyses. An overview
of the study design, peripheral blood
collection, and laboratory assessments
is presented in Figure 1a.

As expected, the dupilumab interval
prolongation resulted in a significant
decrease in dupilumab serum levelsinall
patients (Figure 1b). Dupilumab surface
binding (anti-lgG4) to both CD19+ B
cells and CD4+ T cells also gradually
decreased with interval prolongation.
During treatment with dupilumab Q2W
and Q4W, IL-4Ra. expression remained
undetectable, regardless of the number of
days between the last dupilumab injec-
tion and the blood draw, and despite
lower levels of dupilumab in the serum
for the Q4W interval. Importantly, during
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Table 1. Baseline Characteristics
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Tapering Patients Healthy Control

Clinical Characteristics (n = 11) (n = 11)
Age at start, y, median (IQR) 37 (33—49.5) 29 (27-31)
Male, n (%) 6 (54.54) 4 (36.36)
Atopic comorbidities, n (%)

Allergic asthma 4 (36.36) —

Allergic rhinitis 10 (90.90) =

Allergic conjunctivitis 7 (63.63) —

No atopic comorbidities 1 (9.09) —
Food allergy, n (%) 7 (63.63) —
Age of onset, n (%)

Children 8 (72.72) —

Adolescent 2 (18.18) —

Adult 1(9.09) —
Previous use of systemic
immunosuppressive medication

Cyclosporine 10 (90.90) —

Methotrexate 4 (36.36) —

Azathioprine 1(9.09) —

Mycophenolate mofetil 1 (9.09) —
EASI score at baseline, median (IQR) 12.00 (9.40—24.5) —

EASI score at prolongation to Q4W, median (IQR) 0.95 (0.57—2.87) —

EASI score at prolongation to Q6W, median (IQR) 1.10 (0.82—1.92) —
TARC levels at baseline, median (IQR) 1392 (779—4272) —
Median duration on interval in days (IQR) —

1x/2 wk 366 (112—376)

1x/4 wk 210 (178—285)

1x/6 wk 178 (98—191)

Abbreviations: EASI, Eczema Area Severity Index; IQR, interquartile range; Q4W, every 4 weeks;

Q6W, every 6 weeks.

treatment with dupilumab Q6W, the IL-
4Ra. became fully or partly detectable
again if the time between the injection of
dupilumab and the blood draw was 40
days or longer (Figure 1c). These results
indicate that around an interval of 40
days, a tipping point occurs where dupi-
lumab is no longer (fully) saturating IL-
4Ra.on circulating lymphocytes. This was
accompanied by clinical and immuno-
logical changes. A significant decrease in
EASI scores was seen during all dosing
intervals compared with baseline, but
EASI scores slightly increased in 8 of 11
patients when extending the interval from
Q4W to Q6W (Figure 1d). The same
applied to serum thymus and regulated
chemokine levels (Figure Te). In addition,
IL-4 and IL-13 levels increased slightly
during interval prolongation in some pa-
tients, and the percentage of proliferating
(Ki67+) skin-homing (C-C chemokine
receptor type 4 +, Cutaneous Lympho-
cyte Antigen +) CD4+ T cells increased
significantly when extending the interval
from Q4W to Q6W (Figure 1f). No sig-
nificant changes were found in the pro-
duction of T helper types 1, 17, and 22-

related cytokines by skin-homing T cells
during interval prolongation (data not
shown).

This study confirms the strong func-
tional immunological effects of dupilu-
mab treatment as previously presented by
Bakker et al. (2021). Complementary to
this study, we showed that the IL-4Ra was
still undetectable when prolonging the
interval from Q2W to Q4W, regardless of
the number of days since the latest in-
jection of dupilumab. There seems tobe a
clear tipping point within Q4W to Q6W
at which the receptor becomes detect-
able again. This is likely the result of
reduced dupilumab binding, but addi-
tional changes in surface IL-4Ra. receptor
expression upon dupilumab withdrawal
cannot be ruled out. Although no signs of
receptor internalization or reduced
expression of the receptor were observed
in the previous study by Bakker et al.
(2021), the recently published study by
Heeb and Boyman (2023) shows that
engagement of IL-4Ra by dupilumab may
result in the internalization of the anti-
body and decreased total IL-4Ra. expres-
sion. IL-4Ro surface expression may

