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 59 
ABSTRACT 60 
 61 
BACKGROUND 62 
Transient and usually asymptomatic increase in blood eosinophil count (BEC) associated with 63 
dupilumab treatment has been described. Predicting factors related to BEC increase and symptoms 64 
occurrence are still poorly investigated.  65 
 66 
OBJECTIVE 67 
To investigate frequency, timing, duration, clinical relevance and potential predictors of BEC 68 
increase in a real-life multicentre cohort of patients affected by asthma and/or chronic rhinosinusitis 69 
with nasal polyps (CRSwNP) treated with dupilumab. 70 
 71 
METHODS 72 
BEC and clinical conditions at baseline and every 3 months after dupilumab treatment start were 73 
assessed. Any adverse drug reaction was also recorded.  Remission of dupilumab-associated 74 
eosinophilia was defined by follow-up BEC values < 0.5 x10^9 cells/L.  75 
 76 
RESULTS 77 
Overall, 108 out of 195 (55%) patients experienced an increased BEC after dupilumab initiation but 78 
only 29 out of 195 (14.9%) showed hypereosinophilia. BEC peak occurred 6 months after the 79 
treatment start and resolved after 9 months (median time). Probability of developing 80 
hypereosinophilia was 3.3 times higher in patients with baseline BEC between 0.5 and 1.5 cells x 81 
109L. Symptoms occurrence during BEC peak was higher in patients with comorbidities and in 82 
patients showing any increase of BEC.  83 
 84 
CONCLUSIONS 85 
In a real-life setting dupilumab treatment in asthma and/or CRSwNP patients was often associated 86 
with transient BEC increase but hypereosinophilia rarely occurred. Onset of symptoms co-occurring 87 
with BEC peak was observed in a minority of subjects. BEC should not preclude itself dupilumab 88 
initiation or continuation but deserves to be monitored for at least 8 months after the treatment 89 
start, particularly in the case of baseline eosinophilia/hypereosinophilia and/or comorbidities.   90 
 91 
 92 
 93 
 94 
 95 
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 96 
 97 
HIGHLIGHT BOX 98 
 99 
What is already known about this topic? 100 
Trials and real-life studies reported transient and usually asymptomatic increase of blood 101 
eosinophils count (BEC) in patients on dupilumab treatment.  102 
 103 
What does this article add to our knowledge? 104 
In patients with asthma and/or nasal polyps, increased baseline blood eosinophils count could 105 
predict hypereosinophilia occurrence. Multiple comorbidities and increase in eosinophils count 106 
after treatment initiation are associated with eosinophilia-associated symptoms.  107 
 108 
How does this study impact current management guidelines 109 
Our study highlights baseline patients’ characteristics potentially associated with a higher risk of 110 
developing dupilumab-associated hypereosinophilia and related symptoms, and provides practical 111 
insights about BEC follow-up and timing of eosinophilia resolution (8 months). 112 
 113 
 114 
Key words. asthma; CRSwNP; dupilumab; eosinophils; hypereosinophilia; real-life  115 
 116 
 117 
 118 
Abbreviations  119 

BEC Blood eosinophils count 120 
CRSwNP Chronic rhinosinusitis with nasal polyps 121 
RCT Randomized Controlled Trial 122 
EGPA Eosinophilic granulomatosis with polyangiitis 123 
HES Hypereosinophilic syndrome 124 
GERD Gastro-oesophageal reflux disease 125 
CRP C Reactive protein 126 
T2  Type 2 127 
IQR  Interquartile range 128 
OCS Oral corticosteroids 129 
 130 
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INTRODUCTION 142 

Dupilumab is a fully human monoclonal antibody selectively binding the alpha subunit of IL-4 / IL-143 

13 receptor. As a result, the signalling of both cytokines is downregulated.1 It’s currently approved 144 

for several indications  including atopic dermatitis,  severe asthma, chronic rhinosinusitis with nasal 145 

polyps (CRSwNPs)2, eosinophilic esophagitis, prurigo nodularis and chronic obstructive pulmonary 146 

disease .2 In addition to the results of the randomized clinical trials (RCTs), 3–5 an increasing amount 147 

of real-word evidence supports its optimal efficacy profile in both asthma and CRSwNPs patients. 6–148 

8 149 

In terms of safety, no major concerns have been raised so far, when considering both RCTs and real-150 

life data, regardless the drug indication. 9,10 he most frequently reported adverse events are 151 

represented by injection site reactions, conjunctivitis and arthralgias; a not negligible proportion of 152 

patients experienced an increase in blood eosinophil count (BEC) over the treatment course. 153 

Although the issue is still controversial, the fluctuation of eosinophils in the blood stream might be 154 

related to dupilumab mechanism of action. In fact, as the drug prevents the eosinophilic tissue 155 

infiltration, a transitory peak of circulating cells could represent an expected consequence until the 156 

inflammatory processes are downregulated. The reason why only some individuals experience that 157 

effect has no univocal explanation so far. 11 According to published data, BEC increase is rare, 158 

transient, and usually not clinically relevant. 9,12 In addition, the occurrence of hypereosinophilic 159 

immunological disorders, including EGPA, in treated patients seems not to be more frequent when 160 

compared to other biologic treatments targeting T2 inflammation. 10,13  161 

So far, few real-life studies have addressed the issue as a primary focus, and the identification of 162 

potential predictors of eosinophils increase over dupilumab treatment is controversial. However, in 163 

the light of eosinophils relevance in the pathobiology of the conditions which represent the target 164 

for dupilumab use, the topic deserves to be widely explored. 165 
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The aim of our study was to evaluate the proportion of patients experiencing increase in BEC, with 166 

or without reaching the hypereosinophilia cut-off, over dupilumab treatment course and to 167 

investigate its frequency, timing, duration, clinical relevance and potential predictors in a real-life 168 

population affected by inflammatory conditions of the respiratory tract. 169 

 170 

 171 

MATERIALS AND METHODS 172 

We conducted a real-life multicentre prospective observational study involving thirteen Italian 173 

referral centres for severe asthma located across all the Country (Bari, Brescia, Cagliari, Catania, 174 

