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Abstract
Background Chronic spontaneous urticaria (CSU) is defined as spontaneous occurrence of wheals and/or angioedema for

≥6 weeks. Omalizumab is a monoclonal anti-IgE antibody effective in refractory CSU, but its mechanism of action and markers

predictive of response remain not completely defined.

Objectives To correlate baseline levels of two proposed biomarkers, total IgE (bIgE) and D-dimer (bD-dimer), and clinical

parameters to omalizumab response and to relapses after drug withdrawal.

Methods In this retrospective Italian multicentre study, clinical data were collected in 470 CSU patients, and bIgE and bD-

dimer were measured in 340 and 342 patients, respectively. Disease activity was determined by Urticaria Activity Score 7

(UAS7) at week 1 and 12 after omalizumab starting. Relapses were evaluated during a 2- and 3-month interval after a first and

a second course of treatment, respectively.

Results bIgE correlated to a good response to omalizumab since levels were significantly higher in responders than non-

responders (P = 0.0002). Conversely, bD-dimer did not correlate to response. There was no correlation between both bIgE and

D-dimer and either first or second relapse. Disease duration was significantly longer in patients who experienced either first or

second relapse (P < 0.0001 and P = 0.0105, respectively), while baseline UAS7 correlated only to first relapse (P = 0.0023).

Conclusions Our study confirms bIgE as a reliable biomarker predicting response to omalizumab in CSU, while it does not

support the usefulness of bD-dimer unlike previous findings. CSU duration before omalizumab and baseline UAS7 may be clin-

ical markers of relapse risk.

Received: 2 August 2018; revised: 18 October 2018;

Conflict of interest
All authors declare no conflicts of interest.

Funding source
None.

© 2018 European Academy of Dermatology and VenereologyJEADV 2019, 33, 918–924

DOI: 10.1111/jdv.15350 JEADV

https://orcid.org/0000-0002-8160-4169
https://orcid.org/0000-0002-8160-4169
https://orcid.org/0000-0002-8160-4169
https://orcid.org/0000-0002-7636-958X
https://orcid.org/0000-0002-7636-958X
https://orcid.org/0000-0002-7636-958X
mailto:


Introduction
Chronic spontaneous urticaria (CSU) is defined as the spon-

taneous occurrence of wheals and/or angioedema for six or

more weeks.1 All over the world, more than 50 million peo-

ple are affected by CSU, a disease which exerts negative

effects on different aspects of the quality of life, such as sleep,

school and work performance, daily life activities and social

relationships.2,3 Physiopathology of CSU has not been com-

pletely elucidated, but the role of histamine as well as several

other proinflammatory cytokines released by skin mast cells

and basophils in wheal formation is undisputed. However,

different biologic systems, that is autoimmunity, coagulation

and autoallergy, may contribute in determining CSU symp-

toms.4 The autoimmune pathomechanism is based on the

presence of circulating histamine-releasing immunoglobulin

(Ig) G autoantibodies directed against either the high-affinity

IgE receptor (FceRI) on mast cells and basophils or mem-

brane-bound IgE.5–8 The coagulation cascade is activated in

CSU and involves mainly the so-called extrinsic pathway,

which is mediated by the overexpression of tissue factor on

activated eosinophils, as seen in the lesional skin of CSU

patients.9 Moreover, thrombin, which is the final enzyme of

coagulation cascade, increases vascular permeability and

induces mast cell degranulation in experimental models.10,11

Thus, the activation of coagulation concurs to CSU patho-

genesis and correlates to disease severity, as demonstrated by

the elevated levels of D-dimer, a biomarker of coagulation

activation and fibrinolysis, in the plasma of CSU patients.12–

14 Another mechanism recently identified and classified as

‘auto-allergic’ is mediated by IgE specific for different auto-

allergens like thyroperoxidase (TPO),15 double-stranded

DNA16 and interleukin (IL)-24.17

Omalizumab is a recombinant DNA-derived humanized

monoclonal anti-IgE antibody widely proved to be effective

and safe for the treatment of CSU.18 Albeit its exact mecha-

nism of action is not completely understood, the omal-

izumab-induced reduction of free IgE levels seems to

diminish mast cell and basophil activity, also downregulating

FceRI in the skin.19

Recently, a subdivision of omalizumab responders in early

responders and late responders was highlighted,20 suggesting

that this drug may act through distinct mechanisms of action

depending on the rate of response.20–23 Therefore, the delin-

eation of different categories of responders to omalizumab as

well as the investigation of both biological and clinical markers

predictive of response to omalizumab could ameliorate the man-

agement of CSU patients.

