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Purpose: Dupilumab, a fully human monoclonal antibody that inhibits the signaling pathways of interleukin (IL)-4 and IL-13, has
demonstrated remarkable efficacy in the treatment of atopic dermatitis (AD). Dupilumab has been reported to attenuate itch and reduce
several serum markers, including blood lactate dehydrogenase (LDH), blood eosinophil count, and serum total immunoglobulin E (IgE).
Patients and Methods: The present study investigated retrospectively changes in clinical scores and serum biomarker from 175
adults with moderate-to-severe AD treated with dupilumab. Clinical manifestations were assessed using eczema area and severity
index (EASI) and visual analogue scale (VAS) for itch at baseline and subsequently at 16-week intervals up to a duration of 48 weeks.
Total IgE, LDH and blood eosinophil count were also collected.

Results: The dupilumab treatment significantly improved EASI and VAS scores and decreased serum levels of IgE, LDH, and total
eosinophil count. The EASI scores were positively correlated with VAS for itch at all recorded time points, whereas serum biomarkers
did not exhibit a strong correlation with EASI scores.

Conclusion: These findings highlight the close relationship between the extent and severity of eczema and the intensity of itch
experienced by patients and suggest that factors beyond the measured serum biomarkers play a significant role in the clinical
manifestations of AD, emphasizing the complex nature of the disease.
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Introduction

Atopic dermatitis (AD) is a common inflammatory skin condition with varying prevalence across different age groups. In
Europe and the US, it is estimated to affect between 1% and 3% of adults." AD is characterized by persistent itching and
recurring eczematous lesions of varying severity.?

Numerous disease severity scales have been developed, such as the Scoring of Atopic Dermatitis (SCORAD) index,
the Eczema Area and Severity Index (EASI), and the Patient-Oriented Eczema Measure (POEM). These scales, along
with patient quality-of-life measurement tools and the visual analog scales (VAS) of itch and quality of sleeping, have
been validated for use in clinical trials and practice.” However, the correlation between AD severity scores and certain
biomarkers, such as serum levels of lactate dehydrogenase (LDH), thymus and activation-regulated chemokine/
Chemokine (C-C motif) ligand (CCL)17 [(TARC)/CCL17], interleukin (IL)-16, eosinophil cationic protein (ECP), and
the number of circulating eosinophils,* is still being debated.™
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Elevated serum total immunoglobulin E (IgE) levels are observed in approximately 60-80% of AD patients,”* and
there is a significant correlation between higher levels of IgE and acute exacerbations in these patients.””’ However, some
individuals with severe AD may have normal IgE levels.” Moreover, elevated IgE levels are also seen in several non-
atopic conditions, such as parasitic infections, primary immunodeficiencies, and hyper-IgE syndromes.'’

Numerous topical and systemic treatment options are available for AD, and the choice is driven by several factors eg
the disease severity, the patient’s age, atopy-related and unrelated comorbidities, the response to previous treatments, and
the patient’s ability to comply with the treatment regimen.”*13

Dupilumab is a fully human monoclonal antibody that has been approved for treating patients with moderate-to-severe
atopic dermatitis. It blocks the a subunit of the IL-4 receptor, which prevents the signaling cascade of IL-4 and IL-13. This
blockade ultimately leads to a reduction in the Th2 immune response. Several randomized comparative trials in both adults
and children have demonstrated the efficacy of dupilumab in treating moderate-to-severe AD.'>"'*

Dupilumab has been shown to reduce total IgE, LDH, and TARC/CCL17 levels. However, it remains to be elucidated
whether the changes in these laboratory parameters are predictive markers for the clinical response.

The present study aims to investigate the correlation between the clinical response to dupilumab, as measured by the
EASI score, with the VAS of itch, and changes in selected laboratory parameters, including serum levels of total IgE and

LDH, as well as blood count of eosinophils.