Genoa, Milan, Modena, Naples, Padua, Siena, Turin, Varese, Verona). Site related heterogeneity is 175 

minimized by the standardized approach in asthma diagnosis and management required by the 176 

national network all the participating centres are part of 14. Biologic naïve adult patients prescribed 177 

with dupilumab for severe asthma with/without CRSwNP or CRSwNP and concomitant mild asthma 178 

consecutively referring to the participating centres between March and December 2022 were 179 

recruited.  Dupilumab eligibility was established according to the current national regulatory 180 

indications.      For severe asthma diagnosis ERS/ATS guidelines15 and GINA recommendations16 were 181 

considered; diagnosis of severe CRSwNP was confirmed according to EUFOREA/EPOS definition. 17 182 

Patients receiving systemic corticosteroids in the 4 weeks preceding biologic initiation were not 183 

enrolled in order to exclude a potential determinant of biased BEC detection. Dupilumab schedule 184 

was established according to the regulatory indications (300 mg subcutaneously every two weeks).2    185 

For the purposes of the analysis and to prevent a low numerosity across categories, the diagnoses 186 

were divided into two macro-categories: asthma only and asthma plus polyposis/Samter’s triad      . 187 

Patients’ characteristics, complete blood count including blood eosinophil count (BEC) and C 188 

reactive protein (CRP) were reported before treatment initiation, and every three months up to 30 189 
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months follow-up.  In line with the currently accepted definitions, we classified as eosinophilia a BEC 190 

ranging from 0.5 to 1.5 cells x 109/L, as moderate hypereosinophilia a BEC ranging from 1.5 to 5.0 191 

cells x 109/L, and as severe hypereosinophilia a BEC > 5.0 x 109/L.18 Patient experiencing 192 

hypereosinophilia occurrence underwent more extensive blood sample assessment including 193 

inflammatory indexes, liver and renal function, troponin, coagulation profile, D-dimer, urine analysis 194 

at the time of onset, echocardiography and high resolution CT scan.  In addition, the follow-up 195 

schedule was reduced to 4 weeks according to the clinical practice.  196 

During the follow-up, timing and detailed value of eosinophilia first appearance as well as its 197 

maximum peak were registered, alongside with any change in clinical manifestations. Patients 198 

showing eosinophilia at baseline without further increase over the biologic treatment course, were 199 

not considered as cases. In terms of duration, eosinophilia / hypereosinophilia occurrence was 200 

considered resolved once BEC dropped to values < 0.5 x10^9 cells/L. 201 

All the patients provided written informed consent and  the study was approved by the Ethical 202 

Committee (4085CESC). 203 

 204 

Statistical analysis 205 

First a descriptive statistic was performed to explore overall patients’ characteristics. Percentages 206 

and frequency rates were used for categorical variables and medians with interquartile range for 207 

continuous ones. Differences in sample distribution at baseline were assessed through Chi-squared 208 

and Fisher's exact test or Mann-Whitney-U non-parametric test, as appropriate. Secondly, the same 209 

analysis was applied only to the group of patients who developed eosinophilia to assess the 210 

differences between those with mild and those with moderate/severe eosinophilia. 211 

The two selected outcome for survival analysis were eosinophilia development and eosinophilia 212 

resolution. The median time to the two outcome was examined by Kaplan–Meier estimates. The 213 
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association between clinical and demographic characteristics was investigated via Cox proportional 214 

hazard regression. The results were presented as hazard ratio with 95% confidential interval (CI). 215 

Survival analysis was applied considering right-censored data. To check for collinearity between 216 

independent variables correlation matrix and the Variance Inflation Factor (VIF) were used (      217 

supplemental material, Figure       E1 and       E2). The proportional-hazards (PH) assumption not being 218 

violated was assessed via Schoenfeld test ( supplemental material, Table  E1 and Figure  E3). Post-219 

hoc power analysis was conducted with the Hseih and Lavori’s formula.19  220 

Since the time of onset was not recorded for symptoms, it was modelled as an outcome via binomial 221 

logistic regression. The results were presented as odds ratio (OR) with 95% confidential interval.  222 

Statistical analyses were performed in R v4.3. A p-value <0.05 was considered significant. 223 

 224 

 225 

RESULTS 226 

Patients’ characteristics  227 

Overall, 195 dupilumab-treated patients were included in the analysis (Table 1): 52.3% were 228 

females, median age was 55 years (IQR 45-64) with no difference based on sex (p=0.091). 187 229 

patients were Caucasians, 8 of Indian ethnicity.  Most of patients were diagnosed with severe 230 

asthma and CRSwNP (n=90, 46.1%), 39 (20.0%) had severe asthma only, 37 (19.0%) and 29 (14.9%) 231 

had mild asthma and CRSwNP and Samter’s triad , respectively (Table E2). Median age was 47 years 232 

