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ABSTRACT
Background: Dupilumab is prescribed in one dosage across adult atopic dermatitis patients. Differences 
in drug exposure may explain variation in treatment response.
Objective:  Investigating the clinical relevance of dupilumab serum concentration in atopic dermatitis 
in real-world practice.
Methods:  In two centers (Netherlands, UK), adults treated with dupilumab for atopic dermatitis were 
evaluated for effectiveness and safety pretreatment and at 2, 12, 24, and 48 weeks; trough serum 
samples were analyzed for dupilumab concentration at corresponding time points.
Results:  In 149 patients, median dupilumab levels during follow-up ranged from 57.4 to 72.4 μg/mL. 
Levels showed high inter-patient and low intra-patient variability. No correlation was found between 
levels and ΔEASI. At 2 weeks, levels of ≥64.1 μg/mL predict EASI ≤7 at 24 weeks (specificity:100%, 
sensitivity:60%; p = .022). At 12 weeks, ≤32.7 μg/mL predicts EASI >7 at 24 weeks (sensitivity:95%, 
specificity:26%; p = .011). Inverse correlations were found between baseline EASI and levels at 2, 12, 
and 24 weeks (r = −0.25 to 0.36; p ≤ .023). Low levels were particularly observed in patients with 
adverse events, treatment interval deviation, and discontinuation.
Conclusion:  At the on-label dosage, the measured range of dupilumab levels does not seem to yield 
differences in treatment effectiveness. However, disease activity does seem to influence dupilumab 
levels - higher baseline disease activity results in lower levels at follow-up.

Introduction

Dupilumab is a human monoclonal antibody against interleukin 
(IL)-4 receptor alpha that inhibits IL-4/IL-13 signaling (1). In Europe, 
dupilumab is approved for the treatment of moderate-to-severe 
atopic dermatitis (AD) in patients aged ≥6 years. Dupilumab’s prod-
uct assessment report by the European Medicines Agency (EMA) 
mentions that a dose-response study was conducted comparing 
different dosing schedules. A dose-dependent Eczema Area and 
Severity Index (EASI) reduction was observed from baseline to 
week 16, with the highest reductions in the 300 mg fortnightly 
and weekly groups (2). In studies comparing weekly and fort-
nightly dosing schedules no differences were found regarding 
efficacy and safety (3,4). A fortnightly administration of 300 mg 
was defined as the licensed posology. Consistent with phase III 
trial data (5), we have shown that this dosage delivers a sustained 
improvement of patient- and investigator-reported outcomes in 
real-world practice (6–9).

Serum concentrations of therapeutics are determined by drug- 
and patient-related characteristics that affect absorption, distribu-
tion, and elimination (10,11). After a single subcutaneous injection 
of dupilumab, peak drug concentrations are achieved at approx-
imately 7 d, followed by a slow decrease in concentration there-
after. Across clinical trials, steady-state concentrations resulting 
from fortnightly 300 mg injections are achieved by week 16 with 
mean trough concentrations ranging from 60.3 μg/mL to 80.2 μg/
mL (12,13). After discontinuation, the median time to decrease 
below a non-detectable concentration is 10 weeks (1,14). At the 
population level, the on-label adult dosage was determined to 
achieve sufficient drug exposure with concentrations at the plateau 
of the exposure–effect relationship (15). At an individual level, 
patient characteristics may influence drug exposure and therefore 
treatment response (i.e., both effectiveness and safety).

Four and 8-week dosage intervals were described to be asso-
ciated with lower serum concentrations and decreased effective-
ness (4). Clinical trial patients with lower trough levels at week 
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16 were found to have less clinical improvement, but no 
exposure-response relationship was identified for adverse events 
(AEs) (2). However, such data is limited, with published studies 
investigating the relationship between dupilumab levels and con-
junctivitis as AE, and not on other aspects including effectiveness. 
Serum drug level data from the Phase 3 studies did suggest an 
inverse relationship whereby conjunctivitis incidence may decrease 
with higher week 16 trough concentrations of dupilumab (16,17). 
Local under-treatment (inadequate drug exposure), due to a higher 
target burden or lower tissue distribution, were suggested as 
potential contributing factors (16). However, this was not replicated 
in adolescents where the incidence of conjunctivitis showed no 
relationship with concentrations at 16 weeks (18). Conjunctivitis is 
a relevant adverse event in patients on dupilumab, but this diag-
nosis may capture a range of eye conditions including atopic eye 
disease and dupilumab-associated ocular surface disease, which 
likely differ in etiology which complicates the study of potential 
contributory factors such as drug level.