Deza et al.24 found FceRI expression levels on basophils

before omalizumab treatment to be significantly lower in non-

responders than in responders. They also showed that, after

starting omalizumab, a significant drop by almost 90% in the

basophil FceRI expression occurred 1 month after the first dose,

with the reduction being lower in non-responders than in

responders. Moreover, a study of the same authors suggested a

possible link between baseline levels of basophil FceRI expres-
sion and time to response to omalizumab in CSU, with higher

levels shown in early responders.25

Two different groups evaluated the possible correlation

between basophil activation test (BAT) and response to omal-

izumab.20,26 The first found an association between good

response to omalizumab and negative BAT.26 The latter found

BAT and autologous serum skin test (ASST) to be positive in late

responders to omalizumab. These authors explained the slow

response to omalizumab in BAT-positive patients hypothesizing

that in these subjects, the drug works mainly via reducing FceRI
expression.20

Ertas et al.27 showed that total IgE levels and their

change predict the response to treatment with omalizumab

in CSU. Asero et al.28 found that elevated baseline D-dimer

plasma levels are associated with a prompt response to

omalizumab in patients with severe CSU. The same authors

demonstrated that not only IgE but also D-dimer baseline

levels are higher in responders than non-responders to

omalizumab in CSU.29 Moreover, increased total IgE seems

to be linked to a faster relapse in patients with omal-

izumab-discontinued CSU.30

Here, we retrospectively evaluated baseline levels of both total

IgE (bIgE) and D-dimer (bD-dimer) in a large cohort of Italian

CSU patients treated with omalizumab, with the primary end-

point of correlating these two biomarkers to the clinical

response, stratifying the patients in ‘early responders’, ‘late

responders’ and ‘non-responders’, as well as to relapses after

drug withdrawal. As secondary endpoints, we investigated for

the possible correlation between clinical response/relapses and

several parameters, such as age at diagnosis, sex, disease dura-

tion, baseline Urticaria Activity Score over 7 days (UAS7) and

thyroid autoimmunity.

Methods

Patients
In this retrospective multicentre study involving 12 different

Italian Dermatology and Allergology Units, we evaluated clinical

(sex, age at diagnosis, disease duration, disease activity at base-

line assessed by means of UAS7) and laboratory (thyroid

autoimmunity, notably presence of autoantibodies directed

against thyroglobulin or TPO) findings of 470 patients with

severe CSU.

To be part of this observational study, each centre was asked

to provide data for patients with refractory CSU, defined as hav-

ing a history of spontaneous urticaria for more than 6 weeks.

We included only CSU patients resistant to standard first-line

treatments, that is all patients were refractory to standard dosed

and up to fourfold dosed second-generation antihistamine
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(sgAH) treatment, and all had a baseline UAS7 >16. Some

patients had treatments other than antihistamines before inclu-

sion in this study.

Patients were treated with omalizumab 300 mg every

4 weeks for 24 weeks, and they were instructed to continue

their daily treatment with an up to fourfold dosed sgAH for

the first 4 weeks. According to the Italian Drug Agency

(AIFA) recommendations,23 omalizumab was discontinued

after 24 weeks (first course) and re-administered in case of

relapse of symptoms (UAS7 >16) for other 20 weeks (second

course). Patients were assessed for their clinical response at

the end of the first week and at week 12 after the start of

omalizumab treatment.

All patients agreed with the treatment regimen and signed

a written consent form. Control subjects provided written

consent to the use of their blood samples in an anonymous

form for research purposes. In view of the retrospective nat-

ure of the study, only a notification to the Ethical Commit-

tee of the principal investigator Center (IRCCS Fondazione

Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy) was

requested.