Materials and Methods

Data on adults >18 years diagnosed with AD and treated with dupilumab between February 2019 and May 2021 were
collected retrospectively. The study included patients treated at the dermatology department’s outpatient clinic at the
University Hospital of Brescia, a tertiary referral center for AD in Northern Italy. Patients treated for 48 weeks and
followed up at 16-week intervals were consecutively included in the study. Patients with a diagnosis of AD made by an
expert dermatologist who were candidates for systemic therapy (documented history of cyclosporine A (CyA), and either
inadequate response to CyA, or intolerance and/or unacceptable toxicity to CyA, or CyA-naive and not eligible for CyA
due to medical contraindications) and who had moderate-to-severe disease (EASI score >24), were included in the study.
According to the guidelines set forth by the Italian Medical Agency, these treatment criteria are used to determine the
appropriateness of prescribing dupilumab to eligible patients.'

The study collected demographic and clinical data, including age, gender, family history of AD, clinical phenotype
of AD, atopic comorbidities and previous treatments. In accordance with the Good Clinical Practice guidelines, the
severity of the disease was assessed using the EASI score at baseline and during every follow-up visit, as well as the VAS
for pruritus, as the average level of itch experienced by patients in the previous 24 hours on a scale ranging from 0 to 10.
In addition, blood tests, including a complete blood count with differential, LDH level, and total IgE level, were repeated.
All the data were retrieved retrospectively from the patients’ medical charts.

Patients with incomplete clinical or laboratory data were excluded from the study (n=27).

Follow-up visits took place after 16 (T1), 32 (T2), and 48 (T3) weeks of treatment.

All patients received a loading dose of 600 mg of dupilumab, followed by subcutaneous injections of 300 mg of
dupilumab every two weeks. Patients were advised to apply emollient creams regularly and generously to their entire
body skin. Oral antihistamines were allowed at night if patients experienced severe pruritus and sleep disturbance that
were not tolerable. Topical corticosteroids (Cs) and calcineurin inhibitors were used only for the treatment of acute flares
in limited body areas for short periods of time during the treatment cycle.

The encoded and anonymous database was formatted using Microsoft-Excel® software and subsequently imported from
IBM-SPSS TM ver. 27.1. The normality of the distributions was assessed using the Kolmogorov—Smirnov test. Continuous
variables were presented as means +SD (in case of a normal distribution), or medians and min/max (in case of a skewed
distribution); correlations among variables by the Spearman’s rank correlation test. The Wilcoxon rank-sum test was used to
evaluate significant differences at various time points for trend analysis. A two-sided a level of 0.05 was used for all tests.

The study received approval from the Brescia ethics committee (DAREG-BS01 protocol number 4707), and all
participants provided written informed consent. It was carried out in strict adherence to the principles outlined in the
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Declaration of Helsinki, ensuring the participants’ data confidentiality and their absolute right to withdraw from the study
at any point.

Results
One hundred and seventy-five patients (98 males, 77 females) were included in the study.

Patients’ baseline characteristics are reported in detail in Table 1. In particular, the mean value of age was 44.7 years.
The vast majority of patients (n=159) showed a prevalent clinical phenotype of “classic” atopic dermatitis characterized
by generalized eczema. The remaining patients had clinical manifestations of prurigo-like AD.'? Out of 175 patients, 80
(47.5%) reported atopic comorbidities, including asthma, rhinitis, conjunctivitis and/or food allergy. 42.9% of the patients
had a family history of AD. At baseline, the median EASI score was 26.0 (range: 24-49.0), and the median VAS of itch
intensity was 8 (range: 0—10). Regarding laboratory values at baseline, the median of LDH level, IgE level, and blood
eosinophil count were 201 mU/mL (range: 121-497), 744 kU/L (range: 1.4-22,085) and 0.35 x 10%/uL (range: 0-2.3),
respectively.

Regarding previous systemic treatments, 132 (75.4%) were treated with oral antihistamines, prescribed mainly by
general practitioners, 53 (30.3%) with oral Cs, 133 (76%) with CyA, and 80 (45.7%) with phototherapy.