Variation in treatment response to dupilumab exists (16). 
Differences in drug exposure may explain this variation. Further 
investigating the relationship between dupilumab levels and treat-
ment response would give insight into the potential of therapeutic 
drug monitoring. The utility of therapeutic drug monitoring has 
been proven in the use of TNF-antagonists for psoriasis (19). As 
currently a one-size-fits-all approach is applied when prescribing 
dupilumab, we performed an exploratory study to investigate this 
standard dosing. The aim of this study was to investigate the 
clinical relevance (i.e., the influence on both effectiveness and 
safety) of serum concentrations of dupilumab in AD in real-world 
practice.

Materials and methods

Study design and population

A prospective cohort study was conducted. Patients with AD based 
on the U.K. working party’s criteria (20), receiving dupilumab treat-
ment in the context of routine clinical care, were included from 
July 2018 to February 2021 at the Amsterdam University Medical 
Centers, The Netherlands (NL), and from July 2017 to November 
2018 at the Guy’s and St Thomas’ NHS Foundation Trust, the United 
Kingdom (UK). All patients met the national reimbursement criteria 
for dupilumab, which stipulate a treatment episode with one or 
more conventional systemic therapies (21,22). The majority of 
participants (n = 103) were also participants of the TREAT NL 
(TREatment of ATopic eczema, the Netherlands) registry (23,24). 
In all patients, additional informed consent was obtained for par-
ticipation in this study. Ethical approval has been obtained from 
the appropriate local ethics committee. Treatment discontinuation 
resulted in the discontinuation of study participation.

Study outcomes

Clinical outcomes included an investigator-assessed measure of 
effectiveness (EASI: 0–72 (25)), patient-reported outcome measures 
(Numerical Rating Scale (NRS): 0–10, NRS peak pruritus past 24 h 
(NL); mean pruritus past 7 d (UK) (26), Patient-Oriented Eczema 
Measure (POEM): 0-28 (27) and Dermatology Life Quality Index 
(DLQI): 0–30 (28)) and safety (AE definitions included in Table 1) 
(29), measured at baseline (NL + UK), 2 (UK), 12, 24 and 48 weeks 
(NL + UK).

Blood samples were collected at baseline (NL + UK), 2 (UK), 12 
(NL + UK), 24 (NL), and 48 (NL) weeks. The time point of blood 
sampling was aspired to be at the trough level, just before a new 
dose administration. Samples were centrifuged, aliquoted into 
microtubes, and frozen at −20 °C (NL) and −80 °C (UK). Serum 
levels were measured using an enzyme-linked immunosorbent 
assay (ELISA). Maxisorp microtiter plates were coated overnight at 
room temperature (RT) with 1 μg/mL monoclonal anti-dupilumab 
(clone 1G11). This is a chimeric antibody of rabbit origin, with a 
mouse IgG2b Fc, recombinantly expressed as described before 
(30). After five times washing with PBS/0.02% Tween (PT), plates 
were incubated for 1 h at RT with patient serum samples, diluted 
100-fold, and 2000-fold in high-performance ELISA buffer (HPE, 
Sanquin). Subsequently, the plates were washed with PT and incu-
bated for 1 h with 0.5 μg/mL mouse monoclonal antihuman IgG4 
(clone MH164.4, Sanquin). After washing, the ELISA was developed 
with 1-step ultra TMB-ELISA Substrate Solution (thermoFischer) 
diluted with MQ (ratio 3:1). The reaction was stopped with 0.2 M 
HCl. Delta of the absorption at 450 and 540 nm was determined 
and compared to a titration curve of dupilumab in each plate. 
The lower limit of quantification is 0.3 μg/mL; accuracy and pre-
cision ranged from 87% to 102% and 4.4% to 12.2% CV (coefficient 
of variation).

Statistical analyses

Patient characteristics and outcomes were summarized using 
descriptive statistics. Furthermore, we predefined the following 
analyses of interest.