(IQR 42-61) in mild asthma + CRSwNP patients and 58 years (IQR: 49-64) in severe asthma + 233 

CRSwNPs subgroup. No differences in gender distribution were detected (p=0.118). 234 

At least one chronic comorbidity was observed in 85 (43.6%) patients, with a median number of 2 235 

(IQR 1-3) per patient in those with other comorbidities and 0 (IQR 0-1) in the overall sample (Table 236 

1).  The subgroup affected by comorbidities was significantly older (p<0.001), without differences in 237 
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terms of gender (p=0.392). Most frequent comorbidities included gastroesophageal reflux (GERD) 238 

(n=29, 34.1%), hypertension (n=25, 29.4%) and osteoporosis (n=18, 21.2%)  Metabolic/endocrine 239 

conditions (n=16, 18.8%), anxiety-depressive syndrome (n=10, 11.7%), osteoporosis (n=10, 11.7%), 240 

bronchiectasis (n=9, 10.6%), sleep obstructive apnoea (n=8, 9.4%), history of malignancy (n=6, 7%), 241 

ophthalmic conditions (cataract, glaucoma) (n=6, 7%), cardiac diseased (n=5, 5.8%) and 242 

rheumatologic diseases (n=5, 5.8%) were less frequently observed No differences in the number 243 

of comorbidities could be described when comparing different asthma phenotypes (p=0.103). 244 

Atopy, defined as skin prick tests positivity or presence of positive specific serum IgE, was 245 

detected in 105 (53.8%) patients.  246 

 247 

Eosinophilia 248 

Overall, 108 out of 195 patients (55.4%) showed the occurrence of an increased BEC compared with 249 

baseline, following treatment administration (Table 1), but only 29 (14.9%) showed 250 

hypereosinophilia.  251 

When considering the whole study population, 77/195 (39.5%) demonstrated blood eosinophilia at 252 

baseline (BEC between 0.5 and 1.5 cells x109L) and 37.6% of them (29/77) developed 253 

hypereosinophilia (BEC between 1.5 and 5 x109L) following dupilumab initiation. 254 

With regard to the 108 patients experiencing any increase of eosinophil count during dupilumab 255 

treatment, at the first occurrence 77 patients (71.3%) demonstrated a BEC between 0.5 and 1.5 and 256 

31 patients (28.7%) between 1.5 and 5.0 cells x109L (Table 1).  257 

In terms of BEC peak, eosinophils ranged between 0.5 - 1.5 in 56.5% of patients (61/108), between 258 

1.5 and 5 cells x109L in 41.7% of them (45/108), and only in 2 out of 108 (1.9%) the BEC raised above 259 

5.0 cells x109L. For most of the patients developing BEC > 0.5, the peak of eosinophils ranged within 260 

the same class of eosinophilia characterising the first occurrence (88/108, 81.4%).  261 
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When moving to analyse patients experiencing hypereosinophilia, median time to its occurrence 262 

was 6.0 months (IQR 3.0-7.5). Blood and imaging investigations described in Methods detected no 263 

abnormalities suggesting a pathobiological relevance of eosinophils increase. Probability of 264 

developing hypereosinophilia was 3.3 (0.95 CI 3.2-11.7, p<0.001) times higher in patients with 265 

baseline BEC of 0.5 - 1.5 x109L compared to those with BEC < 0.5 (Figure 1). No other associations 266 

were found when considering specific diagnosis, atopy, gender, comorbidities (Table 2). With (a) 267 

0.24 variance of baseline BEC being in 0.5-5 and (b) 0.17 R-squared, the 47 patients with 268 

hypereosinophilia provided 0.951 statistical power to detect a hazard ratio 3.27 at 0.05 significance 269 

level.      270 

Overall, symptoms co-occurring with any eosinophils increase were observed in 22 (20.4%) patients, 271 

being the most frequent asthma exacerbation (50%) and myalgia (22.7%). Table 3 describes more 272 

in detail the patients experiencing clinical manifestation in concomitance with BEC variation. 273 

Probability of developing symptoms was 4.34 times (0.95CI 1.48-14.25, p=0.011) greater in patients 274 

with comorbidities.  Subject showing any degree of eosinophilia after treatment initiation also had 275 

a higher probability of symptoms occurrence (OR: 13.1, 95%CI 3.3-88.5, p<0.001). No significant 276 

differences were found based on the maximum BEC peak. 277 

Independently by symptoms onset, a medical action followed eosinophilia occurrence in 16 (14.8%) 278 

patients: 14 (87.5%) were prescribed with OCS and in 2 patients dupilumab administration schedule 279 

was prolonged at 28 days intervals. In 14 (12.9%) patients      dupilumab was suspended, and 6 of 280 

them also received medical treatment for hypereosinophilia. 281 

In terms of duration, 70.4% (76/108) of patients experiencing eosinophilia onset over dupilumab 282 

treatment showed a resolution during the study frame. The Kaplan-Meier median estimate time to 283 

resolution was 9.0 months 95%CI 6.0-10.0) (Figure 2, Panel A). The probability of BEC > 0.5 x109L 284 

resolution was higher in those with dupilumab       discontinued (HR: 2.73 95%CI: 1.19-6.28, p=0.018) 285 
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(Figure 2, Panel B), and with maximum BEC of 0.5 – 1.5 compared to those with > 1.5 (HR: 1.49 286 