Clinical response and relapses
Disease activity was determined by the use of UAS7, which is the

weekly sum score of the daily subscore values for number of

wheals (no wheals = 0 points; 1–20 wheals = 1 point; 21–50
wheals = 2 points; >50 wheals = 3 points) and intensity of itch

(no itch = 0 points; mild itch = 1 point; moderate itch = 2

points; severe itch = 3 points).31

An early complete (EC) response was defined as the dis-

appearance of the CSU symptoms (UAS7 of 0) within

1 week from the start of omalizumab treatment. A late com-

plete (LC) response was defined as the disappearance of the

CSU symptoms (UAS7 of 0) within 12 weeks from the start

of omalizumab treatment. A late partial (LP) response was

defined as an at least 30% reduction of UAS7 as compared

to baseline evaluated at week 12 while no response (N) was

defined as a <30% reduction of UAS7 or an exacerbation at

week 12.

Two relapses were evaluated: the first one, defined as first

relapse, during the 2 months following omalizumab withdrawal

after the first course of treatment and the second one, defined as

second relapse, during a period of 3 months following omal-

izumab withdrawal after the second course of treatment

(see above). The relapse was considered to be the reappearance

of CSU symptoms in complete responders and the increase in

UAS7 as compared to the value at the end of omalizumab

treatment in partial responders.

Laboratory data
Serum bIgE was measured by chemiluminescent immunoassay

(ImmunoCAP; ThermoFisher Scientific, Uppsala, Sweden), and

levels of 100 kUA/L or greater were defined as increased based

on the reference range of the laboratory of the principal investi-

gator Center.

Sodium citrate-anticoagulated plasma bD-dimer was mea-

sured by immunoenzymatic methods (Zymutest D-Dimer;

Hyphen BioMed, Neuville-sur-Oise, France) in accordance with

the manufacturer’s instructions. The intra- and interassay coeffi-

cients of variation were 10% and 15%, respectively. Levels below

500 ng/mL were regarded as normal.

Statistical analysis
Continuous variables are reported as mean (standard deviation,

SD) or median (interquartile range, IQR), as appropriate. Cate-

gorical data are reported as counts (percentages). Considering

clinical response and relapses, the Student’s two-sample t-test or

the Mann–Whitney non-parametric test was used for the com-

parisons of continuous variables between groups, as appropriate.

Fisher exact test was used for group comparison of categorical

variables. Kolmogorov–Smirnov test was used to assess if bIgE

and bD-dimer data were normally distributed. Since bIgE and

bD-dimer data were skewed, they were log-transformed before

performing the analyses. The results are reported as antilog val-

ues of means (geometric means) and standard deviations. For

comparisons of continuous variables (log-transformed bIgE)

among the four categories of clinical responders (EC, LC, LP

and N), a general linear model analysis was performed. Finally,

considering only the first relapse, a logistic regression analysis

was performed in order to provide a joint assessment of the

two variables that showed an association with the first relapse.

P values for pairwise comparisons between the four responder

categories were adjusted using Sidak’s adjustment method. P val-

ues lower than 0.05, two-sided, were considered statistically sig-

nificant. All the statistical analyses were performed with the

statistical software SAS (release 9.4; SAS Institute, Inc., Cary,

North Carolina).

Results

Clinical features
Demographic and clinical features of the patients are summa-

rized in Table 1.

The patients were predominantly females (n = 310; 66%).

The median age at the time of diagnosis was 49 years (IQR:

37–61 years). The median CSU duration, assessed as the time

from CSU diagnosis to omalizumab initiation in months, was of

20 months (IQR: 9–48 months). Positivity for antithyroglobulin

or anti-TPO autoantibodies was observed in 121 out of 438

patients (27.6%); in 32 patients, laboratory data were not avail-

able. A positive clinical response was recorded in 425 patients

(90.4%), whereas non-responders were 45 (9.6%). Stratifying

patients based on grade and rapidity of response, it was observed

that EC response was achieved by 211 patients (44.9%), LC
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response by 119 patients (25.3%) and LP response by 95 patients

(20.2%). First relapse was observed in 236 out of 392 patients

(non-responders, cases lost to follow-up and patients under

treatment when data had been collected were excluded), with a

relapse rate of 60.2%. Second relapse was observed in 116 out of

175 patients, with a relapse rate of 66.3%. Complete responders

who had not experienced the first relapse were not further fol-

lowed up for a possible relapse.