To investigate the relationship between concentration and clin-
ical response, concentration-effect curves were established. Patients 
were ordered categorically based on dupilumab level into groups 
of 10 with corresponding ΔEASI (19,31). Sensitivity analysis 
included only patients with a moderate-to-severe baseline EASI 
(EASI ≥ 6.0) (32). Both non-predictive (i.e., at individual time points) 
and predictive (i.e., levels predicting future response) analyses 
were performed. In addition, correlations between levels and 
(absolute) outcomes at each individual time point were explored 
using Spearman correlations, Chi-squared tests, and Mann–Whitney 
tests, as appropriate. Predictive analyses were also undertaken by 
assessing the correlation between baseline EASI and dupi-
lumab levels.

To further examine whether early drug exposure predicted 
clinical response, we used internationally agreed criteria for 
response and stratified patients into a group that did and did not 
reach EASI ≤ 7 and ≥1 disease domain targets (EASI ≤ 7, NRS ≤ 
4, POEM ≤ 7, DLQI ≤ 5) at 24 weeks, in accordance with the 
Treat-to-Target algorithm (33). Subsequently, we investigated 
whether drug levels at 2, 12, and 24 weeks and baseline EASI 
predicted outcomes at 24 weeks using Mann–Whitney tests and 
receiver-operator characteristics (ROC) curves (19,31).

Statistical analysis of the data was performed using the soft-
ware program SPSS (IBM SPSS Statistics 26). Missing data were 
excluded on a test-by-test basis. Results were considered statisti-
cally significant at p < .05.

Results

Patient characteristics

Of 178 consented to the study, 149 patients were included in the 
analyses. Twenty-nine patients were excluded based on a lack of 
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serum sampling (n = 24), refraining from starting dupilumab (n = 3) 
or receiving dupilumab prior to participation (n = 2). Baseline char-
acteristics are shown in Table 2. The majority was male (63.1%), 

white (75.2%), and had skin type II (42.3%). The median age was 
43 years and BMI was 24.7. Dupilumab was prescribed according 
to the licensed posology (600 mg loading dose followed by 300 mg 
fortnightly). However, one patient received 300 mg at baseline due 
to a suspected adverse reaction to dupilumab. In 17 patients the 
dosing schedule was adjusted during follow-up (range: 
10 d–5 weeks; see results section on treatment regimen deviations). 
Eighteen patients concomitantly used prednisone at baseline. Four 
patients continued prednisone treatment during follow-up and 14 
(NL) patients used prednisone in a tapering schedule for a median 
of 24.5 d. The other 131 patients were treated with dupilumab 
monotherapy often in combination with oral antihistamines and 
topical treatments. The median follow-up duration was 48 weeks 
for the outcome measures (range: 0–58 weeks) and 24 weeks for 
the blood samples (range: −4 to 59 weeks). Median EASI, NRS, 
POEM, and DLQI scores at baseline and during follow-up are 
described in Table 3.

Dupilumab trough drug levels

At baseline, 2, 12, 24, and 48 weeks, respectively, serum samples 
were obtained from 115, 41, 115, 71, and 53 patients. Dupilumab 
levels ranged from being undetectable at baseline to a level of 
251.0 μg/mL at 48 weeks. The minimum dupilumab concentration 
measured during the follow-up was 22.2 μg/mL. The median con-
centrations per time point are displayed in Table 3. Figure 1(A,B) 
shows that dupilumab drug levels seem to reach a plateau by 
12 weeks and to be stable over time when assessing the ratios 
between time points (i.e., low intra-patient variability).

Correlation between dupilumab levels and ΔEASI

There was no correlation between serum dupilumab at 12 and 
24 weeks and change in EASI from baseline (ΔEASI) at respectively 
12 and 24 weeks (Figure 2(A,B)); this was also true for the sub-
population with moderate-to-severe baseline EASI (≥6.0) at 
24 weeks and for the subpopulation on monotherapy dupilumab 
at 12 weeks (Supplementary Figure 1 and 2). All curves showed 
large inter-patient variability in dupilumab levels.

As for predictive analyses, Supplementary Figure 3 shows that 
serum levels at 12 weeks also do not seem to correlate with 
ΔEASI at 48 weeks. In additional curves, we also found no cor-
relation between serum levels at 2 and 12 weeks and ΔEASI at 
24 weeks.