therefore be restored when dupilumab
serum levels drop. In the 3 patients of our
cohort in whom the IL-4Ra. became
detectable again during Q6W, the lowest
levels of dupilumab in serum were
measured. This suggests that a certain
concentration of dupilumab in the serum
is required for IL-4Ra saturation. Our
clinical experience after using this pro-
tocol for several years is that patients
treated with dupilumab Q6W often
report symptoms such as redness and itch
in the week before the new dupilumab
injection should be given. This is in line
with the returning detectability of the IL-
4Ra. after 40 days. In addition, there are
some patients in whom it seems impos-
sible to extend the interval to longer than
2 weeks to maintain good clinical effects.
It could be hypothesized that one of the
mechanisms for the lack of response
includes subtherapeutic drug concentra-
tions secondary to enhanced clearance.
For future research, it would be inter-
esting to examine these patient groups to
further optimize biologic therapy.

In conclusion, our study supports the
idea to consider interval prolongation
of dupilumab from Q2W to Q4W in
patients with AD in whom the disease
is well-controlled. The transition from
dupilumab Q4W to Q6W seems to be
an important biological tipping point
and marks the window through which
disease activity may show the first signs
of relapse, at least in some patients.

Ethics statement

All included patients participated in the
Dutch BioDay registry and signed
informed consent for extraction of data
from the registry. In addition, all included
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of blood samples during the treatment
according to our biobank protocol, which
has been approved by the Medical Ethical
Committee of the University Medical
Center Utrecht (approval number 17-884).
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Figure 1. Effects of dupilumab dosing interval prolongation on immunologic levels and clinical parameters. (a) Overview of study design, peripheral blood
collection, and laboratory assessments. (b) Dupilumab levels in serum measured during treatment with dupilumab Q2W, Q4W, and Q6W. (c) The MFI of IL4-Ra.
on CD19+ B cells in 11 HCs and 11 patients before dupilumab treatment (BL) and when treated with dupilumab Q2W, Q4W, and Q6W. (d) The EASI in 11 HCs
and 11 patients at BL and when treated with dupilumab Q2W, Q4W, and Q6W. (e) TARC/CCL17 level (in pg/ml) in 11 HCs and 11 patients at BL and when
treated with dupilumab Q2W, Q4W, and Q6W. (f) Percentage of IL-4+ (left), IL-13+ (middle), and proliferation (Ki67+) (right) within memory (CD45RO+) skin-
homing (CCR4+CLA+) CD4+ T cells in 11 HCs and 11 patients at BL and when treated with dupilumab Q2W, Q4W, and Q6W. Significance levels correspond
to the following P-values: *P < 0.05, **P < 0.01, ***P < 0.005, and ****P < 0.001. BL, baseline; CCR4, C-C chemokine receptor type 4; CLA, cutaneous
lymphocyte antigen; EASI, Eczema Area and Severity Index; HC, healthy control; IL-4Ra., IL-4 receptor alpha; LC-MS/MS, liquid chromatography-tandem mass
spectrometry; MFI, mean fluorescence intensity; Q2W, once every other week; Q4W, once every 4 weeks; Q6W, once every 6 weeks; TARC/CCL17, thymus
and regulated chemokine.
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We recently identified a long non-
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regulates epidermal renewal and strat-
ification in cell culture and organoid
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mechanism of action is not fully
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PRANCR may alter the expression of

genes associated with keratinocyte
(KC) cell fate (Wu et al., 2012). How-
ever, when comparing control with
PRANCR-depleted KCs, we observed no
significant expression changes in KC cell
fate genes (Supplementary Figure S1a).
This led wus to consider post-
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RNA; SRSF, serine/arginine-rich family of splicing factor
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Associated

regulate alternative splicing by control-
ling the level or activity of splicing fac-
tors, forming RNA:RNA duplexes with
pre-mRNA  molecules (Yang et al,
2014), or altering chromatin remodel-
ing (Romero-Barrios et al., 2018). Alter-
native splicing generates multiple
isoforms of the same gene and is
involved in cell differentiation, devel-
opment, and diseases of the epidermis
(Tanis et al., 2018). However, whether
IncRNAs affect alternative splicing in the
skin remains largely unknown.