As shown in Table 2, sex, age at the diagnosis, disease dura-

tion and thyroid autoimmunity did not significantly differ

between responders and non-responders. Similarly, the risk of

developing the first and second relapse was not associated with

thyroid autoimmunity, sex and age (Table 3). Interestingly, dis-

ease duration was significantly longer in patients who experi-

enced either first (median duration 24 vs. 13 months,

P < 0.0001) or second relapse (median duration 25 vs.

18 months, P = 0.0105) after omalizumab withdrawal. Further-

more, baseline UAS7 significantly correlated with the risk of

developing the first (P = 0.0023) but not the second relapse.

Table 4 shows the results of the logistic analyses performed

for the assessment of the joint association of disease duration

and UAS7 with the first relapse.

Laboratory data
bIgE was determined in 340 patients and bD-dimer in 342

patients of our cohort; both were measured in 272 cases. Inter-

estingly, bIgE was associated with the clinical response to omal-

izumab as levels were significantly higher in responders (mean

value: 132 kUA/L) than in non-responders (mean value:

42 kUA/L; P = < 0.0001). Among responders, there was no sig-

nificant difference in terms of clinical response among the three

categories, namely EC, LC and LP; indeed, as shown in Figure 1

and Table 5, all three categories of responders showed a statisti-

cal significance when compared with non-responders

(P = 0.0002 for EC; P = 0.0182 for LC; P = 0.0005 for LP). On

the other hand, there was no association between bIgE and either

first or second relapse (Table 3).

Of note, bD-dimer was not associated with the clinical

response to omalizumab since bD-dimer mean values were simi-

lar in responders and non-responders (Table 2). As in the case

of bIgE, there was no association between bD-dimer and either

first or second relapse (Table 3).

Discussion
This retrospective multicentre study on a cohort of 470 patients

with CSU reflects the Italian real-life experience in the manage-

ment of the disease with omalizumab and confirms the efficacy

of this agent for sgAH–refractory CSU. In fact, in line with most

studies present in the literature,32–35 complete responders to

omalizumab were approximately 70% of the patients, with

around 65% who responded early, namely within the first week

after omalizumab starting, and around 35% who responded

more lately, namely at the clinical evaluation at week 12 after

omalizumab administration.

Although late responders to omalizumab are regarded as

patients who respond after 12 weeks of treatment,21 we

made our clinical evaluation at week 12 since AIFA recom-

mendations for CSU establish that omalizumab has to be

Table 1 Demographic and clinical features of the patients

n = 470

Females, n (%) 310 (66.0)

Age at diagnosis, years, median (IQR) 49 (37–61)

Disease duration, months, median (IQR) 20 (9–48)

Urticaria Activity Score 7, median (IQR) 30 (26–36)

IgE†, kUA/L, geometric mean (SD) 119.1 (494)

D-dimer‡, ng/mL, geometric mean (SD) 323.8 (856)

Positivity for antithyroglobulin or
antithyroperoxidase autoantibodies§, n (%)

121 (27.6)

Response, n (%)

Early complete 211 (44.9)

Late complete 119 (25.3)

Late partial 95 (20.2)

Non-responders 45 (9.6)

First relapse¶, n (%) 236 (60.2)

Second relapse††, n (%) 116 (66.3)

†IgE values missing for 130 patients.
‡D-dimer values missing for 128 patients.
§Data missing for 32 patients.
¶Data on 392 patients.
††Data on 175 patients.
IQR: interquartile range; SD: standard deviation.

Table 2 Association between clinical and laboratory parameters
to response to omalizumab

Responders
n = 425

Non-responders
n = 45

P value

Females, n (%) 285 (67) 25 (55.6) 0.1372

Age at diagnosis,
years, median (IQR)

48 (37–61) 52 (40–63) 0.2382

Disease duration,
months, median (IQR)

20 (9–48) 16 (7–36) 0.3838

Urticaria Activity
Score 7, median (IQR)

30 (26–36) 30 (25–33) 0.3949

IgE† kUA/L, geometric
mean (SD)

131.6 (507) 42.1 (299) <0.0001

D-dimer‡, ng/mL,
geometric mean (SD)

327.0 (874.1) 292.9 (689.6) 0.5560

Positivity for
antithyroglobulin or
antithyroperoxidase
autoantibodies§, n (%)

106 (26.7) 15 (36.6) 0.1995

†IgE values missing for 130 patients.
‡D-dimer values missing for 128 patients.
§Data missing for 32 patients.
IQR: interquartile range; SD: standard deviation.
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discontinued at week 12 in case of non-response, which

may lead to possibly missing some patients responding

more lately.