95%CI: 1.08-1.72, p=0.025) (Figure 2, Panel C). 287 

 288 

 289 

 290 

DISCUSSION  291 

Our study investigated the frequency and features of blood eosinophils increase over dupilumab 292 

treatment, by exploring timing of occurrence, duration, clinical relevance and potential predictors 293 

in a real-life population of patient affected by inflammatory conditions of the respiratory tract. 294 

According to the published literature hypereosinophilia onset during dupilumab treatment whether 295 

clinically relevant or not is a rare event, involving up to 14% of patients in randomized trials and up 296 

to 25% of patients in real-life reports related to subjects affected by upper and/or lower respiratory 297 

conditions.12 Generally speaking, the phenomenon is usually transient and asymptomatic or mildly 298 

symptomatic.9 More severe conditions like eosinophilic pneumonia, hypereosinophilic syndrome 299 

and EGPA have been occasionally reported,11,20 but direct cause-effect association with dupilumab 300 

is still under debate, as the substantial steroid sparing effect of the drug might play a role in 301 

unmasking an already underlying disease. 302 

However, few studies have been specifically designed to characterize the issue, in fact few data are 303 

available on hypereosinophilia characteristics, potential predictors of its occurrence and of its 304 

clinical relevance.  305 

In our study we firstly distinguished between any BEC variation from baseline and the onset of 306 

hypereosinophilia. If the first case is relatively common, involving 55% of our study population, only 307 

22% of patients were interested by the occurrence of hypereosinophilia, demonstrating a BEC > 1.5 308 

x109 cells/L, and 20% of the study population (N.22 – Table 3) experienced symptoms co-occurring 309 
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with any BEC fluctuation. This observation is quite in line with the rate reported by other studies 310 

and suggests to consider BEC variation as an expected event, not raising itself particular concerns.9 311 

In fact, in our study asthma exacerbations were the most frequently reported events. In that regard, 312 

it is well known that blood eosinophils represent a biomarker of asthma-related inflammation and 313 

are expected to increase during T2-asthma exacerbations.21 Under that perspective the co-314 

occurrence of asthma poor control and BEC increase during the course of dupilumab might also be 315 

considered a hallmark of non-optimal drug efficacy more than a treatment-related adverse event.  316 

Myalgia was the second most frequently reported adverse event. Recently a case report has been 317 

published describing the onset of myalgia in a patient prescribed with dupilumab for atopic 318 

dermatitis, still in the absence of concomitant blood count increase.22 When reviewing dupilumab 319 

controlled trials on asthma,9 myalgia co-occurring with fever, arthralgia and asthma exacerbation 320 

was reported in one patient, also showing 2.7 x109 eosinophils/L (Liberty Asthma Quest Study). 321 

Myalgia has been described as part of eosinophilic myositis, a group of extremely rare myopathies.23 322 

Although it might provide a pathobiological explanation, myositis was not diagnosed in dupilumab 323 

treated patients reporting myalgia mentioned above, nor in our population. Of note, in our cohort 324 

myalgia co-occurred with eosinophilia in all the patients experiencing the manifestation, but only 325 

one of them showed concomitant hypereosinophilia (Table 3). However, in all our cases myalgia was 326 

the only reported symptom, not leading to dupilumab interruption, thus considered by the clinicians 327 

as a non-specific and non-treatment related symptom.   328 

Overall, in 10 out of 22 symptomatic patients BEC peak remained below the hypereosinophilia cut-329 

off, suggesting that any variation of eosinophil count, even more when co-occurring with symptoms 330 

onset, deserves a careful follow-up. 331 

Severe adverse events occurred in 2 females (1,8%). One patient developed a large vessel vasculitis 332 

(in concomitance with a BEC peak of 4.2 x109 cells/L) and the other one experienced 333 
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hypereosinophilic syndrome (HES) with pulmonary infiltrates, fever and asthenia (in concomitance 334 

with a BEC peak of 7.8x109 cells/L). Both patients improved after dupilumab discontinuation and 335 

OCS therapy. The cause-effect relationship between the onset of the new condition and the drug 336 

mechanism of action remains unclear. On one side a potential evolution from severe asthma to 337 

hypereosinophilic conditions including HES and EGPA has been described as part of the disease 338 

history.24 On the other side the steroid sparing effect of biologic drugs, including dupilumab, 339 

alongside with their inability to prevent the above-mentioned trajectory might be hypothesized as 340 

an explanation. 13,25 341 

However, the probability of developing symptoms was significantly higher in patients with 342 

dupilumab associated eosinophilia when compared to patients whose eosinophils remained below 343 

0.5x109 cells/L or decreased during treatment course, and associated with the presence of at least 344 

one comorbidity. On the other hand, no differences were found based on sex, age, type of diagnosis 345 

or eosinophils peak values. 346 

Similarly, BEC > 0.5 x109 cells/L at baseline was the only parameter associated with a three-fold 347 

higher probability of experiencing hypereosinophilia, whether symptomatic or not. This observation 348 

is quite in line with the findings of both clinical trials and real-life experiences.12,26,27 However, 84% 349 

(43/51) of the patients with eosinophilia at baseline (BEC > 0.5 x109 cells/L) which increased after 350 

dupilumab initiation showed a subsequent progressive reduction in blood count, that dropped to 351 

values < 0.5 x109 cells/L during follow-up. Kemp and colleagues also described a higher BEC peak in 352 

subject with a greater baseline BEC but in a population of CRSwNP patients.26 Despite the distinct 353 

composition of the study population, in our case including asthma patients too, and the lower basal 354 