Early dupilumab levels, baseline severity and further 
prediction of response

At 24 weeks, 64.6% (n = 73/113) patients reached EASI ≤ 7 and 
86.1% (n = 105/122) patients reached ≥1 disease domain targets. 
We observed a higher dupilumab level at 2 and 12 weeks in 
patients that reached EASI ≤ 7, compared to patients who did 
not (p = .022 (median: 66.5 vs. 50.2 μg/mL) and p = .011 (76.0 vs. 
57.62 μg/mL), respectively).

ROC curves in Figure 3(A,B) show an area under the curve 
(AUC) of 0.760 (95% CI: 0.591–0.929, p = .022) and 0.664 (95% CI: 
0.552–0.777, p = .011) for dupilumab levels at respectively 2 and 
12 weeks. AUCs were significantly different from 0.5, indicating 
that dupilumab levels at 2 and 12 weeks have the ability to dis-
tinguish between the group that did and did not reach EASI ≤ 7 
at 24 weeks. At 2 weeks, a sensitivity of 60% and a specificity of 

Table 1. adverse events.

number of patients with adverse events – no. (%) 72 (48.3)
total number of adverse events – no. 126
relatedness – no.a

not related 27
Doubtful 18
Possible 67
Probable 13
Very likely 0
Definite 0
action on adverse event – no.b
treatment discontinuation 8
adjustment of treatment schedule 8
no treatment adjustment 39
course of adverse event – no.
recovered/resolved 42
recovered/resolved with sequelae 23
not recovered/resolved 49
fatal 0
unknown 12
type of adverse event – no.
eye disorders 49

(Kerato)conjunctivitis 25
Combined diagnoses 13
Otherc 11

infections and infestations 20
Skin and subcutaneous tissue disorders 12

Eczema flare 4
Facial redness 4
Perioral dermatitis 1
Panniculitis e.c.i. 1
Molluscum contagiosum 1
Basalcelcarcinoma 1

gastrointestinal disorders 8
cardiac disorders 6
musculoskeletal and connective tissue disorders 4
nervous system disorders 4
respiratory, thoracic and mediastinal disorders 4
renal and urinary disorders 4
general disorders and administration site conditions 4
Psychiatric disorders 2
injury, poisoning and procedural complications 2
endocrine disorders 2
reproductive system and breast disorders 1
Blood and lymphatic systemic disorders 1
investigations 1
Surgical and medical procedures 1
ears and labyrinth disorders 1
Serious adverse events – no. 12
median (iQr) number of days between start dupilumab 

and event
59 (14–125)

amissing data: n = 1.
bnl data only; missing data: n = 71.
cother: blepharitis (2×), vision loss, epiphora (2×), sicca complaints (3×), eyelid 
spasm, swelling eyelid, eye irritation.
Definitions: in the netherlands only severe aes were registered. Severe aes were 
defined as any undesirable experience occurring during dupilumab treatment 
resulting in referral to another specialist, prescription of medication (excluding 
antihistamines and indifferent treatments), treatment schedule adjustments or 
discontinuation, or causing considerable interference with usual activities, 
whether or not considered related to this treatment. events that resulted in 
death, were life-threatening, required (prolonging of ) hospitalization, resulted 
in persistent or significant disability, or congenital anomaly or birth defect, were 
also considered serious (20). in the uK all aes were registered, regardless of 
severity.
further detail on the specific events are available from the corresponding author 
on reasonable request.
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100% was found for 64.1 μg/mL. At 12 weeks, a sensitivity of 95% 
and a specificity of 26% was found for a concentration of 32.7 μg/
mL. No difference was found for levels at 24 weeks (p = .053, Figure 
3(C)); and for reaching ≥ 1 disease domain targets at 24 weeks 
and levels at any of the time points.

When investigating the predictive value of baseline severity, 
we found a lower baseline EASI score in patients reaching EASI 
≤ 7 at 24 weeks (p < .001 (12.5 vs. 23.6)).

Correlation between dupilumab levels and absolute outcomes

Analyzing data at the same time point, we found a weak negative 
correlation between dupilumab levels and absolute EASI at 24 (r 
= −0.31, p = .009) and 12 weeks (r = −0.33, p < .001). Correspondingly, 
when dividing patients into high and low-level groups (based on 
the median dupilumab level), we found higher EASI scores at 2 
and 12 weeks in patients with low serum levels at respectively 2 
and 12 weeks (p = .030 and p = .015).