Moreover, we evaluated relapses during the 2 months follow-

ing omalizumab discontinuation after the first course of treat-

ment (defined as first relapse) and during a period of 3 months

following omalizumab discontinuation after the second course

of treatment (defined as second relapse). In fact, according to

the AIFA recommendations for CSU,23 omalizumab was with-

drawn after 24 weeks and re-administered in case of relapse of

symptoms for other 20 weeks. Of note, the first relapse occurred

in approximately 60% of responders. The second relapse was

recorded in approximately 66% of those who responded to the

second course of treatment.

The most noteworthy finding of our study is that patients

with higher bIgE responded well to the treatment, confirming

the findings of previous studies27,29,36,37 and validating in a lar-

ger series of CSU patients bIgE as a reliable biomarker predictive

of clinical response to omalizumab. A very recent multicentre

retrospective study confirmed that elevated (>100% of the upper

reference value) bIgE is associated with complete response to

omalizumab.38 These authors found also that normal and, par-

ticularly, low normal (0–10% of the upper reference value) bIgE

Table 3 Association between clinical and laboratory parameters to first and second relapse after omalizumab withdrawal

First relapse Second relapse

Relapsed
n = 236

Non-relapsed
n = 156

P value* Relapsed
n = 116

Non-relapsed
n = 59

P value*

Females, n (%) 152 (64.4) 109 (69.9) 0.2757 76 (65.5) 38 (64.4) 1.000

Age at diagnosis,
years, median (IQR)

48 (37–60) 49 (36–62) 0.7274 52 (39–60) 51 (35–62) 0.9522

Disease duration,
months, median (IQR)

24 (12–57) 13 (6–36) <0.0001 25 (14–61) 18 (10–36) 0.0105

Urticaria Activity
Score 7, median (IQR)

31 (27.5–37) 29.5 (25–35) 0.0023 31.5 (27–37.5) 31 (27–36) 0.5238

IgE†, kUA/L, geometric
mean (SD)

137.0 (473.3) 115.6 (376.3) 0.3147 174.2 (543.5) 116.7 (275.2) 0.0964

D-dimer‡, ng/mL,
geometric mean (SD)

340.3 (954.7) 330.3 (823.3) 0.8404 299 (936.9) 383.8 (1012.9) 0.2185

Positivity for antithyroglobulin
or antithyroperoxidase
autoantibodies§, n (%)

62 (27.7) 38 (26.6) 0.9044 33 (29.5) 15 (27.3) 0.8564

*P value for comparison of relapsed vs. non-relapsed patients.
†IgE values missing for: First relapse, 58 relapsed and 53 non-relapsed; Second relapse, 23 relapsed and 16 non-relapsed.
‡D-dimer values missing for: First relapse, 57 relapsed and 57 non-relapsed; Second relapse, 33 relapsed and 14 non-relapsed.
§Data missing for: First relapse, 12 relapsed and 13 non-relapsed; Second relapse, 4 relapsed and 4 non-relapsed.
IQR: interquartile range; SD: standard deviation.

Table 4 Logistic analyses of the joint association of disease duration and Urticaria Activity Score 7 with the first relapse after
omalizumab withdrawal

Univariate analysis Multivariate analysis

OR (95% CI) P value c-statistic OR (95% CI) P value c-statistic

Disease duration 1.46 (1.20–1.77) 0.0001 0.627 1.44 (1.19–1.75) 0.0002 0.65

Urticaria Activity Score 7 4.11 (1.72–9.78) 0.0014 0.591 3.84 (1.58–9.31) 0.0029

Disease duration and Urticaria Activity Score 7 were log-transformed. OR refers to the increase of 1-unit in log-scale. c-statistic is a measure of the accuracy
of the model on predicting the first relapse.
CI: confidence interval; OR: odds ratio.