BEC values in our cohort (no patient with BEC > 1.5 x109 cells/L at baseline), our findings are 355 

comparable. However, on a practical ground our observations suggest that baseline eosinophilia 356 

should not preclude itself dupilumab prescription once performed an extensive differential 357 
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diagnosis, but in the case of baseline BEC > 0.5 x109 cells/L a careful follow-up in terms of blood 358 

samples and clinical assessment is required. When evaluating blood eosinophils, the potential 359 

biasing effect of systemic steroid should be always considered and if possible excluded. In our study 360 

only patients not receiving corticosteroids in the 4 weeks prior to dupilumab initiation were 361 

enrolled. However, in the case wash out was not feasible in relation to the disease activity, an 362 

historical unbiased BEC might provide some information. Eosinophils assessment should not be 363 

limited to the initial stage of dupilumab treatment. In fact, in our population the median time to 364 

eosinophil peak was 6 months, most of patients showing the maximum peak at the first detection 365 

of increased eosinophilia. When focusing on patients experiencing hypereosinophilia, in most of 366 

them eosinophils increase occurred within 8 months from dupilumab initiation, suggesting that 367 

besides that timeframe BEC assessment might be less stringent.  368 

Although without distinguishing between eosinophilia and hypereosinophilia, the post-hoc analysis 369 

of dupilumab trials by Wechsler and colleagues similarly described the highest BEC between 4 and 370 

24 weeks from the treatment start. 12 371 

In our cohort 70% of treated patients showed eosinophilia resolution (BEC < 0.5 x109 cells/L) within 372 

a median time of 9 months. This trend is quite aligned with the information coming from the clinical 373 

trials.12 Of note, patients demonstrating higher eosinophils peak appeared to be less prone to 374 

eosinophilia resolution within the observation timeframe (Figure 2), which is quite expected as a 375 

greater BEC could take longer time to decrease, maybe not reaching the eosinophilia threshold (0.5 376 

x109 cells/L). However, in the absence of associated clinical manifestations a mild eosinophilia, still 377 

persistent, can be acceptable especially in the case of successful efficacy outcomes during 378 

dupilumab treatment course.  379 

Dupilumab discontinuation, which happened in 13 patients independently of the co-occurrence of 380 

eosinophils variation and symptoms, was associated with a more rapid resolution of blood 381 
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eosinophilia. If on one hand it is quite expected, on the other the observation further supports the 382 

idea that the eosinophils variation observed over dupilumab treatment is strictly associated to the 383 

drug mechanism of action rather than to the onset of an eosinophilic dysimmune condition. 11,23 In 384 

fact, eosinophilia resolution was maintained even after OCS therapy tapering in the case BEC 385 

increase was managed by both dupilumab discontinuation and steroid treatment.  386 

A main limitation of our study, besides the observational design and the real-life setting, might be 387 

represented by the different approach and sensitivity of participating clinician in assessing and 388 

rating the clinical manifestation co-occurring with BEC variations. An additional limitation can be 389 

related to the lack of comparative investigations in terms of experimental lab investigations and 390 

innovative biomarkers in subjects developing or not BEC increase during dupilumab treatment. 391 

Under that perspective the contribution of our study to the clarification of mechanisms of 392 

eosinophilia variation in dupilumab treated patients is limited. 393 

However, although larger studies are needed to confirm our observations, our report contributes to 394 

the evidence and practical management of a challenging issue by extensively investigating the 395 

features of eosinophils variation over dupilumab treatment course in a quite large population across 396 

our country. 397 

In conclusion, taken together our findings suggest that dupilumab safety is confirmed. An extensive 398 

diagnostic work-up, particularly focusing on eosinophilic dysimmune conditions is required before 399 

dupilumab initiation, as well as before any other biologic drug prescription. The first 8 months 400 

follow-up represents the critical window for the onset of eosinophilia/hypereosinophilia, which are 401 

likely to resolve by 9 months, thus BEC assessment together with a careful clinical evaluation are 402 

required at least within that timeframe. Patients presenting baseline BEC > 0.5 x109 cells/L and 403 

suffering from comorbidities should be considered particularly at risk of eosinophil count fluctuation 404 

and symptoms occurrence. 405 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Regional Health Care and Social Agency Civil Hospitals of Brescia from ClinicalKey.com by 
Elsevier on February 18, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



15 
 

 406 

 407 

Acknowledgments 408 

Not applicable 409 

 410 

 411 

 412 

 413 
 414 
 415 
 416 
 417 
 418 
 419 
 420 
 421 
 422 
 423 
 424 
 425 
 426 
 427 
 428 
 429 
 430 
 431 
 432 
 433 
 434 
 435 
 436 
 437 
 438 
 439 
 440 
 441 
 442 
 443 
 444 
 445 
 446 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Regional Health Care and Social Agency Civil Hospitals of Brescia from ClinicalKey.com by 
Elsevier on February 18, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



16 
 

REFERENCES 447 
 448 
1.  Harb H, Chatila TA. Mechanisms of Dupilumab. Clin Exp Allergy. 2020;50:5–14.  449 

2.  European Medicines Agency, Dupixent European Public Assessment Report, 2023. Available at: 450 
https://www.ema.europa.eu/en/medicines/human/EPAR/dupixent.  451 