The study retrieved information about the usage of topical therapy by examining the patients’ medical charts. Of the
participants, 45 (25.7%) reported intermittent use of topical steroids or calcineurin inhibitors (tacrolimus) during the
follow-up period.

Variation of Clinical and Laboratory Parameters
Results are shown in Table 2. The median (range) EASI values and median (range) VAS for itch intensity values exhibited
a statistically significant reduction at all time points compared to TO. In terms of laboratory parameters, total IgE exhibited
a significant decrease after 16 weeks of therapy (T1), with further subsequent reduction during the entire observational period
(statistically significant differences at all timepoints compared to baseline). Only a slight decrease in median values of
eosinophils at T1 and T2 compared to TO, with a significant reduction seen after 48 weeks of therapy, was observed.

LDH levels showed high variability at baseline, with a progressive reduction observed at all time points compared to TO.

Table | Baseline Demographics and Disease Characteristics

Parameter n=175
Gender, n (%)

Male 98 (56)

Female 77 (44)
Age (years), mean (SD) 44.7 (20.7)
AD family history, n (%) 75 (42.9)
Atopic comorbidities, n (%) 80 (47.5)
Phenotypes, n (%)

Classic AD 159 (91)

Prurigo Nodularis-like 16 (9)
EASI, median (min-max) 26 (24-49)
VAS pruritus, median (min-max) 8 (0-10)
Total serum IgE (kU/L), median (min-max) 743 (1.4-22,085)
Blood Eosinophils count (x10%/uL), median (min-max) 0.35 (0-2.30)
Serum LDH (mU/mL), median (min-max) 201 (121-497)
Previous systemic treatment, n (%)

Antihistamines 132 (75.4)

Corticosteroids 30.3 (53)

Cyclosporine A 133 (76)

Phototherapy 80 (45.7)

Abbreviations: SD, standard deviation; AD, atopic dermatitis; EASI, eczema area and severity index; VAS,

visual analogue scale; IgE, immunoglobulin E; LDH, lactate dehydrogenase.
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Table 2 Statistical Analysis in the Variation of the Outcome Measures Compared to Baseline

Parameter Week-0 Week-16 p-value Week-32 p-value Week-48 p-value
Median Median Median Median
(Min-Max) (Min-Max) (Min-Max) (Min-Max)
EASI 26.0 (24-49) 7.0 (0-24) <0.001* | 3.2 (0-15) <0.001* | 2.5 (0-12) <0.001*
VAS for itch 8.0 (0-10) 3.0 (0-7) <0.001* | 2.0 (0-8) <0.001* | 1.0 (0-8) <0.001*
Total serum IgE (kU/L) 743 (1.4-22,085) | 464 (2-15,544) <0.001* | 277 (0.9-10,564) | <0.001* | 211 (0.9-7367) <0.001*
Blood Eosinophils count 0.35 (0-2.30) 0.31 (0.02-5.10) | 0.679 0.28 (0.03-5.11) | <0.001* | 0.26 (0.07-3.31) | 0.005*
(x10%/uL)
Serum LDH (mU/mL) 201 (121-497) 189 (46.2-440) <0.001* | 182.5 (116-450) | <0.001* | 182 (65.6—439) <0.001*
Note: *p-value statistically significant.
Abbreviations: EASI, eczema area and severity index; VAS, visual analogue scale; IgE, immunoglobulin E; LDH, lactate dehydrogenase.
Table 3 Correlation Analysis Between EASI and the Other Parameters
Parameter Baseline EASI Week-16 EASI Week-32 EASI Week-48 EASI
r p-value r p-value r p-value r p-value
VAS for itch (TO-TI1-T2-T3) 0.341 <0.001* 0.483 <0.001* 0.592 <0.001* 0.618 <0.001*
Total serum IgE (TO-T1-T2-T3) (kU/L) 0.189 0.013* 0.048 0.545 0.143 0.092 —0.015 0.866
Serum LDH (TO-TI-T2-T3) (mU/mL) 0.149 0.068 0.224 0.005* 0.230 0.009* 0.159 0.074
Blood Eosinophils count (T0-T1-T2-T3) (x!0%/uL) 0.176 0.019* 0.128 0.098 0.159 0.061 0.057 0.522

Note: *p-value statistically significant.
Abbreviations: EASI, eczema area and severity index; VAS, visual analogue scale; IgE, immunoglobulin E; LDH, lactate dehydrogenase.