Table 5 Correlation of baseline total IgE levels and clinical
response to omalizumab subdivided into four categories: early
complete, defined as the disappearance of the chronic sponta-
neous urticaria (CSU) symptoms within 1 week from the start of
omalizumab treatment; late complete, defined as the disappear-
ance of the CSU symptoms within 12 weeks from omalizumab
starting; late partial, defined as an at least 30% reduction of Urti-
caria Activity Score (UAS7) as compared to baseline, evaluated at
week 12; and no response, defined as a <30% reduction of UAS7
or an exacerbation at week 12

Response n IgE kUA/L, geometric
mean (95% CI)

P value for comparison
vs. non-responders

Early complete 149 143.25 (113.7–180.5) 0.0002

Late complete 90 104.4 (77.6–140.6) 0.0182

Late partial 72 147.4 (105.7–205.4) 0.0005

No response 29 41.9 (24.8–70.73) –

CI: confidence interval.
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was prevalent in non-responders and only rarely detectable in

complete responders, possibly representing a marker of lack of

response to the drug. On the other hand, they failed to identify a

cut-off for bIgE for non-responders, thus concluding that bIgE

cannot be regarded as a stand-alone predictor of response to

omalizumab.38

bIgE was also reported to correlate to the rapidity of relapse

upon omalizumab discontinuation,30 proposing bIgE as a bio-

marker potentially helping also to predict fast CSU relapse and

to identify patients in whom the treatment has not to be

stopped, but we were unable to confirm this finding in the pre-

sent study, although, notably, we found that disease duration

was significantly linked to odds of both first and second relapse.

Moreover, baseline UAS7 significantly correlated to the first but

not to the second relapse. The latter finding is in line with the

recent study of Ferrer et al.,39 who showed that high baseline

UAS7 and slow decrease in CSU symptoms after omalizumab

starting indicate a higher probability of rapid relapse upon drug

withdrawal.

In our study, we evaluated bD-dimer with the aim of confirm-

ing a possible role of this biomarker in predicting clinical

response to omalizumab and tendency to develop disease flare-

ups. Our group recently suggested possible effects of omal-

izumab on the coagulation cascade and fibrin degradation lead-

ing to a marked reduction in D-dimer plasma levels in CSU

patients treated with this agent.28,29,40 In keeping with our previ-

ous findings, elevated bD-dimer levels were observed in CSU

patients responders to omalizumab in a recent French study,41

which showed also a fast normalization of this biomarker during

omalizumab treatment. However, the latter study did not sup-

port the usefulness of D-dimer to monitor long-term disease

prognosis in adult CSU, indicating the need of further studies

on larger series of patients to clearly establish the link between

D-dimer and clinical response to omalizumab.

In this large cohort of Italian patients, we failed to con-

firm the results of our previous study which had revealed

that not only bIgE but also bD-dimer was higher in respon-

ders than non-responders to omalizumab in CSU.29 In fact,

bD-dimer did not correlate neither to the clinical response

to omalizumab, since they were similar in responders and

non-responders, nor to probability to develop relapses. In

preliminary studies including a low number of CSU patients,

we reported that bD-dimer was higher in responders than in

non-responders to omalizumab and suggested that this mar-

ker of coagulation activation/fibrinolysis was potentially

involved in the mechanism of action of omalizumab in CSU

and might be predictor of the therapeutic effectiveness of

this drug.29,40 The present multicentre study on a larger ser-

ies of patients with CSU failed to confirm the predictive

value of this biomarker, making reasonable to consider bD-

dimer as associated with CSU severity in a subset of CSU

patients, as previously reported,9,13,14 rather than being a

marker of clinical response to omalizumab.

In conclusion, our study confirms the link between bIgE levels

and response to omalizumab treatment in CSU patients, point-

ing out bIgE as a predictor of response to omalizumab, while it

does not support the usefulness of bD-dimer. Interestingly, the

study shows also that the duration of the disease before omal-

izumab starting and high baseline UAS7 values may be clinical

markers of relapse risk.
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