3.  Beck LA, Thaçi D, Deleuran M, Blauvelt A, Bissonnette R, de Bruin-Weller M, et al. Dupilumab 452 
Provides Favorable Safety and Sustained Efficacy for up to 3 Years in an Open-Label Study of 453 
Adults with Moderate-to-Severe Atopic Dermatitis. Am J Clin Dermatol. 2020;21:567–77.  454 

4.  Bachert C, Han JK, Desrosiers M, Hellings PW, Amin N, Lee SE, et al. Efficacy and safety of 455 
dupilumab in patients with severe chronic rhinosinusitis with nasal polyps (LIBERTY NP SINUS-456 
24 and LIBERTY NP SINUS-52): results from two multicentre, randomised, double-blind, placebo-457 
controlled, parallel-group phase 3 trials. The Lancet. 2019; 394:1638–50.  458 

5.  Wechsler ME, Ford LB, Maspero JF, Pavord ID, Papi A, Bourdin A, et al. Long-term safety and 459 
efficacy of dupilumab in patients with moderate-to-severe asthma (TRAVERSE): an open-label 460 
extension study. Lancet Respir Med. 2022; 10:11–25.  461 

6.  Caminati M, Maule M, Benoni R, Bagnasco D, Beghè B, Braido F, et al. Dupilumab Efficacy on 462 
Asthma Functional, Inflammatory, and Patient-Reported Outcomes across Different Disease 463 
Phenotypes and Severity: A Real-Life Perspective. Biomedicines. 2024; 12:390.  464 

7.  Pelaia C, Benfante A, Busceti MT, Caiaffa MF, Campisi R, Carpagnano GE, et al. Real-life effects of 465 
dupilumab in patients with severe type 2 asthma, according to atopic trait and presence of 466 
chronic rhinosinusitis with nasal polyps. Front Immunol. 2023;14:1121237.  467 

8.  De Corso E, Pasquini E, Trimarchi M, La Mantia I, Pagella F, Ottaviano G, et al. Dupilumab in the 468 
treatment of severe uncontrolled chronic rhinosinusitis with nasal polyps (CRSWNP ): A 469 
multicentric observational Phase IV real‐life study ( DUPIREAL ). Allergy. 2023;78:2669–83.  470 

9.  Caminati M, Micheletto C, Norelli F, Olivieri B, Ottaviano G, Padoan R, et al. Safety of dupilumab 471 
in T2 airways conditions: focus on eosinophilia across trials and real-life evidence. Expert Opin 472 
Biol Ther. 2024;24:15–23.  473 

10.  Cutroneo PM, Arzenton E, Furci F, Scapini F, Bulzomì M, Luxi N, et al. Safety of Biological 474 
Therapies for Severe Asthma: An Analysis of Suspected Adverse Reactions Reported in the WHO 475 
Pharmacovigilance Database. BioDrugs Clin Immunother Biopharm Gene Ther. 2024;38:425–48.  476 

11.  Caminati M, Olivieri B, Dama A, Micheletto C, Paggiaro P, Pinter P, et al. Dupilumab-induced 477 
hypereosinophilia: review of the literature and algorithm proposal for clinical management. 478 
Expert Rev Respir Med. 2022;16:713–21.  479 

12.  Wechsler ME, Klion AD, Paggiaro P, Nair P, Staumont-Salle D, Radwan A, et al. Effect of 480 
Dupilumab on Blood Eosinophil Counts in Patients With Asthma, Chronic Rhinosinusitis With 481 
Nasal Polyps, Atopic Dermatitis, or Eosinophilic Esophagitis. J Allergy Clin Immunol Pract. 482 
2022;10:2695–709.  483 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Regional Health Care and Social Agency Civil Hospitals of Brescia from ClinicalKey.com by 
Elsevier on February 18, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



17 
 

13.  Caminati M, Fassio A, Alberici F, Baldini C, Bello F, Cameli P, et al. Eosinophilic granulomatosis 484 
with polyangiitis onset in severe asthma patients on monoclonal antibodies targeting type 2 485 
inflammation: Report from the European EGPA study group. Allergy. 2024;79:516–9.  486 

14. Senna G, Guerriero M, Paggiaro PL, Blasi F, Caminati M, Heffler E, Latorre M, Canonica GW; SANI. 487 
SANI-Severe Asthma Network in Italy: a way forward to monitor severe asthma. Clin Mol Allergy. 488 
2017 Apr 10;15:9.  489 

15.  Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ, et al. International ERS/ATS 490 
guidelines on definition, evaluation and treatment of severe asthma. Eur Respir J. 2014;43:343–491 
73.  492 

16.  Global Initiative for Asthma. Global Strategy for Asthma Management and Prevention, 2024. 493 
Updated May 2024. Available from: www.ginasthma.org.  494 

17.  Fokkens WJ, Viskens AS, Backer V, Conti D, De Corso E, Gevaert P, et al. EPOS/EUFOREA update 495 
on indication and evaluation of Biologics in Chronic Rhinosinusitis with Nasal Polyps 2023. Rhinol 496 
J [Internet]. 2023 [cited 2024 Jul 24];0. Available from: 497 
https://www.rhinologyjournal.com/Abstract.php?id=3069 498 

18.  Shomali W, Gotlib J. World Health Organization-defined eosinophilic disorders: 2022 update on 499 
diagnosis, risk stratification, and management. Am J Hematol. 2022;97:129–48.  500 

19. Hsieh FY, Lavori PW. Sample-size calculations for the Cox proportional hazards regression model 501 
with nonbinary covariates. Control Clin Trials. 2000 Dec;21(6):552-60. 502 