To detect the alternative splicing
events associated with PRANCR, we
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SUPPLEMENTARY MATERIALS AND
METHODS

Study design

All included patients participated in the
Dutch BioDay registry, which is a large
prospective registry that contains daily
practice data regarding dupilumab for
the treatment of atopic dermatitis
(ClinicalTrials.gov identifier: NCT035
49416, retrospectively registered 08
June 2018). All patients were treated
with dupilumab in daily practice under
our biobank protocol, which has been
approved by the Medical Ethical Com-
mittee of the University Medical Center
Utrecht (approval number 17-884), and
gave their consent for the collection of
blood samples during treatment. At
baseline, patients received a loading
dose of 600 mg dupilumab, followed
by a standard maintenance dose of 300
mg dupilumab every 2 weeks during
the first year of treatment. After 1 year
of treatment with the standard dose of
dupilumab, the dosing interval was
prolonged according to the protocol
described previously (Spekhorst et al.,
2022). The injection intervals were
stepwise prolonged and guided by the
Eczema Area and Severity Index score.
In the case of an Eczema Area and
Severity Index <7, indicating mild
disease activity or less, for at least 6
months, patients were eligible for
dose reduction. If patients remained
in a state of controlled disease
(Eczema Area and Severity Index <7),
the dosage was further reduced. At
any time, the actual decision for dose
reduction of dupilumab was based on
shared decision-making between the
patient and the physician. Patients
with  moderate-to-severe  atopic
dermatitis prolonged the interval from
300 mg dupilumab subcutaneously
every 2 weeks to 300 mg dupilumab
subcutaneously every 4 weeks, and
eventually 300 mg dupilumab subcu-
taneously every 6 weeks, were retro-
spectively enrolled in this longitudinal
study.

Blood samples were collected from
patients before initiation of dupilumab
treatment (baseline) and during dupi-
lumab treatment at time points when
patients were treated with dupilumab
every 2, 4, and 6 weeks for at least 3

months. From a total of 11 patients,
PBMCs as well as serum samples were
available for analyses. Blood samples
from 11 healthy adult volunteers without
atopic dermatitis or any other atopic
disease were obtained from the Mini
Donor Service at the University Medical
Center Utrecht, The Netherlands.

Clinical data collection and outcome
measures

Clinical data were extracted from the
BioDay registry. All patients signed
written informed consent, adhering to
the principles of the Declaration of
Helsinki.

The Eczema Area and Severity Index
score was used to assess disease severity
and to evaluate the clinical effectiveness.
In addition, thymus and regulated che-
mokine levels, currently the best per-
forming and most accepted biomarker
for disease severity in atopic dermatitis
(Thijs et al., 2015), were measured in
routine care using Quantikine ELISA
immunoassays (R&D Systems, Minne-
apolis, MN).

Cell isolation

PBMCs were isolated using Ficoll-
Paque (GE Healthcare, Eindhoven, The
Netherlands) density gradient centrifu-
gation. PBMCs were frozen in RPMI
1640 medium supplemented with 2
mM L-glutamine, 100 1U/ml penicillin-
streptomycin, 20% fetal bovine serum,
and 10% DMSO (Sigma-Aldrich, Saint
Louis, MO), and stored at —196 °C until
use.

Flow cytometry

PBMCs were thawed in a 37 °C water
bath, washed, and resuspended in
RPMI 1640 medium (Gibco, Grand Is-
land, NY) containing 10% fetal bovine
serum with the addition of L-glutamine
and penicillin-streptomycin. 1,000,000
PBMCs were plated in round-bottom
96-well plates. To determine cell
death, eBioscience Fixable Viability
Dye eFluor 506 (Invitrogen, Carlsbad,
CA) in PBS was used. Surface staining
of multiple T- and B-cell markers
(Supplementary Tables ST and S2) was
performed for 25 minutes at 4 °C. Sur-
face staining of IL-4 receptor alpha
(CD124) phycoerythrin (PE) was per-
formed for 25 minutes at 37 °C. For
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intracellular and nuclear staining, cells
were fixed and permeabilized using
eBioscience  Fixation and  Per-
meabilization buffers (Invitrogen) and
stained for Ki67 AF467.

For intracellular cytokine production,
cells were first stimulated with phorbol
12-myristate  13-acetate (20 ng/ml)
(Sigma-Aldrich, Saint Louis, MO) and
jonomycin (1.0 mg/ml) (Sigma-Aldrich,
Saint Louis, MO) for a total of 4 hours.
Golgistop (1/1,500) (BD Biosciences,
San Jose, CA) was added for the last 3.5
hours of cell culture. Afterward, cells
were incubated with the fixable
viability dye and surface antibodies
(Supplementary Tables S3 and S4) and
then fixed, permeabilized, and intra-
cellularly stained with IFN-y PE-Cy7,

IL-4 BV711, IL-5 PE, IL-13 PerCP-
Cy5.5, IL-17A APC, IL-22 APC, and
TNF-o. PE-Cy?7.