Correlation Analysis Between EASI and the Other Parameters

We subsequently investigated whether patients’ laboratory parameters and pruritus might be linked to the baseline EASI
and influence the enhancement of EASI scores due to dupilumab treatment at weeks 16, 32, or 48. Spearman’s rank
correlation was calculated to assess the association between the EASI score and VAS for itching, serum LDH and IgE
levels, and blood eosinophil count. The results are presented in Table 3.

In terms of the EASI score and VAS for itching, there was a positive correlation in terms of reduction at each
examination (pTO0, pT1, pT2, and pT3 <0.001), indicating a moderate to strong association (rT0=0.341, rT1=0.483,
rT2=0.592, and rT3=0.613). Additionally, we observed a positive correlation between EASI and LDH at weeks 16 and 32
(pT2=0.005 and pT3=0.009) but with weak correlation coefficients (rT2=0.224 and rT3=0.230).

Concerning serum total IgE levels and blood eosinophil count, we observed a very weak correlation with the EASI
score at week 0 (r=0.189 and r=0.176, respectively). However, there was no correlation observed at weeks 16, 32, and 48.

Discussion

In the present study, we enrolled 175 adult patients with severe atopic dermatitis (EASI >24) who initiated dupilumab
between February 2019 and May 2021. We conducted a data collection retrospectively over an extended observation
period of 48 weeks, and we only included patients whose medical charts contained complete data.

Dupilumab demonstrated high efficacy rates, as evidenced by a significant reduction in EASI scores at all time points
(16, 32, and 48 weeks) compared to baseline values. Moreover, there was a significant reduction in pruritus, as measured
by VAS, after the first 16 weeks of therapy, which was sustained over time.

In terms of laboratory parameters, a significant reduction in total IgE values was observed after the first 16 weeks,
with further decreases seen at 32 and 48 weeks. Blood eosinophil count showed only a slight reduction in median values
at T1 (with a transient increase seen in 74 of the 175 patients), and a significant decrease was observed only after 48

weeks of therapy compared to baseline.
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Correlation analysis revealed a positive association between the reduction in EASI and VAS for itching at all time
points. In contrast, a weak correlation was observed between LDH and EASI only at weeks 16 and 32. Total IgE and
eosinophil count did not reach a level of statistical significance.

Our study aimed to analyze the variations in clinical and laboratory parameters in a large population of adult atopic patients
and explore the potential correlations between these variables at different time points. In 74 out of 175 patients, we observed
a transient but non-significant increase in blood eosinophil count from week 0 to weeks 16 and 32, while a significant
reduction was only observed after 48 weeks of therapy. Wechsler et al recently reported a similar transient increase in mean
eosinophil counts followed by a decline starting at week 24 in patients with asthma, chronic rhinosinusitis with nasal
polyposis, and AD who were treated with dupilumab compared to placebo. However, they noted that these transient increases
in eosinophil counts did not impact the efficacy of dupilumab and were rarely of clinical significance.'*

Another study has shown that administration of dupilumab resulted in a worsening of eosinophil counts, with the increase
being associated with baseline levels as well as with other atopic comorbidities (asthma, allergic rhinitis, and food allergy).'®

The relatively low number of patients (80/175) with atopic comorbidities in our study may explain the relatively low
baseline values of eosinophils (median 0.35 (0-2.30)) and the non-significant increase after the first 16 weeks of therapy
compared to baseline. The mechanisms behind dupilumab-induced hypereosinophilia are still unknown. It has been
hypothesized that dupilumab could inhibit the migration of eosinophils into tissues by blocking IL-4 and IL-13-mediated
production of eotaxins and vascular cell adhesion molecules, but not eosinophil production in the bone marrow."*

In addition, we did not find a correlation between EASI and eosinophil transitions at any time point during the study
period.