When analyzing predictive relationships between baseline EASI 
and dupilumab levels at follow-up, a correlation was found 
between baseline EASI and levels at 2, 12, and 24 weeks of 
follow-up (r = −0.25 to 0.36, p ≤ .023).

Correlation between dupilumab levels and adverse events

In total, 126 AEs were registered in 72 patients (n = 72/149, 48.3%; 
Table 1). The median number of days from the start dupilumab 
until the event presentation was 59 d. Eye disorders were most 
frequently reported (n = 49), starting after a median of 70 d. Twelve 
serious AEs were reported, of which one (arthralgia) was consid-
ered possibly related to dupilumab.

At 24 weeks, 59% of patients with a low serum level (based on 
the median) has experienced at least one AE, in contrast to 28% 
of patients with a high level (p = .009). At 48 weeks, 68% of patients 
with low levels has experienced at least one AE, in contrast to 
26% of patients with high levels (p = .002). No associations were 
found for 2 and 12 weeks.

Correlation between dupilumab levels and treatment regimen 
deviations

In 17 patients (n = 17/149, 11.4%) the dosing schedule was adjusted 
without resulting in treatment discontinuation, either by prolong-
ing or shortening the injection interval. Eleven patients prolonged, 
all due to AEs. Five of these increased the interval to once every 
3 weeks, one to once every 4 weeks, and five to different intervals 
ranging from 2 to 5 weeks across the study. In six patients the 
interval was shortened to a 10 d interval due to ineffectiveness. 
One of these switched back to on-label use.

Table 2. Patient characteristics at baseline (n = 149).

Sex – no. (%)
female 55 (36.9)
male 94 (63.1)
age in years – median (iQr) 43 (27.5–53.0)
fitzpatrick skin type – no. (%)1

i 16 (10.7)
ii 63 (42.3)
iii 38 (25.5)
iV 8 (5.4)
V 11 (7.4)
Vi 6 (4.0)
ethnicity – no. (%)2

White 112 (75.2)
Black-african, afro caribbean 6 (4.0)
South asian 9 (6.0)
asian-chinese 2 (1.3)
asian-other 4 (2.7)
mixeda 6 (4.0)
other 1 (0.7)
Bmi – median (iQr)3 24.7 (22.3–27.6)
Previous use of systemic therapies for aD 

– no. (%)
ciclosporin 124 (83.2)
Systemic corticosteroids 96 (64.4)
methotrexate 90 (60.4)
azathioprine 45 (30.2)
mycophenolic acid/mycophenolate mofetil 44 (29.5)
investigational medication 10 (6.7)
 upadacitinib/placebo (JaK inhibitor) 4 (2.7)
 Baricitinib/placebo (JaK inhibitor) 3 (2.0)
 tralokinumab/placebo (mab, il-13) 2 (1.3)
 tralokinumab (mab, il-13) 1 (0.7)
omalizumab 1 (0.7)
other medication (including dupilumab) 0 (0)
number of previously used systemic 

therapies per patient– no. (%)
1 23 (15.4)
2 46 (30.9)
3 42 (28.2)
4 21 (14.1)
5 17 (11.4)
concomitant systemic therapy at baseline 

– no. (%)
none 51 (34.2)
Prednisone 18 (12.1)
 Discontinued during study 14 (9.4)
 continued until study cutoff 4 (2.7)
Systemic antihistamines 89 (59.7)
Systemic antibioticsb 4 (2.7)
Systemic immunotherapy 0 (0.0)
eaSi – median (iQr)4 16.8 (10.8–24.8)
nrS 24 h pruritus – median (iQr)1 7.0 (6.0–8.0)
Poem – median (iQr)1 21.0 (16.0–25.0)
DlQi – median (iQr)5 15.0 (9.0–20.0)

aD: atopic dermatitis; Bmi: body mass index; iQr: interquartile range; no.: num-
ber; eaSi: eczema area severity index; nrS: numeric rating scale (nrS peak 
pruritus past 24 h (nl), nrS mean pruritus past 7 d (uK)); Poem: patient oriented 
eczema measure; DlQi: dermatology life quality index.
aBlack and asian (n = 2), Black and White (n = 1), asian and White (n = 2).
bminocycline 2dd 50 mg, flucloxacillin 3dd 500 mg, flucloxacillin 4dd 500 mg (2×).
missing data: 1n = 7, 2n = 9, 3n = 10, 4n = 4, 5n = 2.