20.  Zhou X, Yang G, Zeng X, Wang L, Xiang J, Zhao J, et al. Dupilumab and the potential risk of 503 
eosinophilic pneumonia: case report, literature review, and FAERS database analysis. Front 504 
Immunol. 2023;14:1277734.  505 

21.  Jackson DJ, Akuthota P, Roufosse F. Eosinophils and eosinophilic immune dysfunction in health 506 
and disease. Eur Respir Rev Off J Eur Respir Soc. 2022;31:210150.  507 

22. Cochran BL, Raymond-Lezman  JR, Coican A, Sagasser N, Patel  R, Batrous  S, Greenfield MF. The 508 
Rare Adverse Effect of Myalgia After Dupilumab Biologic Therapy for Refractory Atopic 509 
Dermatitis. Cureus. 2024;16:e60701.   510 

23. Selva-O'Callaghan A, Trallero-Araguás E, Grau JM. Eosinophilic myositis: an updated review. 511 
Autoimmun Rev. 2014;13:375-8. 512 

24. Fagni F, Bello F, Emmi G. Eosinophilic Granulomatosis With Polyangiitis: Dissecting the 513 
Pathophysiology. Front Med (Lausanne). 2021;8:627776. 514 

25.  Olaguibel JM, Sastre J, Rodríguez JM, Del Pozo V. Eosinophilia Induced by Blocking the IL-4/IL-515 
13 Pathway: Potential Mechanisms and Clinical Outcomes. J Investig Allergol Clin Immunol. 516 
2022;32:165–80.  517 

26.  Kemp P, van der Lans RJL, Otten JJ, Adriaensen GFJPM, Benoist LBL, Cornet ME, et al. 518 
Hypereosinophilia during dupilumab treatment in patients with chronic rhinosinusitis with nasal 519 
polyps. Rhinology. 2024;62:202–7.  520 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Regional Health Care and Social Agency Civil Hospitals of Brescia from ClinicalKey.com by 
Elsevier on February 18, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



18 
 

27.  Rampi A, Tanzini U, Vinciguerra A, Danè G, Moroni L, Yacoub MR, et al. Early increase in 521 
eosinophil count may predict long-term hypereosinophilia during dupilumab treatment: a 2-522 
year observational study. Int Forum Allergy Rhinol. 2023;13:2244–7.  523 

 524 

 525 

 526 

 527 

 528 

 529 

 530 

 531 

 532 

 533 

 534 

 535 

 536 

 537 

 538 

 539 

 540 

 541 

 542 

 543 

 544 

 545 

 546 

Jo
urn

al 
Pre-

pro
of

Downloaded for Anonymous User (n/a) at Regional Health Care and Social Agency Civil Hospitals of Brescia from ClinicalKey.com by 
Elsevier on February 18, 2025. For personal use only. No other uses without permission. Copyright ©2025. Elsevier Inc. All rights reserved.



19 
 

FIGURES LEGENDS 547 

Figure 1 - Kaplan–Meier curves for hyper eosinophilia onset probability after treatment with      548 
Dupilumab based on baseline BEC. BEC=blood eosinophil count 549 
 550 
Figure 2 - Kaplan–Meier curves for BEC > 0.5 maintenance probability after treatment with      551 
dupilumab (panel A) and distinguished by      dupilumab       discontinued (panel B) and maximum 552 
BEC of 0.5 – 1.5 vs > 1.5 (panel C). BEC=blood eosinophil count 553 
 554 
 555 

 556 

TABLES LEGENDS 557 

Table 1  - Characteristics of the patients treated with      dupilumab distinguished by maximum BEC 558 
group after treatment. The 'no hypereosinophilia' group includes both those who have not 559 
developed it and those who have not shown any worsening. 560 
 561 
Table 2  -  Hazard ratios (HR) of hyper eosinophilia onset after      dupilumab  estimated in the 562 
multivariate Cox proportional hazard model with diagnosis type, atopy (yes/no),  sex, age, 563 
comorbidities (yes/no and baseline BEC (0-500/500-1500). 564 
 565 
Table 3  - Characteristic of patients experiencing symptoms in concomitance with the occurrence of 566 
blood eosinophils increase over dupilumab treatment. 567 
 568 
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Table 1 – Characteristics of the patients treated with dupilumab distinguished by maximum BEC group after treatment. The 'no 
hypereosinophilia' group includes both those who have not developed it and those who have not shown any worsening  
 

 

 
 No BEC increase 

(n=87) 
BEC 0.5 – 1.5 

(n=61) 
BEC 1.5 - 5  

(n=45) 
BEC >5 
 (n=2) 

p-Value* BEC Overall 
(n=195) 

Sex     0.166  
Female 47 (54.0%) 27 (44.3%) 26 (57.8%) 2 (100.0%)  102 (52.3%) 

Male 40 (46.0%) 34 (55.7%) 19 (42.2%) 0 (0.0%)  93 (47.7%) 

Age (years)     0.562  
Median (IQR) 54.0 (43.0-62.2) 56.0 (47.0-65.8) 56.0 (51.0-57.1) 57.1 (48.6-65.7)  55.0 (45.0-64.0) 

Atopy     0.998  
No 31 (35.6%) 33 (54.1%) 25 (55.6%) 1 (50.0%)  90 (46.2%) 
Yes 56 (64.4%) 28 (45.9%) 20 (44.4%) 1 (50.0%)  105 (53.8%) 