Regarding serum LDH levels, we observed a significant reduction at week 16, 32, and 48 compared to baseline. LDH
is an enzyme that catalyzes the conversion of pyruvate to lactate, and it is released in the bloodstream during tissue
damage in all tissue cells, including the skin. Therefore, it is commonly used as a marker for malignancies, cardiac and
blood diseases.'”

Previous studies have demonstrated that higher serum levels of LDH are associated with more severe AD.'®
Additionally, a study conducted in Japan with 54 adult patients who were treated with dupilumab revealed that higher
baseline LDH levels were associated with a poorer response to therapy in the long term.*

Additionally, Kogawa et al investigated the correlation between LDH levels and other laboratory parameters such as
IgE, TARC levels, and eosinophil count in patients with AD. They observed a positive association between serum LDH
and the other biomarkers, but they did not directly compare LDH levels with the severity of AD."

Our study observed a positive but weak correlation between the EASI and LDH at weeks 16 and 32.

IgE levels are another critical parameter that has been extensively investigated in patients with atopic dermatitis. It
has been reported that approximately 80% of patients with AD have high levels of serum IgE.*

Our study is consistent with this data, as 78.4% of patients in our study had high IgE levels at baseline. Different studies
have investigated the relationship between IgE levels and AD severity, with contrasting results. For instance, Stone et al did
not find a significant association between IgE levels and the severity of atopic disease in a population of 28 patients.*!

One study conducted on a large population of pediatric AD patients (n=345) investigated the correlation between the
severity of eczema (defined by SCORAD score) and serum IgE levels and found a positive correlation.”> However,
a commentary by Joishy et al questioned the statistical methods used to demonstrate this association.*®

In a recent review, Renert-Yuval et al found that although total serum IgE levels are often elevated in AD, particularly
in extrinsic AD, these levels were not consistently correlated with disease severity or were only weakly correlated.
Additionally, in studies investigating the use of dupilumab in AD, patient responses were not affected by their baseline
IgE levels. Therefore, the authors concluded that IgE might be a bystander in the pathogenesis of AD rather than
a treatment target.24

Askin et al conducted a study on 14 patients diagnosed with moderate-to-severe atopic dermatitis who were treated
with dupilumab. They found no correlation between the reduction of SCORAD and the serum total IgE values after 12

weeks of dupilumab treatment.”

Journal of Asthma and Allergy 2023:16 hetps: 1237

Dove:


https://www.dovepress.com
https://www.dovepress.com

Rossi et al Dove

Mizuno et al*® conducted a study on 60 patients with AD treated with dupilumab. They observed that the change in
EASI scores was strongly associated with serum lactate dehydrogenase (LDH) levels. In contrast, the transitions in serum
IgE and eosinophil count were weakly and moderately related to the EASI score, respectively.

Our study yielded similar results, as we found that clinical response (measured by EASI and VAS itch reduction) did not
correlate with the reduction of total IgE and eosinophil levels. The use of biomarkers in medicine is evolving, providing
a better understanding of pathogenesis, and increasing treatment efficacy and safety. This enables more precise clinical care.

A recent paper by Renert-Yuval et al reaffirms the importance of biomarkers as potential instruments in the toolbox of
precision medicine in AD. The authors review the process of biomarker development and validation, as well as the
opinions of AD experts on the use of biomarkers. They also discuss the different types of biomarkers, including those
that may improve AD diagnosis, reflect disease severity, predict AD development or concomitant atopic diseases, or
forecast therapeutic response. According to their findings, CCL17/TARC is the chemokine with the most robust
evidence-based support to become a potential AD biomarker, both at baseline and following therapy.>’

Recently, the Janus kinase (JAK)1 inhibitor upadacitinib and the antiJAK1/2 baricitinib, have been approved for
treating moderate to severe atopic dermatitis in patient aged 12 years and 15 years and older, respectively. Additionally,
several authors have investigated the presence of predictors that indicate improvement with JAK inhibitors treatment.