Stained cells were resuspended in
PBS containing 2% FBS and 0.1% so-
dium azide (Sigma-Aldrich). Data
acquisition was performed on a FACS
LSR Fortessa (BD Biosciences), and
data were analyzed using FlowJo Soft-
ware (version 10.8) (Tree Star, Ashland,
OR).

Liquid chromatography-tandem mass
spectrometry

The quantification of total dupilumab
levels in serum was performed with a
validated liquid chromatography-tandem
mass spectrometry analysis at the
department of Clinical Pharmacy (UMC
Utrecht, The Netherlands) (Amrani et al.,
2021).

Statistical analyses

Statistical analyses were performed
using SPSS (for Windows, version
25.0, SPSS, Chicago, IL) and Prism
(version 9.3.463, GraphPad Software,
San Diego, CA). For the comparison
of healthy controls with tapering pa-
tients or disease controls, the chi-
square test was used for categorical
variables and the Mann-Whitney U
test was used for continuous vari-
ables. The Wilcoxon signed-rank test
was used to compare two continuous
variables in the same patients. P-
values < 0.05 were considered sta-
tistically significant.
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Antigen/Target Fluorochrome Clone Dilution Company Catalog Number
Fixable Viability Dye eF506 — 1000 Thermo Fisher Scientific 15560607
CD3 BV605 UCHT1 100 BioLegend 300460

CD4 BV785 RPA-T4 50 BiolLegend 300554
CD8 APC-Cy7 SK1 50 BD 557834
CD45RO ECD UCHL1 12.5 Beckman Coulter B49192

CLA PB HECA-452 200 BioLegend 321308
CCR4 FITC 205410 16.7 R&D FAB1567F
Ki67 AF647 B56 50 BD 558615
Supplementary Table S2. Flowcytometry Panel Overview (Panel 4)

Antigen/Target Fluorochrome Clone Dilution Company Catalog Number
Fixable Viability Dye eF780 — 1000 Thermo Fisher Scientific 13539140
CD3 BV605 UCHT1 100 BioLegend 300460
CD4 BV785 RPA-T4 50 BioLegend 300554
CD8 PE-Cy7 SK1 200 BD 335822
CD19 AF700 HIB19 50 eBioscience 56-0199-42
IL-4Ra (CD124) PE GO077F6 50 BiolLegend 355004
1gG4 Biotin HP6025 50 Invitrogen A10663
Streptavidine APC — 100 Thermo Fisher Scientific 17-4317

Supplementary Table S3. Flowcytometry Panel Overview (Panel 1)

Antigen/Target Fluorochrome Clone Dilution Company Catalog Number
Fixable Viability Dye eF506 — 1000 Thermo Fisher Scientific 15560607
CD3 BV605 UCHT1 100 BioLegend 300460
CD4 BV785 RPA-T4 50 BioLegend 300554
CD8 APC-Cy7 SK1 50 BD 557834
CLA PB HECA-452 200 BioLegend 321308
CCR4 FITC 205410 16.7 R&D FAB1567F
CCR10 PE 314305 50 R&D FAB3478P
IL-4 BV711 MP4-25D2 12.5 BD 564112
IL-13 PerCP-Cy5.5 JES10-5A2 50 Sony Biotechnology 3109555
IL-22 APC 1L22JOP 40 Thermo Fisher Scientific 17-7222
IFNy PE-Cy7 45.B3 200 BD 557844
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Supplementary Table S4. Flowcytometry Panel Overview (Panel 2)

Antigen/Target Fluorochrome Clone Dilution Company Catalog Number
Fixable Viability Dye eF506 — 1000 Thermo Fisher Scientific 15560607
CD3 BV605 UCHT1 100 BioLegend 300460
CD4 BV785 RPA-T4 50 BioLegend 300554
CD8 APC-Cy7 SK1 50 BD 557834
CLA PB HECA-452 200 BioLegend 321308
CCR4 FITC 205410 16.7 R&D FAB1567F
IL-5 PE JES1-39D10 50 BioLegend 500904
IL-17A APC BL168 50 BioLegend 512333
TNFa PE-Cy7 Mab11 400 eBioscience 25-7349-82
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