Diagnosis     0.272  
Asthma 28 (32.2%) 4 (6.6%) 6 (13.3%) 1 (50.0%)  39 (20.0%) 

Asthma+polyposis 59 (67.8%) 57 (93.4%) 39 (86.7%) 1 (50.0%)  156 (80.0%) 

Baseline BEC     0.035  
<0.5 63 (72.4%) 37 (60.7%) 16 (35.6%) 2 (100.0%)  118 (60.5%) 

0.5 – 1.5 24 (27.6%) 24 (39.3%) 29 (64.4%) 0 (0.0%)  77 (39.5%) 

Comorbidities number     0.538  
Median (IQR) 0 (0-1) 0 (0-1) 0 (0-1) 3 (2-4)  0 (0-1) 

Time BEC > 1.5 (months)     NA  
Median (IQR) NA NA 6.0 (3.0-7.0) 5.5 (4.3-6.8)  6.0 (3.0-7.5) 

Resolution time 
(months) 

    
0.354 

 

Median (IQR) NA 9.0 (4.8-12.0) 9.0 (5.5-16.0) NA  9.0 (4.8-14.3) 

Dupilumab discontinued          0.003  
No 87 (100.0%) 59 (96.7%) 36 (80.0%) 0 (0.0%)  182 (93.3%) 
Yes 0 (0.0%) 2 (3.3%) 9 (20.0%) 2 (100.0%)  13 (6.7%) 

Symptoms     0.345  
No 85 (97.7%) 51 (83.6%) 34 (75.6%) 1 (50.0%)  171 (87.7%) 
Yes 2 (2.3%) 10 (16.4%) 11 (24.4%) 1 (50.0%)  24 (12.3%) 

 
* Chi-squared and Fisher's exact test. Mann-Whitney-U non-parametric test. Comparison was carried out between the group with BEC of 0.5 - 1.5 
and that with BEC >1.5. BEC: blood eosinophils count 
 

 
 
 
 
Table 2 –  Hazard ratios (HR) of hyper eosinophilia onset after      dupilumab  estimated in the multivariate Cox proportional hazard 
model with diagnosis type, atopy (yes/no),  sex, age, comorbidities (yes/no and baseline BEC (0-500/500-1500). 

 
 
 HR 0.95CI p-Value 

Diagnosis (polyps+asthma) 1.30 0.53-3.02 0.590 
Atopy (yes) 0.67 0.36-1.24 0.202 
Sex (male) 0.71 0.39-1.28 0.257 

Age 1.02 0.99-1.04 0.126 
Comorbidities (yes) 1.33 0.72-2.45 0.363 

Baseline BEC (0.5-1.5) 3.27 1.80-5.94 <0.001 

 
BEC=blood eosinophil count 
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Table 3 –  Characteristic of patients experiencing symptoms in concomitance with the occurrence of blood eosinophils increase over 
dupilumab treatment. 

 
 
 
 

Age Gender DIAGNOSIS                     
Blood eosinophils 

peak 
(cells x109L)  

ASSOCIATED 
SYMPTOMS 

TREATMENT 
DUPILUMAB 

DISCONTINUED       

74 F CRSwNP + MILD ASTHMA 7.84 asthma exacerbation 2 weeks OCS trial Y 

78 F SEVERE ASTHMA + CRSwNP 4.34 giant cell vasculitis 2 weeks OCS trial Y 

59 F SEVERE ASTHMA + CRSwNP 4.28 injection site reaction none N 

42 F SEVERE ASTHMA + CRSwNP  3.8 asthma exacerbation none N 

55 M SEVERE ASTHMA + CRSwNP 3.3 asthma exacerbation 2 weeks OCS trial Y 

71 F SEVERE ASTHMA + CRSwNP 3.22 asthma exacerbation 4 weeks OCS trial Y 

54 M SEVERE ASTHMA + CRSwNP 2.91 paresthesia none Y 

57 F CRSwNP + MILD ASTHMA 2.29 headache none N 

64 F SEVERE ASTHMA + CRSwNP 1.94 
Fever, asthma 
exacerbation 

4 weeks OCS trial Y 

55 F SAMTER'S TRIAD 1.65 asthma exacerbation none N 

34 F CRSwNP + MILD ASTHMA 1.6 myalgia none N 

59 M SEVERE ASTHMA + CRSwNP 1.5 conjunctivitis none N 

54 F SEVERE ASTHMA + CRSwNP 1.33 myalgia 2 weeks OCS trial N 

57 F SAMTER'S TRIAD 1.3 myalgia none N 

62 M SEVERE ASTHMA 1.11 asthma exacerbation 2 weeks OCS trial Y 

62 M SEVERE ASTHMA + CRSwNP 1.02 rhinitis none N 

60 F SEVERE ASTHMA + CRSwNP 0.98 asthma exacerbation 2 weeks OCS trial N 

47 F CRSwNP + MILD ASTHMA 0.9 myalgia nine N 

70 M SEVERE ASTHMA + CRSwNP 0.9 
asthma exacerbation, 

gynecomastia 
2 weeks OCS trial N 

19 F SEVERE ASTHMA 0.7 myalgia none N 

44 F SAMTER'S TRIAD 0.63 asthma exacerbation none N 

30 F SEVERE ASTHMA 0.52 asthma exacerbation none N 

 
CRSwNP: Chronic rhinosinusitis with nasal polyps; OCS: oral corticosteroids 
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