Hagino et al*® discovered that in 65 patients, the percentage decrease in the eosinophil-to-lymphocyte ratio (ELR)
exhibited a significant correlation with reductions in both the EASI and Peak Pruritus Numerical Rating Scale (PP-NRS)
scores during weeks 4, 12, and 24 of upadacitinib treatment. This finding suggests that ELR can be used as a potential
predictive indicator of the effectiveness of upadacitinib. Nevertheless, in a study with 31 patients, Hagino et al*’ found
that only the total eosinophils count was a predictive factor for response to upadacitinib at week 4.

Regarding baricitinib, at week 4, Hagino et al** demonstrated that there was no significant correlation between the
percentage reductions in laboratory parameters (such as IgE, TARC, LDH, and total eosinophils count) and the observed
declines in clinical indexes. However, by week 12, a positive correlation was observed between these laboratory
parameters and the decrease in EASI.

These findings suggest that laboratory parameters may not consistently reflect the therapeutic effects of Jak inhibitors,
similar to what has been discussed with dupilumab.

Although our study included a substantial number of patients, it has some limitations that need to be acknowledged. Firstly,
due to the retrospective nature of the study, the conclusions may not be robust. Secondly, we were unable to test CCL17/TARC
since it is not available in our laboratories. However, CCL17/TARC is considered the best biomarker for evaluating AD
severity and response to therapy. Despite this, our findings show that other biomarkers, such as LDH and total IgE levels,
which are usually considered “predictive” of dupilumab response, may not be as significant in assessing therapy efficacy.
Furthermore, we only measured disease activity by using the EASI and VAS pruritus scales. There are different severity scales
used to evaluate various aspects of AD. For instance, SCORAD assesses pruritus, sleep disturbance, and xerosis, all of which
impact patients’ quality of life.>! Nevertheless, both EASI and SCORAD are validated measures for AD, and EASI is
a commonly used assessment tool in clinical studies to evaluate the response to therapy.

In addition to biomarkers, we observed a notable correlation between changes in EASI scores and VAS pruritus
ratings. Pruritus is a fundamental characteristic of AD, and a diagnosis of active AD cannot be established without
a history of itching. The VAS is a useful tool for quantifying pruritus in various dermatological conditions.****

Due to its high impact on the quality of life, many patients with AD evaluate the severity of their condition based on
the intensity of pruritus rather than the appearance of lesions. In a recent paper, Legat et al>* reaffirmed that AD is still
diagnosed by examining clinical signs and symptoms, such as pruritus, eczematous skin lesions, and its chronic or
relapsing course. Pruritus is usually the primary symptom experienced by affected patients and, regardless of AD
severity, is the most burdensome symptom overall. It negatively affects patients’ quality of life who frequently complain
about sleep disturbances due to itch.

Given these premises, we can affirm that pruritus, in addition to biomarkers, could be a valuable tool for evaluating
the efficacy of therapy. Although it is a “subjective” parameter, it has been demonstrated to correlate well with the burden
and activity of the disease.
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Conclusion
The use of dupilumab as a treatment was well-tolerated and showed rapid and sustained effectiveness in reducing
eczema, pruritus, and tested blood parameters. From weeks 16 to 48, there was a consistent decrease in EASI, VAS for
itching, IgE, and LDH. Moreover, there was a significant decline in the blood eosinophil count, which started at week 32.
The study results demonstrate that dupilumab is capable of inducing a clinically significant improvement in most of
patients in terms of EASI and itch reduction, and that these two parameters are closely related. VAS for itching is
a subjective parameter that may act as an indicator for improving clinical signs by treating of AD with dupilumab.
Despite the progressive decrease in the EASI score and the blood parameters over time, only LDH displayed a positive
but weak correlation at weeks 16 and 32. This finding suggests that the improvement in clinical manifestations, as
measured by EASI, may not be solely attributed to changes in the measured blood parameters, emphasizing the complex
nature of the disease.
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