Table 3. outcome measures and dupilumab serum concentrations at baseline and during follow-up.

eaSi (0–72) nrS (0–10) Poem (0–28) DlQi (0–30) Serum concentration (μg/ml)

median iQr median iQr median iQr median iQr median iQr

Baseline 16.8 10.8–24.8 7.0 6.0–8.0 21.0 16.0–25.0 15.0 9.0–20.0 0 0–0
2 weeks 12.5 7.1–19.8 3.5 2.3–5.0 23.5 8.0–18.0 7.0 4.0–10.0 57.4 45.9–67.8
12 weeks 6.1 2.8–11.2 3.0 1.0–5.0 8.0 4.0–13.0 4.0 1.0–8.0 69.5 44.6–94.1
24 weeks 5.5 3.1–9.3 2.0 1.0–6.0 9.0 4.0–15.0 3.5 1.3–7.0 72.4 47.8–101.0
48 weeks 4.4 2.1–8.4 3.0 1.5–5.0 9.0 5.0–14.0 3.0 1.0–8.0 72.0 48.4–101.7

iQr: interquartile range; eaSi: eczema area severity index; nrS: numeric rating scale (nrS peak pruritus past 24 h (nl), nrS mean pruritus past 7 d (uK)); Poem: 
patient oriented eczema measure; DlQi: dermatology life quality index. the range of concentrations was 1.9, 77.8, 224.0, 172.5 and 251.0 at respectively baseline, 
2 weeks, 12 weeks, 24 weeks and 48 weeks.
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We found an association between low concentrations at 48 
and 24 weeks and the presence of treatment interval deviations 
during the study. At 48 weeks, 36.0% of patients with low levels 
has experienced interval deviations, in contrast to 7.4% of patients 
with high levels (p = .012). Similar results were found for levels at 
24 weeks (p = .023). No association was found for 12 weeks.

Correlation between dupilumab levels and treatment 
discontinuation

Seventeen patients (n = 17/149, 11.4%) discontinued dupi-
lumab. In five patients discontinuation occurred due to inef-
fectiveness, after 218 d on average. Two of these patients 
applied a 10 d interval prior to discontinuation. One patient 
discontinued due to combined ineffectiveness and AEs (eye 
complaints). Three patients discontinued resulting from 
non-adherence, one because of a child wish, one because of 
elective surgery, and six due to AEs: eye complaints (n = 4), 
facial redness (n = 1), and panniculitis of unknown origin 
(n = 1). The 17 patients who discontinued treatment with dup-
ilumab, simultaneously stopped study participation (i.e., there 

are no patients that underwent serum sampling after discon-
tinuation of dupilumab).

We found an association between low dupilumab levels at 
48 weeks and treatment discontinuation during the study. Of 
patients with low levels at 48 weeks, 16.0% has discontinued treat-
ment, in contrast to 0.0% of patients with high levels (p = .031). 
No associations were found between discontinuation and levels 
at 2, 12, and 24 weeks.

Discussion

This study gives an overview of dupilumab levels in real-world 
AD patients and how these levels affect treatment response. We 
found median levels consistent with published pharmacokinetics 
data from clinical trials (12,13). In the available literature, treatment 
duration, gender, and age have shown not to affect dupilumab 
levels and the impact of weight appears to be negligible (10,13). 
No literature was available on the role of other potential factors, 
such as (baseline) disease activity. In accordance with other IgG 
antibodies, dupilumab has a low volume of distribution and a 
slow rate of elimination (11). Available pharmacokinetics data 

Figure 1. (a) Dupilumab serum levels over time. Dot plot of the dupilumab levels at different time points (with mean and SDs in red). (B) the ratio of dupilumab 
serum levels. Dot plot of the ratios of the dupilumab levels at different time points (with mean and SDs in red), which approach 1 (i.e., the concentrations are 
similar over time).

Figure 2. (a) the concentration-effect curve for dupilumab level and ΔeaSi at 24 weeks. a concentration-effect curve showing the dupilumab serum level in μg/
ml at 24 weeks on the x-axis and correlating ΔeaSi at 24 weeks (versus baseline) on the y-axis. all patients were sorted from low to high drug concentration, with 
each dot representing the mean concentration with SDs and correlating ΔeaSi for 10 patients (last group 9 patients). (B) the concentration-effect curve for dup-
ilumab level and ΔeaSi at 12 weeks. the concentration-effect curve showing the dupilumab serum level in μg/ml at 12 weeks on the x-axis and correlating ΔeaSi 
at 12 weeks (versus baseline) on the y-axis. all patients were sorted from low to high drug concentration, with each dot representing the mean concentration 
with SDs and correlating ΔeaSi for 10 patients (last group 11 patients).
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shows that a strong non-linear clearance is present, in particular 
with lower concentrations (below 10 μg/mL) (10,11,15). This may 
have been the reason for ascertaining a high dosage, as a strategy 
to achieve maximum drug exposure. The lower bound of dupi-
lumab concentration during follow-up in this study was 22.2 μg/
mL, which is high in comparison to other cytokine-targeting bio-
logics, such as ustekinumab or TNF-inhibitors (19,34). Besides pre-
venting a strong clearance rate, a high dosage could be aspired 
to overrule immunogenicity. A therapeutic window for dupilumab 
concentration has not yet been defined.

In the context of effectiveness, drug levels did not seem to 
correlate with ΔEASI and therefore we are not able to define a 
therapeutic window. A large inter-patient variability in concentra-
tions was observed, in which all measured concentrations seem 
to yield sufficient responses, as the group with the lowest dosages 
also reaches the minimal clinically important difference of 6.6 for 
EASI (35). If patients are dosed much higher than required, high 
drug levels have the potential to impair the ability to determine 
relevant clinical differences based on these levels, as few if any 
patient will have suboptimal concentrations. However, we did 
observe a weak negative correlation between dupilumab levels 
and absolute EASI at 12 and 24 weeks. No correlations were found 
for the other outcome measures and time points, illustrating that 
higher drug levels do not necessarily correspond to lower EASI, 
NRS, POEM, and DLQI. When dividing patients into high and low 
serum levels, we did find higher EASI in patients with low levels 
at 2 and 12 weeks.

How to interpret correlations between EASI and drug levels 
may be difficult. A concentration-response relationship may exist 
in either direction. An association between serum concentration 
and subsequently (Δ)EASI (as outcome) may be expected at opti-
mal dosages within the therapeutic window and at the current 
dosage we did not find this association, potentially because dup-
ilumab is highly dosed. This is in accordance with previous find-
ings, where concentrations at the plateau of the exposure-effect 
relationship were observed (15). However, a directional association 
between EASI and concentration (as outcome) could also be 
observed, corresponding with the results of this study.

Baseline EASI was shown to be subsequently negatively cor-
related with dupilumab levels, suggesting that disease activity has 
an influence on drug levels. As baseline EASI cannot be affected 
by exposure to dupilumab (i.e., at baseline patients were not 
exposed to dupilumab yet), the direction of this effect can only 
exist in one way (i.e., with drug level as the outcome and not the 
other way around). We hypothesize that higher disease activity 
leads to a higher clearance rate of dupilumab (e.g., because more 
target (IL4R) is available) and thereby lower drug levels of dupi-
lumab (i.e., target-mediation disposition).

Interestingly, we found that dupilumab serum levels at 2 and 
12 weeks have the ability to predict treatment response at 
24 weeks. At 2 weeks, a serum level of ≥64.1 μg/mL predicts an 
EASI ≤ 7 at 24 weeks. At 12 weeks, a serum level of ≤32.7 μg/mL 
predicts an EASI > 7 at 24 weeks. However, these correlations may 
also be determined by the relation between drug levels and 
disease activity, as a correlation was also found between baseline 
EASI and EASI ≤ 7 at 24 weeks.

As for safety and other treatment aspects, AEs were particularly 
observed in patients with low drug levels. This corresponds with 
trial data showing a trend for an inverse relationship between 
concentrations and conjunctivitis (16,17). Given this is a real-world 
study, dosing intervals may have been amended to mitigate AEs 
like eye complaints, which makes this difficult to interpret (i.e., 
another example of a bidirectional correlation). We did not inves-
tigate the direction of this effect in this scoping study. Furthermore, 
we found more interval deviations and discontinuation in patients 
with low dupilumab serum levels.

Limitations

As a consequence of a real-world setting, no randomization or 
blinding was performed. No washout periods were applied, result-
ing in relatively low baseline severity scores, influencing ΔEASI 
analyses. All available measurements were included. Despite efforts 
to collect all data, protocol deviations were present. COVID-19 has 

Figure 3. (a) roc curve for patients reaching eaSi ≤ 7 at 24 weeks of treatment and dupilumab serum level at 2 weeks. the auc in the roc curve is not signifi-
cantly different from 0.5, indicating that dupilumab concentration does not have the ability to distinguish between the group that reached eaSi ≤ 7 (auc 0.760, 
95% ci: 0.591–0.929, p = .022). at 64.1 μg/ml, a sensitivity of 60% and a specificity of 100% was found. (B) roc curve for patients reaching eaSi ≤ 7 at 24 weeks 
of treatment and dupilumab serum level at 12 weeks. the auc in the roc curve is significantly different from 0.5, indicating that the dupilumab concentration 
has the ability to distinguish the group that reached eaSi ≤ 7 (auc 0.664, 95% ci: 0.552–0.777, p = .011). at 32.7μg/ml, a sensitivity of 95% and a specificity of 
26% was found. (c) roc curve for patients reaching eaSi ≤ 7 at 24 weeks of treatment and dupilumab serum level at 24 weeks. the auc in the roc curve is not 
significantly different from 0.5, indicating that dupilumab concentration does not have the ability to distinguish between the group that reached eaSi ≤ 7 (auc 
0.638, p = .053, borderline significant). at 59.6μg/ml, a sensitivity of 67% and a specificity of 58% was found for eaSi ≤ 7.
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resulted in missing data at random. In a small subset, serum 
samples were not obtained at a trough level. Potentially, multiple 
testing could have increased the risk of false-positive results. 
Furthermore, dosing interval deviations, concomitant treatment, 
treatment non-adherence and anti-drug antibodies (ADA) may 
have influenced our findings. A more comprehensive assessment 
of total drug exposure would enable a more accurate evaluation 
of the relationship between dose, exposure, and outcome. To do 
this accurately would require formal pharmacokinetic/pharmaco-
dynamic (PK/PD) modeling, which is beyond the scope of this 
exploratory work. We did not evaluate ADA. In theory, ADA could 
decrease circulating functional drug levels. Based on trial data, 
ADA development to dupilumab can be considered low and not 
clinically relevant (5). Lastly, a few differences in data collection 
were present between the centers.

Implications for clinical practice and future research

Currently, therapeutic decision-making is not influenced by dup-
ilumab levels. We have found that there could be added value of 
measuring dupilumab levels in clinical practice. As dupilumab is 
administered in high dosages, it would be interesting to investi-
gate whether dosage interval prolongation yields sufficient treat-
ment responses. One study has already shown that effectiveness 
remains after increasing administration intervals (36). Increasing 
dosage intervals and thereby lowering dosages could not only 
positively affect costs, but also safety aspects. Dose reduction on 
an individualized basis using proactive (based on levels predicting 
response) and reactive (based on current levels correlating with 
response) therapeutic drug monitoring should be the subject of 
further investigation. A bidirectional relationship between serum 
levels and both effectiveness (including disease activity) and safety 
should be taken into consideration.

Conclusions

High inter-patient and low intra-patient variability of dupilumab 
levels was observed. No correlations were found between dupi-
lumab serum levels and ΔEASI. Serum levels at 2 and 12 weeks 
were found to have the ability to predict EASI ≤ 7 at 24 weeks. A 
correlation was found between baseline EASI and dupilumab drug 
levels at 2, 12, and 24 weeks. Low levels were particularly observed 
in patients with the presence of AEs, treatment interval deviation, 
and discontinuation. The interpretation of correlations with a bidi-
rectional nature can be difficult.

All in all, at the current on-label dosage, the measured broad 
range of dupilumab levels does not seem to yield differences in 
treatment effectiveness. No relationship between serum drug con-
centration and effectiveness was identified. However, baseline 
disease activity influences dupilumab serum concentrations. Higher 
baseline disease activity results in lower dupilumab levels.
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